
B V Raju Institute of Technology 

(Sri Vishnu Educational Society) 
UGC-Autonomous, UGC-NAAC, AICTE-NBA, Accredited Institute 

Affiliated to JNTU, Hyderabad.   College Code - 21 
 
 
3.7.2 Number of functional MoUs with institutions of national, international importance,  

         other universities, industries, corporate houses etc. during the last five years (only  

         functional MoUs with ongoing activities to be considered) 
 

Index of the functional MOUs with institution for the year 2017-2022 
 

S.No. 

Organisation with 

which  

MoU is signed 

 

 

Duration 

 

List of the Activities 

Pg.Nos. 

1 National Remote 

Sensing Centre 
5 Years Internships/Placements/FDP’s 1-9 

2 
Hysoc Technologies 3 Years 

To provide technology exposure, 

internships & Core Placements. 
10-17 

3 Nanochip 2 Years Software maintenance 18-20 

4 Aurobindo Pharma 

Limited 
3 Years 

Outcome based trainings, placements 

and related services 
21-30 

5 
Bennett University 2 Years 

Training in Machine Learning, Deep 

Learning and AI Skills 
31 

6 Neuland 

Laboratories 

Limited 

3 Years 
Outcome based trainings, placements 

and related services 
32-35 

7 MSN Laboratories 

Pvt. Ltd. 
3 Years 

Outcome based trainings, 

placements, and related services 
36-44 

8 Aurore Life 

Sciences Pvt Ltd 
3 Years 

Outcome based trainings, placements 

and related services 
45-48 

9 Avghni Renewable 

Systems India Pvt 

Ltd 

3 Years Training and Placements 49-54 

10 Air Ok 

Technologies Pvt. 

Ltd 

1 Year Academic and research collaboration 55-61 

11 Ferventz 

Technologies 
3 Years Training, Internships & Placements 62-69 

12 Synopsis 2 Years Software maintenance 70-79 

13 Blue Prism 

Academia 
2 Years 

Blue Prism Training, Placement & 

Hackathon 
80-107 

14 Ramky Enviro 

Engineers Ltd. 
1 Year Academics and Placements 108-110 

15 Sun Pharmaceutical 

Industries Ltd. 
2 Years Consultancy work 111-113 

16 
AWS Academy 2 Years 

AWS Training, Global Certifications, 

Placements 
114-176 

17 Aviocian 

Technologies 
1 Year 

R&D and Consultancy in Drone 

Technology, 3D Mapping etc. 
177-182 



18 National Highway 
Authority of India 

5 Years Internship/Placement/FDP’s 183-188 

19 Celonis Process 
Mining 

1 Year Faculty Training, Student Trainings 189-192 

20 Vasant Chemicals Pvt. 
Ltd. Hyderabad 

1 Year 
Exchange of knowledge through guest 
lectures, placements 

193-196 

21 Association for 
Standardization of 
Automation and 
Measuring Systems 
(ASAM) 

1 Year Training and Placements 197-200 

22 CISCO Networking 
Academy 

2 Years Training & Placement 201-205 

23 Microchip Academic 
Partner Program 

2 Years Training & Placement 206 

24 EduSkills Foundation 2 Years Training & Placement 207-210 

25 EV Retron Energies 
India Pvt Ltd 

3 Years Training and Consultancy 211-222 

26 Palo Alto Networks 
Cybersecurity 
Academy 

2 Years Training & Placement 223-227 

27 
Smaragdine 

Technology Pvt Ltd, 

Hyderabad 

2 years 

Incubation centre at IT Dept. for 

developing the IoT Projects 

Developing projects with the support 

of DST, BIRAC funded projects 

228-562 

28 Aviocian 

Technologies Pvt. 

Ltd. 

1 Year Internship/Placement/FDP’s 563-568 

29 I2R Consulting 

Private Ltd. 
1 Year Internship/Placement/FDP’s 569-571 

30 M/s STRATON 

Electrical Private 

Ltd. 

3 Years Training and Placements 572-574 

31 University of New 

Brunswick, Canada 
5 Years 

Higher Study and Educational 

Exchange Programs 
575-588 

32 
NASSCOM 1 Year 

Qualification Pack (QP) based 

Training Programs and Assessments 
589-597 

33 M/s Sanjay 

Technical Services 

Pvt. Ltd 

3 Years Training and Placements 598-599 

34 

Rinno Software 

Solutions Pvt Ltd 
2 years 

Providing Technical support in 

developing the AI Framework device 

to detect Autsim disorder in Children 

Providing internships to students 

600-609 

35 Nutoday 3 Years Academic and research collaboration 610-613 

36 TiE GRAD 1 Year Fostering Entrepreneurship 614-618 

37 Avianco 

Technologies Pvt. 

ltd, Bangalore 

2 Years 
Research and Development of 

Industrial UAV projects 
619-666 
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CENTER FOR VLSI DESIGN      
  Vishnu Innovation Laboratories 

Department of Electronics and Communication Engineering 

Workshop under HYSOC MOU 

3-Day workshop  
on 

“Standard Cell based Application                                           
Specific Integrated Circuits” 

Date 28-03-2019 to 30-03-2019 

Objective of the workshop: 

Create awareness in Faculty community of ECE Department on ASIC Design and its 

challenges towards Designing and developing verification methodologies for Digital Systems by 

using Hardware Verification Language. 

This skill enhancement FDP targeting the Faculty community & Research Scholars in the 

area of VLSI with the goal of improving their awareness in technology trends and practical 

methodologies in VLSI Design. This awareness would enable faculty to plan better M.Tech / 

B.Tech Thesis Work in VLSI Doman and at the same time improving their skills. 

OUTCOMES: 
CO1: Able faculty to design a complete digital system with given specifications 
CO2: Able to develop industrial standard verification methodologies for Digital systems. 
CO3: Understand the Issues involved in ASIC Design 
CO4: Ability to convert RTL to Gate level Netlist 
CO5: Analyze the digital systems for Timing 
CO6: Ability to optimize the digital systems in terms if Area, Power and Speed 

CONTENTS: 
 ASIC Design Flow 
 Specifications 
 Digital Design Concepts 
 RTL code for FIFO 
 Verification Methodology using System Verilog  
 Synthesis,Timing Analysis 

 

 

 

15



 

WORKSHOP Schedule 

Day 1: Digital Design Concepts & RTL Design 

Date Timings Topics Resource Person 

 

Day 1 

 

9:30 AM – 11:00 AM Digital Design Concepts  

Mr.Durga Prasad  

 

11:15 AM – 12:45 PM Introduction to FIFO 

1:30 PM – 2:30 PM   Introduction to RTL 

2:45PM– 3:45 PM RTL for FIFO 

 

Day 2: Verification. 

Date Timings Topics Resource 

Person 

 

 

Day 2 

 

9:30 AM – 11:00 AM Introduction to System Verilog(SV)  

Miss.Bhavya 

Reddy 

 

11:15 AM – 12:45 PM Introduction to VMM (Verification 

Methodologies Manual) 

1:30 PM – 2:30 PM   Verification Methodology for FIFO 

2:45 PM – 3:45 PM Verification Methodology for FIFO  

 

Day 3: Synthesis and Timing Analysis 

Date Timings Topics Resource Person 

 

 

Day 3 

 

9:30 AM – 11:00 AM Synthesis Concepts Mr.Durga Prasad  

 11:15 AM – 12:45 PM Synthesis using DC 

1:30 PM – 2:30 PM   STA Concepts Mr.Durga Prasad  

2:45 PM – 3:45 PM STA using Prime Time 
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MUNAGALA KIRANMAYI

B V Raju Institute of Technology

Certificate ID :b74cece5a249a4350dbac829568e5e61

Student ID :STU6140953d5f9b31631622461

83



N JYOTHSNA

B V Raju Institute of Technology

Certificate ID :363e619790305e3cc744472a3c06c71e

Student ID :STU6140a6f6b27e61631626998

84



R YESHO PAWAN REDDY

B V Raju Institute of Technology

Certificate ID :c9790dd6100442e867dc9fdbdf3fb695

Student ID :STU6130fce5a9db91630600421

85



RAMASAHAYAM UDAY TEJA

B V Raju Institute of Technology

Certificate ID :bb50145339845722a9e99dbfca0d3207

Student ID :STU607482f23f4031618248434

86



SOPIRALA VENKATA SAI TEJA

B V Raju Institute of Technology

Certificate ID :2bd8d4b279d7aef8aeaa3863d228361e

Student ID :STU6140a7210ccda1631627041

87



SAIVARSHA GAMPA

B V Raju Institute of Technology

Certificate ID :b1f8ea6e1c1e509d084e1376dd998680

Student ID :STU61475f278c0851632067367

88



SADAN CHANDRA CHENNA

B V Raju Institute of Technology

Certificate ID :f4adff6684ba8df3a3ec87a483fc03b0

Student ID :STU61331f9b97c031630740379

89



CHEGURI VASAVI REDDY

B V Raju Institute of Technology

Certificate ID :c1ced0d2a38fd0808f39138598eb0b91

Student ID :STU6133212ddb0171630740781

90



YERRA VAMSI VIVEK

B V Raju Institute of Technology

Certificate ID :b944fd3f27d07b396d98649f0d64dc1a

Student ID :STU6141e5646601c1631708516

91



ROHIT SAI KISHORE CHINTA

B V Raju Institute of Technology

Certificate ID :beb32966e901add294cafa0105016cf2

Student ID :STU614342a17d3b41631797921

92



J BHEESHMA RAO

B V Raju Institute of Technology

Certificate ID :ffc7cb7e7ac521f6f03955a0bc8a320d

Student ID :STU6140d3725ba9b1631638386

93



MADHU MAMIDALA

B V Raju Institute of Technology

Certificate ID :67df36c5eb2f7f555507004ffc5c5bbc

Student ID :STU6142d59e08f9e1631770014

94



MOHAMMAD BILAL QUASIM

B V Raju Institute of Technology

Certificate ID :27f15a5e840e5fc41eb46c8e91d41c99

Student ID :STU6149d4b244caa1632228530

95



ROHIT SAI KISHORE CHINTA

B V Raju Institute of Technology

Certificate ID :a78a0b353dc6a0500c51060766288ed8

Student ID :STU614342a17d3b41631797921
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Vusa Archana

 

 

 

Blue Prism Foundation Training

 

 

     3/1/2021
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ravali bandla

 

 

 

Blue Prism Foundation Training
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Devi Sowmyarekha

 

 

 

Blue Prism Foundation Training

 

 

     3/1/2021
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Rahul Konda

 

 

 

Blue Prism Foundation Training

 

 

     3/1/2021
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Santhosh reddy Tukkani

 

 

 

Blue Prism Foundation Training
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Vadthya Naveen Kumar

 

 

 

Blue Prism Foundation Training

 

 

     2/28/2021
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vikas bhumaji

 

 

 

Blue Prism Foundation Training
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Tulsidas Biradar

 

 

 

Blue Prism Foundation Training
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H Nishanth Reddy

 

 

 

Blue Prism Foundation Training
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Dear Aarathi Priya R,

Welcome to AWS Academy!

This letter confirms that BV Raju Institute of Technology has been accepted into the AWS Academy
program with Amazon Internet Services Private Limited (“AISPL”) and is authorized to administer and
deliver the AWS Academy  curriculum from the locations listed below. ToCloud Computing Architecture
add more locations, you’ll need written approval from us.

Institutions accepted into AWS Academy also agree to the rules and polices described in the AWS Academy
Terms & Conditions and Program Guide, which you should have already received. These include:

AWS Academy curriculum may only be delivered by AWS-accredited instructors

Institutions must have a minimum of two AWS-accredited instructors for each AWS
Academy-authorized curriculum

Deliver each AWS Academy authorized curriculum in its entirety

Deliver AWS Academy curriculum over a minimum period of 6 weeks

Approved locations for the program:

Main Campus
Vishnupur Narasapur Medak 
Hyderabad, Andhra Pradesh 502313 
India

To login to the AWS Academy portal, go to .https://www.awsacademy.com/login

We look forward to your participation and wish your institution, educators, and students success in their
AWS cloud computing journey with Amazon Internet Services Private Limited.

Sincerely,
The AWS Academy Team (Amazon Internet Services Private Ltd)

Amazon Internet Services Private Ltd. is a subsidiary of Amazon.com, Inc. Amazon.com is a registered
trademark of Amazon.com, Inc. This message was produced and distributed by Amazon Internet Services
Private Ltd., Ground Floor, Eros Corporate Towers, Nehru Place, New Delhi - 110 019, India
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VASIREDDY KAVYA

B V Raju Institute of Technology

Certificate ID :884b625e77038124ab568f623fc5640e

Student ID :STU61437ca6c5cdd1631812774

116



BANALA KOUSHIK

B V Raju Institute of Technology

Certificate ID :fec9ded7a15d1dc5438957b8bf24eebe

Student ID :STU6131fc98b23491630665880

117



SURISHETTY BHAVANA

B V Raju Institute of Technology

Certificate ID :a9484c95945bbe6497133379e080c70f

Student ID :STU6143455ed97801631798622

118



PADMA RANI SINGI REDDY

B V Raju Institute of Technology

Certificate ID :4c01333b75c39b037d23a32bd0d48096

Student ID :STU60687c021ff201617460226

119



SIVVA SAI SAHARSH

B V Raju Institute of Technology

Certificate ID :417bb73ad1475f6cf825b211bc3545ff

Student ID :STU5ef61f43be39c1593188163

120



VELAMALA HARI BABU 

B V Raju Institute of Technology

Certificate ID :5c154ae86cbaec77224e4d669e179cd7

Student ID :STU613638a182ce01630943393
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PAVAN KUMAR UPPUTURI

B V Raju Institute of Technology

Certificate ID :8f542324c4ddbcad006bb5c129f2206b

Student ID :STU6147f8e7596b01632106727

122



KAPS MEGHANA

B V Raju Institute of Technology

Certificate ID :05b3c32a9dc78202e3b4039a8792752c

Student ID :STU613091b386f121630572979

123



TARUN KESAMSETTY

B V Raju Institute of Technology

Certificate ID :41ceec29eba1c6137028edae77ad7912

Student ID :STU614086b1d19781631618737

124



KOTARI TUKARAM

B V Raju Institute of Technology

Certificate ID :8eb8f68cedc5fa378d1a5468615e7fbc

Student ID :STU6142005b1577c1631715419

125



MANGALI MOUNIKA

B V Raju Institute of Technology

Certificate ID :59e5c27eb6889feb08668eba41d7c513

Student ID :STU60d03a45690f61624259141
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MANNE SAISINDHU

B V Raju Institute of Technology

Certificate ID :c67137426c6cb48c940cdc5beb95a141

Student ID :STU61488071e93081632141425

127



CHIRANJEEVI BHUVANESHWARI PAMARTHY

B V Raju Institute of Technology

Certificate ID :c3f3c0102c2671121de31a93380d1ae0

Student ID :STU6140cc13e62dc1631636499
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PAPPALA BANUTEJA NAIDU

B V Raju Institute of Technology

Certificate ID :56063eb69cb0201aef5c830fffdf2775

Student ID :STU614090ed19e2c1631621357

129



SANDHYA RAAGAM SAGGALLA

B V Raju Institute of Technology

Certificate ID :85c0d9a6d8038cce718896b20165f1fb

Student ID :STU61321457590931630671959
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SILVERI RAJ GANESH 

B V Raju Institute of Technology

Certificate ID :c8cc87575f3b5fe0259fbcb95202e1af

Student ID :STU6142091fe52c81631717663
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SOLAM ANUSHA

B V Raju Institute of Technology

Certificate ID :554405e7b5852eada539cdf1425a2f4a

Student ID :STU614213e2540db1631720418
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KOUSIK TUMPUDI

B V Raju Institute of Technology

Certificate ID :7e379c08aa52e33dae5fdc1de0e06541

Student ID :STU6147edd825c911632103896
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PAVAN KALYAN MAKTHA

B V Raju Institute of Technology

Certificate ID :6090e4aa94959d35afe36f6136c69cc8

Student ID :STU61418855a46531631684693
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HRUDAY PAMIDI

B V Raju Institute of Technology

Certificate ID :f0008f8d985677d248f50c4918cdca19

Student ID :STU61475d9996e2c1632066969
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SURYA VAMSI PENAGANTI

B V Raju Institute of Technology

Certificate ID :8c957bd0100bc5bec35cf8df00e2e1c4

Student ID :STU613ae6c510fde1631250117
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RACHAKONDA VISHWANI

B V Raju Institute of Technology

Certificate ID :ef5bc4dc708e2c5cb88bc525621faec7

Student ID :STU6142141ad72ba1631720474
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PRAMOD GOURI SHANAKAR SARIPALLI

B V Raju Institute of Technology

Certificate ID :96ba080c76b3b9433b4a7b107278cda0

Student ID :STU6148295eac0561632119134
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VEERAMACHANENI VASAVI

B V Raju Institute of Technology

Certificate ID :46b3d4528eb91a6b94b4ccc72f8dfe89

Student ID :STU61437ca57642b1631812773

139



KOTA VIKRAMDEV

B V Raju Institute of Technology

Certificate ID :62925e678c113b65195c5fa0f09b0f12

Student ID :STU60620006a9bf81617035270
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PAVANTEJA KOTTA

B V Raju Institute of Technology

Certificate ID :7215355ee0217efc4108ab75dd6d4f95

Student ID :STU608591d412b961619366356
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KUCHAN PRIYANKA

B V Raju Institute of Technology

Certificate ID :2aa7fc480c4f9e95c19cdeebd8a4b391

Student ID :STU60631f44caaf11617108804
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M RAJESH NAYAK

B V Raju Institute of Technology

Certificate ID :b73d3646281f45ec0b18f345245cba47

Student ID :STU6064604e1f4021617190990

143



PRASHANTH MANGALI

B V Raju Institute of Technology

Certificate ID :22115a3eb28b589069b0ae24fce3819f

Student ID :STU606366c24bce81617127106

144



VENKATA VINDU KUMAR MARUPUDI

B V Raju Institute of Technology

Certificate ID :76471db8da5acfde839d7709bb38953a

Student ID :STU60ccc4b10a0811624032433
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MANISHANKAR NAGARJUNA

B V Raju Institute of Technology

Certificate ID :7f26881a0dba720e264b1c488495f729

Student ID :STU61409b2d3b6171631623981

146



SIMRAN MEHBOOB

B V Raju Institute of Technology

Certificate ID :9f43c43701667b1991b8a1f396769183

Student ID :STU6061d285ddc461617023621
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SINDHE VANDANA LAXMI

B V Raju Institute of Technology

Certificate ID :c351368d08e984a8ef4b4b29462e3025

Student ID :STU6142defe0242d1631772414
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SOWMYA KOVORI

B V Raju Institute of Technology

Certificate ID :c0e0ea7765991d3e17c302e6de48df24

Student ID :STU604e0de6d20721615728102
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RUSHIKESH VUPPALA

B V Raju Institute of Technology

Certificate ID :4e8e162c67818fa804ce6877bb958edd

Student ID :STU61482c54845381632119892
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MOHAMMED MATHIN 

B V Raju Institute of Technology

Certificate ID :035350392d3f15e7f901d98f76e62d3d

Student ID :STU6143416ecad171631797614
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PALADUGU LAHARSAITEJA

B V Raju Institute of Technology

Certificate ID :958e5d0fead54d8049f67b786124178c

Student ID :STU605db61eda3741616754206
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CHANDANA CHAYA SAI SREE CH

B V Raju Institute of Technology

Certificate ID :2bcf564be1f88511d98772d07e96ebcf

Student ID :STU604f4d6162dca1615809889

153



G LAASYA REDDY

B V Raju Institute of Technology

Certificate ID :c6faa82c3d8b7f1aac3137839e885f83

Student ID :STU6142cdc5ecd251631768005
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GUNDA SAI TEJA

B V Raju Institute of Technology

Certificate ID :d462e3e0f05d22bddff45d77345edd1b

Student ID :STU605f68e3315521616865507
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THARUN KUMAR ABBURI

B V Raju Institute of Technology

Certificate ID :169f52b4d0a66ceb5ad8669234d0f9ea

Student ID :STU6140944f4022d1631622223
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MANJUNATH CHIGULLAPALLY

B V Raju Institute of Technology

Certificate ID :d853b8d73aa09f2c83367f7aa81267b7

Student ID :STU614762c9829af1632068297
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GOVARDHAN KANDHIBANDA

B V Raju Institute of Technology

Certificate ID :a9c463eb1efd77e0991c4d19f616b0c0

Student ID :STU61482b2d732c31632119597
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RAVULAPALLI SAIRAM

B V Raju Institute of Technology

Certificate ID :d296b3f346b4c305d34438a7b63a406b

Student ID :STU61324f729472d1630687090

159



A DINESH REDDY

B V Raju Institute of Technology

Certificate ID :46d922194a48dd835b88213ad1f8fd03

Student ID :STU6130fe45cd4ab1630600773
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ABDUL AMAAN

B V Raju Institute of Technology

Certificate ID :fed331052d4cb961c17b2555e19adce4

Student ID :STU6131fe46024511630666310
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ATHIKAM SAIPAVAN

B V Raju Institute of Technology

Certificate ID :902435da038a51cca968c7cd91d5c2c9

Student ID :STU61308dbd50f5c1630571965
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BAITHI VINAY KUMAR

B V Raju Institute of Technology

Certificate ID :f7ba4489ca1923d888da84f7af0bb40b

Student ID :STU6131fedcddaf11630666460
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HIMAJA JOGI

B V Raju Institute of Technology

Certificate ID :e0efa2aa8705a92adfc244877e3cafb4

Student ID :STU6014f959ead931611987289

164



VISHAL BALIREDDY REDDY

B V Raju Institute of Technology

Certificate ID :e01d4bcf3ff27403228dddcc3d0570f7

Student ID :STU5f53c45fbbfec1599325279

165



BOLISETTI SRIVALLI

B V Raju Institute of Technology

Certificate ID :e77c66752e02bbf78333cf2c9fa9f097

Student ID :STU605d8523393ff1616741667

166



RUSHIKESH VUPPALA

B V Raju Institute of Technology

Certificate ID :9bc8e9ffa91ab94086b3d5ca3b86bbac

Student ID :STU61482c54845381632119892

167



MEGHARAJ AMBIKA

B V Raju Institute of Technology

Certificate ID :5c67a06202ccf15ef7ee4b17472fc3d8

Student ID :STU61433acebfc651631795918

168



RACHAKONDA VISHWANI

B V Raju Institute of Technology

Certificate ID :ef5bc4dc708e2c5cb88bc525621faec7

Student ID :STU6142141ad72ba1631720474
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PRAMOD GOURI SHANAKAR SARIPALLI

B V Raju Institute of Technology

Certificate ID :123ffcd227998590de3fdc652f3fd292

Student ID :STU6148295eac0561632119134
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ABDUL AMAAN

B V Raju Institute of Technology

Certificate ID :f71469f1b51189837a9f1c8e0e512ef1

Student ID :STU6131fe46024511630666310
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APALA SANDEEP REDDY

B V Raju Institute of Technology

Certificate ID :ce16edd1ad9e3950f3d92bb32c60523b

Student ID :STU60d1d0eec0b6e1624363246
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NITHISH REDDY GANGANNAGARI

B V Raju Institute of Technology

Certificate ID :af4a24383e61f161549b5b0c60ca2eaa

Student ID :STU61ff5ccf4e86c1644125391

173



HADNOOR SAI DHEERAJ

B V Raju Institute of Technology

Certificate ID :5af400107d3fd521c79d4694078bcff8

Student ID :STU61ff6e37790881644129847
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VISHAL BALIREDDY REDDY

B V Raju Institute of Technology

Certificate ID :f0a32aab056c65941f28edf0fdb05e36

Student ID :STU5f53c45fbbfec1599325279
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EZAZ AHMED MOHAMMAD

B V Raju Institute of Technology

Certificate ID :23e2ea3af46b21e7c72638fb2820401f

Student ID :STU6200996aecd091644206442
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JEROME GEYER-KLINGEBERG
Head of Academic Alliance, Celonis SE
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SUHRUTH YAMBAKAM

B V Raju Institute of Technology

Certificate ID :3e435f68b11bf58f41de510d82b9b843

Student ID :STU61408bbcbf6e01631620028
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SITA VAIBHAVI GUNTURI

B V Raju Institute of Technology

Certificate ID :915559e4da0277a8a148c274e4a72c3d

Student ID :STU605b1295999b61616581269
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ASAM e. V. • Altlaufstr. 40 • 85635 Höhenkirchen • Germany  

 
 
 
 
 
 
 
 
 

 
Hoehenkirchen, Germany – June 29, 2021 
 

Welcome to the ASAM community! 

 
Dear Prof. Dr. Dantuluri, 
 
We are pleased that B.V. Raju Institute of Technology will join our organization. Your Membership Request 
from June 28, 2021 has been approved by the Board of Directors and I am happy to welcome you to the 
ASAM community.  
 
As ASAM member, you will be part of a well-established international association that is proud to have 
most of the big automotive OEMs and Tier-1s as well as many tool vendors and service providers as 
members. (See the complete member list: www.asam.net/members/) 
 
Founded in 1998, ASAM offers a platform for our members, both OEMs and suppliers, to commonly define 
industrial standards in the area of vehicle development. The standards are indispensable in today’s 
engineering, testing and automation world:  
 

• Almost all road vehicles with electronic control units (ECU) are calibrated with tools based on ASAM 
standards.  

• All German car makers use the ASAM ODX format for every new vehicle platform to describe its 
diagnostics capabilities.  

• Most test benches world-wide use ASAM standards for integrating test automation and test data 
management tools. 

 
Our more than 33 ASAM standards are based on real use-cases and therefore provide solutions for 
common challenges. They are developed by experts which ensures that ASAM standards are of high 
quality, provide inexpensive solutions, and are regularly updated to remain state-of-the-art. 
  

B.V. Raju Institute of Technology 
Prof. Dr. Dantuluri 
Vishnupur 
Telangana 
502313 Narsapur 
INDIA 
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Your membership with class H entitles you to: 

 
• download and use our standards within your company free of charge 
• download and use our software  
• propose new ideas for standardization, get involved in the development of standards, and/or 

exert influence on the advancement of standards (certain regulations apply)  
• use our technical support (support@asam.net)  
• network with the ASAM community 
• take advantage of marketing opportunities within ASAM e.V. (https://www.asam.net/news-

media/member-marketing-kit/) 
 

To get comprehensive information on our organization and our activities, please have a look at our website 
www.asam.net. If you have any question, if you need assistance or if you are interested to collaborate in 
one of our work groups, please do not hesitate to contact us. You will find all contact details on the 
attached contact sheet. 
 
ASAM e.V. is looking forward to an active and successful cooperation. 
 
Kind regards 

 
 
Peter Voss 
Managing Director 
ASAM e.V. 
 
 
 
Enclosures 
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Please Contact Us  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Peter Voss 
Managing Director 
Phone: +49 170 910 4720 
peter.voss@asam.net 
 
 
 
For membership inquiries 
 
Magdalena Weintritt 
Management Assistant 
Phone: +49 8102 806162 
magdalena.weintritt@asam.net 
 
 
For technical inquiries on the domain 
Simulation: 
 
Stefan Cyliax 
Global Technology Manager 
Phone: +49 170 921 3579 
stefan.cyliax@asam.net 
 
 
 
For technical inquiries on the domain 
Simulation 
 
Ben Engel 
Global Technology Manager 
Phone: +49 151 6164 5936 
benjamin.engel@asam.net 
 
 
 
 
 
 
 
Yoshiaki Shoi 
Representative of ASAM Japan 
Phone: +81 3 6721 8503 
yoshiaki.shoi@asam.net 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Dr. Klaus Estenfeld 
Executive Advisor 
Phone: +49 151 6463 1204 
klaus.estenfeld@asam.net 
 
 
 
For Marketing inquiries: 
 
Dorothée Bassermann 
Marketing Manager 
Phone: +49 8102 806163 
dorothee.bassermann@asam.net 
 
 
For technical inquiries on the domain 
Simulation: 
 
Nicco Dillmann 
Global Technology Manager 
Phone: +49 160 9921 8048 
nicco.dillmann@asam.net 
 
 
For technical inquiries on the domains 
Measurement & Calibration, Diagnostics, ECU 
Networks, Software Development, Test 
Automation, and Data Management: 
 
Bernd Wenzel 
Senior Technical Consultant 
Phone: +49 371 5607742 
bernd.wenzel@asam.net 
 
 
 
For inquiries on ASAM documentation 
 
Christian Gödert 
Technical Writer 
Phone: +49 170 921 0750 
christian.goedert@asam.net 
 
 

 

  

ASAM Japan G.K 
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Acceptance of Membership 

Member:             B.V. Raju Institute of Technology 
 
Member Number: 599 
  
Member Class: H 
 
Annual Membership Fee: 100,- Euro  
 
Date of Entry: June 29, 2021 
 
 
The following persons will represent B.V. Raju Institute of Technology towards ASAM e.V. and its members: 
 
Main Contact: Prof. Dr. Dantuluri 
 
Marketing Contact: Prof. Dr. Dantuluri 
 
Editing Contact: Prof. Dr. Dantuluri 
 
Invoice:              B.V. Raju Institute of Technology 

            Prof. Dr. Lakshmi Prasad K. 
            BVRIT, Vishnupur 
            Telangana 
            502313 Narsapur 
            INDIA 

 
The membership starts June 29, 2021.  
If you would like to change, contact persons or if you would like to assign separate contacts for  
B.V. Raju Institute of Technology please inform us as soon as possible.  
 

 
 
Peter Voss 
Managing Director 
ASAM e.V.  
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Scheduled Maintenance on November 6
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1 of 3 07-Oct-20, 12:01 PM

201



Academy Contact Details

Institution Legal Name: B V Raju Institute of Technology

Institution ID: 400054267

Street Address: Vishnupur

City: Narsapur

State/Province: Telangana

Country: India

                                                                                                          
 

Cisco Academy Membership Agreement 
           

Networking Academy.  

The 
responsibilities of Cisco Systems, Inc. or its subsidiary responsible for distribution in the country in whi

 The NAMGCA forms part of this agreement, and will be made a
your Academy by Cisco. Your Academy should review the NAMGCA carefully before agreeing to partic
Cisco Networking Academy.  By accepting this agreement your Academy agrees to comply with the NAM
the Cisco Networking Academy evolves, changes to the NAMGCA may be appropriate.  Cisco wi
reasonable efforts to provide advance notice to your Academy of any major changes to the NAMGCA. 

Cisco provides all resources
any kind (as far as Cisco is permitted to do so by law). Further details are set out in the NAMGCA. 

The following provisions (a)-(c) govern your treatment of personal information of Academy and Cisco Ne
Academy participants (i.e. employees, students, instructors, administrators, or any other of your Cisco Ne

provided to or otherwise obtained by
from your Academy in connection with the Cisco Networking Academy:   

(a) By entering into this agreement, your Academy will ensure that Cisco Networking Acad
Participants have given their unambiguous consent, to the processing of their personal informatio
Cisco:  (i) from within and outside of the European Economic Area and those countries deemed t
adequate data protection laws in connection with processing the personal information; and (ii) in 

                                                                                                          
 

 

 

 

 

 

 

By c
behalf of your Academy.   

On behalf of the Cisco Networking Academy global community, Welcome! By signing this agreement your Ac
taking an important step in bringing new opportunities and knowledge to your students, the future architects of 
networked economy! 

 

 

Global NetAcad Instance | Agreement | Networking Academy https://www.netacad.com/portal/managing/agreement/pending/0012E00...

2 of 3 07-Oct-20, 12:01 PM
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Postal Code: 502313

Agreement Accepted Date: 2020-08-17

Membership Guide(https://www.netacad.com/portal/resources/file/32279)

Please open and read the Membership Guide before accepting the Membership Agreement. Guide will open

in a new window.

Need help? Contact Us (mailto:netacadleadsupport@cisco.com)

NetAcad, a Cisco Corporate Social Responsibility program (http://csr.cisco.com/), is an IT skills and career

building program available to learning institutions and individuals worldwide.

Terms and Conditions (https://www.netacad.com/portal/sites/default/files/resources/terms

/cisco_networking_academy_terms_and_conditions_july_2016_v3_english.pdf)

Cookie Policy (http://www.cisco.com/web/siteassets/legal/privacy_full.html#cookies)

Privacy Statement (http://www.cisco.com/web/siteassets/legal/privacy.html)

Data Protection (https://www.netacad.com/data-protection)

Accessibility (https://www.netacad.com/saml_login?ReturnTo=https://www.netacad.com

/accessibility)

Trademarks (http://www.cisco.com/web/siteassets/legal/trademark.html)

Global NetAcad Instance | Agreement | Networking Academy https://www.netacad.com/portal/managing/agreement/pending/0012E00...

3 of 3 07-Oct-20, 12:01 PM
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Cisco Networking Academy: Cisco Academy Membership Agreement / June 2014  Page 1 
 

Cisco Academy Membership Agreement 
           

Networking Academy.  

The 
responsibilities of Cisco Systems, Inc. or its subsidiary responsible for distribution in the country in which you are 

 The NAMGCA forms part of this agreement, and will be made available to 
your Academy by Cisco. Your Academy should review the NAMGCA carefully before agreeing to participate in the 
Cisco Networking Academy.  By accepting this agreement your Academy agrees to comply with the NAMGCA. As 
the Cisco Networking Academy evolves, changes to the NAMGCA may be appropriate.  Cisco will exercise 
reasonable efforts to provide advance notice to your Academy of any major changes to the NAMGCA. 

Cisco provides all resources
any kind (as far as Cisco is permitted to do so by law). Further details are set out in the NAMGCA. 

The following provisions (a)-(c) govern your treatment of personal information of Academy and Cisco Networking 
Academy participants (i.e. employees, students, instructors, administrators, or any other of your Cisco Networking 

provided to or otherwise obtained by Cisco 
from your Academy in connection with the Cisco Networking Academy:   

(a) By entering into this agreement, your Academy will ensure that Cisco Networking Academy 
Participants have given their unambiguous consent, to the processing of their personal information by 
Cisco:  (i) from within and outside of the European Economic Area and those countries deemed to have 
adequate data protection laws in connection with processing the personal information; and (ii) in 
accordance with Cisco Networking Academy Privacy Policy, as amended from time to time and located at 
http://www.cisco.com/web/siteassets/legal/privacy.html.   
(b) Your Academy agrees to comply with:  (i) applicable data protection laws and regulations, 

Networking Academy Privacy Policy located at http://www.cisco.com/web/siteassets/legal/privacy.html.  
(c) To the maximum extent permitted by law, your Academy shall defend, indemnify and hold 
harmless Cisco and its officers, directors, employees, shareholders, customers, agents, successors and 
assigns from and against any and all loss, damages, liabilities, settlement, costs or expense (including legal 
expenses and the expenses of other professionals) as incurred, resulting from or arising out of your 

aws relating to the treatment of personal information including any claim 
for the unauthorized solicitation, collection, storage, forwarding, or use of personal information.  As a 
condition to such defense and indemnification, Cisco will provide your Academy with prompt written 
notice of the claim and permit your Academy to control the defense, settlement, adjustment or compromise 
of any such claim. Cisco may employ counsel at its own expense to assist it with respect to any such claim; 
provided, however, that if such counsel is necessary because of a conflict of interest of either your 

will bear the expense of such counsel.  Cisco shall have no authority to settle any claim on behalf of your 
Academy.   

Your term of membership in the Cisco Networking Academy is three years (36 months), commencing on the date 
when Cisco executes this agreement.  The term shall be automatically renewed for additional twelve (12) month 
terms unless (i) sixty (60) days prior to the end of the then-current term one party gives written notice to the other 
party of its election not to renew this agreement. Notwithstanding the foregoing, either Cisco or your Academy may 
terminate this agreement without any liability to the other party for any reason or for no reason by providing at least 

- term for any 
reason or no reason. 
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By c
behalf of your Academy.   

On behalf of the Cisco Networking Academy global community, Welcome! By signing this agreement your Academy is 
taking an important step in bringing new opportunities and knowledge to your students, the future architects of the 
networked economy! 
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Microchip Academic Partner Program
B V Raju Institute of Technology

is an official academic partner of Microchip
Academic Partner Number (APN) : AP-1986

Regional Partner
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DocuSign Envelope ID: 671F999C-F8A5-488A-9720-0C49135E0D12
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DocuSign Envelope ID: 671F999C-F8A5-488A-9720-0C49135E0D12

9th Sep 2020
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ELECTRIC VEHICLES WORKSHOP  
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Student coordinators 

ELECTRIC VEHICLES WORKSHOP 

SECTION A 1)Amulya 
 

7989584599 
 

 
2)Affan 17211a02 9515586001 

 

SECTION B 1)Sohail 17211a0267 9397862143 17211a0267@bvrit.ac.in  
2)Sindhu 

 
8555822138 

 

     

  

 

Faculty Coordinators  

Event Name Faculty coordinator  Student coordinator  

Electric Vehicles Workshop 
S.Srinivas 

Sridhar 

 Swetha 

      

 

 

 

 

 

 

 

Program Schedule  
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Day I (30th December 2019) Day II (31st December 2019) 

9:00 am to 

10:00 am 
Registration 

9:30 am to 11:00 

am 

Session 4: Hands on session on EV at 

Work shed. 

  

10:00am to 

11:00am 
Inauguration 

11:00am to 11:15 

am 
Tea Break (High Tea) 

11:00am to 

11:15 am 
Tea Break (High Tea) 

11:15 am to 

1:30pm 
Session 5: Hands on session on EV at 

Work shed. 

11:15 am to 
1:30pm 

Session 1:  Introduction about 
Automobiles. Comparison between 
Electric Vs combustion Vs Hybrid 
vehicles. Batteries for EV’s. 

 

1:30 pm  to 
2:00pm 

Lunch Break  

1:30 pm  to 

2:00pm 
Lunch Break  

2:00 pm to 3:30 

pm 
Session 6:  Hands on session on EV at 

Work shed. 

 

2:00 pm to 

3:30 pm 

Session 2:  Electric Vehicle Charging 

Technology. Minimizing Thermal 

hotspot in battery.  

 

3:30 pm to 3:45 

pm 
Tea Break 

3:30 pm to 

3:45 pm 
Tea Break 

3: 45 pm to 4:30 

pm 
Valedictory Function 

3: 45 pm to 

4:30 pm 

Session 3: Feasibility and future Scope. 

 
  

 

  

220



Participants List 

S no Name of the 
Participant 

Year of study College name 

1 Thumma.Ajay kumar 3rd year Kamala institute of technology 

2 Gantla revanth reddy 2nd year Kamala institute of technology 

3 Akanksha 3rd year Kamala institute of technology 

4 Vaishnavi Thirunagari 2nd year Kamala institute of technology and s 

5 Pagadala Bhargavi 3rd year Priyadarshini degree college 

6 Suddala hemanth 
kumar 

2nd year Aurora's technological and research Institute 

7 J.Dhatri 3rd year Aurora's Technological and Research Institute  

8 Vasam Kranthi kumar 3rd year KAMALA INSTITUTE OF TECHNO 

9 annie shegal nair 2nd year BVRIT - Narsapur 

10 vijay 2nd year BVRIT - Narsapur 

11 Mamatha 2nd year BVRIT - Narsapur 

12 Divya 2nd year BVRIT - Narsapur 

13 Princy 2nd year BVRIT - Narsapur 

14 sree vikas 2nd year nalla narsimha reddy engineering college 

15 sangeetha 2nd year jntuh 

16 sai revanth 3rd year Cvr engineering college 

17 Govardhan 3rd year Cvr engineering college 

18 dinesh 3rd year Cvr engineering college 

19 jyothi 3rd year Cvr engineering college 

20 Nikitha 2nd year BVRIT - NARSAPUR - Narsapur 
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Electric Vehicles Workshop: 

                                                      The Main motto of this workshop is to give awareness to the audience 

on electric traction and it’s battery charging technologies and showcase them our senior’s research 

work on EV sector includes: e-Bike, e-Auto and e-bicycle. 

Resource Persons: 

Deepesh Kumar .B  
Cofounder,  
EV Retron Energies Pvt. Ltd. 
 

Vara Prasad .P 
Technical Assistance,  
EV Retron Energies Pvt. Ltd 

Schedule: 

Day 1:   

Introduction about Automobiles. Comparison between Electric Vs combustion Vs Hybrid vehicles.  

Batteries for EV’s.  

Electric Vehicle Charging Technology.  

Minimizing Thermal hotspot in battery. 

Feasibility and future Scope. 

Day 2:  Hands on session on EV at Work shed. 

Organisers: 

Sohail       -17211A0267-EEE3B 

Sindhu    -18215A0223-EEE3B 

Swetha   -17211A0271-EEE3B 

Sridhar    -18215A0217-EEE3B 

Volunteers: 

Varun  -18211A02A8 – EEE 2B 

karthik -18211A0299 – EEE 2B 

Gallery:  
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B V Raju Institute of Technology 

Aug 26, 2020 
994 
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Varun Madire

March 29, 2022

Expires: March 29, 2024
Certificate Code: PCCET
Verification #: J3DB8NRCLMF4QW9T
https://www.certmetrics.com/PaloAltoNetworks/public/verification.aspx
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Swapna Maloth

March 29, 2022

Expires: March 29, 2024
Certificate Code: PCCET
Verification #: W94LY7VKLMVEQDST
https://www.certmetrics.com/PaloAltoNetworks/public/verification.aspx
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Keerthana Reddy Gudi

March 29, 2022

Expires: March 29, 2024
Certificate Code: PCCET
Verification #: Q1BEMNR2JNRQ1PWF
https://www.certmetrics.com/PaloAltoNetworks/public/verification.aspx
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HIYGTgi 
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INDIA NON JUDICIAL 
opEo TTIAT TELANGANA AG 705330 

S1.No:...AA7....vate...R!09|20 2 

sOLD FO... M:.Nla.fotappa slo M Alagappa 2 Narsapu 

FOR WHOM.. I..NMGsApUR 

E. SRALAS 
LICENSED STAMPvENBOR 

L.NO.17-0-008/1993, 

RL.No.17-06-009/2020 

NARSAPUR, MEDAK DIST-502313 

DHONE No: 9440220408 

MEMORANDUM OF UNDERSTANDING 

This Memorandum of Understanding is entered and executed at Hyderabad, on this 21t day of 
September 2021, with validity for a period 3 years (from this date), by and between: 

M/s. Smaragdine Technologies Private Limited, PBEL City, Hyderabad, TS, the Founder 
Director is Y.V.S.Durgamruth Kumar. Herein after referred to as the "margdine", Party I, 
which expression shall mean and include his respective legal heirs, successors, the nominee (s). 

And 

B.V.Raju nstitute of Technology (BVRIT), established by Si Vishnu Education Society 
(SVES), having its registered office at Hyderabad, Telangana, India. BVRIT is represented by 
the Principal Dr. K.Lakshmi Prasad, herein after referred to as the "BVRIT" Party II, which 
exptession shall mean and include his respective legal heirs, successors, the nominee (s). 

OLOO E TEC 

OTY 

PEERAMCEM 
AR TORA AUCUNO 

wOEMAD 

600 . T.8. 

PRINCIPAL 

BRAJU NSTITUTE OF TEGHNOLooY 

Vishnupur, NarsapurMedak Dist, 
Telangana 502313 
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Memorandum of Understanding (MoU) 

for 

Incubation, Technical Collaboration taking up joint 
Research & Development Activities 

between 

VISHNU 
UNIVERSAL LEARNING 

BVRaju Institute of Technology 
Narsapur, Medak, TS 

and 

SMARAGDINE 

M/s. Smaragdine Technologies Private Limited 
Hyderabad, TS 
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Whereas both parties called as the Smaragdine and the BVRIT have agreed to enter into this 
nemorandum of Understanding on the terms and conditions & spells out the activities and 

responsibilities of two parties, which are enumerated below: 

NOW, THIS MEMORANDUM OF UNDERSTANDING WITNESSETH: 
Both the parties of this Memorandum of Understanding have agreed that to cooperate each other 
in discharging their functions by getting/submitting the information required for projects on "IoT 
Based Vertical Gardening'", "IloTD Security" and other Industrial IoT Device related projects,
with a team of three faculty (Dr.K.Dasaradha Ramaiah, Dr. M.Neelakantappa and Mr. 
Vijaykumar Mantri, Professors of IT Department, B.V.Raju Institute of Technology), to identify 
the student teams, allotting the tasks, procuring the loT Components, designing the necessary 
circuits for the applications, built the loT products/ Devices as per the need of Consultancy 
projects, further testing the devices as per the Industry standards etc., further for any other 
innovative projects, etc., to do all such activities and deeds necessary in this regard within the 

frameworkdf applicable rules and laws. 

1. Objectives of the MOU 

To promote R&D activities between the BVRIT and Smaragdine Technologies by 
establishing and maintain the Technology Incubation "SMARAGDINE Cyber 
Security Center for Trusted IloT Devices" at Bhaskara Block, BVRIT Campus. 

To promote and enhance research interest in the proposal idea development on 
"Industrial loT Devices, Cyber Security Projects" between BVRIT and Smaragdine 

Technologies. 

. To develop fund by taking consultancy activities and DST/BIRAC and other Govt. 
funded projects with mutual collaboration by BVRIT and Smaragdine 

Equipment Procurement: BVRIT gives financial support to purchase the required 
equipment/ loT Components related to the projects. Smaragdine, sponsors the 
required equipment/ loT Components and also provides the Technical support to 
train the Project Teams in functioning of the components. 

1.1. Services and utilities support from BVRIT: 

All Infrastructure facilities and auxiliary item for research and development of IloT Device 
Projects are to be supported by both BVRIT and Smaragdine.

All incidental expenses such as statutory fees, legal, valuation, stamp charges, shall be borne by 
both the parties by mutual understanding. 
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Both the parties declare that this is the exclusive mandate issued in the form of Memorandum of 
Understanding, and they do not intend to issue similar or another mandate or Memorandum of 
Understanding for the similar work to anyone else since this MOU period. 

Both the parties are agreed that any dispute arising from this MOU shall be settled by mutual 
understanding, in an amicable manner. If, however, the parties hereto fail to settle the dispute 
amicably. the same shall be referred to an independent arbitrator, whose decision shall be final 
and binding upon all the parties. The costs of such arbitration shall be borne by the losing party. 
Otherwise as per the law of India's Supreme Authority judgment is taken to consider subject to 
the jurisdiction of Sangareddy. 

2. Scope of Agreement, 

This Agreement shall relate only to the IloT Device Projects in the Smaragdine Incubation 
Center at BVRIT, and nothing herein shall be deemed to confer any right or impose any 
obligation or restriction on parties conceming any other project, effort or marketing activity at 
any time undertaken by the parties which do not pertain to the Program. 

3. Confidential Information. 

During the term of this Agreement, the members may exchange Confidential Information as 
is required for each to perform its obligations here under. For purposes of this Agreement, 
Confidential Information'" means any information of a confidential nature to the disclosing 
member that is marked or otherwise identified as confidential and released, provided or disclosed 
to the receiving member. Confidential Information provided either orally or visually shall be 
identified as Confidential Information at the time of disclosure and shall be promptly confirmed 
in writing as Confidential Information. 

Neither member shall use the other Member's Confidential Information for any purpose not 
connected with the response to the Solicitation. The receiving member agrees to keep any 
Confidential Information in strict confidence and to prevent disclosure, publication or 
dissemination of such except as otherwise expressly permitted in the following paragraph. 

Each member designates the individuals within its organization who may receive Confidential
Information from the disclosing member pursuant to this Agreement. The receiving member's 
disclosure of Confidential Information shall be restricted to those employees of the receiving
member who are directly participating in the Proposal efforts and to the representative(s) of the 
Agency handling the Solicitation. Under no other circumstance shall the receiving member 
release or disclose Confidential Information during the term of this Agreement, and for a period 
of Twenty Five (25) years following the termination of this Agreement, unless the members 
enter into a Subcontract, in which case the rights and obligations of the members shall be 
governed by the Subcontract. 

Each member agrees that if it discloses or otherwise uses the Confidential Information of the 
other member in violation of the terms of this Agreement, such other member would suffer 
irreparable harm for which monetary damages may be difficult to ascertain or an inadequate 
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Such improper use of a member's Confidential Information gives rise under this remedy 
Agreement to cquitable relicf in the courts, including mandatory and prohibitory injunctive 
relief. and such other relief as a court may order. 

The obligation with respect to the protection and handling of Confidential Information, as set 

forth in this Agrecment. is not applicable to the following:

information. which the recciving member lawfully receives from a source other than the 
disciosing member. including the Govermment. and without breach of this Agreement by the 

receiving member. information developed indecpendently by the receiving member without 

reference to the disclosing member's Confidential Information: information which is within, or 

iater falls within. the public domain without breach of this Agreement by the receiving member. 

or information publicly disclosed with the written approval of the other member. 

4. Inventions, Patents, and Copyrights. 

Except for such rights as may accrue to the members under the terms of the Solicitation 

awarded all know-how, inventions, trademarks, patents and copyrights ("Intellectual Property")

resulting soiely from work of employees or contractors, as the case may be, of the members shall 

beiong exclusively to the members themselves. 

Relationship of the Members. 
This Agreement does not constitute, create, or give effect to a partnership, joint venture 

affiliation. or any agency between the members. The rights and obligations of the members shall 
be limited to those expressly set forth herein. Neither member is the agent of the other nor may 

neither bind the other. 

Applicable Law. 
Each member shall comply with all applicable state or local laws, regulations, or ordinances 

in effeca or hereafer adopted. 
inerpreted in accordance with the substantive laws of the State of Sangareddy court, Telangana 

Stait 

This Agreement shall be governed by and construed and 

7. Assignment. 
This Agreement or any interest therein shall not be transferred or assigned, in whole or in 

par, by either member without the prior written consent of the other. For the purpose of this 

Agreement, any corporate merger, acquisition, or similar change shall not be considered an 

assignment. 

Tenure and Termination.
This Moll will take effect from the date it is signed by the representatives of the two 

organizations. It will remain valid for a period of 3 years. This MoU will be reviewed after the 

third year. Any extension to this MolU will be formally agreed in writing by the parties. 

8. 

All rights, duties, and obligations provided for herein shall automatically terminate ater 
successful completion of the project. 
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9. Severability. 
In the event any portion of this Agreement is deemed invalid or unenforceable for any 

reason by a court of competent jurisdiction, the remaining portions of this Agreement shall 

remain in full force and effect. 

10. Changes. 
No modification or amendment to this Agreement shall be binding upon the Parties 

unless made in writing and signed by a duly authorized official of both Members. 

11. Notices. 

Any notice or other writing required or permitted by this Agreement shall be deemed to 

have been sufficiently given either when personally delivered or mailed by certified or registered 

mail with postage prepaid to the individual representatives and addresses of the Members 

specified herein. The individuals designated below shall, unless and until otherwise specified in 

Writing by another authorized representative of the Member, be the only individuals eligible to 

receive any and all written notices under this Agreement. 

12. Disputes. 
Disputes under this Agreement shall be first resolved by attempted negotiation at the 

highest executive levels between the Members. In the event such executive negotiation is 

unsuccessfül. the dispute or disputes may be resolved by resort to a court of competent 

jurisdiction applicable the Members. Enforcement may include the remedies of injunctive relief, 

specific performance and monetary damages, in addition to such other relief as the court may 

order. 

13. Entire Agreement 
This Agreement constitutes the entire, complete, final understanding and agreement 

between the Members concerning the Program and supersedes any previous understandings, 
commitments, or agreements, oral or written. Each Member covenants that there is no 

agreement between itself and any other person, firm, or corporation which would impair the full 

force and effect of this from the date of this Agreement. 

14. Binding Nature: 
This MOU is intended to provide the terms for the execution and delivery of one or more 

mutually acceptable detailed definitive agreements. All the terms und conditions in this MOU are 
legally bindjng on both the parties. 

INWITNESS WHEREOF, the Members to this Memorandum of Understanding 
agreement have, through their respective authorized representatives, have executed these 
presents and affixed their hands and common seal of their respective companies on the day, 
month and year first above mentioned. 
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Smaragdine Technologies Private Limited Deliverables to BVRIT: 

1. Technical support in R&D projects related to Industrial IoT, and IoT Security Systems. 
2. Smaragdine Technologies Private Limited supports applying for research grants from 

DST or any other reputed agencies related to Industry-Academia Research Projects. 
3. Smaragdine Technologies Private Limited supports for course development related to 

IoT, and and loT Security Systems. 
4. Training & Internship opportunity will be provided to the selected students. 
5. Project assistance for the implementation of loT Device application such as Vertcal 

gardening Automation, Security to loT devices, loT enabled Leaf Disease Detection 

System at BVRIT during various events at the institute level. 

6. Placement opportunity to the students. 

For M/s. Smaragdine Technologies Private 

Limited 
For M/s. BV Raju Institute of Technology TE O 

Represented by: 
PRINCIPAL 

shnupur, \o 
Narsapur, 

Medak Dist. Represented by: 
Founder Director (Dr. K. Lakshmi Prasa 1.S. 

(Y.V.S.Durgamruth Kumar ) 
ECHN0 

90 

609, TOWER E 
L CITY 

EE RAMCHERUVU, 
NeAP TSPA iUNCTIOM, 

YDERA3AD WITNESSES: 

Name & Add Signature with Date-

1. Dr. A. Ramesh, Principal, Vishnu Institute of Pharmaceutical
Education & Research. Narsapur 

2. Dr. V.Murali Krishna, Dean, B V Raju Institute of Technology, Narsapur 
HEAD 

Mechanical Engineering Departme 
Dadnasri D. B.V.Raju Institute of Technolog 

Varsacur, Medak Dist Creaster Hvderabad-402 

úcal E dceu 
Pharmac 

Narsapur 
Medak Dist 

502313 

nuysiN 
Yueasad 
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Working Models Summary  

 
Working Models for AY 2019-20 

S.No Product Discerption Project Guide Students 
1 Arduino Solar 

Tracker 

In modern solar tracking 

systems, the solar panels are 
fixed on a structure that 

moves according to the 

position of the sun. In this 
project we are using an LDR 

sensor which helps to detect 

the brightness and intensity 
around it. The LDR sensor 

plays the major role in this 

project, as it instructs the 

structure that contains the 
solar panel, to rotate towards 

maximum sunlight which 

results in, the solar panel 
absorbing more light than 

usual. 

 

Prof K                

Dasaradha Ramaiah 
 

 

 

15211A1222 
Ch.Pavan Kumar 

 

 

 

 

 

 

 

15211A1213 

        B.Sailesh 

2 Digital Water 
Management 

System 

In many houses there is 
unnecessary wastage of water 

due to overflow in overhead 

tanks. Automatic Water 
Level Indicator and 

Controller can provide a 

solution to this problem.  The 
operation of water level 

controller works upon the 

fact that water conducts 

electricity due to the presence 
of minerals within it. So 

water can be used to open or 

close a circuit. As the water 
level rises or falls, different 

circuits in the controller send 

different signals. These 

signals are used to switch ON 

Dr.R.Venkata Ramana 
Chary 

 

 

 
 

 

15211A1229 
D.Sai Keerthana 

 

 

 
 

 

15211A1201 
A.Shashi Preetham 
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or switch OFF the motor 
pump as per our 

requirements. 

3 Climate Smart 

Agriculture 

Usually farmers go a long 

way to their fields to water 
their crop land. Adequate 

water supply is essential for 

agriculture; crops can be 

damaged by either water 
excess or shortage, in order to 

avoid that this method is 

used. Using smart agriculture 
method, the fields can be 

watered automatically when 

the moisture content, of the 
soil is below the threshold 

value. The farmer gets the 

notification about the status 

of his field if the moisture 
content, humidity and 

temperature is below 

threshold value, in the form 
of message, after viewing the 

message with the help of user 

interface, farmer can turn on 
motor which supply water to 

the field, if the water content 

is equal to threshold value 

then he will get a message to 
turn of the motor. 

Mr. K.Bhima  

 

15211A1220 
B.Roja 

 
 

 

 

 

 

 

 

 

 

15211A1204 
Srikar 

 
 

 

15211A1240 
Harshith Patel 

4 MeDuino MeDuino is a smart 

automatic medicine reminder 
made with Arduino that 

makes sure you never miss 

your medicines or pills. This 

gadget consists of an LCD 
Screen attached with a real 

time clock which provides 

user interface, initially 
displaying current time and 

date as we turn on the system. 

Then the individual can set 

any time specifying the hour, 
minute and second. With this, 

the alarm is set for the buzzer. 

When the Arduino’s internal 
eeprom time and the set 

alarm time match, the buzzer 

starts continuous buzzing 
showing the respective 

Mrs.R.Aarthi Priya  

 
 

 

 

 

15211A1206 
A.Pragnya 

 

 

 

 

15211A1224 
Shravan Kumar 
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medicine name on the LCD 
screen.  
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Working Models for AY 2018-19 

S.No Product Discerption Project Guide Students 

1 Home 
Automation 

Using Arduino 

Presented here is a home 
automation system using a 

simple Android app, which 

you can use to control 
electrical appliances with 

clicks or voice commands. 

Commands are 

sent via Bluetooth 
to Arduino Uno. So you need 

not get up to switch on or 

switch off the device while 
watching a movie or doing 

some work. 

Dr.M.Neelakantappa  

 

15211A1257 
M. Harichandhana 

 

15211A1256 
M. Saipreethi 

2 Mobile Charging 

On Coin 

Insertion 

Now a days mobile phones 

are play’s important role in 
the present communication 

world as well as day to day 

life. This project describes 
the mobile battery charger on 

coin insertion. The mobile 

phone business is currently 
worth billions of dollars and 

supports of most number of 

features in every mobile 

phone with different 
operating systems. So to 

operate these mobile phones 

public charging is needed, 
and it should be useful to 

public. This is designed 

based on ATMEL 89c51 a 

40-pin micro controller that 
does the countdown timings 

for a period of 5 minutes with 

LCD displays showing the 
actual time left. During the 

timing period a relay output 

is latched and finishing 
timing in progress. 

Recommended locations 

include: Hotels, Conference 

centers, Exhibition halls, 
Serviced offices, Exchange 

halls, Hotels, Health clubs, 

Training centers, Golf clubs, 
Retail outlets, Shopping 

malls, Internet cafes, 

Mr.Niladri Dey 15211A1209 
Asra Jabeen 

 

 

15211A1255 
Mala Priyanka 
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Universities, Colleges, Hall 
of residence, Airports, Train 

terminals, etc., so that the 

mobile phone users can 

reactivate a low or dead 
battery by simply plugging in 

and charging for one rupee. 

3 Air Pollution 

Monitoring 
System Based 

on Arduino 

The air pollution 

monitoring device developed 
in this project is based 

Arduino UNO. 

The Arduino board connects 
with Thing Speak platform 

using ESP8266 Wi-Fi 

Module. As the cities usually 
have Wi-Fi hotspots at most 

of the places, so the device 

can be easily installed near 

any hotspot for its operation. 

Mrs V C Gayathri 15211A1215 
B.L.Anusha 

 

15211A1242 
K.Parameshwar 

4 GSM Based 

Home Security 

Alarm System 

This project deals with the 

design & development of a 

theft control system for 
home, which is being used to 

prevent/control any theft 

attempt. The developed 

system makes use of an 
embedded system (comprises 

an open hardware 

microcontroller and a gsm 
modem) based on Global 

System for Mobile 

communication (GSM) 
technology. 

A Phaneendra  

15211A1241 
K.Prathyusha 

 

15211A1246 
K.Vineela 
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1. INTRODUCTION  

 

1.1 Embedded System 

An embedded system is a special-purpose computer system designed to perform 

one or a few dedicated functions, sometimes with real-time computing constraints. It is 

usually embedded as part of a complete device including hardware and mechanical parts. 

In contrast, a general-purpose computer, such as a personal computer, can do many 

different tasks depending on programming. Embedded systems have become very 

important today as they control many of the common devices we use. 

Since the embedded system is dedicated to specific tasks, design engineers can 

optimize it, reducing the size and cost of the product, or increasing the reliability and 

performance. Some embedded systems are mass-produced, benefiting from economies of 

scale. 

Physically, embedded systems range from portable devices such as digital 

watches and MP3 players, to large stationary installations like traffic lights, factory 

controllers, or the systems controlling nuclear power plants. Complexity varies from low, 

with a single microcontroller chip, to very high with multiple units, peripherals and 

networks mounted inside a large chassis or enclosure. 

In general, "embedded system" is not an exactly defined term, as many systems 

have some element of programmability. For example, Handheld computers share some 

elements with embedded systems — such as the operating systems and microprocessors 

which power them — but are not truly embedded systems, because they allow different 

applications to be loaded and peripherals to be connected. 

An embedded system is some combination of computer hardware and software, 

either fixed in capability or programmable, that is specifically designed for a particular 

kind of application device. Industrial machines, automobiles, medical equipment, 

cameras, household appliances, airplanes, vending machines, and toys (as well as the 

more obvious cellular phone and PDA) are among the myriad possible hosts of an 
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embedded system. Embedded systems that are programmable are provided with a 

programming interface, and embedded systems programming is a specialized occupation.  

Certain operating systems or language platforms are tailored for the embedded 

market, such as Embedded Java and Windows XP Embedded. However, some low-end 

consumer products use very inexpensive microprocessors and limited storage, with the 

application and operating system both part of a single program. The program is written 

permanently into the system's memory in this case, rather than being loaded into RAM 

(random access memory), as programs on a personal computer are.  

1.2 Applications of Embedded System 

We are living in the Embedded World. You are surrounded with many embedded 

products and your daily life largely depends on the proper functioning of these gadgets. 

Television, Radio, CD player of your living room, Washing Machine or Microwave Oven 

in your kitchen, Card readers, Access Controllers, Palm devices of your work space 

enable you to do many of your tasks very effectively. Apart from all these, many 

controllers embedded in your car take care of car operations between the bumpers and 

most of the times you tend to ignore all these controllers. 

In recent days, you are showered with variety of information about these 

embedded controllers in many places. All kinds of magazines and journals regularly dish 

out details about latest technologies, new devices; fast applications which make you 

believe that your basic survival is controlled by these embedded products. Now you can 

agree to the fact that these embedded products have successfully invaded into our world. 

You must be wondering about these embedded controllers or systems. What is this 

Embedded System? 

The computer you use to compose your mails, or create a document or analyze the 

database is known as the standard desktop computer. These desktop computers are 

manufactured to serve many purposes and applications. 

You need to install the relevant software to get the required processing facility. 

So, these desktop computers can do many things. In contrast, embedded controllers 
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carryout a specific work for which they are designed. Most of the time, engineers design 

these embedded controllers with a specific goal in mind. So these controllers cannot be 

used in any other place.  

Theoretically, an embedded controller is a combination of a piece of 

microprocessor based hardware and the suitable software to undertake a specific task. 

   These days designers have many choices in microprocessors/microcontrollers. 

Especially, in 8 bit and 32 bit, the available variety really may overwhelm even an 

experienced designer. Selecting a right microprocessor may turn out as a most difficult 

first step and it is getting complicated as new devices continue to pop-up very often. 

In the 8 bit segment, the most popular and used architecture is Intel's 8031. Market 

acceptance of this particular family has driven many semiconductor manufacturers to 

develop something new based on this particular architecture. Even after 25 years of 

existence, semiconductor manufacturers still come out with some kind of device using 

this 8031 core. 

[1] Military and aerospace software applications 

From in-orbit embedded systems to jumbo jets to vital battlefield networks, designers 

of mission-critical aerospace and defense systems requiring real-time performance, 

scalability, and high-availability facilities consistently turn to the LynxOS® RTOS and 

the LynxOS-178 RTOS for software certification to DO-178B. 

Rich in system resources and networking services, LynxOS provides an off-the-shelf 

software platform with hard real-time response backed by powerful distributed 

computing (CORBA), high reliability, software certification, and long-term support 

options. 

The LynxOS-178 RTOS for software certification, based on the RTCA DO-178B 

standard, assists developers in gaining certification for their mission- and safety-critical 

systems. Real-time systems programmers get a boost with LynuxWorks' DO-178B RTOS 

training courses. 
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LynxOS-178 is the first DO-178B and EUROCAE/ED-12B certifiable, POSIX®-

compatible RTOS solution. 

[2] Communications applications 

"Five-nines" availability, CompactPCI hot swap support, and hard real-time 

response—LynxOS delivers on these key requirements and more for today's carrier-class 

systems. Scalable kernel configurations, distributed computing capabilities, integrated 

communications stacks, and fault-management facilities make LynxOS the ideal choice 

for companies looking for a single operating system for all embedded 

telecommunications applications—from complex central controllers to simple line/trunk 

cards. 

LynuxWorks Jumpstart for Communications package enables OEMs to rapidly 

develop mission-critical communications equipment, with pre-integrated, state-of-the-art, 

data networking and porting software components—including source code for easy 

customization. 

The Lynx Certifiable Stack (LCS) is a secure TCP/IP protocol stack designed 

especially for applications where standards certification is required. 

[3] Electronics applications and consumer devices 

As the number of powerful embedded processors in consumer devices continues to 

rise, the BlueCat® Linux® operating system provides a highly reliable and royalty-free 

option for systems designers. 

And as the wireless appliance revolution rolls on, web-enabled navigation systems, 

radios, personal communication devices, phones and PDAs all benefit from the cost-

effective dependability, proven stability and full product life-cycle support opportunities 

associated with BlueCat embedded Linux. BlueCat has teamed up with industry leaders 

to make it easier to build Linux mobile phones with Java integration. 
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For makers of low-cost consumer electronic devices who wish to integrate the 

LynxOS real-time operating system into their products, we offer special MSRP-based 

pricing to reduce royalty fees to a negligible portion of the device's MSRP. 

[4] Industrial automation and process control software 

Designers of industrial and process control systems know from experience that 

LynuxWorks operating systems provide the security and reliability that their industrial 

applications require. 

From ISO 9001 certification to fault-tolerance, POSIX conformance, secure 

partitioning and high availability, we've got it all. Take advantage of our 20 years of 

experience. 

1.3 Microcontroller Versus Microprocessor 

What is the difference between a Microprocessor and Microcontroller? By 

microprocessor is meant the general purpose Microprocessors such as Intel's X86 family 

(8086, 80286, 80386, 80486, and the Pentium) or Motorola's 680X0 family (68000, 

68010, 68020, 68030, 68040, etc). These microprocessors contain no RAM, no ROM, 

and no I/O ports on the chip itself. For this reason, they are commonly referred to as 

general-purpose Microprocessors. 

A system designer using a general-purpose microprocessor such as the Pentium or 

the 68040 must add RAM, ROM, I/O ports, and timers externally to make them 

functional. Although the addition of external RAM, ROM, and I/O ports makes these 

systems bulkier and much more expensive, they have the advantage of versatility such 

that the designer can decide on the amount of RAM, ROM and I/O ports needed to fit the 

task at hand. This is not the case with Microcontrollers.  

A Microcontroller has a CPU (a microprocessor) in addition to a fixed amount of 

RAM, ROM, I/O ports, and a timer all on a single chip. In other words, the processor, the 

RAM, ROM, I/O ports and the timer are all embedded together on one chip; therefore, 

the designer cannot add any external memory, I/O ports, or timer to it. The fixed amount 
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of on-chip ROM, RAM, and number of I/O ports in Microcontrollers makes them ideal 

for many applications in which cost and space are critical.  

In many applications, for example a TV remote control, there is no need for the 

computing power of a 486 or even an 8086 microprocessor. These applications most 

often require some I/O operations to read signals and turn on and off certain bits. 

1.4 Microcontrollers For Embedded Systems 

In the Literature discussing microprocessors, we often see the term Embedded 

System. Microprocessors and Microcontrollers are widely used in embedded system 

products. An embedded system product uses a microprocessor (or Microcontroller) to do 

one task only. A printer is an example of embedded system since the processor inside it 

performs one task only; namely getting the data and printing it. Contrast this with a 

Pentium based PC. A PC can be used for any number of applications such as word 

processor, print-server, bank teller terminal, Video game, network server, or Internet 

terminal. Software for a variety of applications can be loaded and run. Of course the 

reason a pc can perform myriad tasks is that it has RAM memory and an operating 

system that loads the application software into RAM memory and lets the CPU run it. 

In an Embedded system, there is only one application software that is typically 

burned into ROM. An x86 PC contains or is connected to various embedded products 

such as keyboard, printer, modem, disk controller, sound card, CD-ROM drives, mouse, 

and so on. Each one of these peripherals has a Microcontroller inside it that performs 

only one task. For example, inside every mouse there is a Microcontroller to perform the 

task of finding the mouse position and sending it to the PC. Table 1-1 lists some 

embedded products. 
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2. Literature Survey & AVR Controllers 

2.1 Literature Survey 

S. Jain, V. Agarwal presented a new fast tracking algorithm for tracking 

maximum power point in photovoltaic systems. An initial approximation of maximum 

power point was quickly achieved using a variable step size. Subsequently, the exact 

maximum power point was targeted using a conventional method. The strength of the 

algorithm came from the fact that instead of tracking power, which does not have one to 

one relationship with duty cycle, it tracked an intermediate variable which had a 

monotonically increasing one to one relationship. The algorithm was verified on a 

photovoltaic system modeled in Matlab Simulink software. 

Weidong Xiao, William G Dunford  developed an experimental evaluation 

method to test the performance of tracking using photovoltaic modules and low cost 

artificial lights. 

D. Shmilovitz  proposed that photovoltaic maximum power point tracking can be 

accomplished by monitoring the readings of the load parameters instead of the 

photovoltaic panel output parameters. 

AVR MICROCONTROLLERS 

2.2 Atmel mega AVR microcontroller 

Atmel megaAVR microcontrollers (MCUs) are the ideal choice for designs 

that need some extra muscle. For applications requiring large amounts of code, 

megaAVR devices offer substantial program and data memories with performance up 

to 20 MIPS. Meanwhile, innovative Atmel picoPower technology minimizes power 

consumption. All megaAVR devices offer self-programmability for fast, secure, cost-

effective in-circuit upgrades. You can even upgrade the Flash memory while running 

your application. 

Based on proven, industry-leading technology, the megaAVR family offers our widest  

selection of devices in terms of memories, pin-counts and peripherals. These include  
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everything from general-purpose devices to models with specialized peripherals like  

Peripheral Touch Controller (PTC), USB, LCD controllers, as well as CAN, LIN and 

Power  

Stage Controllers (PSC). You will easily find the perfect fit for your project in the 

megaAVR  

product family. All these devices are supported by the Atmel Studio development 

platform,  

which further reduces your time-to-market. 

2.3 Key Features 

 Broad family — The megaAVR family offers our widest selection of devices 

in terms of memories, pin counts and peripherals, enabling reuse of code and 

knowledge across projects. 

 picoPower technology — Selected megaAVR devices feature ultra-low power 

consumption and individually selectable low-power sleep modes that make 

them ideal for battery-powered applications. 

 High integration — Devices feature on-chip Flash, SRAM, internal 

EEPROM, SPI, TWI (I2C), and USART, USB, CAN, and LIN, watchdog 

timer, a choice of internal or external precision oscillator, and general-purpose 

I/O pins, simplifying your design and reducing the bill-of-materials. 

 Analog functions — Advanced analog capabilities include ADC, DAC, a 

built-in temperature sensor and internal voltage reference, brown out detector, 

a fast analog comparator and a programmable analog gain amplifier. This high 

level of integration allows designs with fewer external analog components.  

 Rapid development — megaAVR MCUs speed development with powerful 

in-system programming and on-chip debug. In addition, in-system 

programming simplifies production line programming and field upgrades.  

 IoT ready — The IoT (Internet of Things) can extend to almost any 

application—from typical building and home automation to medical and 
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healthcare systems. IoT designs typically require some form of processing 

power to perform embedded computing tasks and transmit data to the Internet. 

Increasingly, these devices are battery driven, thus power consumption often 

becomes the key success factor for a user-friendly IoT-enabled product. 

megaAVR devices are among the best MCUs in the world when it comes to 

power consumption, making them a natural choice for IoT applications. 

 High Performance, Low Power AVR 8-Bit Microcontroller. 

 Advanced RISC Architecture – 135 Powerful Instructions – Most Single 

Clock Cycle Execution – 32 x 8 General Purpose Working Registers – Fully 

Static Operation – Up to 16 MIPS Throughput at 16MHz – On-Chip 2-cycle 

Multiplier.  

 Non-volatile Program and Data Memories – 16/32KB of In-System Self-

Programmable Flash – 1.25/2.5KB Internal SRAM – 512Bytes/1KB Internal 

EEPROM – Write/Erase Cycles: 10,000 Flash/100,000 EEPROM C(1)C/ 100 

years at 25– Data retention: 20 years at 85 – Optional Boot Code Section with 

Independent Lock Bits In-System Programming by On-chip Boot Program 

True Read-While-Write Operation Parts using external XTAL clock are pre-

programed with a default USB bootloader – Programming Lock for Software 

Security.  

 JTAG (IEEE std. 1149.1 compliant) Interface – Boundary-scan Capabilities 

According to the JTAG Standard – Extensive On-chip Debug Support – 

Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG 

Interface.  

 USB 2.0 Full-speed/Low Speed Device Module with Interrupt on Transfer 

Completion – Complies fully with Universal Serial Bus Specification Rev 2.0 

– Supports data transfer rates up to 12Mbit/s and 1.5Mbit/s – Endpoint 0 for 

Control Transfers: up to 64-bytes – Six Programmable Endpoints with IN or 

Out Directions and with Bulk, Interrupt or Isochronous Transfers – 

Configurable Endpoints size up to 256 bytes in double bank mode – Fully 
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independent 832 bytes USB DPRAM for endpoint memory allocation – 

Suspend/Resume Interrupts – CPU Reset possible on USB Bus Reset detection 

– 48MHz from PLL for Full-speed Bus Operation – USB Bus 

Connection/Disconnection on Microcontroller Request – Crystal-less operation 

for Low Speed mode. 

 Peripheral Features – On-chip PLL for USB and High Speed Timer: 32 up to 

96MHz operation – One 8-bit Timer/Counter with Separate Prescaler and 

Compare Mode. 

 

2.4 Pin Configuration 

 

Figure 1: Pin Configuration 

 

250



2.5 Overview 

The ATmega16U4/ATmega32U4 is a low-power CMOS 8-bit microcontroller based 

on the AVR enhanced RISC architecture. By executing powerful instructions in a 

single clock cycle, the device achieves throughputs approaching 1 MIPS per MHz 

allowing the system designer to optimize power consumption versus processing 

speed. 

Block Diagram 

 

Figure 2:Block Diagram for Pins  

The AVR core combines a rich instruction set with 32 general purpose working 

registers. All 
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 the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing 

two  

independent registers to be accessed in one single instruction executed in one clock 

cycle.  

The resulting architecture is more code efficient while achieving throughputs up to ten 

times  

faster than conventional CISC microcontrollers. The device provides the following 

features: 

 16/32K bytes of In-System Programmable Flash with Read-While Write capabilities,  

512Bytes/1K bytes EEPROM, 1.25/2.5K bytes SRAM, 26 general purpose I/O lines 

(CMOS  

outputs and LVTTL inputs), 32 general purpose working registers, four flexible  

Timer/Counters with compare modes and PWM, one more high-speed Timer/Counter 

with  

compare modes and PLL adjustable source, one USART (including CTS/RTS flow 

control  

signals), a byte oriented 2-wire Serial Interface, a 12-channels 10-bit ADC with 

optional  

differential input stage with programmable gain, an on-chip calibrated temperature 

sensor, a  

programmable Watchdog Timer with Internal Oscillator, an SPI serial port, IEEE std. 

1149.1  

compliant JTAG test interface, also used for accessing the On-chip Debug system and  

programming and six software selectable power saving modes. 

The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, SPI port, 

and  

interrupt system to continue functioning. The Power-down mode saves the register 

contents  

but freezes the Oscillator, disabling all other chip functions until the next interrupt or  
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Hardware Reset. The ADC Noise Reduction mode stops the CPU and all I/O modules 

except  

ADC, to minimize switching noise during ADC conversions. In Standby mode, the  

Crystal/Resonator Oscillator is running while the rest of the device is sleeping. This 

allows  

very fast start-up combined with low power consumption. The device is manufactured 

using  

the Atmel high-density nonvolatile memory technology. The On-chip ISP Flash 

allows  

theprogram memory to be reprogrammed in-system through an SPI serial interface, by 

a  

conventional nonvolatile memory programmer, or by an On-chip Boot program 

running on  

the AVR core. 

The boot program can use any interface to download the application program in the 

application Flash memory. Software in the Boot Flash section will continue to run 

while the Application Flash section is updated, providing true Read-While-Write 

operation. By combining an 8-bit RISC CPU with In-System Self-Programmable 

Flash on a monolithic chip, the device is a powerful microcontroller that provides a 

highly flexible and cost effective solution to many embedded control applications. 

The ATmega16U4/Atmega32U4 AVR is supported with a full suite of program and 

system development tools including: C compilers, macro assemblers, program 

debugger/simulators, in-circuit emulators, and evaluation kits. 

2.6 Pin Description 

2.6.1 VCC Digital Supply Voltage 

VCC stands for "voltage at the common collector." The letter "V" on a circuit stands for 

the supply voltage. The letters "CC" indicate that the supply voltage is positive or 

negative. 
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2.6.2 GND Ground 

Ground, in the context of electronics, is the reference point for all signals or a common 

path in an electrical circuit where all of the voltages can be measured from. This is also 

called the common drain since the voltage measurement along it is zero. 

2.6.3 Port B,C,D,E,F 

Port B(PB7..PB0) 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port B output buffers have symmetrical drive characteristics with both 

high sink and source capability. As inputs, Port B pins that are externally pulled low 

will source current if the pull-up resistors are activated. The Port B pins are tristated 

when a reset condition becomes active, even if the clock is not running. Port B has 

better driving capabilities than the other ports. Port B also serves the functions of 

various special features of the device. 

Port C(PC7,PC6) 

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port C output buffers have symmetrical drive characteristics with both 

high sink and source capability. As inputs, Port C pins that are externally pulled low 

will source current if the pull-up resistors are activated. The Port C pins are tristated 

when a reset condition becomes active, even if the clock is not running. Only bits 6 

and 7 are present on the product pinout. Port C also serves the functions of special 

features of the device. 

Port D(PD7..PD0) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port D output buffers have symmetrical drive characteristics with both 

high sink and source capability. As inputs, Port D pins that are externally pulled low 

will source current if the pull-up resistors are activated. The Port D pins are tristated 

when a reset condition becomes active, even if the clock is not running. 
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Port E(PE6,PE2) 

Port E is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port E output buffers have symmetrical drive characteristics with both 

high sink and source capability. As inputs, Port E pins that are externally pulled low 

will source current if the pull-up resistors are activated. The Port E pins are tristated 

when a reset condition becomes active, even if the clock is not running. Only bits 2 

and 6 are present on the product pinout. 

Port F(PF7..PF4,PF1,PF0) 

Port F serves as analog inputs to the A/D Converter. Port F also serves as an 8-bit bi-

directional I/O port, if the A/D Converter channels are not used. Port pins can provide 

internal pull-up resistors (selected for each bit). The Port F output buffers have 

symmetrical drive characteristics with both high sink and source capability. As inputs, 

Port F pins that are externally pulled low will source current if the pull-up resistors are 

activated. The Port F pins are tri-stated when a reset condition becomes active, even if 

the clock is not running. Bits 2 and 3 are not present on the product pinout. Port F also 

serves the functions of the JTAG interface. If the JTAG interface is enabled, the pull-

up resistors on pins PF7(TDI), PF5(TMS), and PF4(TCK) will be activated even if a 

reset occurs. 

2.6.4 DUSB 

Full speed / Low Speed Negative Data Upstream Port. Should be connected to the 

USB D- connector pin with a serial 22 resistor. 

 

2.6.5 D+ 

USB Full speed / Low Speed Positive Data Upstream Port. Should be connected to the 

USB D+ connector pin with a serial 22 resistor. 
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2.6.7 UGND,UVCC,UCAP 

UGND 

USB Pads Ground 

UVCC 

USB Pads Internal Regulator Input supply voltage. 

UCAP 

USB Pads Internal Regulator Output supply voltage. Should be connected to an 

external capacitor (1μF). 

2.6.7 VBUS 

USB VBUS monitor input. 

2.6.8 RESET 

Reset input. A low level on this pin for longer than the minimum pulse length will 

generate a reset, even if the clock is not running.  

2.6.9 XTAL 1, XTAL 2 

XTAL 1 

Input to the inverting Oscillator amplifier and input to the internal clock operating 

circuit. 

XTAL 2 

Output from the inverting Oscillator amplifier. 
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2.6.10 AVCC,AREF 

AVCC 

 AVCC is the supply voltage pin (input) for all the A/D Converter channels. If the 

ADC is not used, it should be externally connected to VCC. If the ADC is used, it 

should be connected to VCC through a low-pass filter. 

AREF 

 This is the analog reference pin (input) for the A/D Converter.  

2.7 Arduino Board 

 Arduino is a computer hardware and software company, project, and user community 

that designs and manufactures microcontroller kits for building digital devices and 

interactive objects that can sense and control objects in the physical world. The project’s 

products are distributed as open-source hardware and software, which are licensed under 

the GNU Lesser General Public License (LGPL) or the GNU General Public 

License (GPL),permitting the manufacture of Arduino boards and software distribution 

by anyone. Arduino boards are available commercially in preassembled form, or as do-it-

yourself kits. 

                      

Figure 3:Arduino Board 

The project's board designs use a variety of microprocessors and controllers. 

These systems provide sets of digital and analog input/output (I/O) pins that may be 

interfaced to various expansion boards ("shields") and other circuits. The boards feature 

serial communications interfaces, including Universal Serial Bus (USB) on some 
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models, for loading programs from personal computers. The microcontrollers are mainly 

programmed using a dialect of features from the programming languages C and C++. In 

addition to using traditional compiler tool chains, the Arduino project provides 

an integrated development environment (IDE) based on 

the Processing language project. 

The Arduino project started in 2005 as a program for students at the Interaction 

Design Institute Ivrea in Ivrea, Italy, aiming to provide a low-cost and easy way for 

novices and professionals to create devices that interact with their environment 

using sensors and actuators. Common examples of such devices intended for 

beginner hobbyists include simple robots, thermostats, and motion detectors. 
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3. Software Requirement Specification 

3.1 Software Requirements 

 Arduino IDE 

3.2 Hardware Requirements 

 Arduino UNO 

 Servo Motor 

 Light Sensor 

 LDR’s 

 Resistors 
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4.Hardware Implementation 

4.1 Block Diagram 

 

 

 

 

 

 

 

 

 

 

Figure 4: Block Diagram for Solar Tracker 

 

4.2 Regulated Power Supply 

A variable regulated power supply, also called a variable bench power 

supply, is one where you can continuously adjust the output voltage to your 

requirements. Varying the output of the power supply is the recommended way to 

test a project after having double checked parts placement against circuit drawings 

and the parts placement guide.  

This type of regulation is ideal for having a simple variable bench power supply. 

Actually  

this is quite important because one of the first projects a hobbyist should undertake 

is the  

POWER 

SUPPLY 

 

 

 

ARDUINO 

LDR 2 

SOLAR 

PANEL 

LDR 1 

DC 

MOTOR 

MOTOR 

DRIVER 
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construction of a variable regulated power supply. While a dedicated supply is 

quite  

handy ,it's much handier to have a variable supply on hand, especially for testing.  

 

Mainly  the microcontroller needs 5 volt power supply. To use these parts we need 

to 

 build a regulated 5 volt source. Usually you start with an unregulated power To 

make a 5  

volt power supply, we use a 7805 voltage regulator IC (Integrated Circuit). 

Circuit Features:-  

Vout range 1.25V - 37V 

Vin - Vout difference 3V - 40V 

Operation ambient temperature 0 - 125°C 

Output Imax <1.5A 

Minimum Load Currentmax 10Ma 

Figure 5:Table for circuit features 

BLOCK DIAGRAM:  

 

Figure 6:Block Diagram for Power Supply 
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L293D Motor Driver: 

L293D is a typical Motor driver or Motor Driver IC which allows DC motor to 

drive on either direction. L293D is a 16-pin IC which can control a set of two DC motors 

simultaneously in any direction. It means that you can control two DC motor with a 

single L293D IC. Dual H-bridge Motor Driver integrated circuit (IC). 

 

It works on the concept of H-bridge. H-bridge is a circuit which allows the 

voltage to be flown in either direction. As you know voltage need to change its direction for 

being able to rotate the motor in clockwise or anticlockwise direction, Hence H-bridge IC 

are ideal for driving a DC motor. 

In a single L293D chip there are two h-Bridge circuit inside the IC which can 

rotate two dc motor independently. Due its size it is very much used in robotic 

application for controlling DC motors. Given below is the pin diagram of a L293D motor 

controller. 

 

There are two Enable pins on l293d. Pin 1 and pin 9, for being able to drive the 

motor, the pin 1 and 9 need to be high. For driving the motor with left H-bridge you need 

to enable pin 1 to high. And for right H-Bridge you need to make the pin 9 to high. If 

anyone of the either pin1 or pin9 goes low then the motor in the corresponding section 

will suspend working. It’s like a switch. 

  

Figure 7: L293D Motor Driver 
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There are 4 input pins for l293d, pin 2,7 on the left and pin 15 ,10 on the right as shown 

on the  

pin diagram. Left input pins will regulate the rotation of motor connected across left side 

and  

right input for motor on the right hand side. The motors are rotated on the basis of the 

inputs  

provided across the input pins as LOGIC 0 or LOGIC 1. 

Motors: 

The type of motor is not critical to a servomotor and different types may be used. 

At the simplest, brushed permanent magnet DC motors are used, owing to their simplicity 

and low cost. Small industrial servomotors are typically electronically commutated 

brushless motors. For large industrial servomotors, AC induction motors are typically 

used, often with variable frequency drives to allow control of their speed. For 

ultimate performance in a compact package, brushless AC motors with permanent 

magnet fields are used, effectively large versions of Brushless DC electric motors.  

Drive modules for servomotors are a standard industrial component. Their design is a 

branch 

 of power electronics, usually based on a three-phase MOSFET or IGBT H bridge. 

These  

standard modules accept a single direction and pulse count (rotation distance) as input. 

They may  

also include over-temperature monitoring, over-torque and stall detection features. As the  

encoder type, gearhead ratio and overall system dynamics are application specific, it is 

more  

difficult to produce the overall controller as an off-the-shelf module and so these are 

often  

implemented as part of the main controller. 

DC Motor: 

A DC motor is any of a class of rotary electrical machines that converts direct 

current electrical power into mechanical power. The most common types rely on the 
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forces produced by magnetic fields. Nearly all types of DC motors have some internal 

mechanism, either electromechanical or electronic, to periodically change the direction of 

current flow in part of the motor. 

 

DC motors were the first type widely used, since they could be powered from 

existing direct-current lighting power distribution systems. A DC motor's speed can be 

controlled over a wide range, using either a variable supply voltage or by changing the 

strength of current in its field windings. Small DC motors are used in tools, toys, and 

appliances. The universal motor can operate on direct current but is a lightweight motor 

used for portable power tools and appliances. Larger DC motors are used in propulsion of 

electric vehicles, elevator and hoists, or in drives for steel rolling mills. The advent of 

power electronics has made replacement of DC motors with AC motors possible in many 

applications. 

 

A coil of wire with a current running through it generates an electromagnetic field 

aligned with the center of the coil. The direction and magnitude of the magnetic field 

produced by the coil can be changed with the direction and magnitude of the current 

flowing through it. 

A simple DC motor has a stationary set of magnets in the stator and an armature with one 

or more windings of insulated wire wrapped around a soft iron core that concentrates the 

magnetic field. The windings usually have multiple turns around the core, and in large 

motors there can be several parallel current paths. The ends of the wire winding are 

connected to a commutator. The commutator allows each armature coil to be energized in 

turn and connects the rotating coils with the external power supply through brushes. 

(Brushless DC motors have electronics that switch the DC current to each coil on and off 

and have no brushes.) The total amount of current sent to the coil, the coil's size and what 

it's wrapped around dictate the strength of the electromagnetic field created. 

The sequence of turning a particular coil on or off dictates what direction the 

effective electromagnetic fields are pointed. By turning on and off coils in sequence a 

rotating magnetic field can be created. These rotating magnetic fields interact with the 

magnetic fields of the magnets (permanent or electromagnets) in the stationary part of the 
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motor (stator) to create a force on the armature which causes it to rotate. In some DC 

motor designs the stator fields use electromagnets to create their magnetic fields which 

allow greater control over the motor. At high power levels, DC motors are almost always 

cooled using forced air. Because servo motors use feedback to determine the position of 

the shaft, you can control that position very precisely. As a result, servo motors are used 

to control the position of objects, rotate objects, move legs, arms or hands of robots, 

move sensors etc. with high precision. 

 

Figure 8: Motor 

Different number of stator and armature fields as well as how they are connected 

provide different inherent speed/torque regulation characteristics. The speed of a DC 

motor can be controlled by changing the voltage applied to the armature. The 

introduction of variable resistance in the armature circuit or field circuit allowed speed 

control. Modern DC motors are often controlled by power electronics systems which 

adjust the voltage by "chopping" the DC current into on and off cycles which have an 

effective lower voltage. 

 

Since the series-wound DC motor develops its highest torque at low speed, it is 

often used in traction applications such as electric locomotives, and trams. The DC motor 

was the mainstay of electric traction drives on both electric and diesel-electric 

locomotives, street-cars/trams and diesel electric drilling rigs for many years. The 
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introduction of DC motors and an electrical grid system to run machinery starting in the 

1870s started a new second Industrial Revolution. DC motors can operate directly from 

rechargeable batteries, providing the motive power for the first electric vehicles and 

today's hybrid cars and electric cars as well as driving a host of cordless tools. Today DC 

motors are still found in applications as small as toys and disk drives, or in large sizes to 

operate steel rolling mills and paper machines. Large DC motors with separately excited 

fields were generally used with winder drives for mine hoists, for high torque as well as 

smooth speed control using thyristor drives. These are now replaced with large AC 

motors with variable frequency drives. 

 

If external power is applied to a DC motor it acts as a DC generator, a dynamo. 

This feature is used to slow down and recharge batteries on hybrid car and electric cars or 

to return electricity back to the electric grid used on a street car or electric powered train 

line when they slow down. This process is called regenerative braking on hybrid and 

electric cars. In diesel electric locomotives they also use their DC motors as generators to 

slow down but dissipate the energy in resistor stacks. Newer designs are adding large 

battery packs to recapture some of this energy. 

LED: 

A light-emitting diode (LED) is a two-lead semiconductor light source. It is a p–n 

junction diode, which emits light when activated. When a suitable voltage is applied to 

the leads, electrons are able to recombine with electron holes within the device, releasing 

energy in the form of photons. This effect is called electroluminescence, and the color of 

the light (corresponding to the energy of the photon) is determined by the energy band 

gap of the semiconductor. LEDs are typically small (less than 1 mm2 ) and integrated 

optical components may be used to shape the radiation pattern.  

Appearing as practical electronic components in 1962, the earliest LEDs emitted 

low-intensity infrared light. Infrared LEDs are still frequently used as transmitting 

elements in remote-control circuits, such as those in remote controls for a wide variety of 

consumer electronics. The first visible-light LEDs were also of low intensity and limited 

to red. Modern LEDs are available across the visible, ultraviolet, 

and infrared wavelengths, with very high brightness. 
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Early LEDs were often used as indicator lamps for electronic devices, replacing 

small incandescent bulbs. They were soon packaged into numeric readouts in the form 

of seven-segment displays and were commonly seen in digital clocks. Recent 

developments in LEDs permit them to be used in environmental and task lighting. LEDs 

have allowed new displays and sensors to be developed, while their high switching rates 

are also used in advanced communications technology. 

                            

Figure 9: LED 

Light Dependent Resistor: 

A Light Dependent Resistor (LDR) or a photo resistor is a device 

whose resistivity is a function of the incident electromagnetic radiation. Hence, they are 

light sensitive devices. They are also called as photo conductors, photo conductive cells 

or simply photocells. They are made up of semiconductor materials having high 

resistance. There are many different symbols used to indicate a LDR, one of the most 

commonly used symbol is shown in the figure below. The arrow indicates light falling on 

it.  
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Figure 10: LDR 

A light dependent resistor works on the principle of photo conductivity. Photo 

conductivity is an optical phenomenon in which the materials conductivity is increased 

when light is absorbed by the material. When light falls i.e. when the photons fall on the 

device, the electrons in the valence band of the semiconductor material are excited to the 

conduction band. These photons in the incident light should have energy greater than the 

band gap of the semiconductor material to make the electrons jump from the valence 

band to the conduction band. Hence when light having enough energy strikes on the 

device, more and more electrons are excited to the conduction band which results in large 

number of charge carriers. The result of this process is more and more current starts 

flowing throgh the device when the circuit is closed and hence it is said that the resistance 

of the device has been decreased. 

LDR’s are light dependent devices whose resistance is decreased when light falls 

on them and that is increased in the dark. When a light dependent resistor is kept in dark, 

its resistance is very high. This resistance is called as dark resistance. It can be as high as 

1012Ω and if the device is allowed to absorb light its resistance will be decreased 

drastically. If a constant voltage is applied to it and intensity of light is increased the 

current starts increasing. Figure below shows resistance vs. illumination curve for a 

particular LDR. 
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Figure 11: Graph of LDR 

Photocells or LDR’s are non linear devices. There sensitivity varies with the 

wavelengthof light incident on them. Some photocells might not at all response to a 

certain range of wavelengths. Based on the material used different cells have different 

spectral response curves. 

When light is incident on a photocell it usually takes about 8 to 12 ms for the 

change in resistance to take place, while it takes one or more seconds for the resistance to 

rise back again to its initial value after removal of light. This phenomenon is called as 

resistance recovery rate. This property is used in audio compressors. Also, LDR’s are less 

sensitive than photo diodes and photo transistor. (A photo diode and a photocell (LDR) 

are not the same, a photo-diode is a p-n junction semiconductor device that converts light 

to electricity, whereas a photocell is a passive device, there is no p-n junction in this nor 

it “converts” light to electricity). 

 

Applications of LDR: 

LDR’s have low cost and simple structure. They are often used as light sensors. 

They are used when there is a need to detect absences or presences of light like in a 

camera light meter. Used in street lamps, alarm clock, burglar alarm circuits, light 

intensity meters, for counting the packages moving on a conveyor belt, etc. 
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Solar panel: 

Solar panel refers to a panel designed to absorb the sun's rays as a source of 

energy for generating electricity or heating. 

A photovoltaic (PV) module is a packaged, connect assembly of typically 6×10 

photovoltaic solar cells. Photovoltaic modules constitute the photovoltaic array of 

a photovoltaic system that generates and supplies solar electricity in commercial and 

residential applications. Each module is rated by its DC output power under standard test 

conditions (STC), and typically ranges from 100 to 365 watts. The efficiency of a module 

determines the area of a module given the same rated output – an 8% efficient 230 watt 

module will have twice the area of a 16% efficient 230 watt module. There are a few 

commercially available solar modules that exceed 22% efficiency[1] and reportedly also 

exceeding 24%. A single solar module can produce only a limited amount of power; most 

installations contain multiple modules. A photovoltaic system typically includes an array 

of photovoltaic modules, an inverter, a battery pack for storage, interconnection wiring, 

and optionally a solar tracking mechanism. 

Figure 12: Solar Panel  

The most common application of solar panels is solar water heating systems.  

Photovoltaic modules use light energy (photons) from the Sun to generate electricity 

through the photovoltaic effect. The majority of modules use wafer-based crystalline 

silicon cells or thin-film cells. The structural (load carrying) member of a module can 

either be the top layer or the back layer. Cells must also be protected from mechanical 

damage and moisture. Most modules are rigid, but semi-flexible ones are available, based 

on thin-film cells. The cells must be connected electrically in series, one to another. 
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Externally, most of photovoltaic modules use MC4 connectors type to facilitate easy 

weatherproof connections to the rest of the system. 

Modules electrical connections are made in series to achieve a desired output 

voltage and/or in parallel to provide a desired current capability. The conducting wires 

that take the current off the modules may contain silver, copper or other non-magnetic 

conductive [transition metals]. Bypass diodes may be incorporated or used externally, in 

case of partial module shading, to maximize the output of module sections still 

illuminated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

271

https://en.wikipedia.org/wiki/MC4_connector
https://en.wikipedia.org/wiki/Series_circuits
https://en.wikipedia.org/wiki/Parallel_circuits
https://en.wikipedia.org/wiki/Diode


5.Software Implementation 

5.1 Arduino Software 

Arduino is a prototype platform (open-source) based on an easy-to-use hardware 

and software. It consists of a circuit board, which can be programed (referred to as a 

microcontroller) and a ready-made software called Arduino IDE (Integrated 

Development Environment), which is used to write and upload the computer code to the 

physical board. 

The key features are: 

 Arduino boards are able to read analog or digital input signals from different 

sensors and turn it into an output such as activating a motor, turning LED on/off, 

connect to the cloud and many other actions. 

 You can control your board functions by sending a set of instructions to the 

microcontroller on the board via Arduino IDE (referred to as uploading software). 

 Unlike most previous programmable circuit boards, Arduino does not need an 

extra piece of hardware (called a programmer) in order to load a new code onto 

the board. You can simply use a USB cable. 

 Additionally, the Arduino IDE uses a simplified version of C++, making it easier 

to learn to program. 

 Finally, Arduino provides a standard form factor that breaks the functions of the 

micro-controller into a more accessible package. 

 

Figure 13: Arduino Software 
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Arduino Installation: 

After learning about the main parts of the Arduino UNO board, we are ready to learn how 

to set up the Arduino IDE. Once we learn this, we will be ready to upload our program 

onthe Arduino board.In this section, we will learn in easy steps, how to set up the 

Arduino IDE on our computerand prepare the board to receive the program via USB 

cable. 

Step 1: First you must have your Arduino board (you can choose your favorite board) 

anda USB cable. In case you use Arduino UNO, Arduino Duemilanove, Nano, Arduino 

Mega 2560, or Diecimila, you will need a standard USB cable (A plug to B plug), the 

kind youwould connect to a USB printer as shown in the following image. 

 

 

Figure 13: Printer Cable 

In case you use Arduino Nano, you will need an A to Mini-B cable instead as shown in 

the 

following image. 

 

Figure 14:Mini B Cable 
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Step 2: Download Arduino IDE Software. 

You can get different versions of Arduino IDE from the Download page on the Arduino 

Official website. You must select your software, which is compatible with your operating 

system (Windows, IOS, or Linux). After your file download is complete, unzip the file. 

 

Figure 15: Arduino Installation 

Step 3: Power up your board. 

The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw power 

from 

either, the USB connection to the computer or an external power supply. If you are using 

an Arduino Diecimila, you have to make sure that the board is configured to draw power 

from the USB connection. The power source is selected with a jumper, a small piece of 

plastic that fits onto two of the three pins between the USB and power jacks. Check that 

it is on the two pins closest to the USB port. 

Connect the Arduino board to your computer using the USB cable. The green power LED 

(labeled PWR) should glow. 

Step 4: Launch Arduino IDE. 

After your Arduino IDE software is downloaded, you need to unzip the folder. Inside the 

folder, you can find the application icon with an infinity label (application.exe). 

Doubleclick 
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the icon to start the IDE. 

 

 

Figure 16:Saving the software 

Step 5: Open your first project. 

Once the software starts, you have two options: 

 Create a new project. 

 Open an existing project example. 

To create a new project, select File --> New. 
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Figure 17: New Arduino Program 

To open an existing project example, select File -> Example -> Basics -> Blink. 

 

 

Figure 18: Open the previous Program 

Here, we are selecting just one of the examples with the name Blink. It turns the LED on 
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and off with some time delay. You can select any other example from the list. 

Step 6: Select your Arduino board. 

To avoid any error while uploading your program to the board, you must select the 

correct 

Arduino board name, which matches with the board connected to your computer. 

Go to Tools -> Board and select your board. 

 

Figure 19:Selecting the type of Arduino Board 
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Here, we have selected Arduino Uno board according to our tutorial, but you must select 

the name matching the board that you are using. 

Step 7: Select your serial port. 

Select the serial device of the Arduino board. Go to Tools -> Serial Port menu. 

This is likely to be COM3 or higher (COM1 and COM2 are usually reserved for 

hardware serial ports). To find out, you can disconnect your Arduino board and re-open 

the menu, the entry that disappears should be of the Arduino board. Reconnect the board 

and select that serial port. 

 

Figure 20: Selecting the Port 

Step 8: Upload the program to your board. 

Before explaining how we can upload our program to the board, we must demonstrate the 
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function of each symbol appearing in the Arduino IDE toolbar. 

 

Figure 21: Display of Compilation 

A- Used to check if there is any compilation error. 

B- Used to upload a program to the Arduino board. 

C- Shortcut used to create a new sketch. 

D- Used to directly open one of the example sketch. 

E- Used to save your sketch. 

F- Serial monitor used to receive serial data from the board and send the serial data 

to the board. 

Now, simply click the "Upload" button in the environment. Wait a few seconds; you will 

see the RX and TX LEDs on the board, flashing. If the upload is successful, the message 

"Done uploading" will appear in the status bar. 

Note: If you have an Arduino Mini, NG, or other board, you need to press the reset button 

physically on the board, immediately before clicking the upload button on the Arduino 

Software. 
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6.Working Principle 

1.The solar panel tracker is designed to follow the sun movement so that maximum light 

intensity hits on the solar panel,thus increasing the power efficiency. 

2.Use of solar tracker cicuit in the field of energy production will increase its efficiency 

by almost 25 percent. 

3.This system can also successfully be implemented  in other solar energy based projects. 

4.There are basically two types of tracker,the present on is single axis model. 

5.Single axis solar tracker moves the tracker in east to west direction. 

6.Since east to west tracking is more efficient. 

7.In this project an ArduinoUno is used,which works as a controllin gunit. 

8.Two LDRs are also connected to analog pins of the arduino. 

9.A dummy solar plate is attached in parallel  to axis of servo motor and both the sensors 

are kept on the dummy solar plate. 

10.The arrangement is made in such a way that the movement is from sensor1 to sensor 

2. 

LDRs are used as the main light sensors. Two servo motors are fixed to the 
structure that holds the solar panel. The program for Arduino is uploaded to the 
microcontroller. The working of the project is as follows. 

LDRs sense the amount of sunlight falling on them. Four LDRs are divided into 
top, bottom, left and right. 

For east – west tracking, the analog values from two top LDRs and two bottom 
LDRs are compared and if the top set of LDRs receive more light, the vertical 
servo will move in that direction. 

If the bottom LDRs receive more light, the servo moves in that direction. 

For angular deflection of the solar panel, the analog values from two left LDRs 
and two right LDRs are compared. If the left set of LDRs receive more light than 

the right set, the horizontal servo will move in that direction. 
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Figure 22: Principle of Tracking of Sun 
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11.There are three conditions to be followed:- 

Condition 1: 

Sun is in left side – Light on sensor1 is high because shadow of barrier falls on sensor 2 

so solar plate moves clockwise. 

Condition 2: 

Sun is in right Side – Light on sensor2 is high because shadow of barrier falls on sensor1 

so solar plate movie anticlockwise. 

Condition 3: 

Sun is in the middle – Light on both sensors are equal so, plate will not rotate in any 

direction. 

12. 

void setup() 

{ 

  pinMode(sw,INPUT); 

pinMode(sensor1,INPUT); 

pinMode(sensor2,INPUT); 

pinMode(m1,OUTPUT); 

pinMode(m2,OUTPUT); 

delay(3000); 

} 

 

In the void setup sensor1, sensor2. 

13. 

if((sensorValue1)>700 && (sensorValue2)>500) 

{ 

  digitalWrite(m1, LOW); 

   digitalWrite(m2, LOW); 

      delay(100); 

 } 

In the void loop section first of all an “if” condition is used for calibration. When 

momentary switch is pressed this “if” condition becomes true.  

14.In else loop “myservo.attach” is used to activate the servo, val1 and val2 are read by 

using “analogRead” function, after that state and error is read from EEPROM using 

“EEPROM.read” function after that error is removed from val1 or val2. 
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15. Three conditions are described in working of project, these conditions are executed in 

the code using “if else” conditions, in this way servo rotates clockwise or anticlockwise 

according to sunlight. 

16. The rotational movement of the solar panel should not should be confined between o 

and 90 degrees. When “pos” becomes more then 90 degree an if condition is used for 

making this 90 degree and same concept is used when it becomes less than 0 degree. 

 

Applications: 

1. Used to draw white lines painted on the pavement indicate traffic traveling in your 

direction 

2. Used to paint on glasses, table etc. 

 

Limitations:  

1. It draws slowly.  

2. It works on less distance if we used Bluetooth robotic vehicle. 
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7. CONCLUSION 

 

The project “SOLAR TRACKING SYSTEM” has been 

successfully designed and tested. It has been developed by 

integrating features of all the hardware components used. Presence 

of every module has been reasoned out and placed carefully thus 

contributing to the best working of the unit. 

Secondly, using highly advanced IC’s and with the help of 

growing technology the project has been successfully 

implemented. 
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1. INTRODUCTION  

1.1 CONCEPT 

         The water is a one of the important natural resource and it is an important assets to 

save the water on the earth. This paper describes the automatic system to monitor and 

control water level with the help of water level sensors and wireless network system. The 

need of this paper is to cut water wastage occur  in canel and subcanel, and the WSN 

system reduces the human efforts. 

            The drinking water crisis in Asia is reaching alarming proportions. It might very 

soon attain the nature of global crisis. Hence, it is of utmost importance to preserve water 

for human beings. In many houses there is unnecessary wastage of water due to overflow 

in overhead tanks. Automatic Water Level Indicator and Controller can provide a solution 

to this problem. The operation of water level controller works upon the fact that water 

conducts electricity due to the presence of minerals within it. So water can be used to open 

or close a circuit. As the water level rises or falls, different circuits in the controller send 

different signals. These signals are used to switch ON or switch OFF the motor pump as 

per our requirements.  

             Water is one of the important natural resource in the world, which is used for 

different purposes like for irrigation, for drinking, in hydro plant, etc. so it is necessary to 

save wastage of water in field, in nuclear plant and hydro plant also. Thus this project 

introduces a simple wireless monitoring and control of water surveillance system which 

uses water level sensors. The WSN is one of the technologies which has advantages of low-

cost, low power consumption and self forming. This proposed project "canel and subcanael 

water level surveillance "will be designed to monitor and control level of water and save 

wastage of water in irrigation system. As the country is making its progress through 

industrialization, our water resources are prone to a threat of pollution especially from the 

industrial activities. It is a challenge in the enforcement aspect as it is impossible for the 

authorities to continuously monitor the location of water resources due to limitation 

especially in man power, facilities and cost of equipment. 

               This project focuses on the use of multiple sensors as a device to check the level 

of water quality as an alternative method of monitoring the condition of the water 

288



                                                                                                              Digital water management system 
 

Dept. of IT, BVRIT, Narsapur Page 2 
 

resources. The wireless sensor network based on Zigbee technology is developed to solve 

the defects of existing parameters monitoring system. In the wireless system, all the data 

will be transmit in wireless method. The environment data from temperature sensors, pH 

value sensors, tachometer and ammoniacal nitrogen sensors will be collected in every 

network node and transferred to monitoring center. Since the real-time measuring data 

could be transmit to monitoring center via Zigbee network and GPRS network, the 

operation staff will only sit in the office to check up the System running state. 

                The total amount of water available on Earth has been estimated at 1.4 billion 

cubic kilometers, enough to cover the planet with a layer of about 3 km. About 95% of the 

Earth's water is in the oceans, which is unfit for human consumption. About 4% is locked 

in the polar ice caps, and the rest 1% constitutes all fresh water found in rivers, streams and 

lakes which is suitable for our consumption. A study estimated that a person in India 

consumes on an average of 140 litres per day. This consumption would rise by 40% by the 

year 2025. This signifies the need to preserve our fresh water resources.  

              In relation with the current framework with so much work and too less time to 

spare, it is very difficult to keep in touch with the water level in the tanks. Water is essential 

in every hour of our lives. Hardly anyone keeps in track of the level of water in the overhead 

tanks. The objective of the project is to measure the level of water in the tank and notify 

the user about the water level through an SMS alert. This not only helps to keep the tank 

full but also making it more convenient for our day-to-day chores and also avoiding water 

wastage. In this project, the water is being measured by using ultrasonic sensors. Initially, 

the tank is considered to be empty. When the sound waves are transmitted in the 

environment, they are reflected back as ECHO. This same concept is applied this project. 

Waves generated by the ultrasonic sensors is sent to the water tank and their time of 

travelling and coming back is noted and after few calculations we can estimate the level of 

water in the tank. The motor pump is automatically turned ON when the water level 

becomes low and turned OFF when the tank is full. These alerts are sent as notifications in 

our phones through the GSM Module.  

                 We live in a world which is moving at such a fast pace that everything if 

automated will help us to keep our lives going. The project on water level Indicator will 
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help us to know when the water in our tanks is either full or empty and automatically switch 

on and off the pump as and when necessary. By using the basic principle of ultrasonic 

sensors, i.e the ECHO method, we calculate the time of the ultrasonic waves travelling to 

and fro and after a few calculations the answer obtained will be the water level in the tank. 

By using this concept, the water pump is switched on or off automatically when the water 

level falls below a certain level.  

                The GSM one of the major devices used in this system which stands for Global 

System for Mobile Communication is a digital mobile telephony system that is widely used 

in the world today and hence has become a global standard for mobile communication. In 

this research, a GSM handset was used as the communicating tool with the microcontroller 

which is the hub of the entire system. This established communication pattern was made 

possible with the help a quad band GSM/GPRS module. With a SIM (Subscriber 

Identification Module) card slot present in the GSM module and then the user’s mobile 

phone, two SIM cards – one of which is the dedicated mobile line ensured that the 

microcontroller and the user communicated effectively. A form of language called the 

Attention Commands or AT commands for short ensures this communication of the 

microcontroller (via the GSM module) with the mobile phone. In this research, a prototype 

system was developed that sends notification to a mobile line when the water level in the 

tank is low and full. The system was built in such a way that user can give a command for 

the microcontroller to turn on the water pump when low. When the water tank is full, the 

microcontroller turned off the pump machine and notified the user.  

1.2 EMBEDDED SYSTEMS 

An embedded system is a special-purpose computer system designed to perform 

one or a few dedicated functions, sometimes with real-time computing constraints. It is 

usually embedded as part of a complete device including hardware and mechanical parts. 

In contrast, a general-purpose computer, such as a personal computer, can do many 

different tasks depending on programming. Embedded systems have become very 

important today as they control many of the common devices we use. 
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Since the embedded system is dedicated to specific tasks, design engineers can 

optimize it, reducing the size and cost of the product, or increasing the reliability and 

performance. Some embedded systems are mass-produced, benefiting from economies of 

scale. 

Physically, embedded systems range from portable devices such as digital watches 

and MP3 players, to large stationary installations like traffic lights, factory controllers, or 

the systems controlling nuclear power plants. Complexity varies from low, with a single 

microcontroller chip, to very high with multiple units, peripherals and networks mounted 

inside a large chassis or enclosure. 

In general, "embedded system" is not an exactly defined term, as many systems 

have some element of programmability. For example, Handheld computers share some 

elements with embedded systems — such as the operating systems and microprocessors 

which power them — but are not truly embedded systems, because they allow different 

applications to be loaded and peripherals to be connected. 

An embedded system is some combination of computer hardware and software, 

either fixed in capability or programmable, that is specifically designed for a particular 

kind of application device. Industrial machines, automobiles, medical equipment, cameras, 

household appliances, airplanes, vending machines, and toys (as well as the more obvious 

cellular phone and PDA) are among the myriad possible hosts of an embedded system. 

Embedded systems that are programmable are provided with a programming interface, and 

embedded systems programming is a specialized occupation.  

Certain operating systems or language platforms are tailored for the embedded 

market, such as Embedded Java and Windows XP Embedded. However, some low-end 

consumer products use very inexpensive microprocessors and limited storage, with the 

application and operating system both part of a single program. The program is written 

permanently into the system's memory in this case, rather than being loaded into RAM 

(random access memory), as programs on a personal computer are.  
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1.3 APPLICATIONS OF EMBEDDED SYSTEM 

We are living in the Embedded World. You are surrounded with many embedded 

products and your daily life largely depends on the proper functioning of these gadgets. 

Television, Radio, CD player of your living room, Washing Machine or Microwave Oven 

in your kitchen, Card readers, Access Controllers, Palm devices of your work space enable 

you to do many of your tasks very effectively. Apart from all these, many controllers 

embedded in your car take care of car operations between the bumpers and most of the 

times you tend to ignore all these controllers. 

In recent days, you are showered with variety of information about these embedded 

controllers in many places. All kinds of magazines and journals regularly dish out details 

about latest technologies, new devices; fast applications which make you believe that your 

basic survival is controlled by these embedded products. Now you can agree to the fact that 

these embedded products have successfully invaded into our world. You must be 

wondering about these embedded controllers or systems. What is this Embedded System? 

The computer you use to compose your mails, or create a document or analyze the 

database is known as the standard desktop computer. These desktop computers are 

manufactured to serve many purposes and applications. 

You need to install the relevant software to get the required processing facility. So, 

these desktop computers can do many things. In contrast, embedded controllers carryout a 

specific work for which they are designed. Most of the time, engineers design these 

embedded controllers with a specific goal in mind. So these controllers cannot be used in 

any other place.  

Theoretically, an embedded controller is a combination of a piece of 

microprocessor based hardware and the suitable software to undertake a specific task. 

   These days designers have many choices in microprocessors/microcontrollers. 

Especially, in 8 bit and 32 bit, the available variety really may overwhelm even an 

experienced designer. Selecting a right microprocessor may turn out as a most difficult first 

step and it is getting complicated as new devices continue to pop-up very often. 
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   In the 8 bit segment, the most popular and used architecture is Intel's 8031. Market 

acceptance of this particular family has driven many semiconductor manufacturers to 

develop something new based on this particular architecture. Even after 25 years of 

existence, semiconductor manufacturers still come out with some kind of device using this 

8031 core. 

1.3.1 MILITARY AND AEROSPACE SOFTWARE APPLICATIONS 

  From in-orbit embedded systems to jumbo jets to vital battlefield networks, designers 

of mission-critical aerospace and defense systems requiring real-time performance, 

scalability, and high-availability facilities consistently turn to the LynxOS® RTOS and the 

LynxOS-178 RTOS for software certification to DO-178B. 

   Rich in system resources and networking services, LynxOS provides an off-the-shelf 

software platform with hard real-time response backed by powerful distributed computing 

(CORBA), high reliability, software certification, and long-term support options. 

  The LynxOS-178 RTOS for software certification, based on the RTCA DO-178B 

standard, assists developers in gaining certification for their mission- and safety-critical 

systems. Real-time systems programmers get a boost with LynuxWorks' DO-178B RTOS 

training courses. 

  LynxOS-178 is the first DO-178B and EUROCAE/ED-12B certifiable, POSIX®-

compatible RTOS solution. 

1.3.2 COMMUNICATION APPLICATIONS 

  "Five-nines" availability, Compact PCI hot swap support, and hard real-time 

response—LynxOS delivers on these key requirements and more for today's carrier-class 

systems. Scalable kernel configurations, distributed computing capabilities, integrated 

communications stacks, and fault-management facilities make LynxOS the ideal choice for 

companies looking for a single operating system for all embedded telecommunications 

applications—from complex central controllers to simple line/trunk cards. 
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LynuxWorks Jumpstart for Communications package enables OEMs to rapidly 

develop mission-critical communications equipment, with pre-integrated, state-of-the-art, 

data networking and porting software components—including source code for easy 

customization. 

The Lynx Certifiable Stack (LCS) is a secure TCP/IP protocol stack designed 

especially for applications where standards certification is required. 

1.3.3 ELECTRONICS APPLICATIONS AND CONSUMER DEVICES 

  As the number of powerful embedded processors in consumer devices continues to 

rise, the Blue Cat® Linux® operating system provides a highly reliable and royalty-free 

option for systems designers. 

  And as the wireless appliance revolution rolls on, web-enabled navigation systems, 

radios, personal communication devices, phones and PDAs all benefit from the cost-

effective dependability, proven stability and full product life-cycle support opportunities 

associated with Blue Cat embedded Linux. Blue Cat has teamed up with industry leaders 

to make it easier to build Linux mobile phones with Java integration. 

For makers of low-cost consumer electronic devices who wish to integrate the LynxOS 

real-time operating system into their products, we offer special MSRP-based pricing to 

reduce royalty fees to a negligible portion of the device's MSRP. 

 

1.3.4 INDUSTRIAL AUTOMATION AND  PROCESS CONTROL 

SOFTWARE 

  Designers of industrial and process control systems know from experience that 

LynuxWorks operating systems provide the security and reliability that their industrial 

applications require. 
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    From ISO 9001 certification to fault-tolerance, POSIX conformance, secure 

partitioning and high availability, we've got it all. Take advantage of our 20 years of 

experience. 

1.4 MICROCONTROLLER VERSUS MICROPROCESSOR 

What is the difference between a Microprocessor and Microcontroller? By 

microprocessor is meant the general purpose Microprocessors such as Intel's X86 family 

(8086, 80286, 80386, 80486, and the Pentium) or Motorola's 680X0 family (68000, 68010, 

68020, 68030, 68040, etc). These microprocessors contain no RAM, no ROM, and no I/O 

ports on the chip itself. For this reason, they are commonly referred to as general-purpose 

Microprocessors. 

A system designer using a general-purpose microprocessor such as the Pentium or 

the 68040 must add RAM, ROM, I/O ports, and timers externally to make them functional. 

Although the addition of external RAM, ROM, and I/O ports makes these systems bulkier 

and much more expensive, they have the advantage of versatility such that the designer can 

decide on the amount of RAM, ROM and I/O ports needed to fit the task at hand. This is 

not the case with Microcontrollers.  

A Microcontroller has a CPU (a microprocessor) in addition to a fixed amount of 

RAM, ROM, I/O ports, and a timer all on a single chip. In other words, the processor, the 

RAM, ROM, I/O ports and the timer are all embedded together on one chip; therefore, the 

designer cannot add any external memory, I/O ports, or timer to it. The fixed amount of 

on-chip ROM, RAM, and number of I/O ports in Microcontrollers makes them ideal for 

many applications in which cost and space are critical.  

In many applications, for example a TV remote control, there is no need for the 

computing power of a 486 or even an 8086 microprocessor. These applications most often 

require some I/O operations to read signals and turn on and off certain bits. 

 

 

295

http://www.lynuxworks.com/products/iso9001.php3
http://www.lynuxworks.com/rtos/rtos-mmu-high-availability.php
http://www.lynuxworks.com/products/posix/posix.php3
http://www.lynuxworks.com/products/whitepapers/partition.php
http://www.lynuxworks.com/products/whitepapers/partition.php
http://www.lynuxworks.com/rtos/high-availability.php3


                                                                                                              Digital water management system 
 

Dept. of IT, BVRIT, Narsapur Page 9 
 

1.5 MICROCONTROLLER FOR EMBEDDED SYSTEMS 

In the Literature discussing microprocessors, we often see the term Embedded 

System. Microprocessors and Microcontrollers are widely used in embedded system 

products. An embedded system product uses a microprocessor (or Microcontroller) to do 

one task only. A printer is an example of embedded system since the processor inside it 

performs one task only; namely getting the data and printing it. Contrast this with a Pentium 

based PC. A PC can be used for any number of applications such as word processor, print-

server, bank teller terminal, Video game, network server, or Internet terminal. Software for 

a variety of applications can be loaded and run. Of course the reason a pc can perform 

myriad tasks is that it has RAM memory and an operating system that loads the application 

software into RAM memory and lets the CPU run it. 

In an Embedded system, there is only one application software that is typically 

burned into ROM. An x86 PC contains or is connected to various embedded products such 

as keyboard, printer, modem, disk controller, sound card, CD-ROM drives, mouse, and so 

on. Each one of these peripherals has a Microcontroller inside it that performs only one 

task. For example, inside every mouse there is a Microcontroller to perform the task of 

finding the mouse position and sending it to the PC. Table 1-1 lists some embedded 

products. 
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2.LITERATURE SURVEY 

    This chapter discusses about the concept of the project we are trying to implement, what 

kind of work has already been done on before and how we are different and more improved 

than those projects. 

2.1 SURVEY 

            N.Zachos at all in their research paper has implemented remote measuring 

station in present of wireless system for monitoring of water level. They have achieved 

an ultrasonic distance measuring system. In this the remote stations are considered as 

simple measuring units with a communication interface so that they may be operating 

under the control of base station. the advantages of their paper are no mechanical parts 

required, remarkable accuracy and resolution. The disadvantage of their paper the water 

level monitoring is developed slowly and it required temperature compension. 

            Zhou Yiming at all  in their research paper has implemented the Wireless system 

for monitor and control of water level in greenhouse. They had used ZigBee network and 

several sensors nodes. The advantage is low cost and high network capacity.    

           Zulhani rasin at all  in their paper elaborate the ZigBee network for water irrigation 

control monitoring system. They had used a various sensor node to detect the water level 

in the reservoir and it is based on the signal from the sensors, and a simple electronic circuit 

either open or close the gate controlling the flow of water. In their paper it is important to 

mentioned here, the circuit present in their project is on a conceptual scale and not yet in 

the form than can be directly applied to the available water irrigation controlling gate. The 

disadvantages of this paper that the battery needed in this project is operated only for 12 

hours and require more human effort. 

            Nuno Brito at all  in their paper has implemented control of water level in two tank 

without interaction. They had performed in a remote collaborative method. In this paper 

the system includes two tanks made in acrylic, a pump to circulate the water from the lower 

part of tank to the upper tank, two ultrasonic sensors was used for measuring both tank 

levels, and electronic valve to stop the flow of water between the upper level tank and the 
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lower level tank and a manual valve for security purposes. The disadvantage of this system 

, it is not available with local or remote control configuration for demo purposes. 

            Zhang Zhi at all  in their research paper elaborate the control and monitoring of 

water level in nuclear power plant. In this paper the Steam generator was used for water 

level control system which was the most important components of the nuclear power plant. 

In this paper it develop the performance assessment method for a class of SG level of water 

control systems, two PI controller system. A major contribution of this paper was to take 

the performance assessment technology into an industrial area, SG water level control in 

NPPs, where not much work has been done before. 

             P. Komeswarakul at all  in their paper has proposed automatic water monitoring 

system using microcontroller for dam. In this paper , the remote terminal unit (RTU) based 

on DSPIC30F4011 microcontroller was mainly designed to precisely measure, store and 

send instruments output to the computer server including real-time communication for dam 

behavior monitoring system. This system also provides the real-time information via 

reliable fiber-optic communication. The sensors installed into structure of dam and in 

reservoir to measure physical quantities of interests such as seepage flow, water level, 

deformation, pressure and temperature parameters. The aim of this paper  presents the RTU 

that operates in the dam monitor system. The RTU based on DSPIC30F4011 

microcontroller is mainly designed to precisely measure, store the analog value of 

instrument sensor devices related to dam behaviour. It is used to directly exchange data 

between computer and RTU via RS232 serial communication. fig.1 Remote Terminal Unit 

Hardware Diagram. fig.2 Communication mechanism. 
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Fig 2.1.1 Remote Terminal Unit Hardware Design 

 

Fig 2.1.2 Communication Mechanism 
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           There are many works on the application of WSN for monitoring system where 

Zigbee is used to monitor the condition of long span bridge after considering 

disadvantages of the currently used wire and cable for data communications such as high 

installation cost of communication and power supply for the sensors, difficulty in the 

installation of steel pipeline for protecting the cables, sensor data distortions due to 

temperature changes on noise affecting cables and sensors. The Zigbee is used for the 

short distance communication while CDMA (Code Division Multiple Access) 

infrastructure was used for long distance communication between sensors and the server 

system . Zigbee provides the ability to run for years on inexpensive batteries for a host of 

monitoring applications: Lighting controls, Automatic Meter Reading (AMR), smoke and 

CO detectors, wireless telemetry, High Voltage AC control, heating control, home 

security, Environmental controls and shade controls. Sensor nodes  enable environment 

sensing together with data processing. Instrumented with a variety of sensors, such as 

temperature, humidity and volatile compound detection, allow monitoring of different 

environments. They are able to network with other sensor systems and exchange data 

with external users . This system hardware consists of three parts: wireless sensor nodes, 

data exchanging node and monitoring platform cables, Ms.Aparna M. at all [7] in their 

research paper has implemented a system for water environment monitoring water using 

GSM system. The control mechanism of the dam gates were done manually and using 

PLC. But there were lots of errors in manual method Also the PLC based system was 

huge and hence suitable for major dams due to its cost. For medium and small dams like 

irrigation dams does not need such huge PLC systems. So to cut these problems a 

mechanical control system was proposed in their project. 

            Tank Water Level Indicator and Controller Using Arduino by Amrit Kumar 

Panigrahi, Chandan Kumar Singh, Diwesh Kumar, Nemisha Hota. This paper gave the 

idea of using echo method. It also helped us in making the system’s mechanism simpler. 

           Electrical Appliances Control Prototype by Using GSM Module and Arduino by 

Tigor Hamonangan Nasution, Muhammad Anggia Muchtar, Ikhsan Siregar, Ulfi 

Andayani, Esra Christian,Emerson Pascawira Sinulingga. This paper helped us to 

understand the connections between the components. 
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         Water Level Indicator using Micro-controller by Mudit Bajpai, Money Saxena. This 

paper helped us to understand the uses of probe method and how it is cost efficient. 

            Controlling the water level in the storage tank during transmission from the 

ground using a pumping machine can either be done manually whereby the user turns 

ON/OFF the machine by hand or by using an automatic or programmed approach 

whereby a controller does that. Several designs exist whereby the manual approach which 

involves a sensor placed at various levels in the tank and an alarm is used to notify users 

upon water reaching these levels . Even though a microcontroller was being used, it only 

interpreted result of the sensor to decide the water level and when the buzzer should be 

sounded and not for controlling the pump machine. There also are systems where water 

sensor( which most times are just pair of wires which conducts current upon contact with 

water) were used with a microcontroller such that the microcontrollers turns on and off 

the pump machine when the water level is below or above threshold.  

           Such systems ensure there must always be water in the tank as long as there is 

power supply. This mean there is no room for the user to decide on not having water in 

the tank at a particular point in time if for example an urgent maintenance requires the 

tank empty. There also exist system designs that uses complete software like xigbee  and 

NI labview  in attempting to solve this problem Other systems exist which uses a GSM 

phone  an RF system  or even a wireless/Wifi system as a medium to instruct the 

microcontroller to turn on or off the pumping machine. This creates an avenue for the 

user to be the major deciding factor in whether or not water should be in the tank. In the 

course of this research, it was observed that though numerous water level control systems 

had been dome using GSM phone/ GSM /GPRS modules.  

             Yet in some of the prototype systems, the phones acts majorly for notification 

purpose only  without full implementation of the AT commands to allow the phones give 

commands to the microcontroller to turn on the water pump hence these systems are 

simply monitoring without controlling. In this research, a full implementation of the 

necessary AT commands ensures that the built prototype system could receive a 

command from the dedicated mobile line to turn on the water pump when the water level 
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in the tank was low. and also turned off the pump when water level was full before 

sending notification to the user. 

2.2 PROBLEM STATEMENT 

      1. Developing nations waste about seventy percent of useful water and this has been 

identified as one of the major causes of water scarcity in major cities in the world . 

       2. With deep underground water accounting for thirty percent of the world’s fresh 

water, its wastage is totally unacceptable and even more so after it has successfully been 

extracted from the ground where wastage now becomes associated with not just the water 

but also the power used . 

      3. Water overflowing from overhead and underground tanks during transmission for 

storage has become a common scene even when it messes up our surrounding by wearing 

out the top soil and brings about accumulation of water in a particular spot which can be 

seen as artificial flooding which is a breeding ground for mosquitoes and then malaria in 

Africa. 

         Communication architecture for sensor networks is configured, and the algorithms 

and protocols developed for each layer in the 

 

Fig 2.2.1 System Block Diagram 
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2.3 PROPOSED SYSTEM 

         The block diagram of the proposed GSM-Bluetooth based system is given in fig. 

3. In this system both GSM and Bluetooth modules are interfaced with the main 

controller chip. GSM is used for remotely monitoring and controlling the devices via a 

mobile phone by sending and receiving SMS via GSM network. Bluetooth is used for the 

same purpose but within a range of few meters, say when user is inside the periphery of 

the building where the system is installed, Bluetooth can be used for communicating with 

the devices thereby eliminating the network usage cost. This is an important merit of the 

proposed system. 

               The motor pumps and fans are controlled automatically using sensor and the 

other appliances are controlled by Bluetooth or GSM network via SMS. The system 

informs user about any abnormal conditions like low water detection and temperature rise 

via SMS from the GSM Module to the user’s mobile and actions are taken accordingly by 

the user. This leads to efficient utilization of power. Even using Bluetooth module, by 

SMS, pump and fan could be automatically ON or OFF. 
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3.SYSTEM REQUIREMENT SPECIFICATIONS 

         A software requirements specification (SRS) is a detailed description of a 

software system to be developed with its functional and non-functional requirements. The 

SRS is developed based the agreement between customer and contractors. It may include 

the use cases of how user is going to interact with software system. The software 

requirement specification document consistent of all necessary requirements required for 

project development. To develop the software system we should have clear understanding 

of Software system. To achieve this we need to continuous communication with customers 

to gather all requirements. 

3.1 SOFTWARE REQUIREMENTS 

 Arduino IDE 

3.2 HARDWARE REQUIREMENTS 

 Ultrasonic Sensor. 

 GSM Modem. 

 LED. 

 Relay Driver. 

 Motor. 
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4.SYSTEM ANALYSIS 

4.1 ULTRASONIC SENSOR 

        Ultrasonic detection is most commonly used in industrial applications to detect 

hidden tracks, discontinuities in metals, composites, plastics, ceramics, and for water level 

detection. For this purpose the laws of physics which are indicating the propagation of 

sound waves through solid materials have been used since ultrasonic sensors using sound 

instead of light for detection. 

4.1.1 PRINCIPLE OF ULTRASONIC DETECTION 

4.1.1.1 SOUND WAVE 

        Sound is a mechanical wave travelling through the mediums, which may be a solid, 

or liquid or gas. Sound waves can travel through the mediums with specific velocity 

depends on the medium of propagation. The sound waves which are having high frequency 

reflect from boundaries and produces distinctive echo patterns. 

4.1.1.1.1 PRINCIPLES OF SOUND WAVES 

       Sound waves are having specific frequencies or number of oscillations per second. 

Humans can detect sounds in a frequency range from about 20Hz to 20 KHz. However the 

frequency range normally employed in ultrasonic detection is 100 KHz to 50MHz. The 

velocity of ultrasound at a particular time and temperature is constant in a medium. 

   W = C/F (or) W = CT 

   Where W = Wave length 

              C = Velocity of sound in a medium 

              F = Frequency of wave 
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            T=Time Period 

         The most common methods of ultrasonic examination utilize either longitudinal 

waves or shear waves. The longitudinal wave is a compression wave in which the particle 

motion is in the same direction of the propagation wave. The shear wave is a wave motion 

in which the particle motion is perpendicular to the direction of propagation. Ultrasonic 

detection introduces high frequency sound waves into a test object to obtain information 

about the object without altering or damaging it in any way. Two values are measured in 

ultrasonic detection. 

       The amount of time, taking for the sound to travel through the medium and amplitude 

of the received signal. Based on velocity and time thickness can be calculated. 

        Thickness of material = Material sound velocity X Time of Fight 

Transducers for Wave Propagation and particle detection 

       For sending sound waves and receiving echo, ultrasonic sensors, normally called 

transceivers or transducers will be used. They work on a principle similar to radar that will 

convert electrical energy into mechanical energy in the form of sound, and vice versa. 

      The commonly used transducers are contact transducers, angle beam transducers, delay 

line transducers, immersion transducers, and dual element transducers. Contact transducers 

are typically used for locating voids and cracks to the outside surface of a part as well as 

measuring thickness. Angle beam transducers use the principle of reflection and mode 

conversion to produce refracted shear or longitudinal waves in the test material. 

      Delay line transducers are single element longitudinal wave transducers used in 

conjunction with a replaceable delay line. One of the reasons for choosing delay line 

transducer is that near surface resolution can be improved. The delay allows the element to 

stop vibrating before a return signal from the reflector can be received. 
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       The major advantages offered by immersion transducers over contact transducers are 

Uniform coupling reduces sensitivity variations, Reduction in scan time, and increases 

sensitivity to small reflectors. 

4.1.2 OPERTION OF ULTRASONIC SENSORS 

         When an electrical pulse of high voltage is applied to the ultrasonic transducer it 

vibrates across a specific spectrum of frequencies and generates a burst of sound waves. 

Whenever any obstacle comes ahead of the ultrasonic sensor the sound waves will reflect 

back in the form of echo and generates an electric pulse. It calculates the time taken 

between sending sound waves and receiving echo. The echo patterns will be compared with 

the patterns of sound waves to determine detected signal’s condition. 

 

Fig.4.1.2.1 Ultrasonic Sensors 

         The ultrasonic distance sensors measures distance using sonar; an ultrasonic (well 

above human hearing) beat is transmitted from the unit and distance-to-target is 

determined by measuring the time required for the echo return. Output from the 

ultrasonic sensor is a variable-width beat that compares to the distance to the target. 
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 8 Features of Ultrasonic Distance Sensor: 

1. Supply voltage: 5V (DC). 

2. Supply current: 15mA. 

3. Modulation frequency: 40Hz. 

4. Output: 0 – 5V (Output high when obstacle detected in range). 

5. Beam Angle: Max 15 degree. 

6. Distance: 2cm – 400cm. 

7. Accuracy: 0.3cm. 

8. Communication: Positive TTL pulse. 

        Ultrasonic sensor module comprises of one transmitter and one receiver. The 

transmitter can deliver 40 KHz ultrasonic sound while the maximum receiver is designed 

to accept only 40 KHz sound waves. The receiver ultrasonic sensor that is kept next to 

the transmitter shall thus be able to receive reflected 40 KHz, once the module faces any 

obstacle in front.  

           Thus whenever any obstacles come ahead of the ultrasonic module it calculates the 

time taken from sending the signals to receiving them since  time and distance are related 

for sound waves passing through air medium at 343.2m/sec. Upon receiving the signal 

MC program while executed displays the data i.e. the distance measured on a LCD 

interfaced to the microcontroller in cms. 
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Fig.4.1.2.2 Ultrasonic Distance Sensor Circuit 

4.2 GSM MODULE 

4.2.1 GSM 

       GSM is an international standard for mobile telephones. It is an acronym that stands 

for Global System for Mobile Communications. It is also sometimes referred to as 2G, as 

it is a second-generation cellular network. 

        To use GPRS for internet access, and for the Arduino to request or serve webpages, 

you need to obtain the Access Point Name (APN) and a username/password from the 

network operator. See the information in Connecting to the Internet for more information 

about using the data capabilities of the shield. 

      Among other things, GSM supports outgoing and incoming voice calls, Simple 

Message System (SMS or text messaging), and data communication (via GPRS). 
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       The Arduino GSM shield is a a GSM modem. From the mobile operator perspective, 

the Arduino GSM shield looks just like a mobile phone. From the Arduino perspective, 

the Arduino GSM shield looks just like a modem. 

4.2.2 GPRS 

    GPRS is a packet switching technology that stands for General Packet Radio Service. 

It can provide idealized data rates between 56-114 kbit per second.A number of 

technologies such as SMS rely on GPRS to function. With the GSM shield, it is also 

possible to leverage the data communication to access the internet. Similar to the Ethernet 

and WiFi libraries, the GSM library allows the Arduino to act as a client or server, using 

http calls to send and receive web pages. 

4.2.3 NETWORK OPERATOR REQUIREMENTS 

       To access a network, you must have a subscription with a mobile phone operator 

(either prepaid or contract), a GSM compliant device like the GSM shield or mobile 

phone, and a Subscriber Identity Module (SIM) card. The network operator provides the 

SIM card, which contains information like the mobile number, and can store limited 

amounts of contacts and SMS messages. 

      To use GPRS for internet access, and for the Arduino to request or serve webpages, 

you need to obtain the Access Point Name (APN) and a username/password from the 

network using the data capabilities of the shield. 

4.2.3 SIM CARDS 

       In addition to the GSM shield and an Arduino, you need a SIM card. The SIM 

represents a contract with a communications provider. The communications provider 

selling you the SIM has to either provide GSM coverage where you are, or have a 

roaming agreement with a company providing GSM coverage in your location. 
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        It's  common for SIM cards to have a four-digit PIN number associated with them 

for security purposes. Keep note of this number, as it's necessary for connecting to a 

network. If you lose the PIN associated with your SIM card, you may need to contact 

your network operator to retrieve it. Some SIM cards become locked if an incorrect PIN 

is entered too many times. If you're unsure of what the PIN is, look at the documentation 

that came with your SIM. 

        Using a PUK (PIN Unlock Code), it is possible to reset a lost PIN with the GSM 

shield and an Arduino. The PUK number will come with your SIM card documentation. 

       Look at the PIN Management example in the "tools" folder, bundled with the GSM 

library for an example of how to manage your PIN number with the PUK. 

      There are a few different sizes of SIM cards; the GSM shield accepts cards in the 

mini-SIM format (25mm long and 15mm wide). 

 

Fig 4.2.1 GSM Module 
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4.3  RELAY DRIVER 

         A relay is an electrically operated switch. Many relays use an electromagnet to 

mechanically operate a switch, but other operating principles are also used, such as solid-

state relays. Relays are used where it is necessary to control a circuit by a separate low-

power signal, or where several circuits must be controlled by one signal. The first relays 

were used in long distance telegraph circuits as amplifiers: they repeated the signal 

coming in from one circuit and re-transmitted it on another circuit. Relays were used 

extensively in telephone exchanges and early computers to perform logical operations. 

4.3.1 Symbol of Relay  

  

Fig 4.3.1.1 Symbol Of Relay 

 

4.3.2 Circuit Diagram of Relay 

 

Fig 4.3.2.1 Circuit Diagram of Relay 
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         A type of relay that can handle the high power required to directly control an electric 

motor or other loads is called a contactor. Solid-state relays control power circuits with 

no moving parts, instead using a semiconductor device to perform switching. Relays with 

calibrated operating characteristics and sometimes multiple operating coils are used to 

protect electrical circuits from overload or faults; in modern electric power systems these 

functions are performed by digital instruments still called "protective relays". 

        Magnetic latching relays require one pulse of coil power to move their contacts in one 

direction, and another, redirected pulse to move them back. Repeated pulses from the same 

input have no effect. Magnetic latching relays are useful in applications where interrupted 

power should not be able to transition the contacts. 

        Magnetic latching relays can have either single or dual coils. On a single coil device, 

the relay will operate in one direction when power is applied with one polarity, and will 

reset when the polarity is reversed. On a dual coil device, when polarized voltage is applied 

to the reset coil the contacts will transition. AC controlled magnetic latch relays have single 

coils that employ steering diodes to differentiate between operate and reset commands. 

4.3.3 Different Types of Relay 

        Depending on the operating principle and structural features relays are of different 

types such as electromagnetic relays, thermal relays, power varied relays, multi-

dimensional relays, and so on, with varied ratings, sizes and applications. 

4.3.3.1 Electromagnetic Relays 

        These relays are constructed with electrical, mechanical and magnetic components, 

and have operating coil and mechanical contacts. Therefore, when the coil gets activated 

by a  supply system, these mechanical contacts gets opened or closed. The type of supply 

can be AC or DC. 

4.3.3.1.1 DC vs AC Relays 

       Both AC and DC relays work on the same principle as electromagnetic induction, but 

the construction is somewhat differentiated and also depends on the application for which 
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these relays are selected. DC relays are employed with a freewheeling diode to de-energize 

the coil, and the AC relays uses laminated cores to prevent eddy current losses. 

 

 

                                       

Fig 4.3.3.1.1.1 Relay Driver 

         The very interesting aspect of an AC is that for every half cycle, the direction of the 

current supply changes; therefore, for every cycle the coil loses its magnetism since the 

zero current in every half cycle makes the relay continuously make and break the circuit. 

So, to prevent this – additionally one shaded coil or another electronic circuit is placed in 

the AC relay to provide magnetism in the zero current position. 

4.3.3.1.2 Attraction Type Electromagnetic Relays 

 

Fig 4.3.3.1.2.1 Electromagnetic Waves 

        These relays can work with both AC and DC supply and attract a metal bar or a piece 

of metal when power is supplied to the coil. This can be a plunger being drawn towards the 
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solenoid or an armature being attracted towards the poles of an electromagnet as shown in 

the figure. These relays don’t have any time delays so these are used for instantaneous 

operation. 

4.3.3.1.3 Induction Type Relays 

     

Fig 4.3.3.1.3.1 Induction Relay 

         These are of several types like shaded pole, watt-hour and induction cup structures 

and are mostly used as directional relays in power-system protection and also for high-

speed switching operation applications. 

4.3.3.1.4 Magnetic Latching Relays 

       These relays use permanent magnet or parts with a high remittance to remain the 

armature at the same point as the coil is electrified when the coil power source is taken 

away. 

4.3.3.2 Solid State Relays 

        Solid State uses solid state components to perform the switching operation without 

moving any parts. Since the control energy required is much lower compared with the 

output power to be controlled by this relay that results the power gain higher when 

compared to the electromagnetic relays. These are of different types: reed relay coupled 

SSR, transformer coupled SSR, photo-coupled SSR, and so on. 
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Fig 4.3.3.2.1 Solid State Relay 

 

        The above figure shows a photo coupled SSR where the control signal is applied by 

LED and it is detected by a photo-sensitive semiconductor device. The output form this 

photo detector is used to trigger the gate of TRIAC or SCR that switches the load. 

4.3.3.3 Hybrid Relay 

        These relays are composed of electromagnetic relays and electronic components. 

Usually, the input part contains the electronic circuitry that performs rectification and the 

other control functions, and the output part include electromagnetic relay. 

 

4.3.3.4 Thermal Relay 

       These relays are based on the effects of heat, which means – the rise in the ambient 

temperature from the limit, directs the contacts to switch from one position to other. These 

are mainly used in motor protection and consist of bimetallic elements like temperature 

sensors as well as control elements. Thermal overload relays are the best examples of these 

relays. 
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4.3.3.5 Reed Relay 

 

Fig 4.3.3.5.1 Reed Relay 

          

           Reed Relays consist of a pair of magnetic strips (also called as reed) that is sealed 

within a glass tube. This reed acts as both an armature and a contact blade.  The magnetic 

field applied to the coil is wrapped around this tube that makes these reeds move so that 

switching operation is performed. 

           Based on dimensions, relays are differentiated as micro miniature, subminiature and 

miniature relays. Also, based on the construction, these relays are classified as hermetic, 

sealed and open type relays. Furthermore, depending on the load operating range, relays 

are of micro, low, intermediate and high power types. 

            Relays are also available with different pin configurations like 3 pin, 4 pin and 5 

pin relays. The ways in which these relays are operated is shown in the below 

figure. Switching contacts can be SPST, SPDT, DPST and DPDT types. Some of the relays 

are normally open (NO) type and the other are normally closed (NC) types. 

         

          These are some of the different types of relays that are employed in most of the 

electronic as well as electrical circuits. The information about the different types of relays 
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serves readers’ purpose and we hope that they will find this basic information very 

useful. Considering the huge significance of relays with zvs in circuits. 

4.4  WATER PUMP 

         A submersible pump (or sub pump, electric submersible pump) (figure3.8) 

is a device which has a hermetically sealed motor close-coupled to the pump body. The 

whole assembly is submerged in the fluid to be pumped. The main advantage of this type 

of pump is that it prevents pump cavitation’s, a problem associated with a high elevation 

difference between  pump and the fluid surface. Small DC Submersible water pumps push 

fluid to the surface as opposed to jet pumps having to pull fluids. Submersibles are more 

efficient than jet pumps. It is usually operated between 3v to 12v. 

 

Fig 4.4.1 Submersible Water Pump. 

4.5  LED LIGHTS 

             A light-emitting diode (LED) is a semiconductor light source that emits light 

when current flows through it. Electrons in the semiconductor recombine with electron 

holes, releasing energy in the form of photons. This effect is 

called electroluminescence. The color of the light (corresponding to the energy of the 

photons) is determined by the energy required for electrons to cross the band gap of the 

semiconductor. White light is obtained by using multiple semiconductors or a layer of 

light-emitting phosphor on the semiconductor device.  

           Appearing as practical electronic components in 1962, the earliest LEDs emitted 

low-intensity infrared light.  Infrared LEDs are used in remote-control circuits, such as 

those used with a wide variety of consumer electronics. The first visible-light LEDs were 

of low intensity and limited to red. Modern LEDs are available across 

the visible, ultraviolet, and infrared wavelengths, with high light output. 

            Early LEDs were often used as indicator lamps, replacing small incandescent 

bulbs, and in seven-segment displays. Recent developments have produced white-light 
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LEDs suitable for room lighting. LEDs have led to new displays and sensors, while their 

high switching rates are useful in advanced communications technology. 

           LEDs have many advantages over incandescent light sources, including lower 

energy consumption, longer lifetime, improved physical robustness, smaller size, and 

faster switching. Light-emitting diodes are used in applications as diverse as aviation 

lighting, automotive headlamps, advertising, general lighting, traffic signals, camera 

flashes, lighted wallpaper and medical devices.  

           Unlike a laser, the color of light emitted from an LED is neither coherent nor 

monochromatic, but the spectrum is narrow with respect to human vision, and 

functionally monochromatic.  

          LEDs are commonly used for indicator lights (such as power on/off lights) on 

electronic devices. They also have several other applications, including electronic signs, 

clock displays, and flashlights. Since LEDs are energy efficient and have a long lifespan 

(often more than 100,000 hours), they have begun to replace traditional light bulbs in 

several areas. Some examples include street lights, the red lights on cars, and various types 

of decorative lighting. You can typically identify LEDs by a series of small lights that make 

up a larger display. For example, if you look closely at a street light, you can tell it is an 

LED light if each circle is comprised of a series of dots. 

            The energy efficient nature of LEDs allows them to produce brighter light than 

other types of bulbs while using less energy. For this reason, traditional flat 

screen LCDdisplays have started to be replaced by LED displays, which use LEDs for the 

backlight. LED TVs and computer monitors are typically brighter and thinner than their 

LCD counterparts. 

             LED lighting products produce light approximately 90% more efficiently than 

incandescent light bulbs. An electrical current passes through a microchip, which 

illuminates the tiny light sources we call LEDs and the result is visible light. To prevent 

performance issues, the heat LEDs produce is absorbed into a heat sink. LED lighting 

differs from incandescent and fluorescent in several ways. When designed well, LED 

lighting is more efficient, versatile, and lasts longer. 
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               LEDs are “directional” light sources, which means they emit light in a specific 

direction, unlike incandescent and CFL, which emit light and heat in all directions. That 

means LEDs are able to use light and energy more efficiently in a multitude of 

applications. However, it also means that sophisticated engineering is needed to produce 

an LED light bulb that shines light in every direction. 

               Common LED colors include amber, red, green, and blue. To produce white 

light, different color LEDs are combined or covered with a phosphor material that 

converts the color of the light to a familiar “white” light used in homes. Phosphor is a 

yellowish material that covers some LEDs. Colored LEDs are widely used as signal lights 

and indicator lights, like the power button on a computer. 

               In a CFL, an electric current flows between electrodes at each end of a tube 

containing gases. This reaction produces ultraviolet (UV) light and heat. The UV light is 

transformed into visible light when it strikes a phosphor coating on the inside of the 

bulb. Learn more about CFLs. 

 

Fig 4.5.1 LED Light 

4.6 ARDUINO BOARD 

             Arduino is an open-source electronics platform based on easy-to-use hardware 

and software. Arduino boards are able to read inputs - light on a sensor, a finger on a 

button, or a Twitter message - and turn it into an output - activating a motor, turning on 

an LED, publishing something online. You can tell your board what to do by sending a 

set of instructions to the microcontroller on the board. To do so you use the Arduino 
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programming language (based on Wiring), and the Arduino Software (IDE), based 

on Processing. 

           Over the years Arduino has been the brain of thousands of projects, from everyday 

objects to complex scientific instruments. A worldwide community of makers - students, 

hobbyists, artists, programmers, and professionals - has gathered around this open-source 

platform, their contributions have added up to an incredible amount of accessible 

knowledge that can be of great help to novices and experts alike. 

           Arduino was born at the Ivrea Interaction Design Institute as an easy tool for fast 

prototyping, aimed at students without a background in electronics and programming. As 

soon as it reached a wider community, the Arduino board started changing to adapt to 

new needs and challenges, differentiating its offer from simple 8-bit boards to products 

for IoT applications, wearable, 3D printing, and embedded environments. All Arduino 

boards are completely open-source, empowering users to build them independently and 

eventually adapt them to their particular needs. The software, too, is open-source, and it 

is growing through the contributions of users worldwide. 

           Thanks to its simple and accessible user experience, Arduino has been used in 

thousands of different projects and applications. The Arduino software is easy-to-use for 

beginners, yet flexible enough for advanced users. It runs on Mac, Windows, and Linux. 

Teachers and students use it to build low cost scientific instruments, to prove chemistry 

and physics principles, or to get started with programming and robotics. Designers and 

architects build interactive prototypes, musicians and artists use it for installations and to 

experiment with new musical instruments. Makers, of course, use it to build many of the 

projects exhibited at the Maker Faire, for example. Arduino is a key tool to learn new 

things. Anyone - children, hobbyists, artists, programmers - can start tinkering just 

following the step by step instructions of a kit, or sharing ideas online with other 

members of the Arduino community. 

             There are many other microcontrollers and microcontroller platforms available 

for physical computing. Parallax Basic Stamp, Netmedia's BX-24, Phidgets, MIT's 
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Handyboard, and many others offer similar functionality. All of these tools take the 

messy details of microcontroller programming and wrap it up in an easy-to-use package. 

Arduino also simplifies the process of working with microcontrollers, but it offers some 

advantage for teachers, students, and interested amateurs over other systems: 

 Inexpensive - Arduino boards are relatively inexpensive compared to other 

microcontroller platforms. The least expensive version of the Arduino module can be 

assembled by hand, and even the pre-assembled Arduino modules cost less than $50 

 Cross-platform - The Arduino Software (IDE) runs on Windows, Macintosh OSX, and 

Linux operating systems. Most microcontroller systems are limited to Windows. 

 Simple, clear programming environment - The Arduino Software (IDE) is easy-to-use for 

beginners, yet flexible enough for advanced users to take advantage of as well. For 

teachers, it's conveniently based on the Processing programming environment, so 

students learning to program in that environment will be familiar with how the Arduino 

IDE works. 

 Open source and extensible software - The Arduino software is published as open source 

tools, available for extension by experienced programmers. The language can be 

expanded through C++ libraries, and people wanting to understand the technical details 

can make the leap from Arduino to the AVR C programming language on which it's 

based. Similarly, you can add AVR-C code directly into your Arduino programs if you 

want to. 

 Open source and extensible hardware - The plans of the Arduino boards are published 

under a Creative Commons license, so experienced circuit designers can make their own 

version of the module, extending it and improving it. Even relatively inexperienced users 

can build the breadboard version of the module in order to understand how it works and 

save money. 
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Fig 4.6.1 Arduino Board 

4.7 ULN2003A 

            The ULN2003A is an array of seven NPN Darlington transistors capable of 

500 mA, 50 V output. It features common-cathode flyback diodes for switching inductive 

loads. It can come in PDIP, SOIC, SOP or TSSOP packaging. In the same family are 

ULN2002A, ULN2004A, as well as ULQ2003A and ULQ2004A, designed for different 

logic input levels. 

 

Fig 4.7.1 Pin Configuration of ULN2003A  
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             A Darlington transistor (also known as Darlington pair) achieves very high current 

amplification by connecting two bipolar transistors in direct DC coupling so the current 

amplified by the first transistor is amplified further by the second one. The resultant current 

gain is the product of those of the two component transistors: 

           The seven Darlington pairs in ULN2003 can operate independently except the 

common cathode diodes that connect to their respective collectors. 

            The ULN2003 is known for its high-current, high-voltage capacity. The drivers can 

be paralleled for even higher current output. Even further, stacking one chip on top of 

another, both electrically and physically, has been done. Generally it can also be used for 

interfacing with a stepper motor, where the motor requires high ratings which cannot be 

provided by other interfacing devices. 

 

Fig 4.7.2  Micrograph of chip die. 

4.7.1 MAIN SPECIFICATIONS: 

 500 mA rated collector current (single output) 

 50 V output (there is a version that supports 100 V output) 

 Includes output flyback diodes 

 Inputs compatible with TTL and 5-V CMOS logic. 
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Fig 4.7.1.1 Pin Configuration 

 

4.8 CONNECTING WIRES 

                In any electronic circuitry wires are the conductive connections between the 

elements in contact. Theoretically, they have zero resistance and provide perfect 

connections. On the breadboard, they look like nice coloured jumper wires. 

 

Fig 4.8.1 Connecting Wires 
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5.SYSTEM DESIGN 

5.1 BLOCK DIAGRAM 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 5.1.1 Block Diagram 
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5.2 CIRCUIT DIAGRAM    

 
Fig 5.2.1 Circuit Diagram 
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5.3 WORKING OPERATION OF PROJECT 

              In this project we are using ULN2003 transistor driver to read inputs from Water 

tank and the same signals are displayed with LEDS to indicate the water level, when water 

level reaches to maximum then water pump  automatically switch off to save the water.We 

are using a relay module which will drive 12V DC water pump to pump the water into tank 

when water in the tank is filled then it automatically breaks motor power supply. 

         When the circuit is switched on the ultrasonic sensor transmits the generated 

sound signal to the bottom of the water tank which is the target and whose water level is 

to be measured. The signal after touching the base of the tank is reflected back and is 

received by the receiver of the ultrasonic sensor. The time taken through the entire 

journey of the transmitted signal is recorded. 

 Then by applying the formula, Range = {(time taken) X Velocity of the 

transmitted signal (i.e. 340 m/s)} /2 

This measured level if is below the threshold level of 2cm then the pump will 

automatically be switched on and an SMS alert will be received at the user’s phone. 

Henceforth, when the water reaches a particular level the motor will automatically turn 

off and again a notification through SMS will be provided indicating the tank is full to the 

user. This is the working principle used in our project. 

The output obtained is the required distance. 
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Fig 5.3.1 Data Flow Diagram 
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5.4 SYSTEM ARCHITECTURE 

             In our project, we are using microcontroller (AT89S52), GSM modem, Xbee 

module, power supply, stepper motor, water level sensor, temperature sensor, pH sensor, 

turbidity sensor and ADC. In a very simplistic form, a microcontroller system can be 

viewed as a system that reads from (monitors) inputs, performs processing and writes to 

(controls) outputs. The output of the water sensor is digital output.  

             Hence the output of this sensor goes directly to the microcontroller. Whereas the 

output of the other sensors are in analog form. Therefore we need to convert these analog 

values into digital values before connecting to the microcontroller. ADC is used for this 

purpose. These values will be sent by a transmitting XBee module to a computer for 

monitoring purpose. A GUI like Visual Basic is used in our project for displaying the 

values on the computer. A receiving antenna is connected to the computer to receive 

values from the site. If the values received are above a dangerous level then a SMS will 

be sent through the GSM modem. Also, the gate of the dam is controlled automatically 

by the microcontroller depending on the water level reached.  

               To solve the problem related to collapsing of dam due to storage of water 

beyond its capacity, we have proposed to automate the flood gates. We will be fixing 

water level sensors on different levels on dam walls. When the water reaches these levels, 

these sensors will send signal to the microcontroller. The microcontroller will then 

execute the predefined instructions stored in it. This predefined instruction deals with 

opening of flood gates. When the water level reaches the first level, the gates will open 

and go up a certain height. When the water level reaches the second level, the gates will 

further move upwards. In the same way by the time the gate reaches the final level, the 

gates will be opened completely. When the water starts receding, the gates will start 

closing up. Also, the sensors for the other environment parameters will continuously send 

the values to the GUI through XBee module. GUI used in our project is Visual Basic. It 

will display real time values of different parameters and also which level the dam water 

has reached. We have set threshold levels for all the parameters. When the values exceed 

the threshold levels, a message level will be sent through GSM modem to the concerned 
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officials. A predefined message will also be sent when the gates are opened. The system 

successfully provides real time monitoring. 

             This motivation for this research work was to develop a system prototype that 

uses a very popular device such as the GSM handset. With basically an average of one 

member in a family having a GSM phone, this system does perform its task. Unlike a RF 

Remote controller where the frequency bandwidth is limited, with the GSM module (SIM 

800 quad band) used, the mobile phone of the user could always be reached as long as it 

is on. The idea of having the user send a command from wherever he may be for the 

microcontroller to turn on the pump machine rather than having the microcontroller just 

do that without prior command to is to ensure that the user become the decider. This will 

be helpful if the user wants to carry out an unscheduled maintenance on the tank and also 

if the user was to be away for a period of time and wouldn’t want water in the tank during 

this period. The microcontroller turning off the water pump when the tank is full without 

waiting for a command to do so from the user is to ensure that should the user not 

respond in time, the main goal of the research will not be defeated. With the prototype 

system capable of detecting the various levels of water in the tank and also controlling 

the state of the water pump, the system could be said to be performing tasks of 

monitoring and controlling. The sensing was achieved using pair of wires by simply 

capitalizing on the conductive capability when water comes in contact with it when once 

a voltage is applied to a single one first. 

               The various sections and major components required in this research work to 

achieve building the prototype system is represented below in a system architecture. 

 

Fig 5.4.A System Architecture 
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5.4.1 POWER SUPPLY 

          It is also known as the driving circuit which is used to supply power to the other 

electronics devices connected to it depending on the type and requirement the power 

supply circuits vary.  

 

Fig 5.4.1.1 Power Supply 
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                                      6.CODING & IMPLEMENTATION 

6.1 Arduino Software 

             Arduino is a prototype platform (open-source) based on an easy-to-use hardware 

and software. It consists of a circuit board, which can be programed (referred to as a 

microcontroller) and a ready-made software called Arduino IDE (Integrated Development 

Environment), which is used to write and upload the computer code to the physical board. 

The key features are: 

 Arduino boards are able to read analog or digital input signals from different 

sensors and turn it into an output such as activating a motor, turning LED on/off, 

connect to the cloud and many other actions. 

 You can control your board functions by sending a set of instructions to the 

microcontroller on the board via Arduino IDE (referred to as uploading software). 

 Unlike most previous programmable circuit boards, Arduino does not need an extra 

piece of hardware (called a programmer) in order to load a new code onto the board. 

You can simply use a USB cable. 

 Additionally, the Arduino IDE uses a simplified version of C++, making it easier 

to learn to program. 

 Finally, Arduino provides a standard form factor that breaks the functions of the 

micro-controller into a more accessible package. 

 

Fig 6.1.A  Arduino Software 
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6.1.1 ARDUINO INSTALLATION: 

        After learning about the main parts of the Arduino UNO board, we are ready to learn 

how to set up the Arduino IDE. Once we learn this, we will be ready to upload our program 

onthe Arduino board.In this section, we will learn in easy steps, how to set up the Arduino 

IDE on our computerand prepare the board to receive the program via USB cable. 

Step 1: First you must have your Arduino board (you can choose your favorite board) anda 

USB cable. In case you use Arduino UNO, Arduino Duemilanove, Nano, Arduino Mega 

2560, or Diecimila, you will need a standard USB cable (A plug to B plug), the kind 

youwould connect to a USB printer as shown in the following image. 

 

 

Fig 6.1.1.1 Printer Cable 

       In case you use Arduino Nano, you will need an A to Mini-B cable instead as shown 

in   the  following image. 

 

Fig 6.1.1.2 Mini B Cable 
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Step 2: Download Arduino IDE Software. 

         You can get different versions of Arduino IDE from the Download page on the 

Arduino Official website. You must select your software, which is compatible with your 

operating system (Windows, IOS, or Linux). After your file download is complete, unzip 

the file. 

 

Fig 6.1.1.3 Arduino Installation 

Step 3: Power up your board. 

          The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw 

power fromeither, the USB connection to the computer or an external power supply. If you 

are usingan Arduino Diecimila, you have to make sure that the board is configured to draw 

power  from the USB connection. The power source is selected with a jumper, a small 

piece of plastic that fits onto two of the three pins between the USB and power jacks. Check 

that  it is on the two pins closest to the USB port.Connect the Arduino board to your 

computer using the USB cable. The green power LED (labeled PWR) should glow. 

Step 4: Launch Arduino IDE. 

        After your Arduino IDE software is downloaded, you need to unzip the folder. Inside 

the folder, you can find the application icon with an infinity label (application.exe). 

Doubleclick the icon to start the IDE. 
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Fig 6.1.1.4 Saving the software 

Step 5: Open your first project. 

             Once the software starts, you have two options: 

 Create a new project. 

 Open an existing project example. 

To create a new project, select File --> New. 

 

Fig 6.1.1.5  New Arduino Program 
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To open an existing project example, select File -> Example -> Basics -> Blink. 

 

 

Fig 6.1.1.6 Open the Previous Program 

     Here, we are selecting just one of the examples with the name Blink. It turns the LED 

on and off with some time delay. You can select any other example from the list. 

Step 6: Select your Arduino board. 

          To avoid any error while uploading your program to the board, you must select the 

correct Arduino board name, which matches with the board connected to your computer. 

Go to Tools -> Board and select your board. 
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Fig 6.1.1.7 Selecting the type of Arduino Board 

Here, we have selected Arduino Uno board according to our tutorial, but you must select 

the name matching the board that you are using. 

Step 7: Select your serial port. 

Select the serial device of the Arduino board. Go to Tools -> Serial Port menu. This 

is likely to be COM3 or higher (COM1 and COM2 are usually reserved for hardware serial 

ports). To find out, you can disconnect your Arduino board and re-open the menu, the entry 
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that disappears should be of the Arduino board. Reconnect the board and select that serial 

port. 

 

Fig 6.1.1.8 Selecting the Port 

Step 8: Upload the program to your board. 

          Before explaining how we can upload our program to the board, we must 

demonstrate the function of each symbol appearing in the Arduino IDE toolbar. 
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Fig 6.1.1.9 Display of Compilation 

A- Used to check if there is any compilation error. 

B- Used to upload a program to the Arduino board. 

C- Shortcut used to create a new sketch. 

D- Used to directly open one of the example sketch. 

E- Used to save your sketch. 

F- Serial monitor used to receive serial data from the board and send the serial data 

to the board. 

Now, simply click the "Upload" button in the environment. Wait a few seconds; you will 

see the RX and TX LEDs on the board, flashing. If the upload is successful, the message 

"Done uploading" will appear in the status bar. 

Note: If you have an Arduino Mini, NG, or other board, you need to press the reset button 

physically on the board, immediately before clicking the upload button on the Arduino 

Software. 
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6.2 WORKING PRINCIPLE 

       In this project we are using ULN2003 transistor driver to read inputs from Water tank 

and the same signals are displayed with LEDS to indicate the water level, when water level 

reaches to maximum then water pump  automatically switch off to save the water. 

        We are using a relay module which will drive 12V DC water pump to pump the water 

into tank when water in the tank is filled then it automatically breaks motor power supply. 

         When the circuit is switched on the ultrasonic sensor transmits the generated sound 

signal to the bottom of the water tank which is the target and whose water level is to be 

measured. The signal after touching the base of the tank is reflected back and is received 

by the receiver of the ultrasonic sensor. The time taken through the entire journey of the 

transmitted signal is recorded. 

 Then by applying the formula, Range = {(time taken) X Velocity of the 

transmitted signal (i.e. 340 m/s)} /2 

This measured level if is below the threshold level of 2cm then the pump will 

automatically be switched on and an SMS alert will be received at the user’s phone. 

Henceforth, when the water reaches a particular level the motor will automatically turn 

off and again a notification through SMS will be provided indicating the tank is full to the 

user. This is the working principle used in our project.The output obtained is the required 

distance. 
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Fig 6.2.1 Data Flow Diagram 
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 6.3 CODING 

#include <SoftwareSerial.h> 

#include <string.h> 

SoftwareSerial GSM(2,3);/// GSM MODEM IS CONNECTED  

const int pingPin = A0;  // ultrasonic sensor pin 

#define motor A5  // motr pin /// 

#define L1 8  // these are led pins /// 

#define L2 9 

#define L3 10 

#define L4 11 

#define L5 12 

///////////////////////////////// 

void setup(){  

  GSM.begin(9600);  // start GSM modem with communication speed of 9600baud rate  

//  Serial.begin(9600); 

pinMode(motor,OUTPUT);  // this to say that these output devices /// 

pinMode(L1,OUTPUT); 

pinMode(L2,OUTPUT); 

pinMode(L3,OUTPUT); 

pinMode(L4,OUTPUT); 

pinMode(L5,OUTPUT); 

digitalWrite(L1,HIGH); 

digitalWrite(L2,HIGH); 

digitalWrite(L3,HIGH); 

digitalWrite(L4,HIGH);  
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digitalWrite(L5,HIGH); 

 } 

////////////////////////////////////////////////////////////////////////////// 

void SendSMS(String Data){     ////send a message/// 

 GSM.print("AT+CMGF=1\r");    //Because we want to send the SMS in text mode 

  delay(1000); 

  GSM.print("AT+CMGS=\"+919000232231\"\r");    //Start sending msg to this number // 

  //to be sent to the number specified. 

  //Replace this number with the target mobile number. 

  delay(1000); 

  GSM.print(Data); 

  GSM.print("\r");   //The text for the message 

  delay(1000); 

  GSM.write(0x1A);  //Equivalent to sending Ctrl+Z  

} 

/////////////////////////////////////////////////////////////////////// 

int level(){ 

  long duration,cm; 

  pinMode(pingPin, OUTPUT); 

  digitalWrite(pingPin, LOW); 

  delayMicroseconds(2); 

  digitalWrite(pingPin, HIGH); 

  delayMicroseconds(5); 

  digitalWrite(pingPin, LOW); 

  pinMode(pingPin, INPUT); 
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  duration = pulseIn(pingPin, HIGH); 

  cm = microsecondsToCentimeters(duration); 

  Serial.print(cm); 

  Serial.print("cm"); 

  Serial.println(); 

 delay(100); 

  return cm ;   

} 

long microsecondsToCentimeters(long microseconds) { 

  return microseconds / 29 / 2; 

} 

/////////////////////// 

void loop(){ 

if(level()<=3){ 

   ///SendSMS("WATER LEVEL 1O0%"); 

   digitalWrite(motor,LOW); 

   digitalWrite(L1,LOW); 

   digitalWrite(L2,LOW); 

   digitalWrite(L3,LOW); 

   digitalWrite(L4,LOW); 

   digitalWrite(L5,LOW); 

   delay(100); 

} 

  else if(level()<=5){ 

   digitalWrite(L1,HIGH); 
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   digitalWrite(L2,LOW); 

   digitalWrite(L3,LOW); 

   digitalWrite(L4,LOW); 

   digitalWrite(L5,LOW); 

   delay(100); 

} 

    else if(level()<=7){ 

   digitalWrite(L1,HIGH); 

   digitalWrite(L2,HIGH); 

   digitalWrite(L3,LOW); 

   digitalWrite(L4,LOW); 

   digitalWrite(L5,LOW); 

   delay(100); 

} 

  else if(level()<=8){ 

  digitalWrite(L1,HIGH); 

   digitalWrite(L2,HIGH); 

   digitalWrite(L3,HIGH); 

   digitalWrite(L4,LOW); 

   digitalWrite(L5,LOW); 

   delay(100); 

} 

 else if(level()<=10){ 

   SendSMS("WATER LEVEL 10%"); 

   digitalWrite(motor,HIGH); 
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   digitalWrite(L1,HIGH); 

   digitalWrite(L2,HIGH); 

   digitalWrite(L3,HIGH); 

   digitalWrite(L4,HIGH); 

   digitalWrite(L5,LOW); 

   delay(100); 

} 

else{ 

   digitalWrite(L1,HIGH); 

   digitalWrite(L2,HIGH); 

   digitalWrite(L3,HIGH); 

   digitalWrite(L4,HIGH); 

   digitalWrite(L5,HIGH);   

  } 

} 

Applications: 

 Water tanks . 

 Houses . 

 Forest and remote locations tankers. 

 

Limitations:  

1. It draws slowly.  

2. It works on less distance if we used Bluetoothrobotic vehicle. 
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7.SCREENSHOTS 

7.1 OUTPUTS 

 

 

  

Fig 7.1.1 Output1 

 

348



                                                                                                              Digital water management system 
 

Dept. of IT, BVRIT, Narsapur Page 62 
 

 

                                                                               

                                            Fig 7.1.2 Output2 

 

                                       

349



                                                                                                              Digital water management system 
 

Dept. of IT, BVRIT, Narsapur Page 63 
 

7.2 TESTCASES 

 

Table 7.2.1:Test case of  Water level Indicator Using Gsm 

 

 

Table 7.2.2: Test case if mobile number is not given 

 

S.no Testcase 

description 

Input Expected 

behaviour 

Observed 

behaviour 

Test 

result 

1 When the 

ultrasonic sensor   

detects the tank 

The tank is 

at 10% or 

less than 

10%.  

The motor  

switches on 

automatically. 

The motor 

switches on 

automatically. 

Success 

2 When the 

ultrasonic sensor   

detects the tank 

The tank is 

full. 

The  motor 

switches off 

automatically. 

The  motor 

switches off 

automatically. 

Success 

3 When the 

ultrasonic sensor   

detects the tank. 

The tank is 

at 10% or 

less than 

10%. 

With the help of 

gsm module it 

send the 

notification to a 

person that the 

water level is at 

10%. 

The  motor 

switches on 

automatically. 

Success 

 

  

s.no Test case 

description 

input Expected 

behaviour 

Observed 

Behaviour 

Test 

result 

1 Not  providing  

any mobile 

number 

No mobile 

number is 

provided in 

source 

code 

No one will get 

any 

notification 

No notification 

is observed 
Success 
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8.CONCLUSION AND FUTURE ENHANCEMENT SCOPE 

8.1 CONCLUSION 

           The project “Water Level Indicator Using GSM” is very useful as compared to existing 

system which can monitor the live on water level with sensing circuit and etc. This project can 

be further modified to IOT for more easy access with android application. 

             Automation of the various components around us has been widely increased to reduce 

human intervention and save time. It is known that improper water management can have harmful 

effects on both the system and the environment. The main objective of this project is not only to 

reduce manual labour but also help save water in an efficient manner. Finally, a conclusion can 

drawn that this project can definitely be useful on a large scale basis due to its minimum 

requirement of man power and also the installation process being easier making it more 

compatible for everyone to use.  

              The system successfully provides real time monitoring of the turbidity, water level, 

temperature and pH. Sensors for measuring various pollution parameters like pH, temperature, 

turbidity were successfully implemented. Transmission and reception of data from the sensors to 

the GUI using XBee modules is demonstrated. Automation of flood gates when the water level 

of the dam exceeds the predefined threshold values is also demonstrated. A predefined SMS using 

GSM modem is sent when any of the monitored parameters goes beyond the range. Hence by 

using this monitoring system we can have real time monitoring of various parameters and 

depending on these observations the concerned authorities are alerted to take the precautionary 

measures. 

             Water overflowing from storage tanks which not only keep the environment untidy but 

also wastes useful water and energy can be drastically reduced by the implementation of the 

approached used in this research. This research not only attempts to provide a solution to the 

problem of water overflowing from tank during pumping from the ground, but does so using a 

very common but powerful device in the mobile phone while making the user the major decision 

maker. The efficiency of the system is also enhanced seeing that the microcontroller turns off the 

pump machine when tank is full as this is the conventional thing to do before notifying the user.  
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8.2 FUTURE ENHANCEMENT SCOPE 

                  Detail survey of various remote monitoring and control systems have been presented 

along with the classification based on various parameters and the design of a GSM-Bluetooth 

based remote monitoring and control system with Automatic irrigation system has been proposed. 

This system has an advantage of using both GSM and Bluetooth technology which thereby 

eliminates the cost of network usage to a great extent by using Bluetooth when in the range of 

few meters with the devices. The system is scalable and allows any number of different devices 

to be added with no major changes in its core. But it is not efficient in situations which have 

strong real time requirements. The system has its application in situations where the amount of 

data to be transferred is mandatory. The study and literature survey based on research papers is 

proposed in this paper which helps in adopting best suited deployment of system according to 

feature’s requirement. Implementation on above subject will be processed in future work. 
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1.INTRODUCTION 

1.1 Internet Of Things 

           Internet of Things (IoT) is an ecosystem of connected physical objects that are accessible  

through the internet. The ‘thing’ in IoT could be a person with a heart monitor or an automobile 

 with built-in-sensors, i.e. objects that have been assigned an IP address and have the ability to 

 collect and transfer data over a network without manual assistanceor intervention. The embedded 

 technology in the objects helps them to interact with  internal states or the external environment, 

 which in turn affects the decisions taken. 

A thing in the internet of things can be a person with a heart monitor implant, a farm animal with 

a biochip transponder, an automobile that has built-in sensors to alert the driver when tire pressure is 

low or any other natural or man-made object that can be assigned an IP address and is able to transfer 

data over a network.Increasingly, organizations in a variety of industries are using IoT to operate 

more efficiently, better understand customers to deliver enhanced customer service, improve 

decision-making and increase the value of the business. 

1.2 Why is IOT? 
 

IoT wants to connect all potential objects to interact each other on the internet to provide secure,  

comfort life for human. Internet of Things (IoT) makes our world as possible as connected together. 

 Nowadays we almost have internet infrastructure wherever and we can use it whenever. 

 Embedded computing devices would be exposed to internet influence. Common instances for 

 embedded computing devices are MP3 players, MRI, traffic lights, microwave ovens, washing 

 machines and dishwashers, GPS even heart monitoring implants or biochip and etc. 

 

IoT trys to establish advanced connectivity (with the aid of internet) among these mentioned 

 device or systems or services in order to little by little makes automation in all areas. Image that 

 all thing are connected to gather and all information would be interacted to each other over 

standard and different protocol domain and applications.In a nutshell IoT wants to connect all  

potential objects to interact each other on the internet to provide secure, comfort life for human. 

Recent researches shows by 2020 we have over 20 billion devices which uses IoT. IoT does that 

because of controlling on device and lower expense on radio. But these huge fields makes  
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      challenges such as lacking IP address, developing compatible and useful protocol and  

      environment. 

  

potential objects to interact each other on the internet to provide secure, comfort life for human. 

Recent researches shows by 2020 we have over 20 billion devices which uses IoT. IoT does that 

 because of controlling on device and lower expense on radio. But these huge fields makes  

challenges such as lacking IP address, developing compatible and useful protocol and  

environment.  

 

1.3 Features of IOT: 
 

   The most important features of IoT on which it works are connectivity, analyzing, integrating,  

active engagement, and many more. Some of them are listed below: 

 Connectivity: Connectivity refers to establish a proper connection between all the things of 

IoT to  

IoT platform it may be server or cloud. After connecting the IoT devices, it needs a high speed  

messaging between the devices and cloud to enable reliable, secure and bi-directional  

communication. 

 Analyzing: After connecting all the relevant things, it comes to real-time analyzing the data  

collected and use them to build effective business intelligence. If we have a good insight into data  

gathered from all these things, then we call our system has a smart system. 

 Integrating: IoT integrating the various models to improve the user experience as well. 

 

 Artificial Intelligence: IoT makes things smart and enhances life through the use of data. For  

example, if we have a coffee machine whose beans have going to end, then the coffee machine itself  

order the coffee beans of your choice from the retailer. 

 Sensing: The sensor devices used in IoT technologies detect and measure any change in the 
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 environment and report on their status. IoT technology brings passive networks to active networks.  

Without sensors, there could not hold an effective or true IoT environment. 

 Active Engagement: IoT makes the connected technology, product, or services to active  

engagement between each other. 

 Endpoint Management: It is important to be the endpoint management of all the IoT system  

otherwise, it makes the complete failure of the system. For example, if a coffee machine itself order 

 the coffee beans when it goes to end but what happens when it orders the beans from a retailer and 

 we are not present at home for a few days, it leads to the failure of the IoT system. So, there must be  

a need for endpoint management. 

 

1.4 Applications of IOT: 
 

1.4.1 Military and Aerospace software applications 

From in-orbit embedded systems to jumbo jets to vital battlefield networks, designers of mission-

critical aerospace and defense systems requiring real-time performance, scalability, and high-

availability facilities consistently turn to the Linux OS ® RT and the LynxOS-178 RTOS for software 

certification to DO-178B. 

Rich in system resources and networking services, Linux OS provides an off-the-shelf software 

platform with hard real-time response backed by powerful distributed computing (CORBA), high 

reliability, software certification, and long-term support options. 

The LynxOS-178 RTOS for software certification, based on the RTCA DO-178B standard, assists 

developers in gaining certification for their mission- and safety-critical systems. Real-time systems 

programmers get a boost with Linux Works' DO-178B RTOS training courses. 

1.4.2Communications applications 

"Five-nines" availability, Compact PCI hot swap support, and hard real-time response—Linux 

OS delivers on these key requirements and more for today's carrier-class systems. Scalable kernel 

configurations, distributed computing capabilities, integrated communications stacks, and fault-

management facilities make Linux OS the ideal choice for companies looking for a single operating 
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system for all embedded telecommunications applications—from complex central controllers to 

simple line/trunk cards. 

1.4.3Electronics applications and consumer devices 

As the number of powerful embedded processors in consumer devices continues to rise, the 

BlueCat® Linux® operating system provides a highly reliable and royalty-free option for systems 

designers. 

And as the wireless appliance revolution rolls on, web-enabled navigation systems, radios, personal 

communication devices, phones and PDAs all benefit from the cost-effective dependability, proven 

stability and full product life-cycle support opportunities associated with BlueCat embedded Linux. 

BlueCat has teamed up with industry leaders to make it easier to build Linux mobile phones with Java 

integration. 

For makers of low-cost consumer electronic devices who wish to integrate the LynxOS real-time 

operating system into their products, we offer special MSRP-based pricing to reduce royalty fees to a 

negligible portion of the device's MSRP. 

1.4.4Industrial Automation and Process Control Software 

 Designers of industrial and process control systems know from experience that LynuxWorks 

operating systems provide the security and reliability that their industrial applications require. 

From ISO 9001 certification to fault-tolerance, POSIX conformance, secure partitioning and high 

availability, we've got it all. Take advantage of our 20 years of experience. 

1.5 Advantages of IOT: 

     Any technology available today has not reached to its 100 % capability. It always has a gap to go. 

So, we can say that Internet of Things has a significant technology in a world that can help other 

technologies to reach its accurate and complete 100 % capability as well. 

 Let's take a look over the major, advantages of IOT. 

 Efficient resource utilization: If we know the functionality and the way that how each device 

work we definitely increase the efficient resource utilization as well as monitor natural 

resources. 

 Minimize human effort: As the devices of IoT interact and communicate with each other and 

do lot of task for us, then they minimize the human effort. 

 Save time: As it reduces the human effort then it definitely saves out time. Time is the primary 

factor which can save through IoT platform. 
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 Enhance Data Collection: 

 Improve security: Now, if we have a system that all these things are interconnected then we 

can make the system more secure and efficient. 

 

1.6 Microcontrollers  

 In the Literature discussing microprocessors, we often see the term Embedded System. 

Microprocessors and Microcontrollers are widely used in embedded system products. An 

embedded system product uses a microprocessor (or Microcontroller) to do one task only. A 

printer is an example of embedded system since the processor inside it performs one task only; 

namely getting the data and printing it. Contrast this with a 

 Pentium based PC. A PC can be used for any number of applications such as word processor, 

print-server, bank teller terminal, Video game, network server, or Internet terminal. Software 

for a variety of applications can be loaded and run. Of course the reason a pc can perform 

myriad tasks is that it has RAM memory and an operating system that loads the application 

software into RAM memory and lets the CPU run it. 

 In an Embedded system, there is only one application software that is typically burned into 

ROM. An x86 PC contains or is connected       to various embedded products such as keyboard, 

printer, modem, disk controller, sound card, CD-ROM drives, mouse, and so on. Each one of 

these peripherals has a Microcontroller inside it that performs only one task. For example, 

inside every mouse there is a Microcontroller to perform the task of finding the mouse position 

and sending it to the PC. Table 1-1 lists some embedded products. 

 

1.7 Microcontroller Versus Microprocessor 

What is the difference between a Microprocessor and Microcontroller? By microprocessor is 

meant the general purpose Microprocessors such as Intel's X86 family (8086, 80286, 80386, 80486, 

and the Pentium) or Motorola's 680X0 family (68000, 68010, 68020, 68030, 68040, etc). These 

microprocessors contain no RAM, no ROM, and no I/O ports on the chip itself. For this reason, they 

are commonly referred to as general-purpose Microprocessors. 

A system designer using a general-purpose microprocessor such as the Pentium or the 68040 

must add RAM, ROM, I/O ports, and timers externally to make them functional. Although the addition 

of external RAM, ROM, and I/O ports makes these systems bulkier and much more expensive, they 

have the advantage of versatility such that the designer can decide on the amount of RAM, ROM and 
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I/O ports needed to fit the task at hand. This is not the case with Microcontrollers.  

 

A Microcontroller has a CPU (a microprocessor) in addition to a fixed amount of RAM, ROM, 

I/O ports, and a timer all on a single chip. In other words, the processor, the RAM, ROM, I/O ports 

and the timer are all embedded together on one chip; therefore, the designer cannot add any external 

memory, I/O ports, or timer to it. The fixed amount of on-chip ROM, RAM, and number of I/O ports 

in Microcontrollers makes them ideal for many applications in which cost and space are critical.  

In many applications, for example a TV remote control, there is no need for the computing 

power of a 486 or even an 8086 microprocessor. These applications most often require some I/O 

operations to read signals and turn on and off certain bits. 
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                               2.LITERATURE SURVEY 

 

    This chapter discusses about the concept of the project we are trying to implement, what kind of 

work has already been done on before and how we are different and more improved than those projects. 

2.1 Concept 

       Usually farmers go a long way to their fields to water their crop land.Adequate water supply is 

essential for agriculture. Crops can be damaged by either water excess or shortage, inorder to avoid 

the damage smart agriculture is used. 

     Usually farmers this method the fields can be watered automatically when the moisture content  of 

the soil is below the threshold  value. 

    Farmer gets the notification about the status of his field in the moisture content, humidity and 

temperature is below threshold value, in the form of message, after viewing the message with the help 

of user interface, farmer can turn on motor which supply water to the field, if the water content is equal 

to threshold value then he will get a message to turn off the motor.  Even farmer can view the status in 

the form of graph. 

     The basic things that will be tried to be monitored in this research are moisture, temperature and 

humidity content of the soil. The sensors used in the research will work in following steps:  

1. The sensors will send the data collected from the soil in a regular basis after definite span of time.  

2. The data thus collected will undergo a comparison with the given threshold value to the system.  

3. If the data collected  from sensors is below or above threshold value then farmer receive the 

notification about soil. 

4. Based on the data, farmer will on/off the motor. 

2.2 Related Works 

   Smart agriculture technology has advanced in recent years by introducing sensors. The proposed 

idea helps a lot in reducing the manual effort and advancement of technology. It is of low cost and can 

be afforded by the farmer. It can also be employed in monitoring or processing major required data in 

agriculture. 

      The Project can be divided in to three stages of data acquisition, data processing and 

communication stages. A data acquisition stage consists of collecting data from 

sensors,dataprocessing stage consists of whether to check the received data is below or above the 

threshold value, data communication stage consists of notifying the farmer about data. 

2.3 Existing System: 

362



 

 

Smart Agriculture 
 

Dept of  IT ,  BVRIT,  Narsapur  8 

   Usually farmers go a long way to their fields to water their crop land. Adequate water supply is 

essential for agriculture; crops can be damaged by either water excess or shortage.It is tedious to go 

near the field and on the water supply whenever moisture content is low. 

 

2.3.1 Disadvantages of existing System: 

 Each Type of soil should be calibrated. 

 

 Lack of Accuracy in Sandy Soils due to large particles. 

 

 Slow response due to change in soil moisture 

 

2.4 Proposed System: 

• using smart agriculture method the fields can be watered automatically when the moisture 

content, of the soil is below the threshold value  

• The farmer gets the notification about the status of his field if the moisture content, humidity 

and temperature is below threshold value, in the form of message, after viewing the message 

with the help of user interface, farmer can turn on motor which supply water to the field, if the 

water content is equal to threshold value then he will get a message to turn of the motor. 

•  even the farmer can view the status in the form of graph 

2.4.1 Advantages over existing system: 

• Water will be supplied to field automatically when we on the motor using button 

• After the moisture content is equal to threshold value ,we can off the water supply using button. 

• We can adjust the amount of water supply using servo motor 

 

 

 

 

                 

                       3. SYSTEM REQUIREMENT SPECIFICATION 
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A software requirements specification (SRS) is a detailed description of a software system to be 

developed with its functional and non-functional requirements. The SRS is developed based the 

agreement between customer and contractors. It may include the use cases of how user is going to 

interact with software system. The software requirement specification document consistent of all 

necessary requirements required for project development. To develop the software system we should 

have clear understanding of Software system. To achieve this we need to continuous communication 

with customers to gather all requirements. 

 

3.1 Hardware Requirements 

1. Arduino UNO 

2. Temperature Sensor 

3. Heartbeat Sensor 

4. Moisture Sensor 

5. ESP8266 

6. Servo Motor 

7. DC Motor 

8. L293D-Motor Driver 

3.2 Software Requirements 

1. Arduino IDE for compiling and dumping code into the microcontroller. 

2. Embedded C programming language 

3. Mongo DB 

4. Node js 

5. Mosquitto 

 

4.SYSTEM ANALYSIS 
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An embedded system is a special-purpose computer system designed to perform one or a few 

dedicated functions, sometimes with real-time computing constraints. It is usually embedded as part 

of a complete device including hardware and mechanical parts. In contrast, a general-purpose 

computer, such as a personal computer, can do many different tasks depending on programming. 

Embedded systems have become very important today as they control many of the common devices 

we use. 

Since the embedded system is dedicated to specific tasks, design engineers can optimize it, 

reducing the size and cost of the product, or increasing the reliability and performance. Some 

embedded systems are mass-produced, benefiting from economies of scale. 

Physically, embedded systems range from portable devices such as digital watches and MP3 

players, to large stationary installations like traffic lights, factory controllers, or the systems controlling 

nuclear power plants. Complexity varies from low, with a single microcontroller chip, to very high 

with multiple units, peripherals and networks mounted inside a large chassis or enclosure. 

In general, "embedded system" is not an exactly defined term, as many systems have some 

element of programmability. For example, Handheld computers share some elements with embedded 

systems — such as the operating systems and microprocessors which power them — but are not truly 

embedded systems, because they allow different applications to be loaded and peripherals to be 

connected. 

 

4.1 Node JS: 

       Node.js is an open-source, cross-platform JavaScript run-time environment that executes 

JavaScript code outside of a browser. JavaScript is used primarily for client-side scripting, in which 

scripts written in JavaScript are embedded in a webpage's HTML and run client-side by a JavaScript 

engine in the user's web browser. Node.js lets developers use JavaScript to write command line tools 

and for server-side scripting—running scripts server-side to produce dynamic web page content before 

the page is sent to the user's web browser. Consequently, Node.js represents a "JavaScript everywhere" 

paradigm, unifying web application development around a single programming language, rather than 

different languages for server side and client side scripts. 

Though .js is the conventional filename extension for JavaScript code, the name "Node.js" does not 

refer to a particular file in this context and is merely the name of the product. Node.js has an event-

driven architecture capable of asynchronous I/O. These design choices aim to optimize throughput and 
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scalability in web applications with many input/output operations, as well as for real-time Web 

applications (e.g., real-time communication programs and browser games. 

Node.js allows the creation of Web servers and networking tools using JavaScript and a collection of 

"modules" that handle various core functionality. Modules are provided for file system I/O, networking 

(DNS, HTTP, TCP, TLS/SSL, or UDP), binary data (buffers), cryptography functions, data streams, 

and other core functions. Node.js's modules use an API designed to reduce the complexity of writing 

server applications. 

Though initially the module system was based on commonjs module pattern, the recent introduction 

of modules in the ECMA Script specification has shifted the direction of using ECMAScript Modules 

in Node.js by default instead. 

Node.js is officially supported on Linux, macOS, Microsoft Windows, SmartOS, FreeBSD, and IBM 

AIX. The provided source code may also be built on similar operating systems or be modified by third 

parties to support others such as NonStop and Unix servers. Alternatively, they can be written with 

CoffeeScrip (a JavaScript alternative), Dart or TypeScript (strongly typed forms of JavaScript), or any 

other language that can compile to JavaScript. 

Node.js is primarily used to build network programs such as Web servers. The biggest 

differencebetween Node.js and PHP is that most functions in PHP block until completion (commands 

execute only after previous commands finish), while Node.js functions are non-blocking (commands 

execute concurrently or even in parallel, and use callbacks to signal completion or failure). 

 Platform architecture 

      Node.js brings event-driven programming to web servers, enabling development of fast web 

servers in JavaScript.Developers can create scalable servers without using threading, by using a 

simplified model of event-driven programming that uses callbacks to signal the completion of a task. 

Node.js connects the ease of a scripting language (JavaScript) with the power of Unix network 

programming. 

Node.js was built on the Google V8 JavaScript engine since it was open-sourced under the BSD 

license. It is proficient with internet fundamentals such as HTTP, DNS, TCP. Also, JavaScript was a 

well-known language, making Node.js accessible to the web development community. 

 Industry support 
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     There are thousands of open-source libraries for Node.js, most of them hosted on the npm website. 

The Node.js developer community has two main mailing lists and the IRC channel #node.js on 

freenode. There are multiple developer conferences and events that support the Node.js community 

including NodeConf, Node Interactive and Node Summit as well as a number of regional events. 

The open-source community has developed web frameworks to accelerate the development of 

applications. Such frameworks include Connect, Express.js, Socket.IO, Feathers.js, Koa.js, Hapi.js, 

Sails.js, Meteor, Derby, and many others. Various packages have also been created for interfacing with 

other languages or runtime environments such as Microsoft .NET. 

 How to install Node.js 

    The first steps in using Node.js is the installation of the Node.js libraries on the client system. To 

perform the installation of Node.js, perform the below steps; 

Step 1) Go to the site https://nodejs.org/en/download/ and download the necessary binary files. In our 

example, we are going to the download the 32-bit setup files for Node.js. 

Step 2) Double click on the downloaded .msi file to start the installation. Click the Run button in the 

first screen to begin the installation. 

Step 3) In the next screen, click the "Next" button to continue with the installation 

Step 4) In the next screen Accept the license agreement and click on the Next button. 

Step 5) In the next screen, choose the location where Node.js needs to be installed and then click on 

the Next button. 

 

4.2 MONGO DB: 

       MongoDB is a cross-platform document-oriented database program. Classified as a NoSQL 

database program, MongoDB uses JSON-like documents with schemata. MongoDB is developed by 

MongoDB Inc. and licensed under the Server Side Public License (SSPL). 

 Ad hoc queries: 

MongoDB supports field, range query, and regular expression searches.[8] Queries can return specific 

fields of documents and also include user-defined JavaScript functions. Queries can also be configured 

to return a random sample of results of a given size. 

 

 Indexing: 
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Fields in a MongoDB document can be indexed with primary and secondary indices. 

 Replication: 

      MongoDB provides high availability with replica sets.[9] A replica set consists of two or more 

copies of the data. Each replica set member may act in the role of primary or secondary replica at any 

time. All writes and reads are done on the primary replica by default. Secondary replicas maintain a 

copy of the data of the primary using built-in replication. When a primary replica fails, the replica set 

automatically conducts an election process to determine which secondary should become the primary. 

Secondaries can optionally serve read operations, but that data is only eventually consistent by default. 

 Load balancing: 

        MongoDB scales horizontally using sharding. The user chooses a shard key, which determines 

how the data in a collection will be distributed. The data is split into ranges (based on the shard key) 

and distributed across multiple shards. (A shard is a master with one or more slaves.). Alternatively, 

the shard key can be hashed to map to a shard – enabling an even data distribution. 

MongoDB can run over multiple servers, balancing the load or duplicating data to keep the system up 

and running in case of hardware failure. 

 

 File storage: 

        MongoDB can be used as a file system, called GridFS, with load balancing and data replication 

features over multiple machines for storing files.This function, called grid file system,is included with 

MongoDB drivers. MongoDB exposes functions for file manipulation and content to developers. 

GridFS can be accessed using mongofiles utility or plugins for Nginx and lighttpd. GridFS divides a 

file into parts, or chunks, and stores each of those chunks as a separate document. 

Aggregation 

MongoDB provides three ways to perform aggregation: the aggregation pipeline, the map-reduce 

function, and single-purpose aggregation methods.Map-reduce can be used for batch processing of 

data and aggregation operations. But according to MongoDB's documentation, the Aggregation 

Pipeline provides better performance for most aggregation operations. 
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The aggregation framework enables users to obtain the kind of results for which the SQL GROUP BY 

clause is used. Aggregation operators can be strung together to form a pipeline – analogous to Unix 

pipes. The aggregation framework includes the $lookup operator which can join documents from 

multiple documents, as well as statistical operators such as standard deviation. 

 

 Server-side JavaScript execution 

     JavaScript can be used in queries, aggregation functions (such as MapReduce), and sent directly to 

the database to be executed. 

 Capped collections 

        MongoDB supports fixed-size collections called capped collections. This type of collection 

maintains insertion order and, once the specified size has been reached, behaves like a circular queue. 

 Transactions 

      Support for multi-document ACID transactions were added to MongoDB with the General 

Availability of the 4.0 release in June 2018. 

Download & Install MongoDB 

The following steps can be used to install MongoDB on Windows 10 

Step 1) Go to link and Download MongoDB Community Server. We will install the 64-bit version for 

Windows. 

Step 2) Once download is complete open the msi file. Click Next in the start up screen 

Step 3)  

1. Accept the End-User License Agreement 

2. Click Nest 

Step 4) Click on the "complete" button to install all of the components. The custom option can be used 

to install selective components or if you want to change the location of the installation. 

Step 5)  

1. Select “Run service as Network Service user”. make a note of the data directory, we’ll need 

this later. 
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2. Click Next 

Step 6) Click on the Install button to start the installation. 

 

4.3  MOSQUITTO 

         Eclipse Mosquitto is an open source (EPL/EDL licensed) message broker that implements the 

MQTT protocol versions 3.1 and 3.1.1. Mosquitto is lightweight and is suitable for use on all devices 

from low power single board computers to full servers. 

     The MQTT protocol provides a lightweight method of carrying out messaging using a 

publish/subscribe model. This makes it suitable for Internet of Things messaging such as with low 

power sensors or mobile devices such as phones, embedded computers or microcontrollers. 

 

The Mosquitto project also provides a C library for implementing MQTT clients, and the very popular 

mosquitto_pub and mosquitto_sub command line MQTT clients.Mosquitto is part of  

Eclipse Foundation and is an iot.eclipse.org project. 

     MQTT provides a lightweight method of carrying out messaging using a publish/subscribe model. 

It is extremely simple and lightweight messaging protocol, primarily designed for constrained devices 

and low-bandwidth, high-latency or unreliable networks. The design principles are to minimize 

network bandwidth and device resource requirements whilst also attempting to ensure reliability and 

some degree of assurance of delivery. 

. In the Literature discussing microprocessors, we often see the term Embedded System. 

Microprocessors and Microcontrollers are widely used in embedded system products. An embedded 

system product uses a microprocessor (or Microcontroller) to do one task only. A printer is an example 

of embedded system since the processor inside it performs one task only; namely getting the data and 

printing it. Contrast this with a 

Pentium based PC. A PC can be used for any number of applications such as word processor, 

print-server, bank teller terminal, Video game, network server, or Internet terminal. Software for a 

variety of applications can be loaded and run. Of course the reason a pc can perform myriad tasks is 

that it has RAM memory and an operating system that loads the application software into RAM 
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memory and lets the CPU run it. 

In an Embedded system, there is only one application software that is typically burned into 

ROM. An x86 PC contains or is connected       to various embedded products such as keyboard, printer, 

modem, disk controller, sound card, CD-ROM drives, mouse, and so on. Each one of these peripherals 

has a Microcontroller inside it that performs only one task. For example, inside every mouse there is 

a Microcontroller to perform the task of finding the mouse position and sending it to the PC. Table 1-

1 lists some embedded products. 

 Download & Install Mosquitto 

Step 1: Install Mosquitto Broker 

sudo apt-get update 

sudo apt-get install mosquitto 

Step 2: Install the Clients and Test 

Install MQTT clients 

sudo apt-get install mosquitto-clients 

Step 3: Secure with a Password 

4.4 MICROCONTROLLER  

4.4.1 INTRODUCTION TO ESP8266: 

           The ESP8266 is a low-cost Wi-Fi microchip with full TCP/IP stack and microcontroller 

capability produced by manufacturer Expressive Systems in Shanghais, China.  

     The chip first came to the attention of western makers in August 2014 with the ESP-01module, 

Made by a third-party manufacturer Ai-Thinker. This small module allows microcontrollers to 

connect to a wi-fi network and make simple TCP/IP connections using Hayes-styles commands. 

However, at fist there was almost no English-language documentation on the chip and the 

commands it accepted. The very low price and the fact that there were very few external 

components on the module, which suggested that it could eventually be very inexpensive in 
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volume, attracted many hackers to explore the module, chip, and the software on it, as well as to 

translate the Chinese documentation. 

The ESP8285 is  an ESP8266 with 1MiB of built-in flash, allowing for single-chip devices capable 

of connecting to Wi-Fi. 

 

 

 

Fig:1 

ESP8266 WIFI MODULE 

 

4.4.2 The ESP8266 as a microcontroller – Hardware: 

      While the ESP8266 is often used as a ‘dumb’ Serial-to-WiFi bridge, it’s a very powerful 

microcontroller on its own. In this chapter, we’ll look at the non-Wi-Fi specific functions of the 

ESP8266. 

 

 Digital I/O: 

       Just like a normal Audiano, the ESP8266 has digital input/output pins (I/O or GPIO, General 

Purpose Input/output pins). As the name implies, they can be used as digital inputs to read a digital 

voltage or as digital outputs to output either 0V (sink current) or 3.3V (source current). 

 Voltage and current restrictions: 

     The ESP8266 is a 3.3V microcontroller, so its I/O operates at 3.3V as well. The pins are not 5V 

tolerant, applying more than 3.6V on any pin will kill the chip. The maximum current that can be 

drawn from a single GPIO pins is 12mA. 

 Usable Pins: 

     The ESP8266 has 17 GPIO pins (0-16), however, you can only use 11 of them, because 6 pins 

(GPIO 6 - 11) are used to connect the flash memory chip. This is the small 8-legged chip right next 
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to the ESP8266. If you try to use one of these pins, you might crash your program. 

GPIO 1 and 3 are used as TX and RX of the hardware Serial port (UART), so in most cases, you 

can’t use them as normal I/O while sending/receiving serial data. 

 PWM: 

       Unlike most Atmel chips (Arduino), the ESP8266 doesn’t support hardware PWM, however,  

software PWM is supported on all digital pins. The default PWM range is 10-bits @ 1kHz, but this  

can be changed (up to >14-bit@1kHz). 

 Analog input: 

        The ESP8266 has a single analog input, with an input range of 0 - 1.0V. If you supply 3.3V, for  

example, you will damage the chip. Some boards like the NodeMCU have an on-board resistive  

voltage divider, to get an easier 0 - 3.3V range. You could also just use a trimpot as a voltage divider. 

The ADC (analog to digital converter) has a resolution of 10 bit. 

 Communication 

Serial: 

The ESP8266 has two hardware UARTS (Serial ports): 

UART0 on pins 1 and 3 (TX0 and RX0 resp.), and UART1 on pins 2 and 8 (TX1 and RX1 resp.),  

however, GPIO8 is used to connect the flash chip. This means that UART1 can only transmit data. 

UART0 also has hardware flow control on pins 15 and 13 (RTS0 and CTS0 resp.). These two pins 

 can also be used as alternative TX0 and RX0 pins. 

I²C 

The ESP doesn’t have a hardware TWI (Two Wire Interface), but it is implemented in software.  

This means that you can use pretty much any two digital pins. By default, the I²C library uses pin  

4 as SDA and pin 5 as SCL. (The data sheet specifies GPIO2 as SDA and GPIO14 as SCL.) The  

maximum speed is approximately 450kHz. 

SPI 

The ESP8266 has one SPI connection available to the user, referred to as HSPI. It uses GPIO14 as 

 CLK, 12 as MISO, 13 as MOSI and 15 as Slave Select (SS). It can be used in both Slave and Master  

mode (in softwatre). 

 

4.4.3 The ESP8266 as a microcontroller – Software 

      Most of the microcontroller functionality of the ESP uses exactly the same syntax as a normal  

Arduino, making it really easy to get started. 

 Digital I/O: 

  Just like with a regular Arduino, you can set the function of a pin using pinMode(pin, mode); where  

pin is the GPIO number*, and mode can be either INPUT, which is the default, OUTPUT, or  

373



 

 

Smart Agriculture 
 

Dept of  IT ,  BVRIT,  Narsapur  19 

INPUT_PULLUP to enable the built-in pull-up resistors for GPIO 0-15. To enable the pull-down  

resistor for GPIO16, you have to use INPUT_PULLDOWN_16. 

(*) NodeMCU uses a different pin mapping, read more here. To address a NodeMCU pin, e.g. pin 5 

, use D5: for instance: pinMode(D5, OUTPUT); 

To set an output pin high (3.3V) or low (0V), use digitalWrite(pin, value); where pin is the digital  

pin, and value either 1 or 0 (or HIGH and LOW). 

To read an input, use digitalRead(pin); 

To enable PWM on a certain pin, use analogWrite(pin, value); where pin is the digital pin, and value 

a number between 0 and 1023. 

You can change the range (bit depth) of the PWM output by using analogWriteRange(new_range); 

The frequency can be changed by using analogWriteFreq(new_frequency);. new_frequency should  

be between 100 and 1000Hz. 

 Analog Input: 

   Just like on an Arduino, you can use analogRead(A0) to get the analog voltage on the analog input.  

(0 = 0V, 1023 = 1.0V). 

The ESP can also use the ADC to measure the supply voltage (VCC). To do this, include 

ADC_MODE(ADC_VCC); at the top of your sketch, and use ESP.getVcc(); to actually get the  

Voltage. If you use it to read the supply voltage, you can’t connect anything else to the analog pin.  

 Communication: 

Serial communication 

 

  To use UART0 (TX = GPIO1, RX = GPIO3), you can use the Serial object, just like on an Arduino:  

Serial.begin(baud). 

To use the alternative pins (TX = GPIO15, RX = GPIO13), use Serial.swap() after Serial.begin. 

To use UART1 (TX = GPIO2), use the Serial1 object. 

All Arduino Stream functions, like read, write, print, println, ... are supported as well. 

I²C and SPI 

You can just use the default Arduino library syntax, like you normally would. 

Sharing CPU time with the RF part One thing to keep in mind while writing programs for the  

ESP8266 is that your sketch has to share resources (CPU time and memory) with the Wi-Fi- and  

TCP-stacks (the software that runs in the background and handles all Wi-Fi and IP connections).  

 

If your code takes too long to execute, and don’t let the TCP stacks do their thing, it might crash,  

or you could lose data. It’s best to keep the execution time of you loop under a couple of hundreds of  

milliseconds. 

 

Every time the main loop is repeated, your sketch yields to the Wi-Fi and TCP to handle all Wi-Fi and 
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TCP requests. 

If your loop takes longer than this, you will have to explicitly give CPU time to the Wi-Fi/TCP  

stacks, by using including delay(0); or yield();. If you don’t, network communication won’t work as  

expected, and if it’s longer than 3 seconds, the soft WDT (Watch Dog Timer) will reset the ESP. If  

the soft WDT is disabled, after a little over 8 seconds, the hardware WDT will reset the chip. 

From a microcontroller’s perspective however, 3 seconds is a very long time (240 million 

clockcycles), so unless you do some extremely heavy number crunching, or sending extremely long  

strings over Serial, you won’t be affected by this. Just keep in mind that you add the yield(); inside  

yourfor or while loops that could take longer than, say 100ms. 

 

   

4.5 TEMPERATURE SENSOR: 

 LM 35 (TEMPERATURE / FIRE SENSOR): 

              The LM35 sensor series are precision integrated-circuit temperature sensors, whose output        

voltage is linearly proportional to the Celsius (Centigrade) temperature. 

To detect the heat produced during fire occurrence we use temperature sensor. 

The Temperature Sensor LM35 sensor series are precision integrated-circuit temperature sensors, 

whose output voltage is linearly proportional to the Celsius (Centigrade) temperature. 

  . 

Fig:2 

TEMPERATURE SENSOR 

 

 Description: 

   Temperature is the most-measured process variable in industrial automation.Most commonly, 

a temperature sensor is used to convert temperature value to an electrical value. Temperature Sensors 

are the key to read temperatures correctly and to control temperature in industrials applications. 

A large distinction can be made between temperature sensor types. Sensors differ a lot in 

properties such as contact-way, temperature range, calibrating method and sensing element. The 
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temperature sensors contain a sensing element enclosed in housings of plastic or   metal. With the help 

of conditioning circuits, the sensor will reflect the change of environmental temperature.  

LM35 Sensor Specification: 

 

The LM35 series are precision integrated-circuit LM35 temperature sensors, whose output voltage is 

linearly proportional to the Celsius (Centigrade) temperature. The LM35 sensor thus has an advantage 

over linear temperature sensors calibrated in ° Kelvin, as the user is not required to subtract a large 

constant voltage from its output to obtain convenient Centigrade scaling. The LM35 sensor does not 

require any external calibration or trimming to provide typical accuracies of ±¼°C at room temperature 

and ±¾°C over a full -55 to +150°C temperature range. Low cost is assured by trimming and 

calibration at the wafer level. The LM35's low output impedance, linear output, and precise inherent 

calibration make interfacing to readout or control circuitry especially easy. It can be used with single 

power supplies, or with plus and minus supplies. As it draws only 60 µA from its supply, it has very 

low self-heating, less than 0.1°C in still air. The LM35 is rated to operate over a -55° to +150°C 

temperature range, while the LM35C sensor is rated for a -40° to +110°C range (-10° with improved 

accuracy). The LM35 series is available packaged in hermetic TO-46 transistor packages, while the 

LM35C, LM35CA, and LM35D are also available in the plastic TO-92 transistor package. The LM35D 

sensor is also available in an 8-lead surface mount small outline package and a plastic TO-220 package. 

   LM35 Sensor Sources: 

There are several manufacturers of this popular part and each has LM35 sensor specs, datasheets 

and other free LM35 downloads. This amplifier is available from the following manufacturers. 

 National Semiconductor 

 On Semiconductor 

 Texas Instruments 

 Fairchild Semiconductor 

 STMicro electronics 

 Jameco Electronics  

 Analog Devices    
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Temperature Recorder using LM35: 

Here is how you can make an LM35 a temperature recorder by using the 12F675 PIC 

microcontroller as the controller and data store. It generates serial output so that you can view the 

results on a PC and it also calculates the temperature reading in Fahrenheit sending both to the serial 

port at half second intervals. 

Features: 

 Calibrated directly in ° Celsius (Centigrade) 

 Linear + 10.0 mV/°C scale factor 

  0.5°C accuracy guarantee able (at +25°C) 

  Rated for full −55° to +150°C range 

 Suitable for remote applications 

 Low cost due to wafer-level trimming 

 Operates from 4 to 30 volts 

 Less than 60 μA current drain 

  Low self-heating, 0.08°C in still air 

  Nonlinearity only ±1⁄4°C typical 

 Low impedance output, 0.1 W for 1 mA load 

 

LM35 Sensor Applications: 

Most commonly-used electrical temperature sensors are difficult to apply. For example, 

thermocouples have low output levels and require cold junction compensation. Thermistors are 

nonlinear. In addition, the outputs of these sensors are not linearly proportional to any temperature 

scale. Early monolithic sensors, such as the LM3911, LM134 and LM135, overcame many of these 

difficulties, but their outputs are related to the Kelvin temperature scale rather than the more popular 

Celsius and Fahrenheit scales. Fortunately, in 1983 two IC’s, the LM34 Precision Fahrenheit 

Temperature Sensor and the LM35 Precision Celsius Temperature Sensor, were introduced. This 

application note will discuss the LM34, but with the proper scaling factors can easily be adapted to the 

LM35. 

Low cost and high accuracy are maintained by performing trimming and calibration procedures 

at the wafer level. The device may be operated with either single or dual supplies. With less than 70 
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μA of current drain, the LM34 sensor has very little self-heating (less than 0.2°F in still air), and comes 

in a TO-46 metal can package, a SO-8 small outline package and a TO-92 plastic package. 

 

4.6 Humidity Sensor 

        Humidity is the presence of water in air. The amount of water vapor in air can affect human 

comfort as well as many manufacturing processes in industries. The presence of water vapor also 

influences various physical, chemical, and biological processes.   A humidity sensor can be used in 

both indoors and outdoors. Humidity sensors are available in both analog and digital forms. 

   A humidity sensor (or hygrometer) senses, measures and reports both moisture and air temperature. 

The ratio of moisture in the air to the highest amount of moisture at a particular air temperature is 

called relative humidity. Relative humidity becomes an important factor, when looking for comfort. 

Humidity sensors work by detecting changes that alterbnelectrical currents or temperature in the air.                      

 

Fig:3 

HUMIDTY SENSOR 

 

There are three basic types of humidity sensors:  

1. Capacitive  

2. Resistive  

3. Thermal  

All three types of sensors monitor minute changes in the atmosphere in order to calculate the  

humidity in the air. Let us discuss these types in detail: 

• Capacitive 

 

     A capacitive humidity sensor measures relative humidity by placing a thin strip of metal oxide  

between two electrodes. The metal oxide’s electrical capacity changes with the atmosphere’s relative  
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humidity. Weather, commercial and industries are the major application areas. 

 

• Resistive 

 

   Resistive humidity sensors utilize ions in salts to measure the electrical impedance of atoms. As  

humidity changes, so do the resistance of the electrodes on either side of the salt medium. 

 

• Thermal 

 

Two thermal sensors conduct electricity based upon the humidity of the surrounding air. One sensor  

is encased in dry nitrogen while   the other measures ambient air. The difference between the two  

measures the humidity.  

• Tips on Humidity Sensor working 

• Coulometric: An electrolyte is formed by absorption of water resulting in a 

current level which is proportional to the moisture content in the air.  

• Gravimetric: A drying agent is exposed to moist air, resulting in weight gain 

by the drying agent. The increased weight corresponds to the amount of 

moisture.  

• Microwave/Infrared: A transmitted signal varies as the humidity increases. 

The attenuation is an indication of the moisture content in the medium. 

• How Humidity sensors Work 

    Electronic sensors measure humidity by measuring the capacitance or resistance of air samples.  

capacitive hygrometer, the air flows in between two metal plates. The change in air moisture directly 

 proportional to the change in capacitance between the plates. In a resistive hygrometer, a ceramic or  

conductive polymer absorbs moisture which then affects its resistivity. is connected to a circuit  

where the moisture affects the resistance of the material. The relative humidity is then determined  

based on the change in current. 

Hygrometers are often outfitted with a temperature sensor and a barometer which combine the  

temperature and pressure data along with the capacitance/resistance change to measure the humidity. 

 

4.7 Moisture Sensor: 

         Soil moisture sensors measure the volumetric water content in soil. Since the direct gravimetric 
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 measurement of free soil moisture requires removing, drying, and weighting of a sample, soil  

moisture sensors measure the volumetric water content indirectly by using some other property of the  

soil, such as electrical resistance, dielectric constant or interaction with neutrons, as a proxy for the  

moisture content. 

The relation between the measured property and soil moisture must be calibrated and may vary  

depending on environmental factors such as soil type, temperature, or electric conductivity.  

Reflected microwave radiation is affected by the soil moisture and is used for remote sensing in  

hydrology and agriculture. Portable probe instruments can be used by farmers or gardens. 

Soil moisture sensors typically refer to sensors that estimate volumetric water content.Another class 
of sensors typically refer to sensors that estimste volumetric water content.Another class of sensors 
measure another property of moisture in soils called water potential; these sensors are usually 
referred to as soil water potential sensors and include tensiometers and gypsum blocks.  

 

Fig:4 

MOISTURE SENSOR 

 

 Description: 

         The soil Moisture Sensor uses capacitance to measure the water content of soil(by measuring the  

dielectric permittivity of the soil, which is a function of the water content). Simply insert this rugged 

Sensor into the soil to be tested, and the volumetric water content of soil is reported in percent. 

• Specifications: 

• Range: 0 to 45% volumetric water content in soil (capable of 0 to 100% VWC with alternate 

calibration)  

• Accuracy: ±4% typical  

• Typical Resolution: 0.1%  

• Power: 3 mA @ 5VDC  

• Operating temperature: –40°C to +60°C  

• Dimensions: 8.9 cm × 1.8 cm × 0.7 cm (active sensor length 5 cm)  
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      In the context of water management for irrigation, measuring and monitoring soil water status is 

an essential component of best management practices (BMPs) to improve the sustainability of 

agriculture. 

    Water content in the soil can be directly determined using the difference in weight before and after  

drying a soil sample. This direct technique is usually referred to as the thermo-gravimetric method 

(or simply gravimetric) when expressing water content as weight of water over weight of dry soil,  

GWC[lb3lb-3] (i.e., the ratio of the mass of water present in a sample to the mass of the soil sample  

after it has been oven-dried (100-110 °C) to a constant weight).  

Depending on the quantity measured, indirect techniques are first classified into volumetric and  

tensiometric methods (Figure 1). While the former gives volumetric soil moisture, the latter yields  

soil suction or water potential (i.e., tension exerted by capillarity). Both quantities are related through  

the soil water characteristic curve specific to a given soil. 

Irrigation management is a practical application of monitoring soil moisture that is becoming  

widespread among agricultural growers. Soil moisture-based optimized irrigation consists of keeping  

the soil within a target moisture range by replenishing the plant water uptake with irrigation. This  

practice reduces the potential for soil water excess and leaching of agrochemicals present in the soil,  

however it requires selection of a suitable method for soil moisture estimation (Muñoz-Carpena et  

al., 2002; 2003). To calculate irrigation requirements (the amount of water that needs to be applied  

with each irrigation), suction values from tensiometric methods need to be converted to soil moisture  

through the soil characteristic curve. 

 

4.8 SERVO METER: 

    A servometer is a rotary actuator linear actuator that allows for  precise control of angular or linear  

position, velocity and acceleration. It consists of a suitable motor coupled to a sensor for position  

feedback. It also requires a relatively sophisticated controller, often a dedicated module designed  

specifically for use with servomotors.  

Servomotors are not a specific class of motor although the term servometer is often used to refer  

to a motor suitable for use in a closed-loop control system. 

• Mechanism: 

        A servomotor is a closed-loop servomechanism uses position feedback to control its motion and 

final position. The input to its control is a signal (either analogue or digital) representing the position  

commanded for the output shaft.  

     The motor is paired with some type of encoder to provide position and speed feedback. In the  
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simplest case, only the position is measured. The measured position of the output is compared to the  

command position, the external input to the controller. If the output position differs from that  

required, an error signal is generated which then causes the motor to rotate in either direction, as  

needed to bring the output shaft to the appropriate position. As the positions approach, the error  

signal reduces to zero and the motor stops.  

The very simplest servomotors use position-only sensing via a potentiometer and bang-bang control  

of their motor; the motor always rotates at full speed (or is stopped). This type of servomotor is not  

widely used in industrial motion control, but it forms the basis of the simple and cheap servos used  

for radio-controlled models.  

Servo motors can be characterized according the motor  

controlled by servomechanism.i.e., if DC motor is controlled using servomechanism, it is called as  

DC Servo motor. Thus major types of servo motor may be- 

1) DC Servo motor 

2) AC Servo motor. 

• How does a Servo motor work? 

 
   Fig:6 

 

 

   Servo motors are used to control position and speed very precisely, but in a simple case, only 

  

position may be controlled. Mechanical position of the shaft can be sensed by using a potentiometer,  

 

which is coupled with the motor shaft through gears. The current position of the shaft is converted  

 

into electrical signal by the potentiometer, and the compared with the command input signal. In  

 

modern servo motors, electronic encoders or sensors are used to sense the position of the shaft. 

 

   The command input is given in the form of electrical pulses. As the actual input applied to the motor 

is the difference between feedback signal (current position) and applied signal (required position), 
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speed of the motor is proportional to the difference between the current position and the required 

position. The amount of power required by the motor is proportional to the distance it needs to travel.  

Usually a servomotor turns 90° in either direction, i.e. maximum movement can be 180°.  

 

A normal servo motor cannot rotate any further due to a built-in mechanical stop.    

 

• How is the servo motor controlled? 

        Usually a servomotor turns 90° in either direction, i.e. maximum movement can be 180°.  

 

A normal servo motor cannot rotate any further due to a built-in mechanical stop.    

 

Three wires are taken out of a servo: positive, ground and control wire. A servo motor is controlled  

by sending a Pulse Width Modulated (PWM) signal through the control wire. A pulse is sent every  

20 milliseconds. Width of the pulses determine the position of the shaft. For example, a pulse of 

1ms will move the shaft anticlockwise at -90°, a pulse of 1.5ms will move the shaft at the neutral  

position that 0° and a pulse of 2ms will move the shaft clockwise at   +90°. 

When servo motor is commanded to move by applying pulses of appropriate width, the shaft moves  

 

to and holds the required position. If an external force is trying to change the position of the shaft,  

 

the motor resists to change. Pulses need to be repeated for the motor to hold the position. 

 

4.9 DC motor: 

              A DC motor is any of a class of rotary electrical machines that converts direct current 

electrical energy into mechanical energy. The most common types rely on the forces produced by 

magnetic fields. Nearly all types of DC motors have some internal mechanism, either 

electromechanical or electronic, to periodically change the direction of current flow in part of the 

motor.  

DC motors were the first type widely used, since they could be powered from existing direct-current  

lighting power distribution systems. A DC motor's speed can be controlled over a wide range, using 

 either a variable supply voltage or by changing the strength of current in its field windings. Small  

  DC motors are used in tools, toys, and appliances. The universal motor can operate on direct current  

but is a lightweight brushed motor used for portable power tools and appliances. Larger DC motors  

are used in propulsion of electric vehicles, elevator and hoists, or in drives for steel rolling mills.  

The same DC machine can be used as a motor or generator. Therefore, theoretically, is same as that of 
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a DC generator. 

In real life, though, DC motors will always have more than two poles (three is a very common  

number). In particular, this avoids "dead spots" in the commutator. You can imagine how with our 

example two-pole motor, if the rotor is exactly at the middle of its rotation (perfectly aligned with the  

field magnets), it will get "stuck" there. Meanwhile, with a two-pole motor, there is a moment where  

the commutator shorts out the power supply (i.e., both brushes touch both commutator contacts 

 simultaneously). You'll notice a few things from this -- namely, one pole is fully energized at a time 

(but two others  

are "partially" energized). As each brush transitions from one commutator contact to the next, one  

coil's field will rapidly collapse, as the next coil's field will rapidly charge up (this occurs within a  

few microsecond). We'll see more about the effects of this later, but in the meantime you can see that  

this is a direct result of the coil windings' series wiring:  

 

Fig:7 

DC MOTAR 

 

   The use of an iron core armature (as in the Mabuchi, above) is quite common, and has a number of  

advantages. First off, the iron core provides a strong, rigid support for the windings -- a particularly  

important consideration for high-torque motors. The core also conducts heat away from the rotor  

windings, allowing the motor to be driven harder than might otherwise be the case. Iron core  

construction is also relatively inexpensive compared with other construction types. 

But iron core construction also has several disadvantages. The iron armature has a relatively high  

inertia which limits motor acceleration. This construction also results in high winding inductances  

which limit brush and commutator life. 
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Fig:8 

 

Diagram courtesy of MicroMo 

4.10 L293D Motor Driver: 

     L293D is a 16 pin motor driver IC consist of quadruple half H drivers. It can simultaneously  

control the direction and speed of two DC motors. L293d is a suitable device to use for stepper 

 motors, gear motors etc. 

The IC has an operating voltage range from 4.5 V to 36 V. The L293 and L293D models can drive  

current up to 1A and 600mA respectively. 

• L293d pin diagram: 

 

 
Fig:9 

 

• IC L293D pin functions 
Pin 1:   Enable 1,2 – This is an active high input. When the pin is high it enables the driver channels 

1 and 2. 

Input High state – Enabled. 

Input Low state – Disabled. 

 

Pin 2: Input 1 – Digital input to control the output 1. The state of all outputs OUT1, OUT2, OUT3, 

OUT4 will be same as the input state applied at the corresponding inputs. 

Output = Input. 

High input – High output. 
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Low input – Low output. 

 

Pin 3: Output 1 – Connected to one of the terminals of the motor 1; motor 1 –   connected across the 

output 1 and 2. 

 

Pin 4:   GND – Heatsink and Ground Connection. The GND connection itself used as the heat sink to 

disperse the heat. 

 

Pin 5:   GND – Heatsink and Ground Connection. 

 

Pin 6: Output 2 – Connected to the remaining terminal of the motor 1. Motor terminals should be 

connected with respect to the inputs assigned. 

 

Pin 7: Input 2 –   Digital input to control the output 2. 

 

Pin 8: Vcc2 –     Supply to the motors, 4.5V to 36V. The supply must be connected to a source capable 

enough to drive the current requirement of the load. 

 

Pin 9: Enable3,4 – It is also an active high input. It is to enable and disable the driver channels 3 and 

4. 

 

Pin 10: Input 3 –   Digital input to control the output 3. 

 

Pin 11: Output 3 –   Connected to one of the terminals of the motor 2; motor 2 –   connected across 

the output 3 and 4. 

Pin 12: GND – Heatsink and Ground Connection. 

 

Pin 13: GND – Heatsink and Ground Connection.  The Ground terminals should be soldered to a 

metallic area in the PCB which is enough to transfer the heat generated. 

 

Pin 14: Output 4 – Connected to the remaining terminal of the motor 1. 

 

Pin 15: Input 4 –     Input to control the output 4. All the inputs are permitted only up to a maximum 

of 7V. 

 

Pin 16: Vcc1 –     5V supply for the functioning of the IC. 

 

 

L293D working: 

The IC L293D works with an H bridge arrangement, which can alternate the polarity across a load or 

change the direction of the current. 

 

 

 

386



 

 

Smart Agriculture 
 

Dept of  IT ,  BVRIT,  Narsapur  32 

 

                                                              Fig-10 

                           

 

 

 

 

 

 

 

5. SYSTEM DESIGN 

      In this project, a simple smart agriculture monitoring system based on Internet of Things is 

 

 designed. An IoT device built on Arduino UNO and equipped with sensors like DHT-11  

 

Temperature and Humidity sensor, Moisture sensor and LDR sensor is designed which sends  

 

environmental data to ThingSpeak IoT platform by connecting to a Wi-Fi Access Point.  
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ESP8266 Wi-Fi modem is interfaced to the Arduino to connect with a Wi-Fi hotspot. The device is  

 

also interfaced with a water pump controlled by L293D motor driver IC. The water pump is  

 

automatically controlled based on the values of the various environmental factors. The various 

 

 environmental factors like temperature, humidity, soil moisture and light intensity can be monitored  

 

on the Freeboard.io dashboard.  

  
In fact many such devices can be installed to keep a watch in a large garden. The Arduino Sketch  

 

running over the device implements the various functionalities of the project like reading sensor data 

 

converting them into strings, passing them to the IoT platform, receiving commands from the IoT  

 

platform to control water pump and controlling water pump for timely watering of plants. The Sketch  

 

is written, compiled and loaded using the Arduino IDE. The IoT platform used is ThingSpeak and  

 

the Freeboard.io is used to built the IoT Dashboard. 

 

The smart agriculture monitoring device is built on Arduino. 

 
 

In this project, the two Analog Input pins of the board are used to interface the LDR and Moisture  

 

sensor, one GPIO is used to interface DHT-11 sensor, two GPIO are used to interface ESP8266  

 

module where pins are configured UART transmitter and receiver pins using software serial and 2  

 

GPIO pins are used to interface the L293D motor driver IC. 

 
 

 

 

• Block diagram: 
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Fig:11 

Module of Project 

 

            In  this work low cost soil moisture sensors, temperature and humidity sensors, are used. They 

continuously monitor the field and send it to the web server using Node MCU ESP8266 transmitter 

and receiver and ends. The sensor data are stored in database. The web application is designed in 

such a way to analyze the data received and to check with the threshold values of moisture, humidity 

and temperature. If soil moisture is less than the threshold value the motor is switched ON and if the 

soil moisture exceeds the threshold value the motor is switched off. This method can also be used in 

green houses where in addition light intensity. 

The system is developed and tested and various conditions. The soil moisture is tested in all climatic 

conditions and results are interpreted successfully. The LDR is tested in all light conditions. The soil 

sensor measures the values based on the resistance of the soil. The soil moisture level values vary 

between 0 and 100, 0 being extremely moist (in ideal conditions) and 1024 being extremely dry (ideal 

condition). These numbers are digitized voltages where 0=0V and 104=5V. The soil sensor system 

was placed in a large number of plants having dry, moderately moist, and extremely moist soil. 

 

• Design: 
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Fig:12 

Design of project 

 

 

6. IMPLEMENTATION AND CODING 

6.1 Arduino Installation 

• Arduino Software: 
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Arduino is a prototype platform (open-source) based on an easy-to-use hardware and software. 

It consists of a circuit board, which can be programed (referred to as a microcontroller) and a ready-

made software called Arduino IDE (Integrated Development Environment), which is used to write and 

upload the computer code to the physical board. 

The key features are: 

 Arduino boards are able to read analog or digital input signals from different sensors and turn 

it into an output such as activating a motor, turning LED on/off, connect to the cloud and many 

other actions. 

 You can control your board functions by sending a set of instructions to the microcontroller on 

the board via Arduino IDE (referred to as uploading software). 

 Unlike most previous programmable circuit boards, Arduino does not need an extra piece of 

hardware (called a programmer) in order to load a new code onto the board. You can simply 

use a USB cable. 

 Additionally, the Arduino IDE uses a simplified version of C++, making it easier to learn to 

program. 

 Finally, Arduino provides a standard form factor that breaks the functions of the micro-

controller into a more accessible package. 

 
 Fig:13 

ARDUINO IDE INTERFACE 

 

391



 

 

Smart Agriculture 
 

Dept of  IT ,  BVRIT,  Narsapur  37 

 
Fig:14 

USB CABLE 

 
 
Step 2: Download Arduino IDE Software. 
You can get different versions of Arduino IDE from the Download page on the Arduino Official 

website. You must select your software, which is compatible with your operating system (Windows, 

IOS, or Linux). After your file download is complete, unzip the file. 

 

Fig:15 

Download Arduino IDE Software Installation 

 

Step 3: Power up your board. 

The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw power from 

either, the USB connection to the computer or an external power supply. If you are using 

an Arduino Diecimila, you have to make sure that the board is configured to draw power 

from the USB connection. The power source is selected with a jumper, a small piece of 

plastic that fits onto two of the three pins between the USB and power jacks. Check that 

it is on the two pins closest to the USB port.Connect the Arduino board to your computer using the 
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USB cable. The green power LED (labeled PWR) should glow. 

Step 4: Launch Arduino IDE. 

After your Arduino IDE software is downloaded, you need to unzip the folder. Inside the 

folder, you can find the application icon with an infinity label (application.exe). Double-click 

the icon to start the IDE. 

 

6.2 Source Code 

#include<Servo.h> 

#include<dht.h> 

#include <ESP8266WiFi.h> 

#include <PubSubClient.h> 

const char* ssid = "connected";//your ssid name 

const char* password = "anvesh1998";//ssid password 

#define mqtt_server  "192.168.0.7" 

 

int dht11 = 13; 

 

dht DHT; 

Servo servo; 

 

float moisture; 

int temperature,humidity,value1; 

char moisture_value[5],temperature_value[5],humidity_value[5]; 

 

WiFiClientespClient; 

PubSubClient client(espClient); 

 

void setup_wifi() 

{ 

  delay(10); 

Serial.println(); 
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Serial.print("Connecting to "); 

Serial.println(ssid); 

WiFi.begin(ssid, password); 

  while (WiFi.status() != WL_CONNECTED) 

  { 

    delay(500); 

Serial.print("."); 

  } 

randomSeed(micros()); 

Serial.println(""); 

Serial.println("WiFi connected"); 

Serial.println("IP address: "); 

Serial.println(WiFi.localIP()); 

} 

 

int soil_moisture() 

{ 

  moisture=analogRead(A0); 

  value1=(moisture/10); 

  return value1; 

} 

 

int temperature_t() 

{ 

  DHT.read11(dht11); 

  temperature=DHT.temperature; 

  return temperature; 

} 

 

int humidity_h() 

{ 

  DHT.read11(dht11); 

  humidity=DHT.humidity; 
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  return humidity; 

} 

 

void callback(char* topic, byte* payload, unsigned int length) { 

Serial.print("Message arrived ["); 

Serial.print(topic); 

Serial.print("] "); 

  for (int i = 0; i< length; i++) { 

Serial.print((char)payload[i]); 

  }  

if(strcmp(topic,"motor")==0) 

  { 

    if((char)payload[0]=='1') 

    { 

Serial.println("1 done"); 

digitalWrite(12, HIGH);  

    }  

    else 

    { 

Serial.println("0 done"); 

digitalWrite(12, LOW); 

    }  

  } 

if(strcmp(topic,"servo")==0) 

    { 

    if((char)payload[0]=='1') 

      { 

servo.write(90); 

      }  

      else 

      { 

servo.write(0); 

      }  
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  } 

 

} 

 

 

void reconnect() 

{ 

  // Loop until we're reconnected 

  while (!client.connected())  

Serial.print("Attempting MQTT connection..."); 

    // Create a random client ID 

    String clientId = "ESP8266Client-"; 

clientId += String(random(0xffff), HEX); 

client.connect("clientId");// user name and password is provided by mqtt broker and repalce the topics 

with your one. 

    // Attempt to connect 

    if (client.connect(clientId.c_str())) { 

Serial.println("connected"); 

client.publish("hum",temperature_value); 

client.publish("temp",humidity_value); 

client.publish("mois",moisture_value); 

client.subscribe("motor"); 

client.subscribe("servo"); 

 

      // ... and resubscribe 

      //client.subscribe("inTopic"); 

    } else { 

Serial.print("failed, rc="); 

Serial.print(client.state()); 

Serial.println(" try again in 5 seconds"); 

      // Wait 5 seconds before retrying 

      delay(5000); 

    } 
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  } 

} 

 

void setup() { 

Serial.begin(115200); 

pinMode(12,OUTPUT); 

servo.attach(2); 

servo.write(0); 

setup_wifi(); 

client.setServer(mqtt_server, 1883); 

 } 

 

void loop() { 

 if (!client.connected()) 

  { 

    reconnect(); 

  }   

temperature_t(); 

humidity_h(); 

soil_moisture(); 

 

 

 

Serial.print("moisture="); 

Serial.println(value1); 

Serial.print("temperature="); 

Serial.println(temperature); 

Serial.print("humidity="); 

Serial.println(humidity); 

client.loop(); 

snprintf(moisture_value,5,"%d",value1); 

snprintf(temperature_value,5,"%d",temperature); 

snprintf(humidity_value,5,"%d",humidity); 
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client.setCallback(callback); 

client.publish("hum",humidity_value); 

client.publish("temp",temperature_value); 

client.publish("mois",moisture_value); 

  delay(1000); 

 } 

 

void setup() { 

Serial.begin(152000); 

pinMode(12,OUTPUT); 

} 

void loop() { 

  // put your main code here, to run repeatedly: 

digitalWrite(12,HIGH); 

delay(2000); 

digitalWrite(12,LOW); 

delay(2000); 

 

} 

Controls 

</h3> 

<br><br> 

<a href="/control/motoron"><button type="button" class="btnbtn-primary">motor on</button></a> 

<a href="/control/motoroff"><button type="button" class="btnbtn-primary">motor off</button></a> 

<br><br> 

<a href="/control/servoon"><button type="button" class="btnbtn-primary">servo on</button></a> 

<a href="/control/servooff"><button type="button" class="btnbtn-primary">servo on</button></a> 

 

 

<div id="chart"></div> 
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<div id="chart1"></div> 

<div id="chart2"></div> 

<script> 

    a=['humidity']; 

    b=['temperatue']; 

    c=['moisture']; 

    {{#if hum}} 

        {{#each hum}} 

a.push({{this}}); 

        {{/each}} 

    {{/if}} 

    {{#if temp}} 

        {{#each temp}} 

b.push({{this}}); 

        {{/each}} 

    {{/if}} 

    {{#if mois}} 

        {{#each mois}} 

c.push({{this}}); 

        {{/each}} 

    {{/if}} 

    console.log(a); 

    console.log(b); 

    console.log(c); 

    var chart = c3.generate({ 

bindto: '#chart', 

    data: { 

        columns: [a], 

        colors: { 

            humidity: '#7FFF00' 

        } 

    } 

    }); 
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    var chart1 = c3.generate({ 

bindto: '#chart1', 

    data: { 

        columns: [b], 

        colors: { 

           // data1: '#7FFF00' 

temperatue: '#FF0000' 

            //data3:  '#ADE700' 

        } 

    } 

    }); 

    var chart2 = c3.generate({ 

bindto: '#chart2', 

    data: { 

        columns: [c], 

        colors: { 

            //data1: '#7FFF00' 

            //data2: '#FF0000', 

            moisture:  '#ADE700' 

        } 

    } 

}); 

setTimeout(function () { location.reload(1); }, 5000); 

</script> 

 

                               

 

                                  7. Testing and Validation 
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S.no Test case 

description 

Input Expected 

behavior 

Observed 

behavior 

Test 

result 

1 Increase the 

moisture content 

above threshold 

value 

Soil with 

high 

moisture 

content 

Farmer will get 

notification, he 

will off the 

motor by 

clicking button 

After getting 

notification 

farmer off the 

motor 

Success 

2 Decrease  the 

moisture content 

above threshold 

value 

Soil with 

low 

moisture 

content 

Farmer will get 

notification, he 

will on the 

motor by 

clicking button 

After getting 

notification 

farmer on the 

motor 

Success 

3 moisture content 

of soil is qual to 

threshold value 

Soil with 

moderate 

moisture 

content 

Farmer will not  

get any 

notification 

Farmer will not  

get any 

notification 

Success 

 

  

Table 1:Test case if moisture content is high 

 

s.no Test case 

description 

input Expected 

behaviour 

Observed 

behaviour 

Test 

result 

1 Change the 

functionality of 

motor after 

clicking the 

button 

Change in 

the source 

code 

Farmer will get 

notification, 

when he on the 

button no action 

is performed 

No action is 

performed 
Success 

2 Not  providing  

any mobile 

number 

No 

mobile 

number is 

provided 

in source 

code 

No one will get 

any notification 

No notification 

is observed 

Success 

Table 2:Test case if mobile number is not given  

 

 

8.SCREENSHOTS 
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8.1 Ouput : 
Step 1: 

First open the node js command prompt .Enter the command  

node app.js 

It will start the project and we can run the project in port 8000  

 

Fig:16 

CMD TO RUN PROGRAM 

 

In another command prompt enter the following commands 

node index.js 

npm start 

 

by entering the commands the project gets started we need to open a window in browser with  

localhost:8000/controls.it will display the following screen 

We can click the buttons on the window to perform the related action 

 

 

 

402



 

 

Smart Agriculture 
 

Dept of  IT ,  BVRIT,  Narsapur  48 

 

Step 2: 

 

In order to view the graph of values related to temperature sensor , moisture sensor and humidity  

 

sensor we need to open another window in the browser with url localhost:8000. It will display the  

 

following screens. 
 

 
 

Fig:17 

GRAPH THAT SHOWS OUTPUT 
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Fig:18 

 

 

Step 3: 

In order to view the values of temperature sensor, humidity sensor and moisture sensor in command  

 window we need to enter the command  

Node index.js 

After entering the command it will display the values. 
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Fig:19 

CONSOLE OUPUT ON CMD 

 

 

Step 4: The whole data is saved we can view the data through mongodb 

By entering the following commands in command prompt 

Use databasename 

Show collections 

databasename.collectionsname.find(); 

it will display the previous records of data 
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Fig:20 

                                             MONGODB 
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9.CONCLUSION AND FUTURE WORK 

• Conclusion: 
 

       This research led to the development of a system which measured moisture content in the soil and 

temperature and humidity of surroundings. So that the change in these things will notify the farmer 

about the condition of farm so that farmer can respond properly within the time and increase 

productivity. Farmer will get a notification regarding the status of soil if the required conditions are 

below or above the threshold values.  If the moisture content is less in the soil, farmer can on the motor 

with out going to the farm and and he can off the motor if the moisture content is more 

 

• Future work: 

               It is of low cost and can be afforded by the farmer. It can also be employed in monitoring or 

processing major required data in agriculture. 

The proposed idea helps a lot in reducing the manual effort and advancement of technology 

 

IoT  is tagging our day-to-day objects with machine-readable identification tags. Sensors may be a 

couple with these tags to collect more information about the condition the everyday objects and those 

present around them. 

The IoT sensors are smarter and have the capability to communicate with other sensors and remote 

computers as well. 

As data is at the crux of an industrial IoT setup, the role of sensors is imperative to making the entire  

ecosystem smarter. The industrial IoT solutions are being developed keeping the huge inflow of data  

in mind. 
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1. INTRODUCTION 

1.1 Embedded System 

An embedded system is a special-purpose computer system designed to 

perform one or a few dedicated functions, sometimes with real-time computing 

constraints. It is usually embedded as part of a complete device including hardware 

and mechanical parts. In contrast, a general-purpose computer, such as a personal 

computer, can do many different tasks depending on programming. Embedded 

systems have become very important today as they control many of the common 

devices we use. 

Since the embedded system is dedicated to specific tasks, design engineers can 

optimize it, reducing the size and cost of the product, or increasing the reliability and 

performance. Some embedded systems are mass-produced, benefiting from 

economies of scale. 

Physically, embedded systems range from portable devices such as digital 

watches and MP3 players, to large stationary installations like traffic lights, factory 

controllers, or the systems controlling nuclear power plants. Complexity varies from 

low, with a single microcontroller chip, to very high with multiple units, peripherals 

and networks mounted inside a large chassis or enclosure. 

In general, "embedded system" is not an exactly defined term, as many 

systems have some element of programmability. For example, Handheld computers 

share some elements with embedded systems — such as the operating systems and 

microprocessors which power them — but are not truly embedded systems, because 

they allow different applications to be loaded and peripherals to be connected. 

An embedded system is some combination of computer hardware and 

software, either fixed in capability or programmable, that is specifically designed for a 

particular kind of application device. Industrial machines, automobiles, medical 

equipment, cameras, household appliances, airplanes, vending machines, and toys (as 

well as the more obvious cellular phone and PDA) are among the myriad possible 

hosts of an embedded system. Embedded systems that are programmable are provided 
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with a programming interface, and embedded systems programming is a specialized 

occupation.  

Certain operating systems or language platforms are tailored for the embedded 

market, such as Embedded Java and Windows XP Embedded. However, some low-

end consumer products use very inexpensive microprocessors and limited storage, 

with the application and operating system both part of a single program. The program 

is written permanently into the system's memory in this case, rather than being loaded 

into RAM (random access memory), as programs on a personal computer are.  

1.2 Applications of Embedded System 

We are living in the Embedded World. You are surrounded with many 

embedded products and your daily life largely depends on the proper functioning of 

these gadgets. Television, Radio, CD player of your living room, Washing Machine or 

Microwave Oven in your kitchen, Card readers, Access Controllers, Palm devices of 

your work space enable you to do many of your tasks very effectively. Apart from all 

these, many controllers embedded in your car take care of car operations between the 

bumpers and most of the times you tend to ignore all these controllers. 

In recent days, you are showered with variety of information about these 

embedded controllers in many places. All kinds of magazines and journals regularly 

dish out details about latest technologies, new devices; fast applications which make 

you believe that your basic survival is controlled by these embedded products. Now 

you can agree to the fact that these embedded products have successfully invaded into 

our world. You must be wondering about these embedded controllers or systems. 

What is this Embedded System? 

The computer you use to compose your mails, or create a document or analyze 

the database is known as the standard desktop computer. These desktop computers are 

manufactured to serve many purposes and applications. 

You need to install the relevant software to get the required processing 

facility. So, these desktop computers can do many things. In contrast, embedded 

controllers carryout a specific work for which they are designed. Most of the time, 
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engineers design these embedded controllers with a specific goal in mind. So these 

controllers cannot be used in any other place.  

Theoretically, an embedded controller is a combination of a piece of 

microprocessor based hardware and the suitable software to undertake a specific task. 

  These days designers have many choices in microprocessors/microcontrollers. 

Especially, in 8 bit and 32 bit, the available variety really may overwhelm even an 

experienced designer. Selecting a right microprocessor may turn out as a most 

difficult first step and it is getting complicated as new devices continue to pop-up very 

often. 

In the 8 bit segment, the most popular and used architecture is Intel's 8031. 

Market acceptance of this particular family has driven many semiconductor 

manufacturers to develop something new based on this particular architecture. Even 

after 25 years of existence, semiconductor manufacturers still come out with some 

kind of device using this 8031 core. 

 Military and aerospace software applications 

From in-orbit embedded systems to jumbo jets to vital battlefield networks, 

designers of mission-critical aerospace and defense systems requiring real-time 

performance, scalability, and high-availability facilities consistently turn to the 

LynxOS® RTOS and the LynxOS-178 RTOS for software certification to DO-178B. 

Rich in system resources and networking services, LynxOS provides an off-the-

shelf software platform with hard real-time response backed by powerful distributed 

computing (CORBA), high reliability, software certification, and long-term support 

options. 

The LynxOS-178 RTOS for software certification, based on the RTCA DO-178B 

standard, assists developers in gaining certification for their mission- and safety-

critical systems. Real-time systems programmers get a boost with LynuxWorks' DO-

178B RTOS training courses. 
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LynxOS-178 is the first DO-178B and EUROCAE/ED-12B certifiable, POSIX®-

compatible RTOS solution. 

Communications applications 

"Five-nines" availability, CompactPCI hot swap support, and hard real-time 

response—LynxOS delivers on these key requirements and more for today's carrier-

class systems. Scalable kernel configurations, distributed computing capabilities, 

integrated communications stacks, and fault-management facilities make LynxOS the 

ideal choice for companies looking for a single operating system for all embedded 

telecommunications applications—from complex central controllers to simple 

line/trunk cards. 

LynuxWorksJumpstart for Communications package enables OEMs to rapidly 

develop mission-critical communications equipment, with pre-integrated, state-of-the-

art, data networking and porting software components—including source code for 

easy customization. 

The Lynx Certifiable Stack (LCS) is a secure TCP/IP protocol stackdesigned 

especially for applications where standards certification is required. 

Electronics applications and consumer devices 

As the number of powerful embedded processors in consumer devices continues 

to rise, the BlueCat® Linux®operating system provides a highly reliable and royalty-

free option for systems designers. 

And as the wireless appliance revolution rolls on, web-enabled navigation 

systems, radios, personal communication devices, phones and PDAs all benefit from 

the cost-effective dependability, proven stability and full product life-cycle support 

opportunities associated with BlueCat embedded Linux. BlueCat has teamed up with 

industry leaders to make it easier to build Linux mobile phones with Java integration. 

For makers of low-cost consumer electronic devices who wish to integrate the 

LynxOS real-time operating system into their products, we offer special MSRP-based 

pricing to reduce royalty fees to a negligible portion of the device's MSRP. 
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Industrial automation and process control software 

Designers of industrial and process control systems know from experience that 

LynuxWorks operating systems provide the security and reliability that their industrial 

applications require. 

From ISO 9001 certification to fault-tolerance, POSIX conformance, secure 

partitioning and high availability, we've got it all. Take advantage of our 20 years of 

experience. 

1.3 Microcontroller Versus Microprocessor 

What is the difference between a Microprocessor and Microcontroller? By 

microprocessor is meant the general purpose Microprocessors such as Intel's X86 

family (8086, 80286, 80386, 80486, and the Pentium) or Motorola's 680X0 family 

(68000, 68010, 68020, 68030, 68040, etc). These microprocessors contain no RAM, 

no ROM, and no I/O ports on the chip itself. For this reason, they are commonly 

referred to as general-purpose Microprocessors. 

A system designer using a general-purpose microprocessor such as the 

Pentium or the 68040 must add RAM, ROM, I/O ports, and timers externally to make 

them functional. Although the addition of external RAM, ROM, and I/O ports makes 

these systems bulkier and much more expensive, they have the advantage of 

versatility such that the designer can decide on the amount of RAM, ROM and I/O 

ports needed to fit the task at hand. This is not the case with Microcontrollers.  

A Microcontroller has a CPU (a microprocessor) in addition to a fixed amount 

of RAM, ROM, I/O ports, and a timer all on a single chip. In other words, the 

processor, the RAM, ROM, I/O ports and the timer are all embedded together on one 

chip; therefore, the designer cannot add any external memory, I/O ports, or timer to it. 

The fixed amount of on-chip ROM, RAM, and number of I/O ports in 

Microcontrollers makes them ideal for many applications in which cost and space are 

critical.  
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In many applications, for example a TV remote control, there is no need for 

the computing power of a 486 or even an 8086 microprocessor. These applications 

most often require some I/O operations to read signals and turn on and off certain bits.  

1.4 Microcontrollers For Embedded Systems 

In the Literature discussing microprocessors, we often see the term Embedded 

System. Microprocessors and Microcontrollers are widely used in embedded system 

products. An embedded system product uses a microprocessor (or Microcontroller) to 

do one task only. A printer is an example of embedded system since the processor 

inside it performs one task only; namely getting the data and printing it. Contrast this 

with a Pentium based PC. A PC can be used for any number of applications such as 

word processor, print-server, bank teller terminal, Video game, network server, or 

Internet terminal. Software for a variety of applications can be loaded and run. Of 

course the reason a pc can perform myriad tasks is that it has RAM memory and an 

operating system that loads the application software into RAM memory and lets the 

CPU run it. 

In an Embedded system, there is only one application software that is typically 

burned into ROM. An x86 PC contains or is connected to various embedded products 

such as keyboard, printer, modem, disk controller, sound card, CD-ROM drives, 

mouse, and so on. Each one of these peripherals has a Microcontroller inside it that 

performs only one task. For example, inside every mouse there is a Microcontroller to 

perform the task of finding the mouse position and sending it to the PC. Table 1-1 

lists some embedded products. 
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2. Literature Survey 

2.1 Literature Survey 

S. Jain, V. Agarwalpresented a new fast tracking algorithm for 

trackingmaximum power point in photovoltaic systems. An initial approximation of 

maximumpower point was quickly achieved using a variable step size. Subsequently, 

the exactmaximum power point was targeted using a conventional method. The 

strength of thealgorithm came from the fact that instead of tracking power, which 

does not have oneto one relationship with duty cycle, it tracked an intermediate 

variable which had amonotonically increasing one to one relationship. The algorithm 

was verified on aphotovoltaic system modeled in Matlab Simulink software. 

Weidong Xiao, William G Dunford developed an experimental 

evaluationmethod to test the performance of tracking using photovoltaic modules and 

low costartificial lights. 

 D. Shmilovitz proposed that photovoltaic maximum power point tracking can 

be accomplished by monitoring the readings of the load parameters instead of the 

photovoltaic panel output parameters. 

2.2 Atmel mega AVR microcontroller 

AtmelmegaAVR microcontrollers (MCUs) are the ideal choice for designs 

that need some extra muscle. For applications requiring large amounts of code, 

megaAVR devices offer substantial program and data memories with performance 

up to 20 MIPS. Meanwhile, innovative Atmel picoPower technology minimizes 

power consumption. All megaAVR devices offer self-programmability for fast, 

secure, cost-effective in-circuit upgrades. You can even upgrade the Flash memory 

while running your application. 

 Based on proven, industry-leading technology, the megaAVR family offers  

our widest selection of devices in terms of memories, pin-counts and peripherals. 

 These include everything from general-purpose devices to models with 

specialized peripherals like Peripheral Touch Controller (PTC), USB, LCD  

controllers, as well as CAN, LIN and Power Stage Controllers (PSC). You will  

easily find the perfect fit for your project in the megaAVR product family. All  
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these devices are supported by the Atmel Studio development platform,  

which further reduces your time-to-market. 

2.3 Key Features 

 Broad family — ThemegaAVR family offers our widest selection of 

devices in terms of memories, pin counts and peripherals, enabling reuse of 

code and knowledge across projects. 

 picoPower technology — Selected megaAVR devices feature ultra-low 

power consumption and individually selectable low-power sleep modes that 

make them ideal for battery-powered applications. 

 High integration — Devices feature on-chip Flash, SRAM, internal 

EEPROM, SPI, TWI (I2C), and USART, USB, CAN, and LIN, watchdog 

timer, a choice of internal or external precision oscillator, and general-

purpose I/O pins, simplifying your design and reducing the bill-of-

materials. 

 Analog functions — Advanced analog capabilities include ADC, DAC, a 

built-in temperature sensor and internal voltage reference, brown out 

detector, a fast analog comparator and a programmable analog gain 

amplifier. This high level of integration allows designs with fewer external 

analog components. 

 Rapid development — megaAVR MCUs speed development with 

powerful in-system programming and on-chip debug. In addition, in-system 

programming simplifies production line programming and field upgrades.  

 IoT ready — The IoT (Internet of Things) can extend to almost any 

application—from typical building and home automation to medical 

andhealthcare systems. IoT designs typically require some form of processing 

power to perform embedded computing tasks and transmit data to the Internet. 

Increasingly, these devices are battery driven, thus power consumption often 

becomes the key success factor for a user-friendly IoT-enabled product. 

megaAVR devices are among the best MCUs in the world when it comes to 

power consumption, making them a natural choice for IoT applications. 

 High Performance, Low Power AVR 8-Bit Microcontroller. 
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 Advanced RISC Architecture – 135 Powerful Instructions – Most Single 

Clock Cycle Execution – 32 x 8 General Purpose Working Registers – 

Fully Static Operation – Up to 16 MIPS Throughput at 16MHz – On-Chip 

2-cycle Multiplier. 

 Non-volatile Program and Data Memories – 16/32KB of In-System Self-

Programmable Flash – 1.25/2.5KB Internal SRAM – 512Bytes/1KB 

Internal EEPROM – Write/Erase Cycles: 10,000 Flash/100,000 EEPROM 

C(1)C/ 100 years at 25– Data retention: 20 years at 85 – Optional Boot 

Code Section with Independent Lock Bits In-System Programming by On-

chip Boot Program True Read-While-Write Operation Parts using external 

XTAL clock are pre-programed with a default USB bootloader – 

Programming Lock for Software Security. 

 JTAG (IEEE std. 1149.1 compliant) Interface – Boundary-scan 

Capabilities According to the JTAG Standard – Extensive On-chip Debug 

Support – Programming of Flash, EEPROM, Fuses, and Lock Bits through 

the JTAG Interface. 

 USB 2.0 Full-speed/Low Speed Device Module with Interrupt on 

Transfer Completion – Complies fully with Universal Serial Bus 

Specification Rev 2.0 – Supports data transfer rates up to 12Mbit/s and 

1.5Mbit/s – Endpoint 0 for Control Transfers: up to 64-bytes – Six 

Programmable Endpoints with IN or Out Directions and with Bulk, 

Interrupt or Isochronous Transfers – Configurable Endpoints size up to 256 

bytes in double bank mode – Fully independent 832 bytes USB DPRAM 

for endpoint memory allocation – Suspend/Resume Interrupts – CPU Reset 

possible on USB Bus Reset detection – 48MHz from PLL for Full-speed 

Bus Operation – USB Bus Connection/Disconnection on Microcontroller 

Request – Crystal-less operation for Low Speed mode. 

 Peripheral Features – On-chip PLL for USB and High Speed Timer: 32 

up to 96MHz operation – One 8-bit Timer/Counter with Separate Prescaler 

and Compare Mode. 
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2.4 Pin Configuration 

 

Figure 2.1: Pin Configuration 

2.5 Overview 

The ATmega16U4/ATmega32U4 is a low-power CMOS 8-bit microcontroller 

based on the AVR enhanced RISC architecture. By executing powerful 

instructions in a single clock cycle, the device achieves throughputs approaching 1 

MIPS per MHz allowing the system designer to optimize power consumption 

versus processing speed. 
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Block Diagram 

 

Figure 2.2:Block Diagram for Pins  

The AVR core combines a rich instruction set with 32 general purpose working  

registers. 

The 32 registers are directly connected to the Arithmetic Logic Unit (ALU), 

allowing two independent registers to be accessed in one single instruction  

executed in one clock cycle. The resulting architecture is more code efficient while  

achieving throughputs up to ten times faster than conventional CISC  

microcontrollers. The device provides the following features:16/32K bytes of In- 

System Programmable Flash with Read-While Write capabilities, 512Bytes/1K  

bytes EEPROM, 1.25/2.5K bytes SRAM, 26 general purpose I/O lines (CMOS  

outputs and LVTTL inputs), 32 general purpose working registers, four flexible  

Timer/Counters with compare modes and PWM, one more high-speed  

Timer/Counter with compare modes and PLL adjustable source, one USART  

(including CTS/RTS flow control signals), a byte oriented 2-wire Serial Interface,  
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a 12-channels 10-bit ADC with optional differential input stage with  

programmable gain, an on-chip calibrated temperature sensor, a programmable 

Watchdog Timer with Internal Oscillator, an SPI serial port, IEEE std. 1149.1  

compliant JTAG test interface, also used for accessing the On-chip Debug system  

and programming and six software selectablepower saving modes. 

 The Idle mode stops the CPU while allowing the SRAM, Timer/Counters,  

SPI port, and interrupt system to continue functioning. The Power-down mode 

saves the register contents but freezes the Oscillator, disabling all other chip  

functions until the next interrupt or Hardware Reset. The ADC Noise Reduction  

mode stops the CPU and all I/O modules except ADC, to minimize switching  

noise during ADC conversions. In Standby mode, the Crystal/Resonator Oscillator  

is running while the rest of the device is sleeping. This allows very fast start-up  

combined with low power consumption. The device is manufactured using the  

Atmel high-density nonvolatile memory technology. The On-chip ISP Flash  

allows theprogram memory to be reprogrammed in-system through an SPI  

serial interface, by a conventional nonvolatile memory programmer, or by an On- 

chip Boot program running on the AVR core. 

 The boot program can use any interface to download the application  

program in the application Flash memory.  

 Software in the Boot Flash section will continue to run while the  

Application Flash section is updated, providing true Read-While-Write operation.  

By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a  

monolithic chip, the device is a powerful microcontroller that provides a highly  

flexible and cost effective solution to many embedded control applications. The  

ATmega16U4/Atmega32U4 AVR is supported with a full suite of program and  

system development tools including: C compilers, macro assemblers, program  

debugger/simulators, in-circuit emulators, and evaluation kits. 
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2.6 Pin Description 

VCC Digital Supply Voltage 

VCC stands for "voltage at the common collector." The letter "V" on a circuit stands 

for the supply voltage. Theletters "CC" indicatethatthe supply 

voltage ispositiveornegative. 

GND Ground 

Ground, in the context of electronics, is the reference point for all signals or a 

common path in an electrical circuit where all of the voltages can be measured from. 

This is also called the common drain since the voltage measurement along it is zero. 

Port B, C, D, E, F 

Port B (PB7...PB0) 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port B outputbuffers have symmetrical drive characteristics with 

both high sink and source capability. As inputs, Port B pinsthat are externally 

pulled low will source current if the pull-up resistors are activated. The Port B pins 

are tristatedwhen a reset condition becomes active, even if the clock is not 

running.Port B has better driving capabilities than the other ports.Port B also 

serves the functions of various special features of the device. 

Port C(PC7,PC6) 

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port C outputbuffers have symmetrical drive characteristics with 

both high sink and source capability. As inputs, Port C pinsthat are externally 

pulled low will source current if the pull-up resistors are activated. The Port C pins 

are tristatedwhen a reset condition becomes active, even if the clock is not 

running.Only bits 6 and 7 are present on the product pinout.Port C also serves the 

functions of special features of the device. 

Port D(PD7..PD0) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port D outputbuffers have symmetrical drive characteristics with 

both high sink and source capability. As inputs, Port D pinsthat are externally 
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pulled low will source current if the pull-up resistors are activated. The Port D pins 

are tristatedwhen a reset condition becomes active, even if the clock is not running.  

Port E(PE6,PE2) 

Port E is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port E outputbuffers have symmetrical drive characteristics with 

both high sink and source capability. As inputs, Port E pinsthat are externally 

pulled low will source current if the pull-up resistors are activated. The Port E pins 

are tristatedwhen a reset condition becomes active, even if the clock is not 

running.Only bits 2 and 6 are present on the product pinout. 

Port F(PF7..PF4,PF1,PF0) 

Port F serves as analog inputs to the A/D Converter.Port F also serves as an 8-bit 

bi-directional I/O port, if the A/D Converter channels are not used. Port pins 

canprovide internal pull-up resistors (selected for each bit). The Port F output 

buffers have symmetrical drivecharacteristics with both high sink and source 

capability. As inputs, Port F pins that are externally pulled low willsource current 

if the pull-up resistors are activated. The Port F pins are tri-stated when a reset 

conditionbecomes active, even if the clock is not running.Bits 2 and 3 are not 

present on the product pinout.Port F also serves the functions of the JTAG 

interface. If the JTAG interface is enabled, the pull-up resistors onpins PF7(TDI), 

PF5(TMS), and  

PF4(TCK) will be activated even if a reset occurs. 

DUSB 

Full speed / Low Speed Negative Data Upstream Port. Should be connected to the  

USB D- connector pin with a serial 22 resistor. 

D+ 

USB Full speed / Low Speed Positive Data Upstream Port.Should be connected to 

the USB D+ connector pin with a serial 22 resistor. 

UGND,UVCC,UCAP 

UGND 
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USB Pads Ground 

UVCC 

USB Pads Internal Regulator Input supply voltage. 

UCAP 

USB Pads Internal Regulator Output supply voltage. Should be connected to an 

external capacitor (1μF). 

VBUS 

USB VBUS monitor input. 

RESET 

Reset input. A low level on this pin for longer than the minimum pulse length will 

generate a reset, even if theclock is not running.  

XTAL 1, XTAL 2 

XTAL 1 

Input to the inverting Oscillator amplifier and input to the internal clock operating 

circuit. 

XTAL 2 

Output from the inverting Oscillator amplifier. 

AVCC,AREF 

AVCC 

AVCC is the supply voltage pin (input) for all the A/D Converter channels. If the 

ADC is not used, it should beexternally connected to VCC. If the ADC is used, it 

should be connected to VCC through a low-pass filter. 

AREF 

This is the analog reference pin (input) for the A/D Converter. 

2.7 Arduino Board 

Arduino is a computer hardware and software company, project, and user community 

that designs and manufactures microcontroller kits for building digital devices and 
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interactive objects that can sense and control objects in the physical world. The 

project’s products are distributed as open-source hardware and software, which are 

licensed under the GNU Lesser General Public License (LGPL) or General Public 

Licensethe  (GPL),permitting the manufacture of Arduino boards and software 

distribution by anyone. Arduino boards are available commercially in preassembled 

form, or as do-it-yourself kits. 

 

Figure 2.3:Arduino Board 

The project's board designs use a variety of microprocessors and controllers. 

These systems provide sets of digital and analog input/output (I/O) pins that may 

be interfaced to various expansion boards ("shields") and other circuits. The boards 

feature serial communications interfaces, including Universal Serial Bus (USB) on 

some models, for loading programs from personal computers. The microcontrollers 

are mainly programmed using a dialect of features from the programming 

languages C and C++. In addition to using traditional compiler toolchains, the 

Arduino project provides an integrated development environment (IDE) based 

on the Processing language project. 

The Arduino project started in 2005 as a program for students at 

the Interaction Design Institute Ivrea in Ivrea, Italy, aiming to provide a low-

cost and easy way for novices and professionals to create devices that interact with 

their environment using sensors and actuators. Common examples of such 

devices intended for beginner hobbyists include simple robots, thermostats, 

and motion detectors. 
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3. System Requirement Specification 

 

3.1 Software Requirements 

 Arduino IDE 

3.2 Hardware Requirements 

 Arduino UNO 

 LCD Screen 

 IR Sensor 

 DS1307 

 Keypad 

 Buzzer 
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4.Hardware Implementation 

 

4.1 Block Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Regulated Power Supply 

A variable regulated power supply, also called a variable bench power 

supply, is one where you can continuously adjust the output voltage to your 

requirements. Varying the output of the power supply is the recommended way 

to test a project after having double checked parts placement against circuit 

drawings and the parts placement guide.  

This type of regulation is ideal for having a simple variable bench power 

supply. Actually this is quite important because one of the first projects a 

hobbyist should undertake is the construction of a variable regulated power 

supply. While a dedicated supply is quite handy ,it's much handier to have a 

variable supply on hand, especially for testing. 

Mainly  the microcontroller needs 5 volt power supply. To use these 

parts we need tobuild a regulated 5 volt source. Usually you start with an 

Buzzer 

 

 

Microcontroller 

 

Keypad 

 

16x2 LCD 

RTC Module 

 

Regulated 

Power Supply 
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unregulated power To make a 5 volt power supply, we use a 7805 voltage  

regulator IC (Integrated Circuit). 

Circuit Features:-  

Vout range 1.25V - 37V 

Vin - Vout difference 3V - 40V 

Operation ambient temperature 0 - 125°C 

Output Imax <1.5A 

Minimum Load Currentmax 10Ma 

Figure 4.2:Table for circuit features 

BLOCK DIAGRAM: 

 

 

Figure 4.3:Block Diagram for Power Supply 

 Power supply: 
Every electrical and electronic device that we use in our day-to-day life will require a 

power supply. In general, we use an AC supply of 230V 50Hz, but this power has to 

be changed into the required form with required values or voltage range for providing 

power supply to different types of devices. There are various types of power 

electronic converters such as step-down converter, step-up converter, voltage 

stabilizer, AC to DC converter, DC to DC converter, DC to AC converter, and so on. 

For example, consider the microcontrollers that are used frequently for developing 

many embedded systems-based projects and kits used in real-time applications. These 

microcontrollers require a 5V DC supply, so the AC 230V needs to be converted into 

5V DC using the step-down converter in their power supply circuit. 
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Power supply circuit, the name itself indicates that this circuit is used to supply the 

power to other electrical and electronic circuits or devices. There are different types of 

power supply circuits based on the power they are used to provide for devices. For 

example, the micro-controller-based circuits, usually the 5V DC regulated power 

supply circuits, are used, which can be designed using different techniques for 

converting the available 230V AC power to 5V DC power. Generally, the converters 

with output voltage less than the input voltage are called as step-down converters. 

 Step Down the Voltage Level 
The step-down converters are used for converting the high voltage into low voltage. 

The converter with output voltage less than the input voltage is called as a step-down 

converter, and the converter with output voltage greater than the input voltage is 

called as step-up converter. There are step-up and step-down transformers which are 

used to step up or step down the voltage levels. 230V AC is converted into 12V AC 

using a step-down transformer. 12V output of stepdown transformer is an RMS value 

and its peak value is given by the product of square root of two with RMS value, 

which is approximately 17V. 

 Step-down Transformer 
Step-down transformer consists of two windings, namely primary and secondary 

windings where primary can be designed using a less-gauge wire with a greater 

number of turns as it is used for carrying low-current high-voltage power, and the 

secondary winding using a high-gauge wire with a smaller number of turns as it is 

used for carrying high-current low-voltage power. Transformers works on the 

principle of Faraday’s laws of electromagnetic induction. 

 

 

                                Fig-3.3 

STEP DOWN TRANSFORMER 
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4.3 Convert AC to DC 

230V AC power is converted into 12V AC (12V RMS value wherein the peak value 

is around 17V), but the required power is 5V DC; for this purpose, 17V AC power 

must be primarily converted into DC power then it can be stepped down to the 5V 

DC. But first and foremost, we must know how to convert AC to DC? AC power can 

be converted into DC using one of the power electronic converters called as Rectifier. 

There are different types of rectifiers, such as half-wave rectifier, full-wave rectifier 

and bridge rectifier. Due to the advantages of the bridge rectifier over the half and full 

wave rectifier, the bridge rectifier is frequently used for converting AC to DC. 

 

 

                                        Fig-3.4 

Bridge rectifier consists of four diodes which are connected in the form a bridge. We 

know that the diode is an uncontrolled rectifier which will conduct only forward bias 

and will not conduct during the reverse bias. If the diode anode voltage is greater than 

the cathode voltage then the diode is said to be in forward bias. During positive half 

cycle, diodes D2 and D4 will conduct and during negative half cycle diodes D1 and 

D3 will conduct. Thus, AC is converted into DC; here the obtained is not a pure DC 

as it consists of pulses. Hence, it is called as pulsating DC power. But voltage drop 

across the diodes is (2*0.7V) 1.4V; therefore, the peak voltage at the output of this 

retifier circuit is 15V (17-1.4) approx. 

4.4 Smoothing the Ripples using Filter 

15V DC can be regulated into 5V DC using a step-down converter, but before this, it 

is required to obtain pure DC power. The output of the diode bridge is a DC 

consisting of ripples also called as pulsating DC. This pulsating DC can be filtered 

using an inductor filter or a capacitor filter or a resistor-capacitor-coupled filter for 

removing the ripples. Consider a capacitor filter which is frequently used in most 

cases for smoothing. 
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                                Fig-3.5 

Filter 

We know that a capacitor is an energy storing element. In the circuit, capacitor stores 

energy while the input increases from zero to a peak value and, while the supply 

voltage decreases from peak value to zero, capacitor starts discharging. This charging 

and discharging of the capacitor will make the pulsating DC into pure DC, as shown 

in figure. 

REGULATING 12V DC INTO 5V DC USING VOLTAGE REGULATOR 

15V DC voltage can be stepped down to 5V DC voltage using a DC step-down 

converter called as voltage regulator IC7805. The first two digits ‘78’ of IC7805 

voltage regulator represent positive series voltage regulators and the last two digits 

‘05’ represents the output voltage of the voltage regulator. 

 

 

 

                                                   Fig-3.6 
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The block diagram of IC7805 voltage regulator is shown in the figure consists of an 

operating amplifier acting as error amplifier, Zener diode used for providing voltage 

reference, as shown in the figure. 

Zener Diode as Voltage Reference 

Transistor as a series pass element used for dissipating extra energy as heat; SOA 

protection (Safe Operating Area) and heat sink are used for thermal protection in case 

of excessive supply voltages. In general, an IC7805 regulator can withstand voltage 

ranging from 7.2V to 35V and gives maximum efficiency of 7.2V voltage and if the 

voltage exceeds 7.2V, then there is loss of energy in the form of heat. To protect the 

regulator from over heat, thermal protection is provided using a heat sink. Thus, a 5V 

DC is obtained from 230V AC power. 

 

 

 

 

                         Fig 3.7 

 

4.4 LCD INTERFACING: 

  

                      Fig 3.8 
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4.4.1LCD operation 

 In recent years the LCD is finding widespread use replacing LEDs (seven-

segment LEDs or other multisegmented LEDs). This is due to the following reasons: 

The declining prices of LCDs.  

The ability of display numbers, characters, and graphics. This is ain contrast to LEDs, 

which are limited to numbers and a few characters. 

Incorporation of a refreshing controller into the LCD, thereby relieving the CPU of 

the task of refreshing the LCD. In contrast, the LED must be refreshed by the CPU (or 

in some other way) to keep displaying the data. 

Ease of programming for characters and graphics. 

Interfacing an LCD to the Microcontroller 

4.4.2 LCD pin descriptions: 

The LCD discussed in this section has 14 pins. The function of each pin is given in 

table. 

 

 

                                            Fig 3.9 

433



Medicine reminder system 
 

Dept. of IT, BVRIT, Narsapur Page 25 

 

 

4.4.3 Vcc, Vss, and VEE: 

While Vcc and Vss provide +5V and ground, respectively, VEE is used for 

controlling LCD contrast. 

RS – register select: 

There are two very important registers inside the LCD. The RS pin is used for their 

selection as follows. If RS = 0, the instruction command code register is selected, 

allowing the user to send a command such as clear display, cursor at home, etc. If RS 

= 1 the data register is selected, allowing the user to send data to be displayed on the 

LCD. 

R/W – read/write: 

R/W input allows the user to write information to the LCD or read information from 

it. R/W = 1 when reading; R/W =0 when writing. 

E – enable: 

The enable pin is used by the LCD to latch information presented to its data pins. 

When data is supplied to data pins, a high to low pulse must be applied to this pin in 

order for the LCD to latch in the data present at the data pins. This pulse must be a 

minimum of 450 ns wide. 

D0 – D7: 

The 8 bit data pins, D0 – D7, are used to send information to the LCD or read the 

contents of the LCD’s internal registers. 

To display letters and numbers, we send ASCII codes for the letters A – Z, a – z, and 

numbers 0 – 9 to these pins while making RS = 1. 
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There are also instructions command codes that can be sent to the LCD to clear the 

display or force the cursor to the home position or blink the cursor. Table below lists 

the instruction command codes. 

 

4.4.4LCD Commands table 

We also use RS = 0 to check the busy flag bit to see if the LCD is ready to receive 

information. The busy flag is D7 and can be read when R/W =1 and RS = 0, as 

follows: if R/W =1, RS =0. When D7 = 1(busy flag = 1), the LCD busy taking care of 

internal operations and will not accept any new information. When D7 = 0, the LCD 

is ready to receive new information. Note: It is recommended to check the busy flag 

before writing any data to the LCD. 

4.4.5Keypad interfacing 

The key board here we are interfacing is a matrix keyboard. This key board is 

designed with a particular rows and columns. These rows and columns are connected 

to the microcontroller through its ports of the micro controller 8051. We normally use 
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8*8 matrix key boards. So only two ports of 8051 can be easily connected to the rows 

and columns of the key board. 

          Whenever a key is pressed, a row and a column get shorted through that pressed 

key and all the other keys are left open.  When a key is pressed only a bit in the port 

goes high.  Which indicates microcontroller that the key is pressed. By this high on 

the bit key in the corresponding column is identified. 

          Once we are sure that one of key in the key board is pressed next our aim is to 

identify that key.  To do this we firstly check for particular row and then we check the 

corresponding column the key board. 

          To check the row of the pressed key in the keyboard, one of the rows is made 

high by making one of bit in the output port of 8051 high.  This is done until the row 

is found out.  Once we get the row next out job is to find out the column of the 

pressed key. The column is detected by contents in the input ports with the help of a 

counter. The content of the input port is rotated with carry until the carry bit is set. 

          The contents of the counter is then compared and displayed in the display. This 

display is designed using a seven-segment display and a BCD to seven segment 

decoder IC 7447. 

The BCD equivalent number of counters is sent through output part of 8051 displays 

the number of pressed keys. 
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Buzzer: 

Buzzer is an electronic device commonly used to produce sound. Light weight, simple 

construction and low price make it usable in various applications like car/truck 

reversing indicator, computers, call bells etc. Piezo buzzer is based on the inverse 

principle of piezo electricity discovered in 1880 by Jacques and Pierre Curie. It is the 

phenomena of generating electricity when mechanical pressure is applied to certain 

materials and the vice versa is also true. Such materials are called piezo electric 

materials. Piezo electric materials are either naturally available or manmade. 

Piezoceramic is class of manmade material, which poses piezo electric effect and is 

widely used to make disc, the heart of piezo buzzer. When subjected to an alternating 

electric field they stretch or compress, in accordance with the frequency of the signal 

thereby producing sound. 
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5. Software Implementation 

5.1 Arduino Software 

Arduino is a prototype platform (open-source) based on an easy-to-use hardware and 

software. It consists of a circuit board, which can be programed (referred to as a 

microcontroller) and a ready-made software called Arduino IDE (Integrated 

Development Environment), which is used to write and upload the computer code to 

the physical board. 

The key features are: 

Arduino boards are able to read analog or digital input signals from different sensors 

and turn it into an output such as activating a motor, turning LED on/off, connect to 

the cloud and many other actions. 

You can control your board functions by sending a set of instructions to the 

microcontroller on the board via Arduino IDE (referred to as uploading software). 

Unlike most previous programmable circuit boards, Arduino does not need an extra 

piece of hardware (called a programmer) in order to load a new code onto the board. 

You can simply use a USB cable. 

Additionally, the Arduino IDE uses a simplified version of C++, making it easier to 

learn to program. 

Finally, Arduino provides a standard form factor that breaks the functions of the 

micro-controller into a more accessible package. 

5.1.2Arduino Installation: 

After learning about the main parts of the Arduino UNO board, we are ready to learn 

how to set up the Arduino IDE. Once we learn this, we will be ready to upload our 

program on the Arduino board. In this section, we will learn in easy steps, how to set 

up the Arduino IDE on our computer and prepare the board to receive the program via 

USB cable. 
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                                                   Fig-4.1 

Step 1: First you must have your Arduino board (you can choose your favorite board) 

anda USB cable. In case you use Arduino UNO, Arduino Duemilanove, Nano, 

Arduino Mega 2560, or Diecimila, you will need a standard USB cable (A plug to B 

plug), the kind you would connect to a USB printer as shown in the following image. 

 

 

 

In case you use Arduino Nano, you will need an A to Mini-B cable instead as 

shown in the 

following image. 
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Step 2: Download Arduino IDE Software. 

You can get different versions of Arduino IDE from the Download page on the 

Arduino Official website. You must select your software, which is compatible with 

your operating system (Windows, IOS, or Linux). After your file download is 

complete, unzip the file. 

 

 

 

Step 3: Power up your board. 

The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw power 

from 
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either, the USB connection to the computer or an external power supply. If you are 

using an Arduino Decimal, you have to make sure that the board is configured to draw 

power from the USB connection. The power source is selected with a jumper, a small 

piece of plastic that fits onto two of the three pins between the USB and power jacks. 

Check that it is on the two pins closest to the USB port.Connect the Arduino board to 

your computer using the USB cable. The green power LED(labeled PWR) should 

glow. 

Step 4: Launch Arduino IDE. 

After your Arduino IDE software is downloaded, you need to unzip the folder. Inside 

the 

folder, you can find the application icon with an infinity label (application.exe). 

Doubleclick 

the icon to start the IDE. 

 

Step 5: Open your first project. 

Once the software starts, you have two options: 

• Create a new project. 
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• Open an existing project example. 

To create a new project, select File --> New. 

 

 

 

To open an existing project example, select File -> Example -> Basics -> Blink. 
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Here, we are selecting just one of the examples with the name Blink. It turns the LED 

on and off with some time delay. You can select any other example from the list. 

Step 6: Select your Arduino board. 

To avoid any error while uploading your program to the board, you must select the 

correct 

Arduino board name, which matches with the board connected to your computer. 

Go to Tools -> Board and select your board. 
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Here, we have selected Arduino Uno board according to our tutorial, but you must 

select the name matching the board that you are using. 

Step 7: Select your serial port. 

Select the serial device of the Arduino board. Go to Tools -> Serial Port menu. This is 

likely to be COM3 or higher (COM1 and COM2 are usually reserved for hardware 

serial ports). To find out, you can disconnect your Arduino board and re-open the 

menu, the entry that disappears should be of the Arduino board. Reconnect the board 

and select that serial port. 
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Step 8: Upload the program to your board. 

Before explaining how we can upload our program to the board, we must demonstrate 

the function of each symbol appearing in the Arduino IDE toolbar. 
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A- Used to check if there is any compilation error. 

B- Used to upload a program to the Arduino board. 

C- Shortcut used to create a new sketch. 

D- Used to directly open one of the example sketches. 

E- Used to save your sketch. 

F- Serial monitor used to receive serial data from the board and send the serial data 

to the board. 

Now, simply click the "Upload" button in the environment. Wait a few seconds; you 

will 

see the RX and TX LEDs on the board, flashing. If the upload is successful, the 

message 

"Done uploading" will appear in the status bar. 

Note: If you have an Arduino Mini, NG, or other board, you need to press the reset 

button 

physically on the board, immediately before clicking the upload button on the 

Arduino Software. 

These instructions mostly show Windows software. Except when indicated, the 

software (should be) identical on all platforms. Linux will be added once I figure out 

how to get it working (yay) 

Not much is needed for this lesson, just a USB cable and an Arduino. If you have an 

older Arduino you may also need an LED. Any LED is fine as long as it looks sorta 

like the photo, with a plastic bulb and two legs. 
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Assembled 

Arduino board, 

preferrably a 

Diecimila (or 

whatever the 

latest version 

is) 

Adafruit 
$35 

 

USB Cable. 

Standard A-B 

cable is 

required. Any 

length is OK. 

Adafruit 

Or any 

computer 

supply 

store 

  

$5 

 

LED - Optional 

Nearly any 

LED is OK, as 

long as it has 

two wire legs. 

This part is 

only required 

for NG rev 

c Arduinos 

(and maybe 

other older 

ones). 

Diecimila 

Arduino's have 

Any 

electronics 

supply 

store 

$1 
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this part 'built-

in' 

 

 

Assembled Arduino board, preferably a Diecimila (or whatever the latest version is)

 Adafruit $35 

USB Cable. Standard A-B cable is required. Any length is OK. Adafruit 

Or any computer supply store.  

LED - Optional 

Nearly any LED is OK, as long as it has two wire legs. This part is only required for 

NG rev c Arduinos (and maybe other older ones). Diecimila Arduino's have this part 

'built-in' Any electronics supply store $1 

Download the Software 

The first thing to do is download the Arduino software. 

Go to the Arduino Software Download page and grab the right file for your OS. As of 

Sept 2007 the version is 009 but you should use whatever is most recent. 

The packages are quite large, 30-50 MB so it may take a while to finish 

 

Unpack and Install 

Extract the package onto the Desktop 
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Windows 

 

 

Mac OS X 
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Windows 

 

 

Mac OS X 

 

Startup! 
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Double click the Arduino software icon 

 

Windows 

 

Mac OS X 

 

To open up the workspace 
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I think I get the red error text shown because I already have Arduino installed. Either 

way, it isn't a problem if you do or don't see it. 

Select chip 

The first step is to configure the Arduino software for the correct chip. Almost all 

Arduinos use the ATmega168, but there's a chance you have an ATmega8. Look for 

the chip on the Arduino that looks like this: 
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If the text says ATMEGA8-16P then you have an atmega8 chip. If the text says 

ATMEGA168-20P then you have anatmega168 chip. If it says "ATMEGA328P-20P" 

you have an atmega328p chip 

 

 

 

Make sure the correct chip is selected (this picture is really old, will be fixed soon). 

This preference is saved so you only have to set it once, the program will remember 

next time it's run. 

Select port 
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Next, its time to configure the Serial Port (also known as the COM Port). Go back to 

lesson 0 to remind yourself of which port it is. On a PC it will probably be something 

like COM3 or COM4. On a Mac it will be something liketty. usbserial-xxxxx 

 

Windows port selection 

 

 

Mac port selection 

This preference is saved so you only have to set it once, the program will remember 

next time it's run. 

However, if you have multiple Arduino's, they may be assigned difference COM 

ports. So every time you plug in a new Arduino, double check that the correct port is 

selected. 
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Open blink sketch 

Sketches are little scripts that you can send to the Arduino to tell it how to act. Let's 

open up an Example Sketch. Go to the Filemenu-> Sketchbook -> Examples -> 

Digital -> Blink 

 

The window should now look like this, with a bunch of text in the formerly empty 

white space and the tab Blink above it 
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Verify / Compile 

The first step to getting a Sketch ready for transfer over to the arduino is to 

Verify/Compile it. That means check it over for mistakes (sort of like editing) and 

then translate it into an application that is compatible with the Arduino hardware. 
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After a few seconds, you should see the message Done compiling. in the Status Bar 

and Binary Sketch Size: in theNotification area. This means the sketch was well-

written and is ready for uploading to the Arduino board! 
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Reset (NG only) 

To tell the Arduino that it should prepare itself for a new Sketch upload, you must 

reset the board. Diecimila Arduino's have built-in auto-reset capability, so you don't 

need to do anything. Older Arduinos, such as NG, must be manually reset before 

uploading a sketch. To do that simply press the black button on the right-hand side of 

the board, shown here. 

 

 

 

Upload 

Now it's time to upload. Make sure the Arduino is plugged in, the green light is on 

and the correct Serial Port is selected. 

If you have an NG Arduino, press the Reset Button now, just before you select the 

Upload menu item. 

Select Upload to I/O Board from the File menu 
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After a few seconds you should get this screen, with the message Done uploading. in 

the status bar. 
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If you get the following error message "avrdude: stk500_getsync(): not in sync: 

resp=0x00" that means that the Arduino is not responding 
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Then check the following: 

If you have a NG Arduino, did you press reset just before selecting Upload menu 

item? 

Is the correct Serial Port selected? 

Is the correct driver installed? 

Is the chip inserted into the Arduino properly? (If you built your own arduino or have 

burned the bootloader on yourself) 

Does the chip have the correct bootloader on it? (If you built your own arduino or 

have burned the bootloader on yourself) 

If you get the following error message: 

 

 

It means you don’t have a serial port selected, go back and verify that the correct 

driver is installed (lesson 0) 

and that you have the correct serial port selected in the menu. 

If you get the following error Expected signature for ATMEGA 
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Then you have either the incorrect chip selected in the Tools menu or the wrong 

bootloader burned onto the chip 

If you get the following error: can't open device "COM10": The system cannot find 

the file specified (under Windows, COM port value may vary) 

 

 

 

It means that you have too many COM ports (maybe you've got 9 Arduinos?) You 

should make sure that the port is numbered as low as possible. You can use a program 

like FTClean to clear out old COM ports you aren't using anymore. Once you've 

cleaned out the ports, you'll have to reinstall the driver again (see lesson 0).  

 

Alternately, if you're sure that the ports are not used for something else but are left 

over from other USB devices, you can simply change the COM port using the Device 

Manager.  

Select the USB device in the Device Manager, right click and select Properties 
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Then click Advanced... and in the next window change the COM port to something 

like COM4 or COM5. Don't forget to select the new port name in the Arduino 

software.  

The lower port names may say (in use) but as long as the other USB devices aren't 

plugged in, it shouldn't be a problem. This is a little riskier than just using FTClean... 

Video of all steps 

Here is a video showing the timing of the steps described so far. 

Insert LED (NG Arduinos) 

Some older Arduinos don't have a built in LED, its easy to tell if yours does or not 

If you have a Diecimila or other Arduino with a built in LED you will see a 

translucent part as shown 
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If you have an NG rev C or other Arduino without an LED, the translucent part will 

not be there, and instead you will see two silver dots 

 

 

 

If you don't have an LED, you'll need to add your own. Any LED will do, as long as it 

has two legs and kind of looks like the one shown here. LEDs are directional 

components. That means if you put it in backwards it will not work! To help you put 
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the LED in right, the LED factory cuts the legs at different lengths. The longer leg 

goes in the hole marked 13and the shorter one goes in the hole marked GND 
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6. Screen Shots 

 

First as the LCD shows to set the timer for alarms. Use the keypad buttons to set the 

timer. For initiating the time use ‘*’ key and after finishing press ‘#’ to confirm.  

 

Enter the timer 1 for first group medicines. 
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Enter timer 2 for another group medicines. 

 

The LCD screen showing that the time has been set for medicines. 
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7. CONCLUSION 

The project “SOLAR TRACKING SYSTEM” has been successfully 

designed and tested. It has been developed by integrating features of all the hardware 

components used. Presence of every module has been reasoned out and placed 

carefully thus contributing to the best working of the unit. 

Secondly, using highly advanced IC’s and with the help of growing 

technology the project has been successfully implemented. 

Conclusions of this project is summarized as, the existing tracking system 

successfully sketched the light source even it is small torch light, in a dark room, or it 

is the sun light rays. The cost and reliability or this solar tracker creates it suitable for 

the rural usage. The purpose of renewable energy from this paper offered new and 

advanced idea to help the people. 

This work can be executed on an industrial scale which be beneficial to 

developing countries like Nigeria and Sub-Sahara Africa countries. Our 

recommendation for future works is to consider the use of more sensitive and efficient 

sensors which consume less power and which are also cost effective. This would 

increase the efficiency while reducing cost. 
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Home Automation Using Arduino 

ABOUT THE PROJECT 

In today's era, technology can enhance human life. Technology is evolving decade by decade. 

Automation was a science fiction earlier but not today. By combining latest technology with 

home, we can build an awesome home. With the Arduino uno and Windows 10, we can build a 

home automation system that is capable of operating home devices automatically. 

Getting Started 

Before starting the project, lets understand basics first. Consider the following image (overall 

configuration): 

Overall configuration 
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Configuration for Room 

Now considering room scenario, an Arduino UNO will control devices and reads sensor data. 

The figure "Room Architecture" depicts how the Arduino UNO will connects with the devices 

and sensors. Room have multiple controllable devices(i.e. Light(s), Fan, Wall Socket(s), etc.), 

one PassiveIR (to detect human presence in the room), one temperature sensor (LM35 to collect 

room temperature) and LDR (to detect light intensity near room window). 

Room scenario 

Configuration of Different Sensors 

Servo Motors 

Servo motors are geared DC motors with the closed-loop circuitry incorporated within them. The 

basic configuration of a servo motor composed of a DC motor, gearbox, potentiometer and 

control circuit. 

473

javascript:openLightBox('f9c25301e0', 0);


DC motor is used to move a gearbox with a large reduction ratio. The final shaft imposes a force 

on the external load and simultaneously acts on the axis of the feedback potentiometer. So, the 

potentiometer senses the position of the axis and sends a corresponding voltage to an operational 

amplifier. This voltage compared to the input voltage, that determines the desired position of the 

shaft, producing a voltage in the output of the comparator. This voltage powers the motor such 

that the shaft moves in the necessary direction to align with the angle that corresponds to the 

voltage applied to the input. 

Servo motor configuration 

LM35 

A precision IC temperature sensor with its output proportional to the temperature (in oC). The 

sensor circuitry is sealed and therefore it is not subjected to oxidation and other processes. 

LM35 Configuration 
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PIR 

The pin configuration of the PIR sensor is shown in the figure. PIR sensor consists of three pins, 

ground, signal, and power at the side or bottom. Generally, the PIR sensor power is up to 5V, 

but, the large size PIR modules operate a relay instead of direct output.

PIR Configuration 

HC-05 (Bluetooth) 

To make a link between your Arduino and bluetooth, do the following: 1) Go to the bluetooth 

icon, right click and select Add a Device 2) Search for new device, Our bluetooth module will 

appear as HC-05, and add it 3) The pairing code will be 1234. 4)after make a pairing, we can 

now program the arduino and upload a sketch to send or receive data from Computer. 

HC-05 Configuration 

 

475

javascript:openLightBox('6b46674e8a', 0);
javascript:openLightBox('b94e90fd92', 0);


CODE FOR HOME AUTOMATIONC/C++ 

 

float x,y;             //TEMP 

#define trigPin 12     //ULTRA 

#define echoPin 10 

int ledPin= 13;   

int duration, distance; //ULTRA 

  

#include<Servo.h>     //servo    

Servo my;              //servo 

 

char val;                     //bluetooth 

 

void setup() { 

 Serial.begin(9600);  

 pinMode(2,INPUT); //IR  GATE FIRST 

 pinMode(3,INPUT); 

 my.attach(11);     //servo    

  

 pinMode(4, OUTPUT);    //IR GATE FIRST 

  

  

 pinMode(7,OUTPUT);              //TEM 

 pinMode(8,INPUT);            //pir 1 

 pinMode(9,OUTPUT);           //LED 1 

 // pinMode(10,INPUT);          //pir 2 

  //pinMode(11,OUTPUT);             //LED2 

 pinMode(trigPin, OUTPUT); //12  PIN  ULTRA 

 pinMode(echoPin, INPUT);  //10 PIN ULTRA 

 pinMode(ledPin, OUTPUT);  //13 PIN  ULTRA 
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   pinMode(3,OUTPUT);             //bluetooth 

} 

 

 

 

void loop() { 

 x=analogRead(0);                 //TEMP 

  y=((x/1024)*5)*100; 

  Serial.println(y); 

  delay(500); 

   

  if(y>44) 

  { 

  digitalWrite(7,1); 

  } 

  else 

  { 

  digitalWrite(7,0); 

  delay(500); 

  } 

                                   //TEMP 

   

 

if(digitalRead(8)==HIGH)                  //pir  

 { 

  digitalWrite(9,HIGH); 

  } 

 else 
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{ digitalWrite(9,LOW);} 

  

   

  

  

  digitalWrite(trigPin, HIGH);           //ULTRA 

   delayMicroseconds(10); 

   digitalWrite(trigPin, LOW); 

   duration = pulseIn(echoPin, HIGH); 

   distance = (duration/2) / 29.1; 

 

  if (distance >= 10 || distance <= 0)  

  { 

  // Serial.println("no object detected"); 

  

  

   digitalWrite(ledPin,LOW); 

   } 

  else  

  { 

  Serial.println("object detected \n"); 

 Serial.print("distance= "); 

              

  Serial.print(distance);        

   digitalWrite(ledPin,HIGH); 

  }                                              //ULTRA 

if(digitalRead(2)==HIGH)        //gate first         

 { 

  my.write(0);          //servo 
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  } 

 else 

 { 

  my.write(90);             //servo 

 } 

 

 analogRead(5);             //ldr 

  float a = analogRead(5);    

 Serial.println(a); 

   

 

   if (a <=200) { 

 

    digitalWrite(4,1);                

   Serial.println("LDR is DARK, LED is ON"); 

     

   

   } 

  else { 

 

    digitalWrite(4,0);          

    Serial.println("-----"); 

     

     

  }                                        //ldr 

 

  

 

if (Serial.available())                                       //bluetooth 

{ 

  val = Serial.read(); 
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  Serial.println(val); 

 

   

  if(val == 'TV') 

  digitalWrite(3,HIGH); 

   

  else if(val == 'tv') 

  digitalWrite(3,LOW); 

 

  }                                                           //bluetooth 

 

 

} 

 

SCHEMATICS 

BLUEPRINT FOR PROJECT 
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Circuit Diagram Arduino IDE 

 Circuit Diagr 

Circuit Construction 

                                  First make the circuit connection as shown in fig1.1. The 1st Pin(Vcc) of 

Bluetooth(HC05) is connect to +5v of Arduino Uno and 10th pin(GND) to Arduino Uno GND. 

The 2nd pin(Tx) and 3rd pin(Rx) of HC05 is connected to 4th  and 2nd  of Arduino Uno. Make sure 

that Rx pin of HC05 is connected to Arduino @nd pin through voltage divider contains 1k and 

2k resistor, because Rx pin of HC05 is 3.3v compatible but Arduino GPIO output is 5v. So we 

decreasing the voltage from 5v to 3.3v using voltage divider to make  Arduino and Bluetooth 

compatible. 

                                        Then 9th and 10th pin of Arduino uno is connected to R1 and R2 of relay 

board. Vcc and GND pin of relay board is connected to Vin(+9v) and GND pin of Arduino  Uno. 

Another side of relay board three pin connector available, named NO(Normally open), C 

(common) and NC(Normally closed). Each relay contains separate connector. Phase(P) of 230v 

AC is connected to C (common) and one end of bulb is connected to NO(normally open). 

Another end of bulb is connected to Neutral(N) of AC supply.     

Working 
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              After making circuit connection as per the fig 1.1 compile the arduino program given 

below in Arduino IDE and upload program to your Arduino Uno using USB B type data 

cable.  Power up your Arduino using 9v DC adapter. After power up your circuit the lrd on 

Bluetooth start to blink very fast, it means the Bluetooth device waiting to be pair. Now connect 

your mobile to HC05 using Bluetooth Controller app. After connecting your mobile to HC05 

turn ON and OFF the lights using respective keys. 

            Download Bluetooth Controller app from google play store. 

 

  Once the Bl 
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uetooth in Android phone is turned ON and app is started, the following screen will be opened.    

      

  

Here, we can set the data to be transmitted when a particular key is presswd byselecting “SET 

KEYS” option. 
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In order to connect Bluetooth module we need to press “SCAN”  and list of available Bluetooth 

device select your Bluetooth device. “Connected” is appeared on top left of screen 

Once the setup is done, we are ready to transmit the data to arduino. When Light1 ON is press 

light1 will glow and if Light1 OFF is pressed Light1 will Off. Same to Light2. If we need turn 

OFF all lights we need no press All Loads OFF. 
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Mobile Charging On Coin Insertion 
 

Abstract- Here we are going to see the mobile charging by inserting coin in coin sensor module.  

As the usage of mobile phones is increasing rapidly in day-to-day life, so to operate these mobile 

phones mobile charging system at public places play a very important role. Nowadays non- 

renewable energy is available in less percentage. So use of renewable energy worth billions of 

dollars. As solar energy is available in abundant amount in nature at free of cost. So this system 

also uses solar energy to charge mobile phones at public places using solar plate and also have 

secondary charging source as AC input in rainy season. This system uses solar energy by using 

solar tracking mechanism, which ensures maximum utilization of sunlight for its charging. 

 

Key Words:  Renewable, Coin,  Coin  sensor module, Solar, Solar tracking, LDRs, Mobile 

phone. 

 

1. INTRODUCTION 

 

As in today’s world, mobile phone has become a necessary thing for the people. Today’s technically 

advanced   mobile   phones   are   capable   of   not   only receiving and placing the calls but also 

can store data, taking pictures and many more. Mobile phones help us to stay connected with others 

and provide the user high security. As the use  is  increasing  an  equal  amount of power is required 

to run the application. As in regular routine we can charge the phone easily but as routine changes 

and if we are on a long journey or in emergency or in some unpredictable situations where we 

require emergency mobile charging at that time coin insertion mobile charging system plays a vital 

role where one can easily charge their phone at public places at low cost. This system consists 

of coin sensing module that recognizes valid coins and then signals the microcontroller for  further  

action.  If a valid  coin  is sensed, then the signal is sent to the microcontroller and then 

microcontroller starts the charging mechanism providing a 5V supply through the power supply. 

 

Now the system also monitor the amount of charging to be provided. So the microcontroller starts 

the reverse countdown timer to display the charging time for that mobile phone. Now if the user 

inserts another coin in that time, the microcontroller adds the time to currently remaining charging 

time and starts the reverse countdown. The  system also  uses  renewable resource like solar energy 

to charge the mobile phone by converting solar energy into electrical energy. This system also have 

secondary source as AC input in rainy season. The system also has  solar tracking subsystem 

which ensures the maximum utilization of solar energy to be done. So this system can be used for 

smart mobile charging at public places. 

 

2. LITERATURE REVIEW 

 

In  2017,  Dhara  G.  Rangani,  Nikunj  V.  Tahilramani [1] have  presented  mobile  charging  using  

coin  in  which their main focus was coin detection for which they have used cantilever type sensor 

for coin detection. Cantilever type  sensor detects weight  of  5  rupee coin  and  gives digital signal 

to ADC. Using this controller check whether coin is original or duplicate. They have also used solar 

power for charging the mobile station battery and used greed power when solar power is not 

available. 

 

In  May  2017,  Mr.  C  V  Raja  Reddy,  Uzoigwe  Daniel, Rupesh  Rai,  Balaji  R  [2]  have  
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proposed  coin  based mobile charging with solar tracking in which their main focus was solar 

tracking for which they have used LDRs so according to the sunlight intensity LDR resistance will 

be varied. When the sun intensity is high then LDR offers less resistance, the voltage across each 

LDR is given to the ADC, then controller checks in accordance with the algorithm designed and 

rotates the motor in specified direction. 

 

In 2015, Nupur Khera [3] have presented a solution to improve the charging and discharging control 

of battery. The  solar  charge  controller  will  prevent  the overcharging of the battery thus it will 

help to increase the life of battery. Solar charge controller will also prevent reverse flow of current 

from the batteries to the solar panels at night. 

In  2013, S.  B.  Sridevi  [4]  have provided a  solution to solar tracking. As sun rises in the east 

and sets in the west, So if the system cannot change the direction towards   sun   then   it   will   not   

be   able   to   consume maximum sunlight this makes the system inefficient so to overcome the 

problem solar tracking system has been developed. 

 

3. ARCHITECTURE OF PROPOSED SYSTEM 

 

 
                                                     Fig-1: Architecture of proposed system 

 

This proposed system will charge the mobile phone by inserting coin. For coin insertion we are 

using coin insertion module which will detect the inserted coin, if appropriate coin is detected then 

it will give the digital signal to the microcontroller otherwise it will refund the coin.  Then  the  

microcontroller will  ON  the  respective relay   for   specific   time   interval   according   to   the 

algorithm. This proposed system will not charge the mobile full from 0% to 100% but it will charge 

according to number of coins inserted. If we add more coins then time  will  also  get  added  to  the  

charging  and  reverse count down time will get displayed on LCD. This proposed system will also 

use the solar energy for charging the battery at mobile charging station and uses AC power supply 

as secondary source if sun is not available. We  use  solar  tracking system for  maximum utilization 

of solar energy using LDRs. As we are using 

12V battery for storing the solar energy so to protect the battery from over voltage we are using 

charge controller circuit.  If  battery  voltage  exceeds  13.5V  then  charge 

controller will  automatically cut  off  the  supply  to  the 

battery and hence battery will get saved from damage due to over voltage. 

 

4. SYSTEM SPECIFICATIONS 

 

4.1. Hardware Specifications 

 

ATmega328: 
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The Atmel 8 bit AVR RISC –based   microcontroller combines 32KB ISP flash  memory with read-

while-write capabilities, 23  general  purpose  I/O  lines,  32  general purpose working registers, 

three flexible timer counter with compare modes , internal and external interrupts, 

6-channel 10 bit A/D converter, low power consumption 

, low cost with feature supported sufficient flash memory for program hex file(up-to 32KB) inbuilt 

ADC for LDR, sufficient I/O ports and pins, best online support for debugging, open source 

complier available     (Arduino). The device operates between 1.8-5.5 Volts. It is capable of  doing  

all  computations  including  ADC  conversion, solar tracking LDRs. 

 

Coin Insertion module: 

 

Self-programming without PC and automatic self -test for problem, accepts different types of coin 

at the same time. 

1. Coin Diameter: 15mm-32mm 

2. Coin thickness: 1.2mm-3.4mm 

3. Working voltage: DC+12V±10% 

4. Signal output: Pulse 

5. Accuracy Rate of identification: 99.6% 

6. Working Current: 65mA±% 

 

Solar Panel: 

 

Photovoltaic modules use the light energy to generate electricity through a photovoltaic effect. 

No of cells and connections: 36(6x6) Dimension of module(mm): 650x565x40 

Maximum power voltage: 18v 

 

LDRs(Light Dependent Resistors) Motor Driver 

LCD Display 

Power Supply And Battery 

 

4.2. Software Specifications 

 

Proteus(PCB Design) Arduino(Embedded C) 

 

IMPLEMENTATION: 

This smart coin based mobile charging system charges your mobile for particular amount of time on 

inserting a coin. The system is to be used by shop owners, public places like railway stations to provide 

mobile charging facility. So the system consists of a coin recognition module that recognizes valid 

coins and then signals the microcontroller for further action. If a valid coin is found it signals the 

microcontroller and microcontroller then starts the mobile charging mechanism providing a 5V supply 

through a power supply section to the mobile phone, now system also needs to monitor the amount of 

charging to be provided. So the microcontroller starts a reverse countdown timer to display the 

charging time for that mobile phone. Now if the user inserts another coin in that time, the 

microcontroller adds the time to currently remaining charging time and starts the reverse countdown. 

So the system can be used for smart mobile charging.                                                                                                        
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5. EXPERIMENTAL SETUP 

 

The system should be able to charge the battery source of  energy  i.e.  Solar  Energy.  In  rainy  

season  we  may charge the battery with AC power source. The solar tracking system attached with 

the system will be able to use   maximum   solar   energy   for   charging.   The   coin sensing module 

will be able to take   Rs. 1,2 and 5 coin and enables the charging for 1,2 and 5 minutes respectively. 

This system is very much efficient and reliable. The only drawback is that insertion of notes is 

strictly not allowed. 

In recent times, there have been lots of advancements in technologies being developed for 

charging the mobile phones. In most cases solar energy is used for charging the mobile phones. Solar 

energy converts light energy into DC current that can be used for charging the mobile phones. A 

fixed solar panel of size 635x550x38mm The Infra-Red Sensor is another way to charge mobile 

phones. The Infra-Red transmitter transmits IR signals in the transmitter side and receives the IR 

signal in the IR receiver side. Based on the signal between the IR transmitter and receiver, insert a 

coin to change the polarity of pulse in SCU input. The SCU converts low pulse to high pulse and 

fed as input into driver circuit and driver circuit provides sufficient input voltage of relay. This will 

be used for charging the mobile phones. The microcontroller   performs   the   countdown time period 

for a 3 minutes, with LCD display shows the actual time left. During the time period a relay was 

out latch and finishing time in progress [2]. In [3], it experimentally investigated the working of Coin   

based   mobile   charger   with   solar tracking system by peak power positioning [3]. In this experiment 

the operational amplifiers can operate the ON/OFF and directional functions of the structured five 

motors.  These  motors  rotate  in  two  axes. The tracker’s sun sensor is mounted. From the output of 

this device it will check the outputs are all equal, then the collector structure is nearly perpendicular 

to the sun and tracking error is reduced. According to [4], the renewable energy is the main source 

ofone of the renewable energy sources is solar energy. This energy generated more energy because 

the solar panel is to maintain a perpendicular to the sun’s rays [4]. By using an IoT, the mobile phone 

can be charged.  In  this  scenario,  it  monitors  the solar energy as well as battery power when the 

coin is inserted in the coin box. Once the coin is detected, it sends signal to the Raspberry pi and it 

trigger the relay and the LCD display show the countdown time. The Raspberry   pi   can   collaborate   
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with   the outside   world.   The   relay   generates   the voltage and fed as input to mobile phones. 

There are various technologies evolved for charging the mobile phones in our world [5]. 

 

SYSTEM ARCHITECTURE 

 

The system architecture is described in the figure 3.1. A sequence of modules are used 

in the architecture namely Arduino UNO board, LCD 16x2 display, transistor, resistors, power 

source for arduino, battery and USB Port. The Arduino can "talk", (transmit or receive data 

data) via a serial channel, so any other device with serial capabilities can communicate with 

an Arduino. 

 

 

 

System Architecture 

 

MODULES 

 

This  section  describes  the  modules for the proposed system. 

 

        Input stage-To accepts the valid coin. 

 Controller-To   control   the   voltage using relay. 

 Power-To supply the power based on the requirements. 

 Output  and  display-To  display  the output information. 

 

1.    Input Stage: 

 

The user inserts a coin to the coin insertion slot. The sensor is attached to the coin 

insertion slot and the coin is validated based on the diameter of the coin inserted. Initially 

the LCD display a message as “Please insert coin”. If the inserted coin is valid, the 

message is displayed in the LCD and signal is sent to the arduino. If the coin is not valid, 

it is returned back.When the coin is accepted, the arduino and relay is activated and the 

battery starts getting charged by the software of relay. 

 

2. Controller: 

 

The  system  performs  according  to the input signal from the circuit. Based on the 

diameter of the coin, the coin is either accepted or rejected. If the coin is accepted, it sends 

signal to arduino along with LCD interface. Once the arduino receives the signal from the 

coin insertion slot, it sends signal to the relay. The relay generates the voltage of 5v, which 

in turn charges the mobile phone through the mobile USB terminal. 
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3. Output and Display: 

 

The LCD connected displays the messages as and when required. Initially, when the 

mobile charger is connected the LCD displays as, “Please insert coin”. When the mobile 

phone is charging, it displays “Charging” and the duration of charging based on the coin 

inserted. 

 

4. Power: 

 

This   coin   based   mobile   charger draws power from the arduino through relay.The 

voltage is regulated based on the type of the mobile phone connected 

for  charging.  The  following  list describes the various mobile phones and their charging 

requirement 

 

Charging Requirements of mobile batteries. 

 

 

 

 

 

 

 

 

 

 

 

Courtesy: images.google.com 

 

COMPONENTS 

 

        Arduino UNO 

        Relay 

 

1.   Arduino UNO: 

 

Today, Arduino is one of the major hardware components in our world. It is an Open 

Source platform. It is flexible and   easy   to   use   in   hardware   and software field. It 

consists of both a microcontroller and a piece of software that runs on your computer that 

is used to write a data and upload a code in to the physical board. It is based on the ATmega 

328. In arduino consists of 14 digital input/output pins in which 6 pins can be used as 

PWM outputs, a 16 MHz ceramic resonator, an ICSP header, a USB connection, 6 analog 

inputs, a power   jack   and   a   reset   button.The power supply for arduino is given through 

USB connection. It selects their power source automatically. The range of voltage is 7 to 

12 volts to be recommended.It has 32KB of flash memory for storing code and 2KB of 

SRAM and 1KB of EEPROM. 

The power pins are as follows: 

 

 VIN:Thevoltage    can    supply through this pin or the voltage can be supplied via the 
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power jack. 

 5V: The regulated power supply is used      to      power      the microcontroller and 

other components  on  the board.  The power supply can come either from  VIN  or  be  

supplied  by USB or another regulated 5V supply. 

 3V3:    A    3.3    volt    supply generated by the on-board regulator. Maximum current 

draw is 50 mA. 

        GND: Ground pins. 

 

 
 

Arduino UNO 

 

2.   Relay: 

 

A relay is a switch. This is an electromagnet switch in which it is operate as a 

mechanically and also other operating principles are also used, such as Solid-state relays. 

It can be used to control a circuit by a separate low-power signal, or must be controlled 

by one signal. The relays wereused in many fields. One of the fields used as an amplifier: 

they repeated the signal coming in from one circuit and re- transmitted it on another circuit. 

It can be used extensively in telephone exchanges and early computers to perform logical 

operations.When  an electric  current is passed through the coil in which the coil is placed inside 

the relay and it generates a magnetic field. 

The relays are manufactured to  operate  quickly.  It  reduces  the noise in low voltage 

application and it reduces arcing in high voltage application. 

 

 

 

 

 

 

 

 

Relay 

 

IMPLEMENTATION METHODOLOGY 
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The three pins of the coin sensor is connected with the arduino board. One pin is connected with 

the pin 2 in arduino and the other  two   pins   are  connected   with   the positive and negative terminal 

of the battery. 

 

Once the coin is inserted into coin sensor, it validates the coin and sends signal to the arduino. 

 

The arduino will send the signal to LCD 16x2 display. The LCD displays the amount  of  time  to  

be  charged.  Then  the battery will charged the mobile phone based on the number of valid coins. 

If the coin is invalid then the LCD displays a message as “INSERT THE COIN”. 

The following flowchart describes how the system works. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Algorithm: 

 

 

Algorithm: Charge_Mobile(coin) Input: Coin. 

Output: Charging the mobile phone. Process: 

Display a message as “Please insert coin” 

// LCD will display a message. 
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If (valid coin) // coin sensor //validates whether the coin is valid or not 

 

{ 

Coinval=the value of the coin. Based on the coin value the timer 

will be decremented in seconds. 

 

LCD display the message as 

“Charging” 

 

LCD display the time period for charging the mobile phone. 

 

} Else 

{ 

 

The coin returned back to the coin slot. 

 

} 

 

 

6. FUTURE SCOPE 

 

As  the  system  uses  solar  energy  so  it  is  very  much efficient. It can be installed on railway stations, bus 

stops and public places for pay charging facility. The system is very much useful for emergency charging 

purposes or in rural areas where AC supply is not available for 24x7 hours. 

 

7. CONCLUSION 

 

After analyzing the related articles, literatures and a few similar projects the  current system  was  selected.  

The developed system is able to achieve the primary objectives like charging the mobile phone using coin 

insertion for a specific duration of time, tracking the maximum sunlight, charge controller to avoid damage to 

the battery due to over voltage. The system is able to control  the  communication  between  various components. 

In this research we consider a hybrid framework that combines the advantages of power supply  charging  and  

solar  energy  harvesting technologies. 

REFERENCES 

 

[1] Dhara G. Rangani, Nikunj Tahilramani ”Coin based mobile battery charger with high security” in IEEE 

conference, 2017. 

 

[2]  Mr  C  V  Raja  Reddy,  Uzoigwe  Daniel,  Rupesh  Rai, Balaji R” Coin Based Cell Phone Charger with 

Solar Tracking  system”,  ISSN:2455-7137,  Volume-02,  Issue- 

05,May 2017, PP-46-53, IJLERA. 

 

[3] Nupur Khera” Design of charge controller for solar PV 

494



 

systems” ICCICCT, 2015. 

 

[4] Aparna D. Pawar “Coin based solar mobile charger”, 

ISSN:2321-0869,Volume-3,Issue-5,May 2015,IJETR. 

 

[5] T Chandrasekhar Etal, Mobile Charger based on coin by using solar tracking system, International  journal 

of innovative Research in Science, Engineering And Technology,(An ISO  3297:2007 Certified  Organization) 

Vol. 3, Issue 2, February 2014. 

 

[6]  S.  B.  Shridevi,  A.  Sai.  Suneel,  K.  Nalini”Coin based 

mobile charger using solar tracking system”, IJAREC, pp 

741-745,Sept.2013. 

 

[7] K. M. Trautz, P.P. Jenkins, R J. Walters, D. Scheiman, R.Hoheisel, R.Tatavarti, R.Chan, H.Miyamoto, J. 

G. Adams, V. C. Elarde, and J. Grimsley”Mobile solar Power”, IEEE, pp 535-541, Jan.2013. 

[8]  S.  Banu  Prathap, R.Priyanka, G.  Guna,  Dr.  Sujatha” Coin based cell phone charger” International 

Journal of Engineering Research  And Technology(IJERT)ISSN:2278-0181      Volume      2,Issue 

3(March 2013). 

 

[9] www.efyindia.com 

 

[10] www.nationalsemiconductor.com 

 

[11] www.alldatasheet.com 

 

495

http://www.efyindia.com/
http://www.nationalsemiconductor.com/
http://www.alldatasheet.com/


IoT based Air Pollution Monitoring System using Arduino 

                In this project we are going to make an IoT Based Air Pollution Monitoring System in 

which we will monitor the Air Quality over a webserver using internet and will trigger a alarm 

when the air quality goes down beyond a certain level, means when there are sufficient amount of 

harmful gases are present in the air like CO2, smoke, alcohol, benzene and NH3. It will show the 

air quality in PPM on the LCD and as well as on webpage so that we can monitor it very easily. 

Previously we have built the LPG detector using MQ6 sensor and Smoke detector using MQ2 

sensor but this time we have used MQ135 sensor as the air quality sensor which is the best choice 

for monitoring Air Quality as it can detects most harmful gases and can measure their amount 

accurately. In this IOT project, you can monitor the pollution level from anywhere using your 

computer or mobile. We can install this system anywhere and can also trigger some device when 

pollution goes beyond some level, like we can switch on the Exhaust fan or can send alert 

SMS/mail to the user. 

Required Components: 

 MQ135 Gas sensor 

 Arduino Uno 

 Wi-Fi module ESP8266 

 16X2 LCD 

 Breadboard 

 10K potentiometer 

 1K ohm resistors 

 220 ohm resistor 

 Buzzer 

You can buy all the above components from here. 

Circuit Diagram and Explanation: 

First of all we will connect the ESP8266 with the Arduino. ESP8266 runs on 3.3V and if you 

will give it 5V from the Arduino then it won’t work properly and it may get damage. Connect the 

VCC and the CH_PD to the 3.3V pin of Arduino. The RX pin of ESP8266 works on 3.3V and it 

will not communicate with the Arduino when we will connect it directly to the Arduino. So, we 

will have to make a voltage divider for it which will convert the 5V into 3.3V. This can be done 

by connecting three resistors in series like we did in the circuit. Connect the TX pin of the ESP8266 

to the pin 10 of the Arduino and the RX pin of the esp8266 to the pin 9 of Arduino through the 

resistors. 

ESP8266 Wi-Fi module gives your projects access to Wi-Fi or internet. It is a very cheap device 

and make your projects very powerful. It can communicate with any microcontroller and it is the 

most leading devices in the IOT platform. Learn more about using ESP8266 with Arduino here. 
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Then we will connect the MQ135 sensor with the Arduino. Connect the VCC and the ground pin 

of the sensor to the 5V and ground of the Arduino and the Analog pin of sensor to the A0 of the 

Arduino. 

Connect a buzzer to the pin 8 of the Arduino which will start to beep when the condition becomes 

true. 

In last, we will connect LCD with the Arduino. The connections of the LCD are as follows 

 Connect pin 1 (VEE) to the ground. 

 Connect pin 2 (VDD or VCC) to the 5V. 

 Connect pin 3 (V0) to the middle pin of the 10K potentiometer and connect the other two ends 

of the potentiometer to the VCC and the GND. The potentiometer is used to control the screen 

contrast of the LCD. Potentiometer of values other than 10K will work too. 

 Connect pin 4 (RS) to the pin 12 of the Arduino. 

 Connect pin 5 (Read/Write) to the ground of Arduino. This pin is not often used so we will 

connect it to the ground. 

 Connect pin 6 (E) to the pin 11 of the Arduino. The RS and E pin are the control pins which 

are used to send data and characters. 

 The following four pins are data pins which are used to communicate with the Arduino. 

Connect pin 11 (D4) to pin 5 of Arduino. 

Connect pin 12 (D5) to pin 4 of Arduino. 

Connect pin 13 (D6) to pin 3 of Arduino. 

Connect pin 14 (D7) to pin 2 of Arduino. 

 Connect pin 15 to the VCC through the 220 ohm resistor. The resistor will be used to set the 

back light brightness. Larger values will make the back light much more darker. 

 Connect pin 16 to the Ground.  

Working Explanation: 

The MQ135 sensor can sense NH3, NOx, alcohol, Benzene, smoke, CO2 and some other gases, 

so it is perfect gas sensor for our Air Quality Monitoring Project. When we will connect it to 

Arduino then it will sense the gases, and we will get the Pollution level in PPM (parts per million). 

MQ135 gas sensor gives the output in form of voltage levels and we need to convert it into PPM. 
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So for converting the output in PPM, here we have used a library for MQ135 sensor, it is explained 

in detail in “Code Explanation” section below. 

Sensor was giving us value of 90 when there was no gas near it and the safe level of air quality is 

350 PPM and it should not exceed 1000 PPM. When it exceeds the limit of 1000 PPM, then it 

starts cause Headaches, sleepiness and stagnant, stale, stuffy air and if exceeds beyond 2000 PPM 

then it can cause increased heart rate and many other diseases. 

When the value will be less than 1000 PPM, then the LCD and webpage will display “Fresh 

Air”.  Whenever the value will increase 1000 PPM, then the buzzer will start beeping and the LCD 

and webpage will display “Poor Air, Open Windows”. If it will increase 2000 then the buzzer will 

keep beeping and the LCD and webpage will display “Danger! Move to fresh Air”. 

Code Explanation: 

Before beginning the coding for this project, we need to first Calibrate the MQ135 Gas sensor. 

There are lots of calculations involved in converting the output of sensor into PPM value, we have 

done this calculation before in our previous Smoke Detector project. But here we are using the 

Library for MQ135, you can download and install this MQ135 library from 

here: https://github.com/GeorgK/MQ135. 

Using this library you can directly get the PPM values, by just using the below two lines: 

MQ135 gasSensor = MQ135(A0); 

float air_quality = gasSensor.getPPM(); 

But before that we need to calibrate the MQ135 sensor, for calibrating the sensor upload the 

below given code and let it run for 12 to 24 hours and then get the RZERO value. 

#include "MQ135.h" 

void setup (){ 

Serial.begin (9600); 

} 

void loop() { 

MQ135 gasSensor = MQ135(A0); // Attach sensor to pin A0 

float rzero = gasSensor.getRZero(); 

Serial.println (rzero); 
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delay(1000); 

} 

After getting the RZERO value. Put the RZERO value in the library file you downloaded 

"MQ135.h": #define RZERO 494.63 

Now we can begin the actual code for our Air quality monitoring project. 

In the code, first of all we have defined the libraries and the variables for the Gas sensor and the 

LCD. By using the Software Serial Library, we can make any digital pin as TX and RX pin. In this 

code, we have made Pin 9 as the RX pin and the pin 10 as the TX pin for the ESP8266. Then we 

have included the library for the LCD and have defined the pins for the same. We have also defined 

two more variables: one for the sensor analog pin and other for storing air_quality value. 

#include <SoftwareSerial.h> 

#define DEBUG true 

SoftwareSerial esp8266(9,10);  

#include <LiquidCrystal.h>  

LiquidCrystal lcd(12,11, 5, 4, 3, 2); 

const int sensorPin= 0; 

int air_quality; 

Then we will declare the pin 8 as the output pin where we have connected the buzzer. 

lcd.begin(16,2) command will start the LCD to receive data and then we will set the cursor to first 

line and will print the ‘circuitdigest’. Then we will set the cursor on the second line and will 

print ‘Sensor Warming’. 

pinMode(8, OUTPUT); 

lcd.begin(16,2); 

lcd.setCursor (0,0); 

lcd.print ("circuitdigest "); 

lcd.setCursor (0,1); 
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lcd.print ("Sensor Warming "); 

delay(1000); 

Then we will set the baud rate for the serial communication. Different ESP’s have different baud 

rates so write it according to your ESP’s baud rate. Then we will send the commands to set the 

ESP to communicate with the Arduino and show the IP address on the serial monitor. 

Serial.begin(115200); 

esp8266.begin(115200); 

  sendData("AT+RST\r\n",2000,DEBUG); 

  sendData("AT+CWMODE=2\r\n",1000,DEBUG); 

  sendData("AT+CIFSR\r\n",1000,DEBUG); 

  sendData("AT+CIPMUair_quality=1\r\n",1000,DEBUG); 

  sendData("AT+CIPSERVER=1,80\r\n",1000,DEBUG); 

pinMode(sensorPin, INPUT); 

lcd.clear(); 

For printing the output on the webpage in web browser, we will have to use HTML 

programming. So, we have created a string named webpage and stored the output in it. We are 

subtracting 48 from the output because the read() function returns the ASCII decimal value and 

the first decimal number which is 0 starts at 48. 

if(esp8266.available()) 

  { 

    if(esp8266.find("+IPD,")) 

    { 

     delay(1000); 

     int connectionId = esp8266.read()-48;   
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     String webpage = "<h1>IOT Air Pollution Monitoring System</h1>"; 

       webpage += "<p><h2>";    

       webpage+= " Air Quality is "; 

       webpage+= air_quality; 

       webpage+=" PPM"; 

       webpage += "<p>"; 

The following code will call a function named sendData and will send the data & message strings 

to the webpage to show. 

     sendData(cipSend,1000,DEBUG); 

     sendData(webpage,1000,DEBUG); 

      

     cipSend = "AT+CIPSEND="; 

     cipSend += connectionId; 

     cipSend += ","; 

     cipSend +=webpage.length(); 

     cipSend +="\r\n"; 

The following code will print the data on the LCD. We have applied various conditions for 

checking air quality, and LCD will print the messages according to conditions and buzzer will also 

beep if the pollution goes beyond 1000 PPM. 

lcd.setCursor (0, 0); 

lcd.print ("Air Quality is "); 

lcd.print (air_quality); 

lcd.print (" PPM "); 
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lcd.setCursor (0,1); 

if (air_quality<=1000) 

{ 

lcd.print("Fresh Air"); 

digitalWrite(8, LOW); 

Finally the below function will send and show the data on the webpage. The data we stored in 

string named ‘webpage’ will be saved in string named ‘command’. The ESP will then read the 

character one by one from the ‘command’ and will print it on the webpage. 

String sendData(String command, const int timeout, boolean debug) 

{ 

    String response = "";  

    esp8266.print(command); // send the read character to the esp8266 

    long int time = millis(); 

    while( (time+timeout) > millis()) 

    { 

      while(esp8266.available()) 

      { 

        // The esp has data so display its output to the serial window  

        char c = esp8266.read(); // read the next character. 

        response+=c; 

      }   

    } 

    if(debug) 
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    { 

      Serial.print(response); 

    } 

    return response; 

} 

Testing and Output of the Project: 

Before uploading the code, make sure that you are connected to the Wi-Fi of your ESP8266 device. 

After uploading, open the serial monitor and it will show the IP address like shown below. 

 

Type this IP address in your browser, it will show you the output as shown below. You will have 

to refresh the page again if you want to see the current Air Quality Value in PPM. 
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Testing and Output of the Project: 

Before uploading the code, make sure that you are connected to the Wi-Fi of your ESP8266 device. 

After uploading, open the serial monitor and it will show the IP address like shown below. 
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Type this IP address in your browser, it will show you the output as shown below. You will have 

to refresh the page again if you want to see the current Air Quality Value in PPM.

 

We have setup a local server to demonstrate its working, you can check the Video below. But to 

monitor the air quality from anywhere in the world, you need to forward the port 80 (used for 

HTTP or internet) to your local or private IP address (192.168*) of you device. After port 

forwarding all the incoming connections will be forwarded to this local address and you can open 

above shown webpage by just entering the public IP address of your internet from anywhere. You 
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can forward the port by logging into your router (192.168.1.1) and find the option to setup the port 

forwarding. 

Code 

#include "MQ135.h" 

#include <SoftwareSerial.h> 

#define DEBUG true 

SoftwareSerial esp8266(9,10); // This makes pin 9 of Arduino as RX pin and pin 10 of Arduino 

as the TX pin 

const int sensorPin= 0; 

int air_quality; 

#include <LiquidCrystal.h>  

LiquidCrystal lcd(12,11, 5, 4, 3, 2); 

void setup() { 

pinMode(8, OUTPUT); 

lcd.begin(16,2); 

lcd.setCursor (0,0); 

lcd.print ("circuitdigest "); 

lcd.setCursor (0,1); 

lcd.print ("Sensor Warming "); 

delay(1000); 

Serial.begin(115200); 

esp8266.begin(115200); // your esp's baud rate might be different 

  sendData("AT+RST\r\n",2000,DEBUG); // reset module 

  sendData("AT+CWMODE=2\r\n",1000,DEBUG); // configure as access point 

  sendData("AT+CIFSR\r\n",1000,DEBUG); // get ip address 

  sendData("AT+CIPMUair_quality=1\r\n",1000,DEBUG); // configure for multiple connections 

  sendData("AT+CIPSERVER=1,80\r\n",1000,DEBUG); // turn on server on port 80 

pinMode(sensorPin, INPUT);        //Gas sensor will be an input to the arduino 

lcd.clear(); 

} 

void loop() { 

MQ135 gasSensor = MQ135(A0); 

float air_quality = gasSensor.getPPM(); 

if(esp8266.available()) // check if the esp is sending a message  

  { 

    if(esp8266.find("+IPD,")) 

    { 

     delay(1000); 

     int connectionId = esp8266.read()-48; /* We are subtracting 48 from the output because the 

read() function returns the ASCII decimal value and the first decimal number which is 0 starts at 

48*/  

     String webpage = "<h1>IOT Air Pollution Monitoring System</h1>"; 
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       webpage += "<p><h2>";    

       webpage+= " Air Quality is "; 

       webpage+= air_quality; 

       webpage+=" PPM"; 

       webpage += "<p>"; 

     if (air_quality<=1000) 

{ 

  webpage+= "Fresh Air"; 

} 

else if(air_quality<=2000 && air_quality>=1000) 

{ 

  webpage+= "Poor Air"; 

} 

else if (air_quality>=2000 ) 

{ 

webpage+= "Danger! Move to Fresh Air"; 

} 

webpage += "</h2></p></body>";  

     String cipSend = "AT+CIPSEND="; 

     cipSend += connectionId; 

     cipSend += ","; 

     cipSend +=webpage.length(); 

     cipSend +="\r\n"; 

      

     sendData(cipSend,1000,DEBUG); 

     sendData(webpage,1000,DEBUG); 

      

     cipSend = "AT+CIPSEND="; 

     cipSend += connectionId; 

     cipSend += ","; 

     cipSend +=webpage.length(); 

     cipSend +="\r\n"; 

      

     String closeCommand = "AT+CIPCLOSE=";  

     closeCommand+=connectionId; // append connection id 

     closeCommand+="\r\n"; 

      

     sendData(closeCommand,3000,DEBUG); 

    } 

  } 

lcd.setCursor (0, 0); 

lcd.print ("Air Quality is "); 

lcd.print (air_quality); 

lcd.print (" PPM "); 
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lcd.setCursor (0,1); 

if (air_quality<=1000) 

{ 

lcd.print("Fresh Air"); 

digitalWrite(8, LOW); 

} 

else if( air_quality>=1000 && air_quality<=2000 ) 

{ 

lcd.print("Poor Air, Open Windows"); 

digitalWrite(8, HIGH ); 

} 

else if (air_quality>=2000 ) 

{ 

lcd.print("Danger! Move to Fresh Air"); 

digitalWrite(8, HIGH);   // turn the LED on 

} 

lcd.scrollDisplayLeft(); 

delay(1000); 

} 

String sendData(String command, const int timeout, boolean debug) 

{ 

    String response = "";  

    esp8266.print(command); // send the read character to the esp8266 

    long int time = millis(); 

    while( (time+timeout) > millis()) 

    { 

      while(esp8266.available()) 

      { 

        // The esp has data so display its output to the serial window  

        char c = esp8266.read(); // read the next character. 

        response+=c; 

      }   

    } 

    if(debug) 

    { 

      Serial.print(response); 

    } 

    return response; 

} 
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                                       1.INTRODUCTION  

1.1  Iot 

Internet of Things (IoT) is an ecosystem of connected physical objects that are accessible through the 

internet. The ‘thing’ in IoT could be a person with a heart monitor or an automobile with built-in-sensors, 

i.e. objects that have been assigned an IP address and have the ability to collect and transfer data over a 

network without manual assistance or intervention. The embedded technology in the objects helps them to 

interact with internal states or the external environment, which in turn affects the decisions taken. 

An article by Ashton published in the RFID Journal in 1999 said, “If we had computers that knew everything 

there was to know about things - using data they gathered without any help from us - we would be able to 

track and count everything, and greatly reduce waste IoT is a transformational force that can help companies 

improve performance through IoT analytics and IoT, loss and cost. We would know when things needed 

replacing, repairing or recalling, and whether they were fresh or past their best. We need to empower 

computers with their own means of gathering information, so they can see, hear and smell the world for 

themselves, in all its random glory.” This is precisely what IoT platforms does for us. It enables 

devices/objects to observe, identify and understand a situation or the surroundings without being dependent 

on human help. 

Internet of Things can connect devices embedded in various systems to the internet. When 

devices/objects can represent themselves digitally, they can be controlled from anywhere. The connectivity 

then helps us capture more data from more places, ensuring more ways of increasing efficiency and 

improving safety and IoT security. 

Security to deliver better results. Businesses in the utilities, oil & gas, insurance, manufacturing, 

transportation, infrastructure and retail sectors can reap the benefits of IoT by making more informed 

decisions, aided by the torrent of interactional and transactional data at their disposal. 

 

1.1.1 Key Features  

The most important features of IoT include artificial intelligence, connectivity, sensors, active engagement, 

and small device use. A brief review of these features is given below:   
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 AI – IoT essentially makes virtually anything “smart”, meaning it enhances every aspect of life with 

the power of data collection, artificial intelligence algorithms, and networks. This can mean 

something as simple as enhancing your refrigerator and cabinets to detect when milk and your 

favorite cereal run low, and to then place an order with your preferred grocer.  

 Connectivity – New enabling technologies for networking, and specifically IoT networking, mean 

networks are no longer exclusively tied to major providers. Networks can exist on a much smaller 

and cheaper scale while still being practical. IoT creates these small networks between its system 

devices.  

 Sensors – IoT loses its distinction without sensors. They act as defining instruments which transform 

IoT from a standard passive network of devices into an active system capable of real-world 

integration.  

 Active Engagement – Much of today's interaction with connected technology happens through 

passive engagement. IoT introduces a new paradigm for active content, product, or service 

engagement.   

 Small Devices – Devices, as predicted, have become smaller, cheaper, and more powerful over time. 

IoT exploits purpose-built small devices to deliver its precision, scalability, and versatility. 

1.1.2 Advantages 

The advantages of IoT span across every area of lifestyle and business. Here is a list of some of the 

advantages that IoT has to offer: 

 Improved Customer Engagement – Current analytics suffer from blind-spots and significant flaws 

in accuracy; and as noted, engagement remains passive. IoT completely transforms this to achieve 

richer and more effective engagement with audiences.   

 Technology Optimization – The same technologies and data which improve the customer 

experience also improve device use, and aid in more potent improvements to technology. IoT 

unlocks a world of critical functional and field data.  

 Reduced Waste – IoT makes areas of improvement clear. Current analytics give us superficial 

insight, but IoT provides real-world information leading to more effective management of resources.  

 Enhanced Data Collection – Modern data collection suffers from its limitations and its design for 

passive use. IoT breaks it out of those spaces, and places it exactly where humans really want to go to 

analyze our world. It allows an accurate picture of everything. 

1.1.3 IoT Software 
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IoT software addresses its key areas of networking and action through platforms, embedded systems, partner 

systems, and middleware. These individual and master applications are responsible for data collection, 

device integration, real-time analytics, and application and process extension within the IoT network. They 

exploit integration with critical business systems (e.g., ordering systems, robotics, scheduling, and more) in 

the execution of related tasks.  

 Data Collection - This software manages sensing, measurements, light data filtering, light data 

security, and aggregation of data. It uses certain protocols to aid sensors in connecting with real-time, 

machine-to-machine networks. Then it collects data from multiple devices and distributes it in 

accordance with settings. It also works in reverse by distributing data over devices. The system 

eventually transmits all collected data to a central server. 

 Device Integration - Software supporting integration binds (dependent relationships) all system 

devices to create the body of the IoT system. It ensures the necessary cooperation and stable 

networking between devices. These applications are the defining software technology of the IoT 

network because without them, it is not an IoT system. They manage the various applications, 

protocols, and limitations of each device to allow communication.  

 Real-Time Analytics - These applications take data or input from various devices and convert it into 

viable actions or clear patterns for human analysis. They analyze information based on various 

settings and designs in order to perform automation-related tasks or provide the data required by 

industry.  

 Application and Process Extension - These applications extend the reach of existing systems and 

software to allow a wider, more effective system. They integrate predefined devices for specific 

purposes such as allowing certain mobile devices or engineering instruments access. It supports 

improved productivity and more accurate data collection. 

1.1.4  IoT  Uses 

IoT has applications across all industries and markets. It spans user groups from those who want to reduce 

energy use in their home to large organizations who want to streamline their operations. It proves not just 

useful, but nearly critical in many industries as technology advances and we move towards the advanced 

automation imagined in the distant future.  

Engineering, Industry, and Infrastructure  
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Applications of IoT in these areas include improving production, marketing, service delivery, and safety. IoT 

provides a strong means of monitoring various processes; and real transparency creates greater visibility for 

improvement opportunities.  

The deep level of control afforded by IoT allows rapid and more action on those opportunities, which 

include events like obvious customer needs, nonconforming product, malfunctions in equipment, problems 

in the distribution network, and more.  

Example: Joan runs a manufacturing facility that makes shields for manufacturing equipment. When 

regulations change for the composition and function of the shields, the new appropriate requirements are 

automatically programmed in production robotics, and engineers are alerted about their approval of the 

changes. 

Government and Safety  

IoT applied to government and safety allows improved law enforcement, defense, city planning, and 

economic management. The technology fills in the current gaps, corrects many current flaws, and expands 

the reach of these efforts. For example, IoT can help city planners have a clearer view of the impact of their 

design, and governments have a better idea of the local economy. 

 Example: Joan lives in a small city. She’s heard about a recent spike in crime in her area, and 

worries about coming home late at night. Local law enforcement has been alerted about the new “hot” zone 

through system flags, and they’ve increases their presence. Area monitoring devices have detected 

suspicious behavior, and law enforcement has investigated these leads to prevent crimes.  

Home and Office  

In our daily lives, IoT provides a personalized experience from the home to the office to the organizations 

we frequently do business with. This improves our overall satisfaction, enhances productivity, and improves 

our health and safety. For example, IoT can help us customize our office space to optimize our work.  

Example: Joan works in advertising. She enters her office, and it recognizes her face. It adjusts the 

lighting and temperature to her preference. It turns on her devices and opens applications to her last working 

points. Her office door detected and recognized a colleague visiting her office multiple times before she 

arrived. Joan’s system opens this visitor’s messages automatically.  

Health and Medicine  
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IoT pushes us towards our imagined future of medicine which exploits a highly integrated network of 

sophisticated medical devices. Today, IoT can dramatically enhance medical research, devices, care, and 

emergency care. The integration of all elements provides more accuracy, more attention to detail, faster 

reactions to events, and constant improvement while reducing the typical overhead of medical research and 

organizations.  

Example: Joan is a nurse in an emergency room. A call has come in for a man wounded in an 

altercation. The system recognized the patient and pulls his records. On the scene, paramedic equipment 

captures critical information automatically sent to the receiving parties at the hospital. The system analyzes 

the new data and current records to deliver a guiding solution. The status of the patient is updated every 

second in the system during his transport. The system prompts Joan to approve system actions for medicine 

distribution and medical equipment preparation 

 

1.2 GSM 

                     GSM stands for Global System for Mobile Communication. It is a digital cellular technology 

used for transmitting mobile voice and data services.  The concept of GSM emerged from a cell-based 

mobile radio system at Bell Laboratories in the early 1970s.  GSM is the name of a standardization group 

established in 1982 to create a common European mobile telephone standard.  GSM is the most widely 

accepted standard in telecommunications and it is implemented globally.  GSM is a circuit-switched system 

that divides each 200 kHz channel into eight 25 kHz timeslots. GSM operates on the mobile communication 

bands 900 MHz and 1800 MHz in most parts of the world. In the US, GSM operates in the bands 850 MHz 

and 1900 MHz.  GSM owns a market share of more than 70 percent of the world's digital cellular 

subscribers. GSM makes use of narrowband Time Division Multiple Access (TDMA) technique for 

transmitting signals.  GSM was developed using digital technology. It has an ability to carry 64 kbps to 120 

Mbps of data rates.  Presently GSM supports more than one billion mobile subscribers in more than 210 

countries throughout the world.  GSM provides basic to advanced voice and data services including roaming 

service. Roaming is the ability to use your GSM phone number in another GSM network. GSM digitizes and 

compresses data, then sends it down through a channel with two other streams of user data, each in its own 

timeslot. 

1.2.1 GSM Architecture 
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 A GSM network comprises of many functional units. These functions and interfaces are explained in this 

chapter. The GSM network can be broadly divided into:  The Mobile Station (MS)  The Base Station 

Subsystem (BSS).  The Network Switching Subsystem (NSS)   The Operation Support Subsystem (OSS) 

Given below is a simple pictorial view of the GSM architecture. 

The additional components of the GSM architecture comprise of databases and messaging systems’ 

functions:  

 Home Location Register (HLR)   

 Visitor Location Register (VLR) 

 Equipment Identity Register (EIR)   

 Authentication Center (AuC) 

 SMS Serving Center (SMS SC)   

 Gateway MSC (GMSC) 

 Chargeback Center (CBC)  

 Transcoder and Adaptation Unit (TRAU) 

 

1.2.3 GSM Network Areas 

 In a GSM network, the following areas are defined:   

Cell: Cell is the basic service area; one BTS covers one cell. Each cell is given a Cell Global Identity (CGI), 

a number that uniquely identifies the cell.  

Location Area: A group of cells form a Location Area (LA). This is the area that is paged when a subscriber 

gets an incoming call. Each LA is assigned a Location Area Identity (LAI). Each LA is served by one or 

more BSCs 

MSC/VLR Service Area: The area covered by one MSC is called the  MSC/VLR service area. 

 PLMN: The area covered by one network operator is called the Public Land Mobile Network (PLMN). A 

PLMN can contain one or more MSCs. 
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1.2.4 GSM Specification 

 The requirements for different Personal Communication Services (PCS) systems differ for each PCS 

network. Vital characteristics of the GSM specification are listed below: Modulation Modulation is the 

process of transforming the input data into a suitable format for the transmission medium. The transmitted 

data is demodulated back to its original form at the receiving end. The GSM uses Gaussian Minimum Shift 

Keying (GMSK) modulation method. Access Methods Radio spectrum being a limited resource that is 

consumed and divided among all the users, GSM devised a combination of TDMA/FDMA as the method to 

divide the bandwith among the users. In this process, the FDMA part divides the frequency of the total 25 

MHz bandwidth into 124 carrier frequencies of 200 kHz bandwidth. Each BS is assigned with one or 

multiple frequencies, and each of this frequency is divided into eight timeslots using a TDMA scheme. Each 

of these slots are used for both transmission as well as reception of data. These slots are separated by time so 

that a mobile unit doesn’t transmit and receive data at the same time. Transmission Rate The total symbol 

rate for GSM at 1 bit per symbol in GMSK produces 270.833 K symbols/second. The gross transmission rate 

of a timeslot is 22.8 Kbps. GSM is a digital system with an over-the-air bit rate of 270 kbps. 

Frequency Band  

The uplink frequency range specified for GSM is 933–960 MHz (basic 900 MHz band only). The downlink 

frequency band is 890–915 MHz (basic 900 MHz band only).  

Channel Spacing  

Channel spacing indicates the spacing between adjacent carrier frequencies. For GSM, it is 200 kHz.  

Speech Coding 

 For speech coding or processing, GSM uses Linear Predictive Coding (LPC). This tool compresses the bit 

rate and gives an estimate of the speech parameters. When the audio signal passes through a filter, it mimics 

the vocal tract. Here, the speech is encoded at 13 kbps.  

Duplex Distance  

Duplex distance is the space between the uplink and downlink frequencies. The duplex distance for GSM is 

80 MHz, where each channel has two frequencies that are 80 MHz apart.  
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                                            2. LITERATURE SURVEY  

2.1 Concept 

The literature related to the research topic has been reviewed for last twenty years in order to find out work 

carried out by various researchers. There are many systems for remote monitoring and control designed as 

commercial products or experimental research platforms. It is noticed that most of the research carried out 

belongs to the following categories  

a. Internet based Monitoring using Servers, GPRS modems, etc. with different approaches. 

b. GSM-SMS protocols using GSM module individually or in combination with Internet Technologies.  

c. Monitoring using Wireless Sensor Networks.  

d. Wireless Monitoring using Bluetooth, Wi-Fi, Zigbee and RF.  

e. Applications have varied widely like Home Automation, Security Systems, Biomedical applications, 

Agriculture, Environment, Reservoir, Bridge health monitoring, etc 

2.2 Related works 

Internet monitoring is one of the common approaches for remote monitoring. Many researchers have worked 

in field of Internet based remote monitoring. (Saito et al., 2000) developed home gateway system for 

interconnecting home network consisting of IEEE 1394 AV network and X10 power line home automation 

network with Internet. This provided remote access functions from Internet for digital AV appliances like 

Digital Video Camera, Digital VCR connected to IEEE 1394 network and home appliances like TV, desk 

lamp, electric fan connected to X10 controller. (Al-Ali and Al-Rousan, 2004) developed Java based home 

automation system via World Wide Web. The home appliances were controlled from ports of embedded 

system board connected to PC based server at home. 

(Alkar and Buhur, 2005) implemented Internet based wireless flexible solution where home appliances are 

connected to slave node. The slave nodes communicate with master node through RF and master node has 

serial RS232 link with PC server. The nodes are based on PIC 16F877 µc. PC server is formed of a user 

interface component, the database and the web server components. An Internet page has been setup running 

on a Web server. The user interface and the Internet front end are connected to a backend data base server. 

The control of devices is established and their condition is monitored through the Internet. 
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(Al-Khateeb et al., 2009) used X10 controller interfaced through serial port to PC server for control of 

devices. The Common Gateway Interface (CGI) is used to interface between the browser and the X10 

protocol via http connection. The server executes CGI programs in order to satisfy a particular request from 

the browser, which expresses its request using the http. (Peng Liu et al., 2007) developed model of web 

services based email extension for remote monitoring of embedded systems which integrates web services 

into emails. It uses a general purpose email messaging framework to connect devices and manipulators. This 

low cost model fits for systems with low connection bandwidth, small data transportation volume and non 

realtime control, e.g., monitoring of home appliances and remote meter-reading. 

 (Tan and Soy, 2002) developed a system for controlling home electrical appliances over the Internet by 

using Bluetooth wireless technology to provide a link from the appliance to the Internet and Wireless 

Application Protocol (WAP) to provide a data link between the Internet and a mobile phone. However, 

technical details relating controller are not revealed. 

(Nikolova et al., 2002) demonstrated that the control of home appliances can be extended beyond the home 

network to wireless mobile networks without any modification in the network specifications. This was 

accomplished by developing and implementing a HAVi (Home Audio Video Interoperability) - WAP UI 

gateway that intermediates between a wired home network and a wireless communication network using 

HAVi and WAP specifications, respectively. The gateway use both pull and push technologies, improves the 

network integration and provides opportunities for developing applications that combine mobile devices 

with home network devices.  

(Yen-Shin Lai et al., 2002) developed an Internet-based monitoring and control of fuzzy controlled inverter 

for air conditioning system. The system consists of client/server, programmable logic controller, D/A 

modules, inverters, induction motors and the temperature sensing modules. The client accepts the command 

from the user and can also access the database created in server, using Internet Explorer (IE) Browser. The 

server performs function of fuzzy logic control, communication interface between server and PLC, and 

receiving command from client. Furthermore, the server also creates a database of the sensed temperature, 

speed of inverter-controlled motor drives, and reference command. 

(Ximin et al., 2005) designed and implemented an Internet home automation system. The design uses an 

embedded controller based on C8051F005 microcontroller which is connected to a PCbased home Web 

server via RS232 serial port. The home appliances are connected to the input/output ports and the sensors are 

connected to the analog/digital converter channels of the embedded controller. The software of the system is 

based on the combination of Keil C, Java Server Pages, and JavaBeans, and dynamic DNS service (DDNS) 

client. Password protection is used to block the unauthorized user from accessing to the server.  
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(Colak Ilhami et al., 2008) developed Internet controlled Heating Ventilation Air Conditioning (HVAC) 

system. The system can be controlled by three different units (web based remote control, remote control by 

hand-held device and keypad control mounted on AC). The hardware system of AC is controlled by 

PIC16F877 microcontroller. A DAQ board inserted into PCI bus of web server is used to control system 

over web. User is able to access system parameters over web by logging and setting parameters on forms 

available on main control page. User submits forms to web server having CGI program which performs 

requested tasks and reports status of system operation. The current operational parameters of the system are 

measured by microcontroller and displayed on LCD. Using web camera focused on LCD, these parameters 

are monitored online by client PC. 

 (Chen Chao et al., 2009) developed a remote wireless monitoring system for off grid Wind turbine based on 

the GPRS and the Internet. The remote monitoring system is made up of three parts: controlling terminal, 

central monitoring computer and communication network. Controlling terminal consists of microcontroller 

ARM7 LM3S1138, data acquisition module and GPRS communication module WAVECOM Q2406B 

connected to ARM7 system using serial port. GPRS module sends parameters relating wind turbine to 

central monitoring computer. The client can access central monitoring computer server through Internet and 

know parameters of different wind turbines. 

(Kumari and Malleswaran, 2010) developed real time based equipment condition monitoring and controlling 

system using embedded web based technology which directly connects the equipment to network as a node. 

The embedded system consists of ARM7 based LPC 2148 microcontroller board, A/D, signal conditioning, 

sensors, and communications interface. The function of web based system is to collect the real time data 

information of the on-site equipment and remotely send the data in the form of user defined data 

transmission style. The remote Computer collects the data and running status through the network and 

provides the comparison on the historical data. If the parameter value is different from the original set value, 

the corrected signal is sent to the control unit. The embedded remote monitoring system completes the data 

Collection in the embedded platform and provides the data to remote host through the TCP/IP protocol from 

Web server. It creates condition to realize unattended management through providing Web-based graphical 

management interface for the Internet or LAN users. 
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              3.SOFTWARE REQUIREMENTS SPECIFICATIONS 

3.1 System Requirements 

In systems engineering and software engineering, requirements analysis encompasses those tasks that go into 

determining the needs or conditions to meet for a new or altered product or project,taking account of the 

possibly conflicting requirements of the various stakeholder, analyzing, documenting, validating and 

managing software or system requirements. 

Requirements analysis is critical to the success or failure of a systems or software project. The requirements 

should be documented, actionable, measurable, testable, traceable, related to identified business needs or 

opportunities, and defined to a level of detail sufficient for system design. 

 

3.1.1 Software Requirements 

•    Arduino IDE 

•    Embedded C 

3.1.2 Hardware Requirements 

• Arduino microcontroller 

• Ultrasonic sensor 

• GSM Module 

• Power supply 

• LCD 

 

 

 

                                

520



GSM Based Home Security Alarm System 
 

Dept. of IT, BVRIT, Narsapur Page 12 
 

                          4. SYSTEM ANALYSIS 

4.1 AVR MICROCONTROLLERS 

4.1.1 Atmel mega AVR microcontroller 

Atmel mega AVR microcontrollers (MCUs) are the ideal choice for designs that need some extra 

muscle. For applications requiring large amounts of code, mega AVR devices offer substantial program 

and data memories with performance up to 20 MIPS. Meanwhile, innovative Atmel  pico power 

technology minimizes power consumption. All mega AVR devices offer self-programmability for fast, 

secure, cost-effective in-circuit upgrades. You can even upgrade the Flash memory while running your 

application. 

Based on proven, industry-leading technology, the mega AVR family offers our widest selection 

of devices in terms of memories, pin-counts and peripherals. These include everything from general-

purpose devices to models with specialized peripherals like Peripheral Touch Controller (PTC), USB, 

LCD controllers, as well as CAN, LIN and Power Stage Controllers (PSC). You will easily find the 

perfect fit for your project in the megaAVR product family. All these devices are supported by the 

Atmel Studio development platform, which further reduces your time-to-market. 

4.1.2 Key Features 

 Broad family — The mega AVR family offers our widest selection of devices in terms of memories, 

pin counts and peripherals, enabling reuse of code and knowledge across projects. 

 Pico Power technology — Selected mega AVR devices feature ultra-low power consumption and 

individually selectable low-power sleep modes that make them ideal for battery-powered 

applications. 

 High integration — Devices feature on-chip Flash, SRAM, internal EEPROM, SPI, TWI (I2C), and 

USART, USB, CAN, and LIN, watchdog timer, a choice of internal or external precision oscillator, 

and general-purpose I/O pins, simplifying your design and reducing the bill-of-materials. 

 Analog functions — Advanced analog capabilities include ADC, DAC, a built-in temperature 

sensor and internal voltage reference, brown out detector, a fast analog comparator and a 

programmable analog gain amplifier. This high level of integration allows designs with fewer 

external analog components. 
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 Rapid development — mega AVR MCUs speed development with powerful in-system 

programming and on-chip debug. In addition, in-system programming simplifies production line 

programming and field upgrades. 

 IoT ready — The IoT (Internet of Things) can extend to almost any application—from typical 

building and home automation to medical and healthcare systems. IoT designs typically require some 

form of processing power to perform embedded computing tasks and transmit data to the Internet. 

Increasingly, these devices are battery driven, thus power consumption often becomes the key 

success factor for a user-friendly IoT-enabled product. Mega AVR devices are among the best 

MCUs in the world when it comes to power consumption, making them a natural choice for IoT 

applications. 

 High Performance, Low Power AVR 8-Bit Microcontroller. 

 Advanced RISC Architecture – 135 Powerful Instructions – Most Single Clock Cycle Execution – 

32 x 8 General Purpose Working Registers – Fully Static Operation – Up to 16 MIPS Throughput at 

16MHz – On-Chip 2-cycle Multiplier. 

 Non-volatile Program and Data Memories – 16/32KB of In-System Self-Programmable Flash – 

1.25/2.5KB Internal SRAM – 512Bytes/1KB Internal EEPROM – Write/Erase Cycles: 10,000 

Flash/100,000 EEPROM C(1)C/ 100 years at 25– Data retention: 20 years at 85 – Optional Boot 

Code Section with Independent Lock Bits In-System Programming by On-chip Boot Program True 

Read-While-Write Operation Parts using external XTAL clock are pre-programed with a default 

USB boot loader – Programming Lock for Software Security. 

 JTAG (IEEE std. 1149.1 compliant) Interface – Boundary-scan Capabilities: According to the 

JTAG Standard – Extensive On-chip Debug Support – Programming of Flash, EEPROM, Fuses, and 

Lock Bits through the JTAG Interface. 

 USB 2.0 Full-speed/Low Speed Device Module with Interrupt on Transfer Completion  – 

Complies fully with Universal Serial Bus Specification Rev 2.0 – Supports data transfer rates up to 

12Mbit/s and 1.5Mbit/s – Endpoint 0 for Control Transfers: up to 64-bytes – Six Programmable 

Endpoints with IN or Out Directions and with Bulk, Interrupt or Isochronous Transfers – 

Configurable Endpoints size up to 256 bytes in double bank mode – Fully independent 832 bytes 

USB DPRAM for endpoint memory allocation – Suspend/Resume Interrupts – CPU Reset possible 

on USB Bus Reset detection – 48MHz from PLL for Full-speed Bus Operation – USB Bus 
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Connection/Disconnection on Microcontroller Request – Crystal-less operation for Low Speed 

mode. 

 Peripheral Features – On-chip PLL for USB and High Speed Timer: 32 up to 96MHz operation – 

One 8-bit Timer/Counter with Separate Prescaler and Compare Mode. 
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4.2 Pin Configuration 

 

 

 

Figure 1: Arduino Pin Configuration 
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Overview 

The ATmega16U4/ATmega32U4 is a low-power CMOS 8-bit microcontroller based on the AVR 

enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the device 

achieves throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power 

consumption versus processing speed. 

 

Block Diagram: 

 

Figure 2: Block Diagram for Pins  
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the 32 

registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent registers 

to be accessed in one single instruction executed in one clock cycle.  

The resulting architecture is more code efficient while achieving throughputs up to ten times faster than 

conventional CISC microcontrollers. The device provides the following features: 

 16/32K bytes of In-System Programmable Flash with Read-While Write capabilities,  

512Bytes/1K bytes EEPROM, 1.25/2.5K bytes SRAM, 26 general purpose I/O lines (CMOS outputs and 

LVTTL inputs), 32 general purpose working registers, four flexible Timer/Counters with compare 

modes and PWM, one more high-speed Timer/Counter with compare modes and PLL adjustable source, 

one USART (including CTS/RTS flow control signals), a byte oriented 2-wire Serial Interface, a 12-

channels 10-bit ADC with optional differential input stage with programmable gain, an on-chip 

calibrated temperature sensor, a programmable Watchdog Timer with Internal Oscillator, an SPI serial 

port, IEEE std. 1149.1 compliant JTAG test interface, also used for accessing the On-chip Debug system 

and programming and six software selectable power saving modes. 

 The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, SPI port, and interrupt 

system to continue functioning. The Power-down mode saves the register contents but freezes the 

Oscillator, disabling all other chip functions until the next interrupt or Hardware Reset. The ADC Noise 

Reduction mode stops the CPU and all I/O modules except ADC, to minimize switching noise during 

ADC conversions. In Standby mode, the Crystal/Resonator Oscillator is running while the rest of the 

device is sleeping. This allows very fast start-up combined with low power consumption. The device is 

manufactured using the Atmel high-density nonvolatile memory technology. The On-chip ISP Flash 

allows the program memory to be reprogrammed in-system through an SPI serial interface, by a 

conventional nonvolatile memory programmer, or by an On-chip Boot program running on the AVR 

core. 

The boot program can use any interface to download the application program in the application 

Flash memory. Software in the Boot Flash section will continue to run while the Application Flash 

section is updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU with 

In-System Self-Programmable Flash on a monolithic chip, the device is a powerful microcontroller that 

provides a highly flexible and cost effective solution to many embedded control applications. The 

ATmega16U4/Atmega32U4 AVR is supported with a full suite of program and system development 
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tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators, and 

evaluation kits. 

4.3 Pin Description 

4.3.1 VCC Digital Supply Voltage 

VCC  standsfor "voltage atthecommoncollector." Theletter "V" onacircuitstandsforthe supply voltage. 

Theletters "CC" indicatethatthe supply voltage ispositiveornegative. 

4.3.2 GND Ground 

Ground, in the context of electronics, is the reference point for all signals or a common path in an electrical 

circuit where all of the voltages can be measured from. This is also called the common drain since the 

voltage measurement along it is zero. 

4.3.3 Port B, C, D, E, F 

Port B (PB7..PB0) 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port B 

outputbuffers have symmetrical drive characteristics with both high sink and source capability. As 

inputs, Port B pinsthat are externally pulled low will source current if the pull-up resistors are activated. 

The Port B pins are tristatedwhen a reset condition becomes active, even if the clock is not running.Port 

B has better driving capabilities than the other ports.Port B also serves the functions of various special 

features of the device. 

Port C (PC7, PC6) 

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port C 

outputbuffers have symmetrical drive characteristics with both high sink and source capability. As 

inputs, Port C pinsthat are externally pulled low will source current if the pull-up resistors are activated. 

The Port C pins are tristatedwhen a reset condition becomes active, even if the clock is not 

running2.Only bits 6 and 7 are present on the product pinout.Port C also serves the functions of special 

features of the device. 

Port D(PD7..PD0) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port D 

outputbuffers have symmetrical drive characteristics with both high sink and source capability. As 
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inputs, Port D pinsthat are externally pulled low will source current if the pull-up resistors are activated. 

The Port D pins are tristatedwhen a reset condition becomes active, even if the clock is not running.  

Port E (PE6, PE2) 

Port E is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port E 

output buffers have symmetrical drive characteristics with both high sink and source capability. As 

inputs, Port E pins that are externally pulled low will source current if the pull-up resistors are activated. 

The Port E pins are tri stated when a reset condition becomes active, even if the clock is not running. 

Only bits 2 and 6 are present on the product pin out. 

Port F (PF7..PF4, PF1, PF0) 

Port F serves as analog inputs to the A/D Converter Port F also serves as an 8-bit bi-directional I/O port, 

if the A/D Converter channels are not used. Port pins can provide internal pull-up resistors (selected for 

each bit). The Port F output buffers have symmetrical drive characteristics with both high sink and 

source capability. As inputs, Port F pins that are externally pulled low will source current if the pull-up 

resistors are activated. The Port F pins are tri-stated when a reset condition becomes active, even if the 

clock is not running Bits 2 and 3 are not present on the product pin out. Port F also serves the functions 

of the JTAG interface. If the JTAG interface is enabled, the pull-up resistors on pins  PF7(TDI), 

PF5(TMS), and PF4(TCK) will be activated even if a reset occurs.  

4.3.4 DUSB 

Full speed / Low Speed Negative Data Upstream Port. Should be connected to the USB D- connector pin 

with a serial 22 resistor. 

4.3.5 D+ 

USB Full speed / Low Speed Positive Data Upstream Port. Should be connected to the USB D+ 

connector pin with a serial 22 resistor. 

4.3.6 UGND, UVCC, UCAP 

UGND 

USB Pads Ground 

UVCC 
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USB Pads Internal Regulator Input supply voltage. 

UCAP 

USB Pads Internal Regulator Output supply voltage. Should be connected to an external capacitor (1μF).  

4.3.7 VBUS 

USB VBUS monitor input. 

4.3.8 RESET 

Reset input. A low level on this pin for longer than the minimum pulse length will generate a reset, even 

if theclock is not running.  

4.3.9 XTAL 1, XTAL 2 

XTAL 1 

Input to the inverting Oscillator amplifier and input to the internal clock operating c ircuit. 

XTAL 2 

Output from the inverting Oscillator amplifier. 

4.3.10 AVCC,AREF 

AVCC 

AVCC is the supply voltage pin (input) for all the A/D Converter channels. If the ADC is not used, it 

should be externally connected to VCC. If the ADC is used, it should be connected to VCC through a 

low-pass filter. 

AREF 

This is the analog reference pin (input) for the A/D Converter.  

4.4 Arduino Board 

Arduino is a computer hardware and software company, project, and user community that designs and 

manufactures microcontroller  kits for building digital devices and interactive objects that can sense and 

control objects in the physical world. The project’s products are distributed as open source hardware 

and software, which are licensed under the GNU Lesser General Public Licence(LGPL) permitting the 
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manufacture of arduino boards and software distribution by anyone. Arduino boards are available 

commercially in preassembled form, or as do it yourself kits. 

 

Figure 3: Arduino Board 

The project's board designs use a variety of microprocessors and controllers. These systems provide 

sets of digital and analog input/output (I/O) pins that may be interfaced to various expansion boards 

("shields") and other circuits. The boards feature serial communications interfaces, including Universal 

Serial Bus (USB) on some models, for loading programs from personal computers. The microcontrollers are 

mainly programmed using a dialect of features from the programming languages C and C+. In addition to 

using traditional compiler tool chains, the arduino project provides an integrated development 

environment (IDE) based on the Processing language project. 

1. The Arduino project started in 2005 as a program for students at the Interaction design Ivera in Ivera, 

Italy, aiming to provide a low-cost and easy way for novices and professionals to create devices that 

interact with their environment using sensors and actuators. Common examples of such devices 

intended for beginner hobbyists include simple robots, thermostats, and motion detectectors. 

4.5 Arduino Software 

Arduino is a prototype platform (open-source) based on an easy-to-use hardware and software. It 

consists of a circuit board, which can be programed (referred to as a microcontroller) and a ready-made 

software called Arduino IDE (Integrated Development Environment), which is used to write and upload the 

computer code to the physical board. 

 

The key features are: 
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 Arduino boards are able to read analog or digital input signals from different sensors and turn it into 

an output such as activating a motor, turning LED on/off, connect to the cloud and many other 

actions. 

 You can control your board functions by sending a set of instructions to the microcontroller on the 

board via Arduino IDE (referred to as uploading software). 

 Unlike most previous programmable circuit boards, Arduino does not need an extra piece of 

hardware (called a programmer) in order to load a new code onto the board. You can simply use a 

USB cable. 

 Additionally, the Arduino IDE uses a simplified version of C++, making it easier to learn to program. 

 Finally, Arduino provides a standard form factor that breaks the functions of the micro-controller into 

a more accessible package. 
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5.SYSTEM DESIGN 

 

5.1 Block diagram: 

          

 

 

 

 

 

 

 

 

 

 

Figure 5 Block diagram: 

5.1.1 Regulated Power Supply: 

A variable regulated power supply, also called a variable bench power supply, is one where 

you can continuously adjust the output voltage to your requirements. Varying the output of the 

Regulated 

Power Supply 

 

 

Microcontroller 

 

GSM Module 
PIR SENSOR 

 

 

Buzzer 
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power supply is the recommended way to test a project after having double checked parts placement 

against circuit drawings and the parts placement guide.  

This type of regulation is ideal for having a simple variable bench power supply. Actually this 

is quite important because one of the first projects a hobbyist should undertake is the construction of 

a variable regulated power supply. While a dedicated supply is quite handy ,it's much handier to 

have a variable supply on hand, especially for testing.  

Mainly the microcontroller needs 5 volt power supply. To use these parts we need to build a 

regulated 5 volt source. Usually you start with an unregulated powerto Make a 5 volt power supply, 

we use a 7805 voltage regulator IC (Integrated Circuit).  

 

5.1.2 Buzzer: 

Buzzer is an electronic device commonly used to produce sound. Light weight, simple construction and low 

price make it usable in various applications like car/truck reversing indicator, computers, call bells etc. Piezo 

buzzer is based on the inverse principle of piezo electricity discovered in 1880 by Jacques and Pierre 

Curie. It is the phenomena of generating electricity when mechanical pressure is applied to certain materials 

and the vice versa is also true. Such materials are called piezo electric materials. Piezo electric materials are 

either naturally available or manmade. Piezoceramic is class of manmade material, which poses piezo 

electric effect and is widely used to make disc, the heart of piezo buzzer. When subjected to an alternating 

electric field they stretch or compress, in accordance with the frequency of the signal thereby producing 

sound. 

 

Figure 6 diagram for buzzer 

  

5.1.3 PIR sensor: 
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PIR sensors are more complicated than many of the other sensors explained in these tutorials (like 

photocells, FSRs and tilt switches) because there are multiple variables that affect the sensors input and 

output. To begin explaining how a basic sensor works, we'll use this rather nice diagram 

The PIR sensor itself has two slots in it, each slot is made of a special material that is sensitive to IR. 

The lens used here is not really doing much and so we see that the two slots can 'see' out past some distance 

(basically the sensitivity of the sensor). When the sensor is idle, both slots detect the same amount of IR, the 

ambient amount radiated from the room or walls or outdoors. When a warm body like a human or animal 

passes by, it first intercepts one half of the PIR sensor, which causes a positive differential change between 

the two halves. When the warm body leaves the sensing area, the reverse happens, whereby the sensor 

generates a negative differential change. These change pulses are what is detected. 

 

 

 

The IR sensor itself is housed in a hermetically sealed metal can to improve noise/temperature/humidity 

immunity. There is a window made of IR-transmissive material (typically coated silicon since that is very 

easy to come by) that protects the sensing element. Behind the window are the two balanced sensors. 
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                                           Figure 7 Diagram for PIR Sensor 

 

 

This image shows the internal schematic. There is actually a JFET inside (a type of transistor) which 

is very low-noise and buffers the extremely high impedence of the sensors into something a low-cost chip 

(like the BIS0001) can sense. 

 

PIR sensors are rather generic and for the most part vary only in price and sensitivity. Most of the 

real magic happens with the optics. This is a pretty good idea for manufacturing: the PIR sensor and circuitry 

is fixed and costs a few dollars. The lens costs only a few cents and can change the breadth, range, sensing 

pattern, very easily. 

 

In the diagram up top, the lens is just a piece of plastic, but that means that the detection area is just 

two rectangles. Usually we'd like to have a detection area that is much larger. To do that, we use a simple 

lens such as those found in a camera: they condenses a large area (such as a landscape) into a small one (on 

film or a CCD sensor). For reasons that will be apparent soon, we would like to make the PIR lenses small 

and thin and moldable from cheap plastic, even though it may add distortion. For this reason the sensors are 

actually Fresnel lenses: 
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The Fresnel lens condenses light, providing a larger range of IR to the sensor. 

 

Architecture Diagram: 

 

A GSM network consists of the following components:

 

Figure 8 Architecture diagaram 
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 A Mobile Station:  It is the mobile phone which consists of the transceiver, the display and the 

processor and is controlled by a SIM card operating over the network. 

 Base Station Subsystem: It acts as an interface between the mobile station and the network 

subsystem. It consists of the Base Transceiver Station which contains the radio transceivers and 

handles the protocols for communication with mobiles. It also consists of the Base Station Controller 

which controls the Base Transceiver station and acts as a interface between the mobile station and 

mobile switching centre. 

 Network Subsystem: It provides the basic network connection to the mobile stations. The basic part 

of the Network Subsystem is the Mobile Service Switching Centre which provides access to different 

networks like ISDN, PSTN etc. It also consists of the Home Location Register and the Visitor 

Location Register which provides the call routing and roaming capabilities of GSM. It also contains 

the Equipment Identity Register which maintains an account of all the mobile equipments wherein 

each mobile is identified by its own IMEI number. IMEI stands for International Mobile Equipment 

Identity. 

 

                          6. IMPLEMENTATION AND CODING   

6.1 Arduino Installation: 

After learning about the main parts of the Arduino UNO board, we are ready to learn how to set up the 

Arduino IDE. Once we learn this, we will be ready to upload our program onthe Arduino board.In this 

section, we will learn in easy steps, how to set up the Arduino IDE on our computerand prepare the board to 

receive the program via USB cable. 

 

Step 1: First you must have your Arduino board (you can choose your favorite board) anda USB cable. In 

case you use Arduino UNO, Arduino Duemilanove, Nano, Arduino Mega 2560, or Diecimila, you will need 

a standard USB cable (A plug to B plug), the kind youwould connect to a USB printer as shown in the 

following image. 
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Fig 9 USB Cable 

In case you use Arduino Nano, you will need an A to Mini-B cable instead as shown in the 

following image. 

 

Figure 10 Cable for aurdino nano 

Step 2: Download Arduino IDE Software. 

You can get different versions of Arduino IDE from the  on the Arduino Official website. You must select 

your software, which is compatible with your operating system (Windows, IOS, or Linux). After your file 

download is complete, unzip the file. 
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Figure 11 Arudino zip 

Step 3: Power up your board. 

The Arduino Uno, Mega, Duemilanove and Arduino Nano automatically draw power from 

either, the USB connection to the computer or an external power supply. If you are using 

an Arduino Diecimila, you have to make sure that the board is configured to draw power 

from the USB connection. The power source is selected with a jumper, a small piece of 

plastic that fits onto two of the three pins between the USB and power jacks. Check that 

it is on the two pins closest to the USB port. 

Connect the Arduino board to your computer using the USB cable. The green power LED 

(labeled PWR) should glow. 

Step 4: Launch Arduino IDE. 

After your Arduino IDE software is downloaded, you need to unzip the folder. Inside the 

folder, you can find the application icon with an infinity label (application.exe). Doubleclick 

the icon to start the IDE. 
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Fig 12: Arudino path 

Step 5: Open your first project. 

Once the software starts, you have two options: 

 Create a new project. 

 Open an existing project example. 

To create a new project, select File --> New. 
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Figure 13: New Arudino program 

To open an existing project example, select File -> Example -> Basics -> Blink. 
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 Figure 14 :Arudino program 

Here, we are selecting just one of the examples with the name Blink. It turns the LED on 

and off with some time delay. You can select any other example from the list. 

Step 6: Select your Arduino board. 

To avoid any error while uploading your program to the board, you must select the correct 

Arduino board name, which matches with the board connected to your computer. 

Go to Tools -> Board and select your board. 
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Figure 15: select arduino board 

Here, we have selected Arduino Uno board according to our  tutorial, but you must select 

the name matching the board that you are using. 

Step 7: Select your serial port. 

Select the serial device of the Arduino board. Go to Tools -> Serial Port menu. This is likely to be COM3 or 

higher (COM1 and COM2 are usually reserved for hardware serial ports). To find out, you can disconnect 

your Arduino board and re-open the menu, the entry that disappears should be of the Arduino board. 

Reconnect the board and select that serial port. 
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Figure 16 :Select serial port 

Step 8: Upload the program to your board. 

Before explaining how we can upload our program to the board, we must demonstrate the 

function of each symbol appearing in the Arduino IDE toolbar. 
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Figure 17: Tool Bar 

A- Used to check if there is any compilation error. 

B- Used to upload a program to the Arduino board. 

C- Shortcut used to create a new sketch. 

D- Used to directly open one of the example sketch. 

E- Used to save your sketch. 

F- Serial monitor used to receive serial data from the board and send the serial data 

to the board. 

Now, simply click the "Upload" button in the environment. Wait a few seconds; you will 

see the RX and TX LEDs on the board, flashing. If the upload is successful, the message 

"Done uploading" will appear in the status bar. 

Note: If you have an Arduino Mini, NG, or other board, you need to press the reset button 

physically on the board, immediately before clicking the upload button on the Arduino 

Software. 

These instructions mostly show Windows software. Except when indicated, the software 

(should be) identical on all platforms. Linux will be added once I figure out how to get it 

working (yay) 

Not much is needed for this lesson, just a USB cable and an Arduino. If you have an older 

Arduino you may also need an LED. Any LED is fine as long as it looks sorta like the photo, 
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with a plastic bulb and two legs. 

Download the Software 

The first thing to do is download the Arduino software. 

Go to the Arduino Software Download Page No- and grab the right file for your OS. As of 

Sept 2007 the version is 009 but you should use whatever is most recent. 

The packages are quite large, 30-50 MB so it may take a while to finish 

 

 

Figure 18: Downloading 

Unpack and Install 

Extract the package onto the Desktop 
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Figure 19: Extraction on windows 

 

       Figure20:   Extraction On Mac OS X 
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figure 21: File on Windows 

Windows 

 

 

 

    

Figure 22: File on MAC 

Mac OS X 

Startup! 

Double click the Arduino software icon 

  

Windows 

 

Figure 23: File on Windows 
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Figure24: exe in Windows 

Mac OS X 

To open the work space 

 

 

Figure 25: ATMEGA 8 

 

 

 

Figure 26: ATMEGA 168 

If the text says ATMEGA8-16P then you have an atmega8 chip. If the text says ATMEGA168-20P then you 

have anatmega168 chip. If it says "ATMEGA328P-20P" you have an atmega328p chip 
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Figure 27: Select  Atmega168 

Make sure the correct chip is selected (this picture is really old, will be fixed soon). This preference is saved 

so you only have to set it once, the program will remember next time it's run. 

Select port 

Next, its time to configure the Serial Port (also known as the COM Port). Go back to remind yourself of 

which port it is. On a PC it will probably be something like COM3 or COM4. On a Mac it will be something 

liketty.usbserial-xxxxx 

 

 

Figure 28: serial port in windows 

Windows port selection 
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Figure 29: Serial Port in Mac 

Mac port selection 

This preference is saved so you only have to set it once, the program will remember next time it's run. 

However, if you have multiple Arduino's, they may be assigned difference COM ports. So every time you 

plug in a new Arduino, double check that the correct port is selected. 

Verify / Compile 

The first step to getting a Sketch ready for transfer over to the arduino is to Verify/Compile it. That means 

check it over for mistakes (sort of like editing) and then translate it into an application that is compatible 

with the Arduino hardware. 

 

figure30: Compile 

 

Reset (NG only) 
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To tell the Arduino that it should prepare itself for a new Sketch upload, you must reset the board. Diecimila 

Arduino's have built-in auto-reset capability, so you don't need to do anything. Older Arduinos, such as NG, 

must be manually reset before uploading a sketch. To do that simply press the black button on the right hand 

side of the board, shown here. 

 

 

Figure 31:Reset Arudino 

Upload 

Now it's time to upload. Make sure the Arduino is plugged in, the green light is on and the correct Serial Port 

is selected. 

If you have an NG Arduino, press the Reset Button now, just before you select the Upload menu item. 

Select Upload to I/O Board from the File menu 
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Figure 32:  Upload Code 

After a few seconds you should get this screen, with the message Done uploading. in the status bar. 

If you get the following error message "avrdude: stk500_getsync(): not in sync: resp=0x00" that means 

that the Arduino is not responding 

Then check the following: 

 If you have a NG Arduino, did you press reset just before selecting Upload menu item? 

 Is the correct Serial Port selected? 

 Is the correct driver installed? 

 Is the chip inserted into the Arduino properly? (If you built your own arduino or have burned the bootloader 

on yourself) 

 Does the chip have the correct bootloader on it? (If you built your own arduino or have burned the 

bootloader on yourself) 

If you get the following error message: 

It means you dont have a serial port selected, go back and verify that the correct driver is installed (lesson 0) 

and that you have the correct serial port selected in the menu. 

If you get the following error Expected signature for ATMEGA 

Then you have either the incorrect chip selected in the Tools menu or the wrong bootloader burned onto the 

chip 

If you get the following error:  (under Windows, COM port value may vary) 
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It means that you have too many COM ports (maybe you've got 9 Arduinos?) You should make sure that the 

port is numbered as low as possible. You can use a program like FTClean to clear out old COM ports you 

aren't using anymore. Once you've cleaned out the ports, you'll have to reinstall the driver again (see lesson 

0).  

Alternately, if you're sure that the ports are not used for something else but are left over from other USB 

devices, you can simply change the COM port using the Device Manager. Select the USB device in the 

Device Manager, right click and select Properties 

Then click Advanced... and in the next window change the COM port to something like COM4 or COM5. 

Don't forget to select the new port name in the Arduino software. The lower port names may say (in use) but 

as long as the other USB devices aren't plugged in, it shouldn't be a problem. This is a little riskier than just 

using FTClean... 

Video of all steps 

Here is a video showing the timing of the steps described so far. 

Insert LED (NG Arduinos) 

Some older Arduinos don't have a built in LED, its easy to tell if yours does or not 

If you have a Diecimila or other Arduino with a built in LED you will see a translucent part as shown 

If you have an NG rev C or other Arduino without an LED, the translucent part will not be there, and instead 

you will see two silver dots 

If you don't have an LED, you'll need to add your own. Any LED will do, as long as it has two legs and kind 

of looks like the one shown here. LEDs are directional components. That means if you put it in backwards it 

will not work! To help you put the LED in right, the LED factory cuts the legs at different lengths. The 

longer leg goes in the hole marked 13and the shorter one goes in the hole marked GND 

6.2 Coding 

int sensor=8; 

int speaker=9; 

int sensor_value,a,b; 
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void setup() 

{ 

pinMode(sensor,INPUT); 

pinMode(speaker,OUTPUT); 

Serial.begin(9600); 

delay(500); 

} 

void loop() 

{ 

sensor_value=digitalRead(sensor); 

if(sensor_value==HIGH) 

 { 

  digitalWrite(speaker, LOW); 

 if(b==0) 

{ 

 Serial.println("AT+CMGF=1");    //To send SMS in Text Mode 

  delay(1000); 

  Serial.println("AT+CMGS=\"+917659907888\"\r"); // change to the phone number you using  

  delay(1000); 

  Serial.println("Alert! Intruder detected");//the content of the message 

  delay(200); 

  Serial.println((char)26);//the stopping character 

  delay(1000); 

555



GSM Based Home Security Alarm System 
 

Dept. of IT, BVRIT, Narsapur Page 47 
 

  Serial.println((char)26);//the message stopping character 

  delay(1000); 

  b=1; 

} 

} 

if(sensor_value!=HIGH) 

{ 

  digitalWrite(speaker, HIGH) 

delay(5); 

b=0; 

} 
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7. TESTING AND VALIDATION 

S.No Testcase 

Description 

Input Expection 

Behaviour 

Observed 

Behaviour 

Test 

Result 

 

  1 

Testing the buzzer Voltage to 

the arudino 

board 

Buzzer should start 

buzzing 

Buzzer buzzed Success 

  2 Buzzer buzzing after 

when there is a 

intruder 

Intruder 

before IR 

sensor 

Buzzer should start 

buzzing 

Buzzer buzzed Success 

 3 Sending alert 

message to device 

containing sim 

 Intruder 

before IR 

sensor 

Alert message 

should be sent to 

the devise with the 

sim 

The devise with 

the sim 

received the 

alert message 

Success 
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SCREENSHOTS 

Step 1: When intruder is detected buzzer buzzess 

 

Figure 33: Project output 

Step 2: When intruder is detected the alert message is sent  

 

Figure 34:Alert message 
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CONCLUSION 

 

Home security has been a major issue where crime is increasing and everybody wants to take proper 

measures to prevent intrusion. In addition, there is need to automate home so that the user can take the 

advantage of technological advancement. This project presents a model that will provide security to their 

home, via SMS using GSM technology. Basic Idea of our project is to provide GSM Based security even if 

the owner is away from the restricted areas. For this we adopted wireless mode of transmission using GSM. 

Beside this there are many methods of wireless communication but we selected GSM in our project because 

as compared to other techniques, this is an efficient and cheap solution also, we are much familiar with GSM 

technology and it is easily available .This project is designed to provide ubiquitous access to the system for 

the security using extensive GSM technology for communication purposes and microcontroller for device 

control. The detailed sensors above are used to sense the disturbance and inform to the programmed micro 

controller and then information is sent between controlling unit and home owner for security purpose. The 

end product will have a simplistic design making it easy for users to interact with. 
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MEMORANDUM OF UNDERSTANDING 

 

 
This Memorandum of Understanding(MoU) is executed on (Date) 25.11.21………… 

Between 

Aviocian Technologies Pvt. Ltd., which is aDrone Technology company with its 

Registered Office at 125/13, AmritPuri, East of Kailash, New Delhi- 

110065hereinafter referred to asAviocian Technologies Pvt. Ltd, represented by its 

CEOA.J. Arun Jeya Prakash(which expression unless repugnant to the context and 

meaning include his successors, administrators and assigns) of the ONE PART. 
 

and 

BV Raju Institute of Technology (UGC- Autonomous Institution), established in 1997 

in Vishnupur, Narsapur, Medak, Telangana- 502313,herein after called asBVRIT, 

represented by   Dr. K. Lakshmi Prasad, Principal, BVRIT. (Which expression unless 

repugnant to the context and meaning include his successors, administrators and 

assigns) of the OTHER PART. 
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WHEREAS, Aviocian Technologies Pvt. Ltd is engaged in UAV Skill Development, 

UAV Lab, UAV Services, UAV R&D and consultancy in the field of Engineering and 

Technology pan India. 

WHEREAS, BVRIT , which is a reputed institution which offers many Engineering 

courses in various disciplines and is also contributing to the rapidly growing 

scientific and technological knowledge and professional excellence in technology by 

undertaking various research and consultancy activities 

WHEREAS, both Aviocian Technologies Pvt. Ltd and BVRIT, now, 

Recognizing the importance of Research and Development, Consultancy in the areas 

of Drone Technology, 3D Mapping, Remote Sensing and Surveying, Inspection etc. 

Appreciating the need for creation of large reservoir of highly qualified manpower 

in all fields related to Building Science and Technology including Structural 

Engineering, Drone Technology, 3D Mapping, Remote Sensing and Surveying, 

Inspection etc. Desiring to enhance their efforts by joining their expertise and 

resources. 

INTEND to form a Synergistic Framework for promoting development and growth 

of excellent quality manpower in the fields of Engineering, Technology and Science 

with a focus on Civil Engineering, Drone Technology, 3D Mapping, Remote Sensing 

and Surveying, Inspection. NOW, THEREFORE in consideration of the mutual 

promises made herein and of good and valuable consideration, the receipt and 

sufficiency of which both parties  hereby acknowledge, Aviocian Technologies Pvt. 

Ltdand BVRIT hereby agree as under: 

ARTICLE —I: SCOPE OF THE MoU 

This MoU details the modalities and general conditions regarding collaboration 

between Aviocian Technologies Pvt. Ltd and BVRIT for enhancing, within the 

country, the availability of highly qualified manpower in the area of Civil 

Engineering, Building Science and Technology, Drone Technology, 3D Mapping, 

Remote Sensing and Surveying, Inspection etc. without any prejudice to prevailing 

rules and regulations in Aviocian Technologies Pvt. Ltd and BVRIT and without any 

disregard to any mechanism evolved and approved by the competent authorities 

under Govt. of India in so far as such mechanism applies to Aviocian Technologies 

Pvt. Ltdand/or BVRIT. The areas of cooperation can be extended through mutual 

consent. 

 

-3- 

 

565



ARTICLE - II: SCOPE OF ACADEMIC INTERACTION 

Aviocian Technologies Pvt. Ltd and BVRIT shall encourage interaction between the 

Aviocian Technologies Pvt. LtdEngineers and BVRIT faculty members and students 

through the following arrangements. 

a. Guidance of students Projects/Thesis/R&DbyAviocian Technologies Pvt. 

Ltdin the area of building science and technology of national interest on 

mutually agreeable terms as listed below: 

i) There will be no restrictions on the contents of the thesis and on publications 

of results of the thesis, subject to the condition that Intellectual Property 

Rights can be secured for any part of the work which will be decided with 

mutual consent. 

ii) Aviocian Technologies Pvt. Ltdwill be free to independently carry out follow-

up research on the thesis work conducted under this schemeon mutual 

agreement basis. 

iii) If the outcome of a project related to product development, process, 

technology and design etc which involves matter of secrecy and concern with 

security of the state and country,  the same will not be allowed for 

publication/printing in any form such as Electronically/verbal etc. If the 

outcome of a project results into an intellectual property, for which rights can 

be secured, it will be decided on a case to case basis. Similarly, sharing of 

expenditure in securing such rights and income accrued through royalty etc 

by the parties under the law will be decided on case to case basis after mutual 

consultation. 

 

iv) Joint guidance of student Projects / Thesis in 3D Mapping, Surveying,  

Building Science & Technology and Engineering Geosciences areas of mutual 

interest at BVRIT by Aviocian Technologies Pvt. Ltd Scientists and faculty of 

BVRIT as per rules and regulations of both organization. 

 

v) Organizing of joint Conferences and Seminar. 

vi) BVRIT Practical training/Workshops on emerging technology areas like 

Drone Technology, 3D Mapping, Remote Sensing, Drone Surveying, 3D 

printing, Drone Inspection and Drone Piloting etc. at the BVRIT Premises. The 

cost per student for training shall be decided on mutual agreement. 

vii) Participation of Aviocian Technologies Pvt. Ltd Experts in BVRIT programmes 

and events as well as participation of Faculty and Students of BVRITto 

participate in research programmes and events of Aviocian Technologies Pvt. 

Ltd, based on mutual agreement and approvals of both organizations as 

appropriate. 
 

viii) Initiation of collaborative research and submission of joint project proposals 

by Aviocian Technologies Pvt. Ltd and BVRIT to external funding.  
 
 

ix) Aviocian Technologies Pvt. Ltd shall be allowed to mentor students of BVRIT 

for various National and International UAV/Drone related Competitions. 
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ARTICLE - III: SCOPE OF COMMERCIAL AND CONSULTANCY PROJECTS 

a)    Aviocian Technologies Pvt. Ltd and BVRIT hereby agree to work together  

on Drone Technology, Drone Inspection, Drone Surveying and 3D Mapping for  

        Commercial and consultancy projects together for the mutual growth in the  

emerging technologies. 

 

b)    Travel cost (Economy flight ticket, Train 2AC or 3AC and local cab travel) and  

accommodation for team from Aviocian Technologies Pvt, Ltd shall be taken  

care by BVRIT during the Consultancy Projects. 

 

c)    Aviocian Technologies Pvt. Ltd and BVRIT can mutually decide the  

commercials involved in handling the commercial and consultancy projects. 

 

 

 

ARTICLE — IV: SHARING OF FACILITIES 

a) Aviocian Technologies Pvt. Ltd and BVRIT shall make provisions to share their 

respective R&D facilities in order to promote academic and research interaction 

in the areas of cooperation subject to approvals and availability. 
 

b) Aviocian Technologies Pvt. Ltd and BVRIT shall permit the exchange of software 

and other materials and components developed in-house in the areas of 

cooperation, if permissible, within the rules governing the two institutions. 
 

c) Aviocian Technologies Pvt. Ltd and BVRIT shall provide access to the library 

and extend inter-library loan facilities to scientists of Aviocian Technologies Pvt. 

Ltd, members of faculty and students of BVRIT as per the prevailing rules and 

norms in the respective institutes. 

 

d) Aviocian Technologies Pvt. Ltd and BVRIT Shall permit access to library 

collection through E-library in which the users enjoy the euphoria of being in 

distance and still access library collection with the use of internet network. 

 

ARTICLE —V: EFFECTIVE DATE AND DURATION OF MoU 

a) This MoU shall be effective from the date of its approval by competent 

authorities at both ends. 
 

b) The duration of the MoU shall be for a period of twelve months from the 

effective date and may be extended further on mutual agreement. 
 

c) During its tenancy the MoU may be extended or terminated by a prior notice of 

not less than three months by either party. However, termination of the MoU 

will not in any manner affect the interests of the students who have been 

admitted to pursue any training programme under the MoU, or progress of any 

ongoing mutual activity that has been initiated formally with approval of both 

sides. 
 

d) Any clause or article of the MoU may be modified or amended by mutual 

agreement of Aviocian Technologies Pvt. Ltd and BVRIT. 
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MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding, is entered and executed at Hyderabad, on this day of July
2021 by and between:

M/S. STRATON Electrical Pvt. Ltd., having its head office at D-38, Jeedimetla, Hyderabad,
500055, represented by Sri Yalamanchi Vijay Chowdary:, Director, herein after referred to as

the STRATON which expression shall mean and include its representatives, successors, nominee

(s) etc.,

and

M/S. B.V.Raju Institute of Technologyhaving its registered office atVishnupur, Narsapur,

Medak (Dist.), Telangana,lndia , represented by its Principal SriDr. K. Lakshmi Prasad,

hereinafter referred to as BVRITwhich expression shall mean and include his representatives,

successors, nominee (s) etc.

WHEREAS STRATON is engaged in the business of manufacturing and sales of High voltage

transformers, Battery chargers etc. ST RATON is also engaged in servicing, maintenance and

research of its products. Straton is engaged in the research and development of the High

Voltage transformers, Battery charges.

AND WHEREAS BVRIT is an educational institution both graduation and post graduation

levels in technical education. The faculties of BVRIT and groups of students are actively

encouraged in research, development and innovation of products.

AND WHEREAS STRATON & BVRIT after holding series of meetings and discussions and

deliberations have found that a collaboration between them could help STRATON with

necessary research, development, innovation and back up of its products and that the same could

help BVRIT with research provision and industry exposure to the students and accordingly have

arrived at an understanding on the following terms and conditions:

NOW THEREFORE THIS MEMCRANDUM OF UNDERSTANDING WITNESSETH AS

FOLLOWS;

1] STRATON will from time to time issue job works to BVRIT with respect to resolution of

technical issues that may arise in its products, research, development and innovation of the

products.

—FOEM/s. STRATON Electricals Pvt Ltd,

Director

For us. B V Raju Institute 8fTechn0101

V}shnupur. ON cipal, BVRIT
Nasapur.

Medak O);
T.S.
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21 Upon such entrustment of the job by ST RATON, BVRIT shall undertake such job and
execute the same either at its facilities or the facilities of the STRATON at their site,
depending upon the convenience and exigencies.

3] STRATON and BVRIT shall negotiate and arrive at the cost of the job work being assigned
and incorporate such concluded cost in the job work order.

4] STRATON would update and apprise the personnel of BVRIT as to various developments
and innovations being taking place or happening in the industries high voltage transformers
and battery chargers.

5] STRATON shall from time to time at the request and demand by BVRIT depute technical
experts for providing necessary lectures, experiments, providing literature etc.

6] BVRIT shall have the proprietary, patent, know-how, inventions, trademarks, and copyrights

of the job executed by them and STRATON will be entitled to the manufacturing rights of the

products developed and innovated by BVRIT upon payment of consideration as negotiated

between them.

7] BVRIT hereby agrees to keep the know-how, inventions and research work undertaken for

STRATON and its products confidential and shall not disclose or divulge the same to any other

competitors in the field, except expressly permitted by STRATON during the tenure of this

MOU.

8] This MOU will take effect from the date it is signed by the representatives of the two

organizations. It will remain valid for a period of Three years. This MOU will be reviewed after

One year.

9] STRATON & BVRIT hereby agree that in case of any dispute between the parties, the same

shall be referred to an arbitrator, whose decision shall be final and binding upon both the parties.

The venu of arbitration shall be within the jurisdiction of Hyderabad.

INWITNESS WHEREOF, STRATON & BVRIT through their respective authorized

representatives, have executed these presents and affixed their hands/signatures and common seal

of their respective companies on the day, month and year first above mentioned.

F -M/S. STRATON 
CUECiA

Pvt Ltd,

Represented by:

riYalamanchi Vijay Chowdary,
Director

For Ws. B V Raju Institute of Technology

Represented by:

Dr. K. Lakshmi Prasad ,
Principal, BVRIT

/ 2 Yishaugur,

taedB Dist.
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Severabillty

67. The invalidity or unenforceability of any provision of this Agreement sha not affect ihevalidity or enforceability of any other provision. - - ; -'

Waiver

68. No_w.aiver on behalf ofany part of any breach of the provisions of this Agreement shall be
::*'l:^":-1l9l1S_,"1"su,ch 

party.untess ihe same sha be expressed in wrjring and anyu/arver so expressed sha not limil or atfecl such party,s nghts with respect to any futur;
breach of any ofthe provisions of this Agreement.

Asslgnment

69. Neither party may assign thgir righls and obligations under this Agreement without the prior
express written consent of the othe[ party, which consent sh'afl not be unfeasonabry
withhetd.

Succcsso6 and Assigns

70. This Agreement shall bind and endures to the benefil of the partiG and thetr respectivepermitted successors and assigns.

lN WTNESS WHEREOF, the parties have executed this Agreement on the day and year firsiabove written.

SIGNED SEALED & DELIVERED UNIVERSITY OF NEW BRUNSWTCK
in the presen@ of:

SIGNEDSEALED & DELIVERED
in the presence ofi

t[\\rL5
wtness 

RA{r R.A{AGolftL.
,,llcE Ct\ f reN{ N (lrEs)

SRI VISHNU EDUCATTONAL SOCIEry

lr, I .'
P6. [ll'! ry(

$rcTrri=fiuibtrerlai,rnal

Dr, Paul J. Maze/olte
President and Vlco-ehancellor
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B V Raju Institute Of Technology
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UNIVtRSAL utARNlNG

(Sri Vishnu Educational Society)
Accredited Institute

Affiliated to JNTU, Hyderabacl.

M etnorall(ltltn of Un(lersta nding (MOU)

Veehnienl Collaboration, joint Research & Development

betu•een

VISHNU
UNIVERSAL LEARNING

M/s. B.V.Raju Institute of Technology
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M/s. Sanjay Technical Services Pvt. Ltd.,
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MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding, is entered and executed at Hyderabad, on this day of July

2021 by and between:

M/S. Sanjay Technical Services Pvt. Ltd., having its head office at D-38, Jeedimetla,

Hyderabad, — 500055, represented by Sri Yalamanchi Vijay Chowdary:, Director, hereinafter

referred to as "Sanjay Technical", which expression shall mean and include representatives,

successors, nominee (s) etc.,

and

M/S. B.V.Raju Institute of Technologyhaving its registered office at Vishnupur, Narsapur,

Medak (Dist.), Telangana,lndia , represented by its Principal SriDr. K. Lakshmi Prasad,

hereinafter referred to as BVRITwhich expression shall mean and include his representatives,

successors, nominee (s) etc.

WHEREAS SANJAY TECHNICAL is engaged in the business of manufacturing and sales of

Transformers, Industrial Switch gears, Control panels, Power distribution boards etc. SANJAY

TECHNICAL is also engaged in servicing, maintenance and research of its products. SANJAY

TECHNICAL is engaged in the research and development of the electrical switchgear and

protection.

AND WHEREAS BVRIT is an educational institution both graduation and post graduation

levels in technical education. The faculties of BVRIT and groups of students are actively

encouraged in research, development and innovation of products.

AND WHEREAS SANJAY TECHNICAL & BVRIT after holding seriesof meetings and

discussions and deliberations have found that a collaboration between them could help SANJAY

TECHNICAL with necessary research, development, innovation and back up of its products and

that the same could help BVRIT with research provision and industry exposure to the students

and accordingly have arrived at an understanding on the follo»ång terms and conditions:

NOW THEREFORE THIS MEMOIUXNDUM OF UNDERSTANDING WITNESSETH AS

FOLLOWS;

l] SANJAY TECHNICAL will from time to time issue/place job works to BVRIT with respect

to resolution of technical issues that may arise in its products, research, development and

innovation of the products.

For M/S. Sanjay Technical Services Pvt Ltd,

Director

For M/S. B V Raju Institute of Technology

Ybhnuput, rincipal, BVRIT
N? rsapur.
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Department of IT 

Projects done in Avianco  

Project Title 
 
 
 

Unmanned Aircraft Systems Traffic Management (UTM)  

PROJECT SUMMARY 

 

 

Industry Partner : Avianco UAV Research Centre  

Coordinators  :  

1. Dr K Dasaradha Ramaiah, Professor &HOD, IT Dept.   

2. Dr. M. Neelakantappa, Professor, IT Dept. 

3. Dr.R.V.Ramana Chary, Associate Professor, ITDept. 

4. Dr K Bhima, Associate Professor, ITDept 

5. Dr K Durga Prasad, Associate Professor, ITDept 

 

The following Students have undergone training and actively involved during 

the implementation of project: 

 

 

S.No Roll No Name of the Student Year & Sec 

1 17211A1218 Bandhavi 3th Year & A 

2 17211A1225 Abhinav 3th Year & A 

3 17211A1291 Puneeth 3th Year & B 

4 17211A12B8 Vrishali 3th Year & B 

5 17211A12C0 Suhitha 3th Year & B 

6 18211A1215 Likitha 2nd Year & A 

7 18211A1232 Preetham Sai 2nd Year & A 

8 18211A1246 Govardhan 2nd Year & A 

9 18211a1267 Manideep 2nd Year & B 

10 18211A1269 Teja Varma 2nd Year & B 
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Definitions 
 
 
            Note.— The definitions contained herein are used in the context of this document. Except 

where indicated, they have no official status within ICAO. Where a formally recognized ICAO 

definition is included for convenience, it is noted with an asterisk (*). Where a term is used 

differently from a formally recognized ICAO definition, it is noted with the symbol **. 

 
Aeronautical information service (AIS).* A service established within the defined area of 

coverage responsible for the provision of aeronautical data and aeronautical information 

necessary for the safety, regularity and efficiency of air navigation. 

 
Aircraft.* Any machine that can derive support in the atmosphere from the reactions of the 

air other than the reactions of the air against the earth’s surface. 

 
Air traffic control service.* A service provided for the purpose of: 

 
a)  preventing collisions: 

 
•   between aircraft, and 

•   on the manoeuvring area between aircraft and 

obstructions; and b)  expediting and maintaining an 

orderly flow of air traffic. 

Air traffic management (ATM).* The dynamic, integrated management of air traffic and 

airspace (including air traffic services, airspace management and air traffic flow 

management) – safely, economically and efficiently – through the provision of facilities 

and seamless services in collaboration with all parties and involving airborne and 

ground-based functions. 

 
Air traffic management (ATM) system.*   A system that provides ATM through the 

collaborative integration of humans, information, technology, facilities and services, 

supported by air and ground- and/or space-based communications, navigation and 

surveillance. 

 

Air traffic service.* A generic term meaning variously, flight information service, alerting 

service, air traffic advisory service, air traffic control service (area control service, approach 

control service or aerodrome control service). 

 

C2  Link.** The data link between the remotely piloted aircraft and the remote pilot station 

for the purpose of managing the flight. 

 
Detect and avoid.* The capability to see, sense or detect conflicting traffic or other hazards and 

take the appropriate action. 
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Geofence. A virtual three-dimensional perimeter around a geographic point, either fixed or 

moving, that can be predefined or dynamically generated and that enables software to trigger 

a response when a device approaches the perimeter (also referred to as geoawareness or 

geocaging). 

 
Operator.* A person, organization or enterprise engaged in or offering to engage in an aircraft 
operation.system. 

 

Note.— In the context of unmanned aircraft, an aircraft operation includes the unmanned 

aircraft 

Prohibited area.* An airspace of defined dimensions, above the land areas or territorial 

waters of a State, within which the flight of aircraft is prohibited. 

 
Remotely piloted aircraft (RPA).* An unmanned aircraft which is piloted from a remote pilot 

station. 
 
 
 

Remotely piloted aircraft system (RPAS).* A remotely piloted aircraft, its associated remote 

pilot station(s), the required C2 Link and any other components as specified in the type 

design. 

 
Restricted area.* An airspace of defined dimensions, above the land areas or territorial waters 

of a State, within which the flight of aircraft is restricted in accordance with certain specified 

conditions. 

 
Segregated airspace.* Airspace of specified dimensions allocated for exclusive use to a specific 

user(s). 

 
Unmanned aircraft system traffic management (UTM). A specific aspect of air traffic 

management which manages UAS operations safely, economically and efficiently through 

the provision of facilities and a seamless set of services in collaboration with all parties and 

involving airborne and ground-based functions. 

 
Unmanned aircraft system traffic management (UTM) system. A system that provides UTM 

through the collaborative integration of humans, information, technology, facilities and 

services, supported by air, ground or space-based communications, navigation and 

surveillance. 

 
Unmanned aircraft system (UAS).* An aircraft and its associated elements which are operated 

with no pilot on board. 

 
Visual line-of-sight (VLOS) operation.* An operation in which the remote pilot or RPA 

observer maintains direct unaided visual contact with the remotely piloted aircraft. 
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Abbreviations 

 
AGL                            Above ground level 

AIP                              Aeronautical information publication 

AIRAC                        Aeronautical information regulation and control 

AIS                              Aeronautical information service 

AIXM                           Aeronautical information exchange model 

ANS                            Air navigation service 

ANSP                          Air navigation service provider 

API                              Application programming interface 

ATC                            Air traffic control 

ATM                            Air traffic management 

BVLOS                       Beyond visual line-of-sight  

CAA                            Civil aviation authority 

CNS                            Communications, navigation and surveillance 

E-ID                            Electronic identification 

FIMS                           Flight information management system 

FIS                              Flight information service 

FIMS                           Flight information management systems 

FSS                            Fixed satellite service 

GIS                             Geographic information system 

GNSS                         Global navigation satellite system 

ICAO                          International Civil Aviation Organization 

IFR                             Instrument flight rules 

ITU                             International Telecommunication Union 

NOTAM                      Notice to airmen 

RFI                             Request for information 

RCP                            Required communication performance 

RNP                            Required navigation performance 

RSP                            Required surveillance performance 

RPA                            Remotely piloted aircraft 

RPAS                         Remotely piloted aircraft system 

SWIM                         System wide information management 

UA                              Unmanned aircraft 

UAS                            Unmanned aircraft system(s) 

UAS-AG                     UAS advisory group 

USP                            UTM service provider 

UTM                           UAS traffic management 

VFR                            Visual flight rules 

VLOS                          Visual line-of-sight 

VTOL                          Vertical take-off and landing 

WRC                          World Radiocommunication Conference 
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Over the last ten years, technological development in the unmanned aircraft (UA) industry has 

disrupted aviation, and introduced enhanced capabilities at an unprecedented pace. As a result, 

States and regulators have received an increasing number of applications for access to low-level 

airspace, where the operations of manned aircraft are generally limited or restricted. At the 

current pace, civil unmanned aircraft system (UAS) operations are expected to surpass the 

number of manned aircraft operations in the near future. Air navigation service providers 

(ANSPs) anticipate that such operations will include those that are fully contained in either 

controlled or uncontrolled airspace, and those that transit across their boundaries. 

 
The pace and off-the-shelf emphasis of technological advancement poses a significant challenge 

to the timely development of standards. In particular, the lack of stability in aircraft design and 

equipage as well as the use of non- traditional aviation-related communications and navigation 

technologies renders any attempt to use traditional methods  of  certification  and  operational  

approval  impractical.  To  meet  demand,  States  and  regulators  are encouraged to be 

innovative and proactive in facilitating and approving such proposals; however, this is leading to 

a lack of harmonization that may impact safety, security, the environment, system reliability and 

economic efficiency. 

 
The UAS traffic management (UTM) concept was first proposed in 2016 by members of State 

research organizations and industry to support the real-time or near-real-time organization, 

coordination, and management of UA operations, including the potential for multiple beyond 

visual line-of-sight (BVLOS) operations. 

 

Through UTM, it is envisaged that civil aviation authorities (CAAs) and ANSPs, to the extent 

that they are involved, will be able to make real-time information regarding airspace constraints 

and the intentions of other aircraft available to UAS operators directly or through a UTM service 

provider (USP). The UAS operator would then be responsible for managing its operations safely 

within these constraints, without receiving positive air traffic control (ATC) services from  the 

ANSP. The primary means of communication and coordination between the ANSP(s), 

UTM services providers, operators and other stakeholders may be through a distributed network 

of highly automated systems via application programming interfaces (APIs), and not between 

pilots and air traffic controllers via voice communication. 

 
Although some UAS are unable to comply with the Convention on International Civil Aviation 

(Doc 7300), signed at Chicago on 7 December 1944 and amended by the ICAO Assembly, at 

the 39th Session of the ICAO Assembly, it was requested that ICAO address, as a matter of 

urgency, the increasing number of UA operating in low-level airspace that might conflict with 

manned aviation, and develop a global baseline of provisions and guidance material for the 

proper harmonization of UAS regulations that remained outside the international instrument 

flight rules (IFR) framework. As a result, ICAO has assembled industry partners, at its annual 
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DRONE ENABLE Symposiums, to assist in providing direction and guidance in support of 

harmonizing UAS regulatory activities throughout the Member States.  Since  UTM as  a  

concept  is  already under  development,  a common  agreement  on its framework  and 

principles is essential to ensuring global harmonization and interoperability. Accordingly, ICAO 

is supporting States, UAS industry leaders and academic and aviation professionals in the 

development of a common agreement on the framework for UTM that will remain consistent 

with the principles of the Convention. 

 
Notwithstanding potentially disparate rules and regulations, a lack of guidance material or 

limited consensus on best practices or standards, the Preamble to the Chicago Convention (1944) 

remains valid: 

 
WHEREAS the future development of international civil aviation can greatly help to create and 

preserve friendship and understanding among the nations and peoples of the world, yet its 

abuse can become a threat to the general security; and WHEREAS it is desirable to avoid friction 

and to promote that cooperation between nations and peoples upon which the peace of the world 

depends; THEREFORE, the undersigned governments having agreed on certain principles and 

arrangements in order that international civil aviation may be developed in a safe and orderly 

manner and that international air transport services may be established  on  the  basis  of  equality  

of  opportunity  and  operated  soundly  and  economically;  Have accordingly concluded this 

Convention to that end. 

 

Note.— In this guidance material, the term “unmanned aircraft” or “UA” is 

intended to refer to UA that will primarily operate within the UTM framework. It does not 

include those UA, including remotely piloted aircraft (RPA), operating within the traditional air 

traffic management (ATM) system. 

 

Scope 

 
This document is intended to provide a framework and core capabilities of a “typical” UTM 

system to States that are considering  the  implementation  of  a  UTM  system.  Any  such  UTM  

system  must  be  able  to  interact  with  the overarching ATM system without negatively 

affecting the safety or efficiency of the existing ATM system. A common framework is needed 

to facilitate harmonization between UTM systems globally and to enable industry, including 

manufacturers, service providers and end users, to grow safely and efficiently without disrupting 

the existing manned aviation system. Specifically, this document may be used by States to 

develop a UTM system that provides the following benefits: 

 
•    continued safety of all air traffic, manned and unmanned; 

•    safety of persons on the ground; 

•    complex low-level UA operations; 

•    ongoing support of technological advancements; 
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•    evaluation of security and environmental risks; and 

•    provision for a global, harmonized framework for low-level UTM. 

 
This framework is not intended to propose or endorse any specific UTM system design or 

technical solutions to address the UTM challenge; instead, its aim is to provide an overarching 

framework for such a system. Accordingly, the following sections propose a common set of 

guiding principles and enabling actions. 

 
Initial assessment parameters include the overall effectiveness, safety and efficiency of the UTM 

system; registration and identification systems; communications compatibility between UTM, 

ATC and potentially manned aircraft; detect and avoid (DAA) capabilities; geofencing-like 

systems (benefits, constraints, restraints, etc.); interoperability (with other systems and other 

States); adaptability of the architecture; infrastructure performance requirements (including 

reliance on existing infrastructure); frequency spectrum (availability, suitability, security, etc.) 

and cybersecurity. Like the technology, this document will be updated as developments occur 

and system capabilities have been demonstrated. 

 
While this document begins to explore the critical operational aspect of interoperability of 

certain elements of UTM with ATM, this issue will need to be further addressed in future 

editions of the framework. As such there are also several components of a safe and effective 

UTM system that may not be addressed in this edition, such as, design and certification 

standards of the UA and potentially stratospheric operations. It should be noted, however, that 

future editions of this framework may address these issues, building on the foundation 

established herein. 

 
For the purposes of this guidance material, UTM is considered a separate, but potentially 

complementary, system to the ANSP-supplied ATM system. 
 
 

UTM Principles 

 
UTM is envisioned as a subset of ATM that is aimed at the safe, economical and efficient 

management of UAS operations through the provision of facilities and a seamless set of services 

in collaboration with all parties and involving airborne and ground-based functions. Such a 

system would provide UTM through the collaborative integration of humans, information, 

technology, facilities and services supported by air, ground and/or space-based communications, 

navigation and surveillance. 

 
ATM is a longstanding and well understood system for the safe and efficient management of 

airspace and operation of aircraft based on principles of airspace design and cooperative 

systems between pilots and air traffic controllers with clear roles and responsibilities. The 

maturing UAS sector offers many opportunities, but to be fully integrated, UA will need to 

coexist with manned aircraft and existing aviation systems within finite airspace resources. In 
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doing so, safety must be paramount, and both sectors should be able to cooperate for mutual 

gain while avoiding undue impacts to existing airspace users or capabilities. To achieve this 

objective, the technology used to support UTM systems must not inadvertently degrade ATM 

systems (e.g. frequency spectrum saturation or jamming). Privacy, security, reliability and 

environmental protection are also of high public interest. UAS operations must be seen as 

safe, compliant and accountable if routine operations are to be accepted by the public. Each 

depends on the harmonization of risk- and performance-based regulations and oversight, and 

should include consideration of emerging technological solutions. 

 
UTM systems are therefore envisaged to be interoperable and consistent with existing ATM 

systems in order to facilitate safe, efficient and scalable operations. Although system-level 

requirements for UTM systems have not yet been developed, core principles can be established 

to guide their development. There are also numerous principles in the current ATM System that 

remain applicable to UTM services. The following principles should be considered: 

 
1.    Oversight of the service provision, either UTM or ATM, remains the responsibility of the 

regulator. 

 
2. Existing  policies  for  aircraft  prioritization,  such  as  aircraft  emergencies  and  

support  to  public  safety operations, should remain applicable, and practices unique to 

UTM should be compatible with such policies. 

 
3. Access to the airspace should remain equitable provided that each aircraft is capable of 

complying with the appropriate conditions, regulations, equipage requirements and 

processes defined for the specific airspace in which operations are proposed. 

 
4. The UAS operator should be appropriately qualified to perform the established 

normal and contingency operating procedures defined for the specific class of airspace in 

which operations are proposed. 

 
5. To meet their security and safety oversight obligations, States should have unrestricted, 

on-demand access to UAS operators and the position, velocity, planned trajectory and 

performance capabilities of each UA in the airspace through the UTM system. 

 
Where a State is considering the issuance of an operational approval for a UTM system, it must 

assess numerous factors, including, inter alia the following safety-significant factors: types of 

UA and their performance characteristics (including navigation capabilities and performance), 

adequacy and complexity of the existing airspace structure, nature of the operation, type and 

density of existing and anticipated traffic, regulatory structure, environmental considerations, the 

requirement for all UA in the UTM airspace volume to be cooperative, detection/separation 

of non-cooperative UA, management of aeronautical information service (AIS) data and 

geographic information systems (GIS) data applicable to the UTM airspace. 
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Enabling/Complementary Activities 

 
In addition to the key enablers of registration and identification, communications and 

geoawareness/geofencing discussed later in this framework, the safe operation of UAS – and 

BVLOS operations in particular – in a UTM system will depend on a range of supporting and 

enabling capabilities. UTM systems are envisaged to provide some of these capabilities but will 

require enabling policy and regulatory frameworks which take into account emerging 

technological solutions. These frameworks include, inter alia: 

 
• An approach to regulation that is performance- and risk-based. This implies that 

appropriate standards are put in place. The UTM regulatory framework should be 

consistent with the rules for UAS operations and the technical requirements for UAS. 

Responsibilities of the various actors should be clearly spelled out. Additionally, the risk-

based approach should be supported by appropriate risk assessment methodologies, for 

both the operations and the airspace. 

 
• A  requirement  for the development  of and compliance with  standards that address 

UTM-related  data management to ensure that the UTM system meets an acceptable level 

of reliability, redundancy and fault alerting/monitoring and provides a guaranteed quality 

of service. 

 
• The ability of the UTM system to accommodate UAS with varied capabilities, 

performance and operational requirements, based on assessment for the need of UTM, 

which could include a range of systems from remotely piloted UA to fully automated UA 

and, potentially, aircraft intended for urban mobility. 

 
•    Optimization by CAAs of common and shared airspace and the use of frequency 

spectrum. 

 
• Application by CAAs or regional safety oversight organizations, of appropriate 

assurance standards (e.g. cybersecurity or software assurance level), where required. 

 
• Prescribing  and  promoting  by  CAAs  or  regional safety oversight  organizations,  

appropriate  education, guidance and usage standards for UAS operators and USPs, where 

required, 

 
• Emphasizing  consistency  between  national  and  international  developments  and  

deployments  of  UTM systems in order to ensure interoperability and harmonization. For 

instance, depending on the type and location of UTM operations, a system might enable 

operators to submit information about a proposed flight for it to be assessed based on 

existing traffic demands and airspace restrictions prior to an approval or rejection being 

given. 

 

 

 

 

638



 

 

• Ensuring when AIS or GIS data are used in a UTM system, that such information must 

be trusted, accurate and timely. 

 
• The use by the UTM system and UA operated within that system of common 

horizontal, vertical and temporal reference sources compatible with the accuracy and 

tolerances needed for UA navigation through the airspace. 

 
Note.— As it is anticipated that UTM and ATM systems will at some point coincide or 

overlap, the common reference sources used for UTM will need to be compatible with those used 

in ATM systems. 

 
The evolution of the UTM architecture should meet the demand of the UAS community while 

maintaining emphasis on the criticality of safety for all airspace users (manned and unmanned) 

and third parties on the ground by enabling the timely introduction of the appropriate traffic 

density management capability to accommodate planned operations. Such an architecture would 

likely be predicated on the interaction and integration of these operations through information-

exchange processes, avoiding direct communication with ATC, except when specifically 

required. 

List of Services 

 
The UTM system can be considered as a collection of services, among other features, intended to 

ensure safe and efficient operations of UA within the UTM-authorized volume of airspace and 

which is in compliance with regulatory requirements. UAS operations may occur in uncontrolled 

and controlled airspace, with each type of airspace potentially requiring specific services. If 

UAS operations were to occur in controlled airspace, UAS operators would be required to 

follow the procedures and requirements for the airspace, unless an exemption or alternate 

procedures have been established, relieving those operating in the UTM system from the 

established airspace rules. 

 
While  this  document  does  not  specify  technologies  associated  with  these  services,  its  

purpose  is  to  provide suggested types of services. These services will be based on what is 

required in a given geographic volume of airspace and the risk of operations and level of 

resiliency needed. Operational concepts have shown that these services may be provided by 

third-party suppliers, ANSPs or State organizations. As applicable to UAS operations in a UTM 

environment, these services may include, inter alia, the following: 

 
• Activity reporting service: a service that provides on-demand, periodic or event-driven 

information on UTM operations occurring within the subscribed airspace volume and 

time (e.g. density reports, intent information as well as status and monitoring 

information). Additional filtering may be performed as part of the service. 

 
• AIS: a service that enables the flow of aeronautical information/data necessary for the 

safety, efficiency, economy and regularity of, in this case, UAS operations. 

 
• Airspace authorization service: a service that provides airspace authorization from 

the delegated State authority to the UAS operator. 
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• Discovery service: a service that provides users of the UTM system with information on 

relevant services of varying levels of capability in a specific geographical volume of 

airspace (e.g. suppliers of meteorological information). 

 
• Mapping service: a service that provides terrain and obstacle data (e.g. GIS) appropriate 

and necessary for meeting the safety and mission needs of individual UAS operations or 

for supporting UTM system needs for the provision of separation or flight planning 

services. 

 
• Registration service: a service that enables UAS operators to register their UA and 

provide any required data related to their UAS. The system should also include a query 

function enabling authorized stakeholders (e.g. regulators or police services) to request 

registration data.  See Appendix A for additional information. 

 
• Restriction management service: a service that manages and disseminates directives (e.g. 

safety bulletins) and operational and airspace restrictions from the CAA or ANSP to UAS 

operators, including in the form of NOTAMs. 

 
• Flight planning service: a service that, prior to flight, arranges and optimizes intended 

operational volumes, routes and trajectories for safety, dynamic airspace management, 

airspace restrictions and mission needs (this is not intended to refer to the existing 

manned aircraft flight planning services). 

 
•    Conflict management and separation service (Please refer to ICAO Doc 9854 Global 

ATM Operational 

Concept) 

 
a. Strategic  deconfliction  service:  a  service  consisting  of  the  arrangement,  

negotiation  and prioritization of intended operational volumes, routes or 

trajectories of UAS operations to minimize the likelihood of airborne conflicts 

between operations. 

 
b. Tactical separation with manned aircraft service: a service that provides real-time 

information about manned aircraft so that UA operators remain well clear of 

manned aircraft. 
 

c. Conflict advisory and alert service: a service that provides UAS operators with 

real-time alerting through suggestive or directive information on UA proximity to 

other airspace users (manned or unmanned). 

 
d. Conformance monitoring service: a service that provides real-time monitoring and 

alerting of non- conformance to intended operational volumes, routes or trajectories 

for a UAS operator. 

 
e. Dynamic reroute service: a real-time service that provides modifications to 

intended operational volumes, routes or trajectories to minimize the likelihood of 

airborne conflicts and maximize the likelihood of conforming to airspace 

restrictions, while enabling completion of the planned flight. This service would 
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include the arrangement, negotiation and prioritization of in-flight operational 

volumes, routes or trajectories of UA operations while the UA is airborne. 

 
• Tracking and location service: a service that provides information to the UAS operator and 

the UTM system about the exact location of UA, in real time. See Appendix A for additional 

information. 

 
• Weather  service:  a  service  that  provides  forecast  or  real-time  meteorological  

information  to  support operational decisions of individual UAS operators or services. 
 
 

Gaps, Issues and Challenges 
 
 
This section includes a discussion of the many gaps, issues and challenges that must be 

addressed to enable safe 

UAS operations within the UTM and 

ATM systems. 

 
ANSPs anticipate that UAS operations will encompass everything from operations that are fully 

contained in airspace where no air traffic control services are provided (e.g. uncontrolled 

airspace) to those that transit across the boundary between controlled and uncontrolled airspace 

or that are solely operated within controlled airspace. The safe and efficient integration of UAS, 

particularly small UA, into existing controlled and uncontrolled airspace presents a variety of 

issues and novel challenges. Recent studies forecast significant growth of UAS operations, 

leading to a shift of focus to operations in the low-level environment and above populated areas, 

with various types of operations and UA. This will likely include: 

 
•    operations at altitudes in the very low-level structure (e.g. below 150 metres or 500 feet 

above ground level 

(AGL)); 

 
•    systems with high levels of automation and connectivity; 

 
•    greater number of operations, which raises questions about the sustainability and 

scalability of a UTM 

system and the ability of ATM infrastructure to accommodate these new users; 

 
•    flights not conducted in accordance with IFR or visual flight rules (VFR) with the 

potential of establishing 

UAS specific flight rules; and 

 
•    reliance on data links (either non-traditional ground-based links, in-air C2 Links or 

data links with UTM 

systems), raising new challenges related to frequency spectrum, resilience and 

cybersecurity. 
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Gaps 

 
Many of the gaps addressed below become more significant at the boundaries between UTM and 

ATM systems and/or when UA transition between these systems. 

 
• Airspace classification. The current airspace classification scheme as developed for 

manned aviation may not effectively support visual line-of-sight (VLOS) or BVLOS 

operations. This gap includes the potential modification of current classes of airspace or 

potentially creating new classes of airspace to accommodate the range of needs brought 

by UAS operations. 

 
• Airspace access. The policies, rules and priorities required to support equitable access to 

airspace must be developed (the European Union, for example, is examining policies on 

fair access to airspace). 

 
• Rules  of  the  Air.  Rules  of  the  Air  which  specify  flight  rules,  right-of-way,  

altitude  above  people  and obstructions, distance from obstacles and types of flight 

rules, all of which, as written, are incompatible with the intended operations within UTM 

systems must be addressed. 

 
• Operational  procedures.  Procedures  specific  to  the  UTM  system,  including  

normal,  contingency  and emergency scenarios, are needed. Such procedures would need 

to be harmonized with ATM systems whenever UAS operations are planned near the 

boundary between UTM and ATM or if UA will transit from one system to the other. 

 
•    Liability. Liability and insurance implications for USPs in relation to UAS operators must 

be determined. 

 
• Certification. Certification of the UTM system, particularly when interacting with an 

ATM system, and, for UA, meeting the principles of airworthiness, scaled to an 

appropriate level based on risk(s). 
 

• Data standards. Appropriate standards for data required to support UTM safety-related 

services, including security and cybersecurity, are needed. 

 
• Data exchange.   Exchange of data between UTM and ATM systems as well as 

between multiple UTM systems will require common or compatible data formats and 

protocols. These are usually defined by standardization bodies. Determining the extent to 

which existing standards can be used and new ones need to be developed remains a work 

in progress. 

 
• Positional references. Common altitude, navigation and temporal references for 

manned and unmanned operations are needed. There are gaps in the use of reference 

points and equipment providing different levels of accuracy and performance in the 

measurement of altitude, navigation or time. 
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• Interface between UTM and ATM. There is a need to develop procedures and adequate 

tools to ensure the sharing of information and the interoperability of the two systems, and 

to identify roles, responsibilities and limitations. 

 
• Data recording. Data-recording policies and capabilities, similar to ATC data 

retention, are needed to support incident/accident investigative requirements. 

 
• Communications. Remote pilot interfaces and capabilities for communications with the 

UTM system must be developed. These include the ability to interface/communicate with 

ATC and pilots of manned aircraft. 

 
• Alerting systems. The safety and integrity of the UTM system, failure-alerting and failure 

management must be addressed. Policies, guidance and procedures will need to be 

developed to address the degradation or failure of the various UTM components or entire 

UTM system. 

 
• Contingency management protocols.  A dynamic operating environment must have 

operating protocols that account for contingencies both of the UTM system(s) providing 

multiple services and of the aircraft operating within the UTM system. 
 
 

Issues 

 
The issue of modification, adaptation or applicability of requirements for airspace and procedure 

design when considering topics such as navigation performance has yet to be addressed. 

 
To ensure system reliability and safety, frequency spectrum availability and supportability need 

to be determined based on the UTM system architecture. 

 

The establishment of a UTM service within a volume of airspace may affect the classification of 

that airspace (e.g. changes from Class G to D airspace). 

 
The UTM and ATM interface, including responsibilities and procedural development, must be 

addressed to ensure compatibility between manned and unmanned operations. 
 
UTM and ATM systems may have different communications, navigation and surveillance (CNS) 

requirements for different aircraft. The systems need to exchange data effectively so that 

each system can manage the aircraft relevant to its responsibilities. CNS requirements in UTM 

may differ from ATM. 

 
Data sharing protocols will need to consider State data 

privacy policies. 

 
Further  research  is  required  to  support  the  development  of  the  interoperable  standards  and  

protocols  for  the elements of UTM and ATM data exchange. 
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Challenges 

 
Aircraft participating in the UTM system must be separated from each other and from other 

hazards (e.g. buildings, terrain   or   adverse   weather).   This   separation   management   should   

include   guidance   and   responsibilities complemented by other tools and procedures to 

properly address scalability. Separation management may have to be supported by additional 

standards, policies, capabilities or tools, including: 

 
•    a DAA capability to identify/detect and avoid conflicting aircraft and any other hazards; 

 
•    methodologies to allow improved or enhanced detectability and conspicuity of UA by 

manned aviation; 

 
• assignment of responsibility for conflict management and separation provision, 

particularly in low-level airspace, which may include unique solutions such as 

separation provision being delegated to the UA or the UTM system; 

 
• development of UA separation standards within the UTM system, which may include 

the need for safety margins based on elements such as airspeed, weight and UA 

equipment; 

 
• assessment of existing and future separation standards between UA and manned 

aircraft whenever they operate in proximity to each other; 

 
• determination of the relevant surveillance capability for the UTM system to support the 

integration of new or novel aircraft and operations; 

 
•    development of policies to address means of compliance or system approval for UTM 

systems; 

 
• implementation and maintenance of a safety management system as currently required 

by aviation systems related to manned aviation; and 

 
• achievement of a required data quality (e.g. on availability, reliability, accuracy, 

integrity and continuity) of the system. The standards applied to UTM systems that are 

intended to interface with the ATM system will need to be compatible and interoperable. 

 

 

       Summary of Conclusions 

 
As discussed previously in this document, UTM as a concept or capability, is still under 

development. ICAO is continuing its tasks as a global aviation forum to support States, UAS 

industry leaders and academic and aviation professionals, and is exploring current, state-of-the-

art solutions for UTM and using that information to develop the UTM framework and core 

principles. 
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This framework is not intended to endorse or propose any specific UTM system design or 

technical solutions to address the UTM challenge; instead, its aim is to provide an overarching 

framework for such a system. The intent is for this to be a living document: as new or additional 

information is gained, the UTM framework will be updated. 

 

The developmental nature of UTM makes it difficult to predict how a follow-on framework will 

be organized, validated and certified. More participation from industry or future business 

advocates will be necessary to explore the minimal set of safety issues in product deployment 

and development, which will potentially lead to global interoperability. 

 
Edition  2  of  this  framework  document  contains  six  appendices  synthesizing  information  

gathered  from  the submissions to ICAO’s 2017 and 2018 Requests for Information (RFI) and 

material provided during ICAO’s first two DRONE ENABLE Symposia. 
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KEY TECHNICAL AREAS 

APPENDIX A 

REGISTRATION, IDENTIFICATION AND TRACKING 
 
 
 
Presentation review (from DRONE ENABLE 1) 

Registration, identification and tracking are separate features that provide specific capabilities for 

different purposes. Registration makes it possible to identify an individual aircraft and the State 

in which it is registered. The registration 

consists of a unique alphanumeric system affixed to the aircraft. Ownership details can be 

obtained through the State that has registered the aircraft. 

 

Individual aircraft can also be identified from one or more other unique signatures, for example 

encoded information transmitted via radio or digitally. Hence, identification is a feature that can 

be made possible via registration (usually visually) and by a wide range of other techniques, 

many of which may involve technology that facilitates identification from a distance. 

 
Tracking consists of locating and tracing individual aircraft through airspace over a period of 

time. To do so, specific, unique information is needed to identify the particular aircraft, and 

techniques are required to determine its location. These location features can be independent of 

the aircraft (e.g. surveillance systems). 

 
In the context of UAS and UTM, it is necessary, at a minimum, to be able to identify and track 

each aircraft in order to ensure safety and the efficient management of the airspace. 

Registration details provide the CAA of the State in which the operation is occurring to 

identify the nationality of the aircraft, the operator and what person or machine is controlling the 

aircraft. Registration may also assist non-aviation-related agencies concerned with issues such as 

security, law enforcement and privacy. 

 

It will therefore be necessary to determine and harmonize common national, regional or 

international approaches that will define and assign suitable unique registration identities for all 

UA that will potentially operate in the UTM system. These registration identities will have to be 

structured and formatted to address visual markings wherever practical and the technical 

solutions supporting the UTM system as it evolves. It is envisaged that, in a cooperative 

communications-based  UTM  framework,  greater  use  of  electronically  defined  and  

transmitted  identification techniques will be necessary along with a range of tools to decode and 

share this information, whilst respecting the need for security and protection of personal data. 
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During ICAO’s first DRONE ENABLE Symposium, organizations shared several focused views 

with specific attention on their product offerings. Most organizations focused on methods of 

sharing identification data using available technology  and  standards  or  proprietary  systems  to  

facilitate  use,  acceptability  and  enforcement.  Secondary elements included the use of current 

security and cybersecurity aspects, but did not address safety implications related to system 

failures or security breaches. 

 
Overall, ICAO received limited information on solutions for addressing systemic topics and 

on how to do so in an open and interoperable manner. 

 
ICAO used the knowledge and input from presentations and RFI submissions to gather the 

information provided below. 

 

Registration 

 
Registration  proposals  varied  from  the  simple  identification  of  only  the  aircraft  and  

pilot/operator  to  systems registering everything about the aircraft, UA control station, operator, 

pilot, certificates and any pre-approved flight authorizations. The overarching needs driving such 

proposals were the need for accountability and enforcement, which have a direct impact on 

safety and security. Given the anonymous nature of UAS operations (nobody on board and an 

operator that is not clearly visible), this issue has become critical and may warrant an 

international minimum standard  similar  to  that  for  manned  aviation.  States  may  determine  

who  has  local  access  to  the  registration information and how that information is safeguarded. 

This registration system may be an integral part of the UTM system or simply a plug-in module 

with the CAA in charge of the registration system. 
 
 

Identification (ID) and electronic identification (E-ID) 

 
Similar to the registration proposals, proposals on ID and E-ID solutions varied considerably, 

particularly with regards to the information needed. A common element identified was the 

requirement for the transmission of the UA ID and UA control station location to enable the 

rapid identification of a specific UAS. This was primarily for the direct functioning of the UTM 

system and, additionally, for safety, security and accountability with regards to the integration of 

UAS within the existing aviation community. Without this capability, it would be difficult to 

garner public acceptance of routine UAS operations. Again, it was recommended that a 

minimum international standard should be introduced, with States developing local variations. In 

addition, many technical and procedural issues that would need to be addressed at both the 

international and State levels, depending on the system architecture, were identified. These 

included, inter alia: 

 
•    cybersecurity; 

•    communications and frequency spectrum availability; 

•    cost and financing; 

•    compatibility versus interoperability; 

•    real-time use and updates; and 

•    required performance standards. 
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Tracking 

 
Regarding proposals on tracking, it was evident from presentations and submissions that 

in order for a UTM system to function at a basic level, it must be able to track all UA, 

participating or not, using a minimum of 4D geospatial data. This was also required for safety, 

security and accountability within the UTM and manned aviation systems. The secondary need 

addressed the collection of data to aid in airspace design and management. The ability to track 

UA within the UTM system was considered a critical service that had implications on system 

reliability, resilience and redundancy at the manufacturing and operational levels. Other 

considerations such as system accuracy, real-time information, delay-refresh rates, flight data 

records and storage of and access to data would need to be resolved in order for a UTM system 

to function effectively. The last issue identified was related to “ghost operations”, which would 

involve UA that would have to be managed by the UTM system while masking the identification 

and position (e.g. for police operations). 
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KEY TECHNICAL AREAS 

APPENDIX B COMMUNICATIONS 

SYSTEMS 

Presentation review (from DRONE ENABLE 1) 

 
The integration of UAS operations into controlled and uncontrolled airspace presents a variety of 

issues and novel challenges for information systems. 

 
The primary means of information dissemination and coordination between entities providing 

UTM services may be a distributed network of highly automated systems via API. 

 

The same architecture may also support multiple service providers, if the operational volume 

and complexity require. A common protocol must be established to ensure that information 

systems are safe, secure, reliable and interoperable, and adhere to a performance-based 

regulatory framework. 

 
UTM system information protocols and interfaces will play a key role in ensuring that the 

system enables the safe integration of UAS into shared airspace. The development of minimum 

performance and interoperability standards for communications protocols should be taken into 

consideration, including, as applicable, those for: 

 
•    C2 Link between UA control stations and UA; 

•    aircraft-to-aircraft communications between UA; 

•    communications link between UA and other airspace users (e.g. manned aircraft), as 

necessary; and 

•    communications between remote pilots and the respective UTM and ATM systems. 
 
 
 
Communications solutions 

 
Given the rapid advancement of technology, there will be a variety of possible technological 

solutions that may support a framework for communications systems. As work progresses, 

different concepts of UAS communications service provision through entities such as ANSPs, 

governmental organizations and private third-party suppliers will evolve,  similar  to  those 

being  utilized  for  ATM systems. Such  entities may play a key role  in centralizing  all 

communications between UAS and stakeholders (ATC, law enforcement, etc.) and in assisting 

with strategic deconfliction, situational awareness, flight planning and authorization of UAS 

operations in the respective airspaces and collaboration between UAS operators and flight 

information management systems (FIMS). 
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With the introduction of UTM in the future, it is envisaged that a key emphasis will be placed on 

aircraft-to-aircraft operations. Direct aircraft-to-aircraft communications enable UAS operators 

or remote pilots to communicate their flight plan and other relevant information with each 

other. Various technologies that have been developed for the automobile industry, including 

dedicated short-range communications (DSRC)1, are being considered to support such aircraft-

to-aircraft operations. 
 
 
 
 
1 DSRC is a two-way, short-to-medium-range wireless communications capability that enables 

very high data transmission for vehicle-to-vehicle and vehicle-to-infrastructure automobile 

communications under the Intelligent Transportation Systems (ITS) programme of the United 

States Department of Transportation. 

 

Frequency Spectrum requirements 

 
The International Telecommunication Union (ITU) plays a decisive role in allocating protected 

frequency spectrum to UAS operations, which may be necessary for safety-critical functions. If 

the communications link between remote pilots and aircraft is lost or compromised, serious 

safety-related consequences may arise. For example, a C2 Link between UA and UA control 

stations is required for the safe operation of UA under VLOS and BVLOS conditions. 

 
A number of frequency bands in the fixed satellite service (FSS) are being considered for the 

provision of the C2 Link for UAS, albeit with specific conditions pertaining to the governance 

and usage of those bands imposed by the ITU and ICAO. This might be an option to consider for 

some UTM operations. 

 
Standards for communications systems will need to cover the relevant safety implications 

owing to lost C2 Link events, as well as metrics pertaining to the latency, integrity, availability 

and redundancy of data transmission. 

 
The anticipated operational needs for frequency spectrum usage revolve around 

four main elements: 

 
•    aircraft-to-aircraft communications between UA; 

•    communications between UA or UAS operators, remote pilots and the respective UTM or 

ATM systems; 

•    communications for the C2 Link; and 

•    communications for the application of DAA. 

 
In  this  regard,  frequency  spectrum  sharing  will  be  especially  vital  for  urban  areas,  where  

operations  will  be significantly more congested than in rural or remote areas. The frequency 

spectrum capacity currently required for remotely piloted aircraft systems (RPAS), as defined by 

ITU designations at the World Radiocommunication Conference 2012 (WRC-12), are: 
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•    34 MHz for terrestrial systems; and 

•    56 MHz for satellite systems. 

 
Concerns regarding frequency availability and suitability, as well as challenges relating to the 

protection of airspace and space-ground frequencies will need to be addressed and closely 

coordinated with the ITU. 
 
 

Cybersecurity 

 
There are significant cybersecurity risks and vulnerabilities that must be taken into consideration. 

A robust security framework must be established to address potentially malicious attacks to 

communications systems, including C2 

Link disruptions, Global Navigation Satellite System (GNSS) jamming or spoofing attacks, and 

the manipulation of information  exchanged  between  UAS  and  between  UAS  and  UTM  

systems,  which  may  result  in  erroneous advisories, unwanted changes in flight paths and 

increased risk of collision. 
 
 

Additional considerations 

 
The presentations and submissions made at the first DRONE ENABLE Symposium provided 

some indications of the type of communications technology that might support a UTM system 

as well as some questions that would need to be answered before deciding on the way forward. 

Subject to validating that the required performance and security requirements can be met, 

technologies such as Long-Term Evolution (LTE), 3rd Generation Partnership Project (3GPP) 

technologies or a combination of terrestrial and satellite-based communications were mentioned. 

For any of these technologies to be selected, issues regarding suitability for urban or rural areas, 

sufficient availability of bandwidth or capacity, frequency spectrum availability or resilience to 

interference will need to be addressed. 

651



 

 

 
 

KEY TECHNICAL AREAS 

APPENDIX C 

GEOFENCING-LIKE SYSTEMS 
 
 
Presentation review (from DRONE ENABLE 1) 

 
States may wish to restrict the operation of UA in certain areas due to various reasons. 

These reasons include, but are not limited to: sensitive or safety-critical infrastructure, 

military activity, accident and law enforcement activities, public and social gatherings, 

aircraft landing areas and VIP protection. 

 
When such restrictions are imposed by State or local governments, information on the areas 

may be published by States or ANSPs in Aeronautical Information Publications (AIPs), 

dedicated websites or various mobile applications, or may be activated by NOTAM. The 

data related to these areas must be valid, accurate and issued by a competent or approved 

agency that is clearly identified. These data may be of a different nature than existing 

aeronautical information but will have to be harmonized with applicable aeronautical 

information standards. Additionally, aspects such as the shape of the specific areas may 

require standardization due to the impacts on the embedded system’s performance. 

 
A geofencing function or service includes an airborne piece of equipment (hardware or 

software, or both) that can currently be found on some small UA; however, no associated 

performance requirements or standards exist for the development or approval of such 

systems at all times. 

 

It is envisioned that a geofencing/geoawareness-like system will either prevent UA from 

entering airspace in which they are not permitted to operate or, alternatively, may be used 

to prevent UA from leaving specific areas. The system would likely have to be associated 

with an approved service that provides accurate information on airspace availability and 

restrictions. This will lead to benefits in terms of safety and security and reduce requirements 

concerning the competencies of UAS operators. However, consideration must also be given 

to the potential unintended consequences should UA be prevented from entering airspace 

when doing so is required to prevent a mid-air collision or for another reason related to the 

safety of the flight. 

 

Draft UTM concepts include two components of geofencing 

functions or services: 

 
• static:  when  the  data  provided  to  support  the  geofencing/geoawareness  function  

or  service  relies  on published, stable data (e.g. AIP, list of restricted airspace); and 

 
• dynamic: when the restricted areas are temporary and may be established with 

little or no notice (e.g. emergency scene, public event). There should be the 

capability to permit accredited authorities to create temporary restricted areas on 
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short notice, for example, to protect an area of public safety concern. In such 

situations, a system for transmitting these restrictions to UA already in flight will be 

needed. 

 
As currently exists for manned aviation, a common set of standards and processes for 

airspace restrictions should be developed to address the integration of temporary restrictions, 

approval of accredited authorities, common requirements for who can establish or validate 

restricted areas, and the conditions under which these areas may be established. Processes or 

policies should also be established to avoid having too many restricted areas that may create 

congestion or safety issues for manned aircraft or UA in flight. 

 
A geofencing capability is envisaged as a service providing the data (static and dynamic) 

and information on the UA position that are required to alert the remote pilot of when the 

UA is approaching or crossing a geofenced area, to enable the UA to avoid prohibited areas 

or to deny access to such areas. A geofencing/geoawareness system could include different 

layers or buffer zones around the geofenced area that would trigger different types of alerts 

(e.g. inner, intermediate and outer). 

 
Some considerations on geofencing/geoawareness functions or 

services include: 

 
• Data integrity. AIS and GIS data and information must be valid, current and 

supplied by a recognized or accredited source. 

 
• Accuracy of the UA position. Positional information must be accurate enough to 

ensure that the UA does not enter the geofenced area (can be coupled with the use 

of buffer zones). Current GNSS positioning technology may not provide a 

sufficient level of accuracy, reliability or redundancy, particularly in areas with 

limited reception, such as urban canyons. The UAS operator or remote pilot may be 

required to validate the UA position accuracy prior to flight operations. 

 
• Assessment of whether the UA is about to enter, or has entered, a geofenced 

area, and alerting the remote pilot and/or UA, which may be able to react 

automatically. 

 
Geofencing may have to be removed for some operations in some areas (e.g. UA 

authorized to operate at airports, UA performing inspections at power plants or UA used by 

public safety agencies). A geofencing function or service provided in UTM may deal with a 

certain number of these exceptions in an automated way, facilitating the authorization 

process for specific UAS operators. 

 
Other considerations regarding geofencing that were raised at the first DRONE 

ENABLE Symposium include: 

 
•  Contingencies: how to mitigate fly-aways, lost C2 Link, UA emergency recoveries, 

etc. 

 
•  Geofencing should not replace the need for sufficient knowledge on the part of the 
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remote pilot of airspace structure, airspace constraints and regulations. 

 
•  Methods to address or enforce intentional non-compliance with geofencing must be 

developed. 

 
•  Prior to deciding if geofencing/geoawareness should be compulsory for a UTM 

system, other factors should be assessed: 

 

a.   the availability of alternative methods for ensuring that UA do not violate 

airspace boundaries, such as: active monitoring of UA flight trajectories, 

accurate performance of navigation equipment and properly trained remote 

pilots; 

b.   the  establishment  of  performance  requirements  for  UA operating  within  

the  UTM system  to address issues such as navigation, position and use of 

common altitude references; and 

c.   the availability and quality of airspace data within UTM systems, 

particularly across States. 

 
•  it was recognized that geofencing could mitigate risks arising from the lack of 

situational awareness and airspace appreciation often found among recreational 

users of these aircraft and could be a separate requirement outside of the UTM 

system. 

 
Even if geofencing/geoawareness may not be considered a mandatory requirement for a 

UTM system, it may provide some mitigation measures and may be used by UAS operators 

and remote pilots operating in areas where they are not familiar with the airspace (e.g. a 

foreign country). During the first DRONE ENABLE Symposium, it was indicated that 

international standards would likely be needed to address the following issues: 
 
 

•  Processes  and  procedures  must  be  established  to  provide  special  authorizations  

for  approved  UAS 

operators (or UA) to override geofencing restrictions and enter 

specific geofenced areas. 

 

•  Anticipated behaviours of a UA when approaching a geofenced area (land, hover, 

wait for remote pilot instructions, return to home, circumnavigate, etc.) must be 

identified and system responses developed. 

 
•  UA  actions  under  contingency  operations  (lost  C2  Link,  fly-aways,  emergencies,  

etc.)  and  system responses must be developed. 
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APPENDIX D 
 
 

POTENTIAL UTM ARCHITECTURES 

 
The following are two examples of  a  potential  UTM architecture.  It should be  noted, 

however,  that  the  UTM architecture is not fixed and may differ from what is shown below. 
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KEY TECHNICAL 

AREA APPENDIX E 

UTM-ATM BOUNDARIES AND TRANSITION 
 
 
 
Presentation Review (from DRONE ENABLE 2) 

 
Several DRONE ENABLE 2 presenters expressed views on the topic of UTM-ATM boundaries, 

with specific attention on the currently available product suites for ATM and potential UTM 

technology solutions. Most of the solutions have been focused on the products and methods of 

sharing data using the available technology/standards and provision of services to UAS, many of 

which are under development by various national and international standardization bodies. 

Additional discussions considered the use of airspace, but they did not address safety 

implications related to non- defined boundaries and responsibilities between UTM and ATM. 
 
Airspace, which is currently used by civil aviation for their operations, is managed, with different 

levels of services, by the established ANSPs. ANSPs are following air traffic management rules 

set by ICAO (Annex 11 — Air Traffic Services, Procedures for Air Navigation Services — Air 

Traffic Management (PANS-ATM, Doc 4444 and others) and regional/national regulations. 

Flight information service (FIS) is provided either by a flight information center or by an air 

traffic control unit (according to ICAO PANS-ATM) and includes information which is intended 

to enhance safety. 
 
Aviation, including ATM, has a long history during which a high level of safety has been 

developed and is maintained. A notable characteristic of ATM is that it functions with a well-

established and proven safety management system, however its procedures and structures may 

not allow for quick developments and implementations. By contrast, UTM is innovative and fast, 

but its level of safety and robustness has not been defined and validated. Accordingly, a high 

degree of complexity emerges from efforts to integrate these two systems. 
 
The establishment of boundaries has not only operational and technical elements, but also legal 

elements. As UTM is implemented, the fact that the airspace will be shared between manned 

aircraft and UA creates a need to identify and confirm the roles of UTM and ATM related to 

airspace and traffic management responsibilities and functions. Several DRONE ENABLE 2 

presenters noted that interoperability is a key requirement for UTM-ATM interface. 
 
Several DRONE ENABLE 2 presenters also outlined the complex gap between responsibilities 

of UTM and ATM. The gap has materialized from the fact that the process for designation of 

UTM service suppliers, their certification, and how they should demonstrate a minimum level of 

safety and quality of service has not been defined. On the other hand, established ANSPs are 

regulated and follow well established procedures. 
 
Besides the gaps which are complicating the establishment of UTM-ATM boundaries, it is hard 

to achieve the development of UTM in isolation from the existing ATM system and its services. 
 
Some of the UTM services presented during DRONE ENABLE 2 have similarities with ATM 
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services; therefore coordination with ATM is vital. Other UTM services are complementary to 

ATM as services are expanded to airspace users in volumes of airspace where ANSPs currently 

provide limited or no services (e.g. FIS). Although it is likely that these services will need to 

interact, there must be no overlap of conflicting or incompatible services or areas of 

responsibility.  As a consequence, presenters expressed the view that UTM services may, in fact, 

be shared between UTM and ATM. 
 
Several presentations were offered at DRONE ENABLE 2, addressing UA capabilities for 

operating in all types of airspace and at all altitudes/levels. Discussion topics included scenarios 

where manned aircraft and UA will be required to cross the boundary between UTM and ATM, 

whereas in other situations they will only operate in close proximity to that boundary. In both 

scenarios, an aircraft being managed by one system (UTM or ATM) may be at increased risk of 

becoming a hazard to aircraft being managed by the other system. 

Introduction 
 
This  Appendix  addresses  practical  issues  and  future  implementation  considerations  of  a  

UTM  operational architecture in airspace where existing ATM services and protocols are 

generally provided for many, if not most, volumes of airspace within a State’s jurisdiction. 

Notwithstanding the same objectives of UTM and ATM (i.e., to prevent collisions and enable 

safe and efficient operations in the airspace) there are significant differences between the means 

by which UTM and ATM may achieve this end. It is, accordingly, important to provide States 

with material that speaks to the unique circumstance of airspace in which aircraft under either 

UTM or ATM may be operating in or transitioning between UTM and ATM. 
 
In  accordance  with  PANS-ATM,  the  ATM  system  provides  air  traffic  management  

through  the  collaborative integration of humans, information, technology, facilities, and 

services, supported by air, ground, and/or space-based CNS. The same definition should also 

apply to UTM. It is, however, important to recognize the difference between the two systems 

from an operational perspective. 
 
For the purpose of the ICAO UTM Framework, the use of the term “boundary” with regard to 

UTM and ATM is intended to address the applicable delineation between UTM and ATM 

systems. To this end, the UTM-ATM boundary should be understood as any physical boundary, 

or a combination of boundaries, as set by airspace design, a service boundary defined by distinct 

sets of services provided by an ANSP and USP, and/or a system boundary defined by the 

technical CNS/ATM system. 
 
Accordingly, at the outset, the exercise of addressing UTM-ATM boundaries focuses primarily 

on UTM itself as notionally defined by airspace. Many concepts of UTM services are currently 

projected to support low-altitude operations where there is limited need for active traffic 

control. As additional automated capabilities are added to future developments of aircraft, 

however, it is possible that UTM and ATM services (and even systems) will not be as neatly 

identified by particular classes of airspace, or even types of aircraft operations. 
 
In the near-term, airspace segregation is likely to be the most commonly deployed solution.  

However, as operations develop, it seems appropriate for the States to identify where the course 

of operational, airspace, and technology elements might require additional planning (e.g., 

appropriate rules, policies, and procedures) for the integration of aircraft operating under 
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different traffic management systems, albeit in the same airspace. This Appendix therefore draws 

on assumptions about the nature of operations that may be more likely conducted in the medium-

term, rather than the near-term. 
 
 
 
The Issue of Boundaries 

 
At the outset, it was recognized that safety is paramount to the use of airspace, regardless of the 

class of airspace or operation being conducted. Transitioning between UTM and ATM should 

not compromise safety of operations. As integration increases, operations will overlap but these 

operations should not diminish the level of safety. It is anticipated that this key aspect of 

operations will be further developed at DRONE ENABLE 3. 
 
Responsibilities for flow management, separation and collision avoidance should be considered 

by States in developing procedures and rules for UTM-ATM boundaries. Although the activities 

may be different in the two systems, the responsibility to ensure safety remains with the relevant 

service provider, as regulated by the State. There are established ATM processes for assigning or 

delegating airspace service provision; for UTM the same processes should be used. The safe 

separation of aircraft is a set responsibility to be fulfilled by the ATM service provider. 

However, given that UTM will not provide the same separation service as ATM, the established 

criteria may not be appropriate for these operations and may require a different set of standards 

for UTM operations. UTM and ATM users are thus responsible for awareness of the level of 

services provided. 
 
Interoperability is also an essential requirement. There will be a need to share operational 

information between both ATM and UTM providers. ATM and UTM information must be 

accessible to relevant stake holders (airspace users, service providers, states, etc.). Architecture 

may permit coincident (overlapped) ATM and UTM operations, but at a minimum, the exchange 

of essential information at the boundary must be ensured for safe and efficient operations. 

ICAO Annex 11 - Air Traffic Services, Chapter 3, paragraphs 3.5.and 3.6 detail the requirements 

applicable to Responsibility for Control and Transfer of Responsibility for Control. These same 

principles are equally applicable to the transfer of responsibility between USPs and to transfers 

between USPs and ATS units. In the case of the ATS unit, this may not involve control of the 

UA, however, the information applicable to the flight of the UA will need to be exchanged for 

purposes such as the issuance of traffic advisories, 
 
(See Appendix F, Essential Information Exchange between UTM and ATM Systems for more 

information on information exchange suggestions. 
 
A phased approach is suggested in order to integrate unmanned and manned aircraft, when flight 

paths are adjacent to, or within, the same volume of airspace. The guidance in this Appendix is 

irrespective of the performance capabilities  of  aircraft  that  seek  to  access  any  volume  of  

airspace,  including  at  UTM-ATM  boundaries.  The subsequent paragraphs describe questions 

and considerations to be addressed when integrating operations between UTM and ATM. 
 
 

Key Considerations in Establishing Operations at Boundaries. 
 
The Determination of Boundaries 
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• UTM operations may require new ways of managing airspace categories and volumes, 

based on future concepts, which may affect the criteria followed in designing the 
interactions between UTM and ATM. 

 
• Performance  capabilities  of  UA  and  their  operators  (e.g.,  aircraft  characteristics  of  

speed,  size  and maneuverability) should be considered when designing the size and 

shape of UTM - ATM boundaries. 
 

• The airspace design should be relative to the type and performance characteristics of 

the UA and other aircraft operating in or adjacent to the volume of airspace. 
 
 
 
Phased Integration of Boundaries 

 
• Limitations in how airspace is managed between UTM and ATM drive the need to 

address how the two management approaches can be integrated. 
 

• As additional concepts are tested and made available, these differences in management 
approaches will begin to diminish. To reach integration between UTM and ATM testing 
will likely need to be implemented in a phased approach. 

 
• In order for the crossing of boundaries between the UTM and ATM systems to become 

seamless, airspace users and ATM/UTM personnel will need to understand the 
operational requirements of both systems. 

 
 
Common Elements of Operations at the Boundary 

 
UTM-ATM boundaries require considerations of operational, airspace and technical elements at 

a minimum. These elements should address issues pertaining to transition between UTM and 

ATM or adjacent operations. 
 
Operational considerations 

 
It is understood that the current flight rules (VFR, IFR) are insufficient to accommodate UAS 

operations. Any changes to the flight rules will need to be consistent and complementary to the 

ones defined for manned aviation. States will need to decide how to apply the flight rules at the 

boundaries between UTM and ATM. 
 
It is also expected that a reference system for the vertical position of aircraft, common to UTM 

and ATM systems, will be necessary to accurately and consistently provide appropriate vertical 

separation. 
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States should consider several key operational aspects, while establishing boundaries between 

UTM-ATM areas of responsibilities. These include, inter alia: 

 
• Identification of roles and responsibilities of UTM and ATM systems in terms of level of 

service provided and service responsibility should the two overlap. 
 

•    Development of operational procedures and coordination processes: 
 

o  for transitioning between UTM and ATM; 
o  to allow traffic under UTM control to operate in an ATM environment and vice-
versa; and 
o  for operations in close proximity to adjacent airspaces 

 
 

•    Establishing separation standards between UA and between manned aircraft and UA. 
 

• Establishing the prioritization of operations (e.g. in-flight emergency or medical 
operations having priority over other aircraft). 

 
 
Airspace considerations 

 
The current airspace classification scheme and the requirements associated with specific 

airspaces, may not accommodate UAS operation as envisioned under UTM given the highly 

automated nature of UTM operations. Analysis of such gaps will be needed to determine if 

changes to the airspace classification scheme will be required. Such  changes  could  address  

user  responsibilities,  types  and  levels  of  services  to  be  expected,  equipage requirements for 

airspace access, and airspace authorization requirements. 
 
Any such airspace changes would require the completion of an SMS assessment to ensure levels 

of safety are maintained. 
 
 
 
Technology considerations 

 
States should consider several technological aspects, while establishing boundaries between 

UTM and ATM areas of responsibilities. These include, inter alia: 

 
•    technology to support collision avoidance; 

 
•    automation to support traffic management and transitions between UTM to ATM; 

 
• information exchange capabilities between UTM and ATM systems for operations 

planning purposes and to enable situational awareness; and 
 

•    capabilities to meet performance requirements needed to achieve interoperability (e.g. 

CNS requirements). 
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Key Technical Areas 
 

Appendix 

F 
 

Essential Information Exchange between UTM and ATM 

systems 
 
 
 
Presentation Review (from DRONE ENABLE 2) 

 
Conference attendees provided information on content of essential information that might have 

to be exchanged between UTM and ATM systems, as well as the challenges encountered during 

the information exchange process. 
 
UTM may involve new types of information that is not included in current ATM information. 
The relevance of this new information to the ATM system will have to be examined to determine 
if such information needs to be exchagned. 

 
 
Introduction 

 
This appendix aims to provide guidance to States, regulators and industry on specific elements 
that need to be considered for the exchange of essential information. These considerations are 
irrespective of the direction of the flow of information. Due to the uncertainty of how airspace 
will be organized and what the actual system requirements will be, the list of elements can 
neither be exhaustive nor will it be suitable for all possible scenarios. 

 
It is currently assumed that each airspace user will be managed by only one entity at a time, 

either the UTM or ATM 
system. However, an airspace user may receive information from several UTM 
or ATM sources. 

 
Currently,  the  ATM  system  is  a  ‘human  centric’  system  whereas  UTM  is  envisioned  as  

digitally  based.  The information exchange requirements between these two systems will 

therefore have a significant impact on human factors, the consequences of which will require 

extensive consideration. 
 
 
UTM/ATM Interoperability Considerations 

 
System wide information management (SWIM) principles should be applied to support 

information exchanges between UTM and ATM.  For this to occur: 

 
• UTM solutions should leverage and remain consistent with the work of ICAO regard to 

services, information, technical infrastructure and IP-based connectivity, when 
appropriate; and 

 
• current aviation connections, through SWIM, will need to be extended to new airspace 

users, who will also need to use information services and data exchange models. 
 
Current references such as the ICAO ATM Information Reference Model (AIRM) and global 

information exchange models such as the Aeronautical Information Exchange Model (AIXM), 

the Flight Information Exchange Model (FIXM) or ICAO’s Weather Information Exchange 

Model (IWXXM) should constitute the primary baseline for UTM-ATM information exchanges. 
 
There are a number of requirements and associated risks for data sharing. These include, inter 
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alia, cybersecurity, data exchange protocols, accuracy, data storage, system interoperability and 

system performance. To address these issues, States, ANSPs and USPs should also define the 

quality requirements for the services supporting UTM-ATM information exchanges and for the 

data that will be exchanged by these systems. Additionally appropriate service management 

systems should be established. It will also be important for the system interface to include a 

process for identifying and verifying the source of the data. The ICAO Manual on System-Wide 

Information Management (SWIM) Concept (Doc 10039), may be beneficial when addressing 

SWIM related issues. 
 
 
Elements of Information Exchange 

 
1.           Service Provider considerations 

 
•    Airspace 

Airspace is usually defined and classified by States, with boundaries relating to 

coordinates and vertical levels; it can either be permanent or temporary. The exchange of 

aeronautical information provides information  on  defined  airspace  dimensions  either  

in  advance  or  real-time,  as  the  need  allows.  An agreement between serivce providers 

may be needed to exchange information on changes in airspace structure, either by using 

the established aeronautical information regulation and control (AIRAC) cycle including 

NOTAMs or perhaps an alternative means of providing real-time updates. 
 

Future information exchange such as dynamic geo-fencing may necessitate a more direct 
exchange of airspace information between UTM and ATM systems. 

 
Aeronautical data will need to be enriched with any new airspace structures, and UA-
specific information such as: geofencing, UA navaids, UA corridors or airways, UAS 
procedures, UA airports and landing areas, etc. 

 
When airspace data is exchanged and used, the format and scale used will need to be 
defined for the exchange that is fit for purpose taking into consideration system and user 
needs. All data should meet a minimum level of accuracy, be delivered in the time frames 
required, and be validated/certified. 

 
The entity responsible to create airspace definitions should be 

clearly identified. 
 

The system requirements for authenticating the information source will need 

to be established. 
 
 

•    Strategic coordination between UTM and ATM: 
 

Information associated with capacity management, similar to air traffic flow management 

procedures for manned aviation, should be developed and communicated between 

systems for the safe and efficient flow of all air traffic. Such information may need to be 

coordinated with operators (e.g. to alleviate the effects of limited energy (fuel) levels of 

certain UA and negative impacts on the overall traffic flow). 
 

Strategic coordination agreements between UTM and ATM may be required, similar to 
letters of agreement between air traffic control units today. This may help in facilitating 
standardized processes to approve/clear aircraft between the two systems. These 
processes and data would also enable strategic de-confliction of aircraft between UTM 
and ATM. 

 
•    Tactical coordination and de-confliction: 

 
Although there was no discussion within the RFI papers on this topic, this is an area that 
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requires further analysis and consideration. 
 

When required, the provisions for de-confliction or separation requirements for aircraft 

can be included in the data exchange. Systems would need to exchange information to 

support any required separation standards,once developed. 
 

Real-time management of emergency and contingency situations may require 

tactical data exchange. 
 
2.           Considerations for information exchange between systems 

 
This section introduces some UTM and ATM information exchange considerations that States 
may need to address when approving a UTM system to interact with an ATM system. 

 
•    ability to verify and authenticate the identity of the entities exchanging information; 

 
•    confirmation of the integrity of the information being exchanged; 

 
• conformity of system connectivity to agreed system requirements, including the 

quality of the services supporting the UTM-ATM information exchanges, to include: 
availability, confidentiality, integrity, latency, recoverability and reliability; and 

 
• monitoring  of  the  technical  infrastructure  for  health,  faults  and  performance  

degradations,  to  ensure information exchanges according to agreed requirements. 
 
 

3..           Aircraft User Information Elements 
 
As UTM concepts mature, the set of information exchanged between UTM and ATM systems 
will become better defined. The information listed here provides an example of the type of 
information that may be exchanged. The type of information will determine if it supports 
strategic coordination, tactical coordination or both. 

 
There are different levels of information, including some that might be relevant to the immediate 
operation, some for management of the systems, and some that address other requirements. The 
types of data that may need to be exchanged include, inter alia: 

 
•    aircraft identification and registration information (some of this information may be 

regulated by the State) 
i.            E-identification 
ii.           Ownership information 
iii.          Operator contact 
information iv.          Pilot 
contact information 
v.           State of Registry and State of 
Operator vi.          Aircraft type 
vii.          Aircraft category (e.g. aircraft, rotorcraft, glider, vertical take-off and landing 
(VTOL), hang-glider). viii.         Wake turbulence considerations 
ix.          Aircraft surveillance capability (e.g. ADS-B, Mode A/C or S) 

 
•    UA method of control (e.g. RPAS, automated, or other); 

 
•    irrespective of the method of control (RPAS, automated, or other), does the aircraft carry 

people; 
 

•    UA position – 4D geospatial information to required standard; 
 

• source of position data for both lateral and vertical position information (e.g. 

certified/non-certified, validation, reliability, accuracy, barometric altitude/GNSS 

altitude); 
 

•    flight plan, including flight notification; 
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•    flight plan conformance information; 

 
•    current flight trajectory (i.e. the immediate intent of the UA rather than its flight plan 

route); 
 

•    flight rules the UA is operating under; 
 

•    airspace access and authorizations; 
 

•    UA performance capabilities (e.g. minimum or maximum speed, climb rates, max. 

altitude); 
 

• UA system performance (e.g. the UTM established required communication 

performance (RCP), required surveillance performance (RSP), required navigating 

performance (RNP) to which the UA must comply); 
 

•    ACAS or DAA capability - requirements have yet to be determined depending on 

separation standards; 
 

• emergency or contingency status - information about existing emergency/contingency 
status either initiated by the aircraft or by the system/ATC; 

 
• contingency procedures - this could include a proposed flight path, procedures 

during lost C2 Link or contingency landing sites; 
 

•    fly away / lost C2 Link routings; 
 

• emergency  considerations  -  including  data  relevant  to  search  and  rescue  (e.g.  
maximum  endurance, humans on board, dangerous goods on board); 

 
•    C2 Link type - how is the UA linked to the remote pilot station; 

 

•    C2 Link status - quality and status of C2 Link (e.g. lost C2 link, partial loss); 
 

•    ATC communication link type (e.g. VHF, telephone, data link); 
 

•    ATC communication link status; 
 

•    priority status (e.g. aircraft in distress, medical); 
 

• information to facilitate charging of service fees - this may originate through the ID and 
registration or other source; and 

 
•    additional information. 

 
 
4.           Other information that may be shared 

 
Other information may be collected regarding conditions within the airspace which are impacting 

the ability to utilize the airspace. This information may be collected by the UA and shared with 

the UTM system or from other sources. This is not related to failures or shortcomings of the 

UTM and ATM systems, but rather impacted by external forces (e.g. local weather, airspace 

hazards, other aeronautical information). There was no clarification made regarding the 

validation of the information, and how to assess the potential for error and the impact on the 

system. 
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For example, weather information may be collected from external providers or sensors on a UA 
and shared. This may differ from the current practice where meteorological information is 
provided by certified providers. Other examples of shared information could include geospatial 
information, which may differ between UTM and ATM. 

 
Where a UTM system is established within a volume of airspace that does not require manned 

aircraft to be cooperative (e.g. using a transponder or ADS-B Out), this could result in no data 

being exchanged in relation to that aircraft. Alternatively, the manned aircraft may be 

cooperative, but there may be no flight plan information available. In such cases, States should 

consider what alternative requirements are necessary to enable the safe integration of manned 

aircraft and UA. 
 
 
 
 
 
 

END 
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