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File No. 1805. I.08./HR/SSPL 22| 

S T, f 
tory, Delhi 

Dated.8 06 202

Solid St 

solid State A 
ISO 9001:2015 Certified 

ST 
State 

Physics boratory, Delhi 

HTCT 9. 

elhi ORGAN 

MINIST TRY OF DE SSPL 
EFENCE 
DRDO 

(Min. of Defence, DRDO) 
Lucknow Road, Timarpur, Delhi-110054 

TTyT&rur UHTUTUA /TRAINING CERTIFICATE 

This is to certify that Mr./Ms./ Anchal JHA 
Student of BANASTHALL VIDAPITHAATASTHtN Roll No H2 160 EEE 
Branch Tech (FEE) has completed successfully Summer/Winter, Internship for 

to 3-06-21_Duration 9Nineteen_weeks / months. the period from ]-01-2 

Topic of Internshipwas Acquire Datu fom Sensos uaing PxL Aaued 

DAS Atem wAng LabVIEW Applitattm Sawae 
During the training period his/hér conduct at SSPL was good. 

KAPIL KUMAR JAIN 
Scientist 'G 

Group Dir. - HR 
Solidstate Physics Laboratory 
Luckpow Road, Del110054 

Head-HR 







ADITYA BIRLA 

UltraTech 

UTCLIKCW/HRD/2021-22 10th June 2021 

TO WHOMSOEVER IT MAY CONCERN 

This is to certify that Ms. Anuja Pathak student of Banasthali Vidyapith, Electrical 
& Electronics Engineering has undergone a practical training for the period of 05 

months from 07th Jan' 2021 to 31t May' 2021 in Electrical & Instrumentation 
Department with project title "Plant Overview and Working of AC Motor". 

During the above period, she has shown keen interest in completion of project. 

We wish her all success in his future endeavors. 

For UltraTech Cement Limited 
(Unit: Kotputli Cement Works) 

A 
Sunit Kumar Saxena 
General Manager - Human Resource 

UltraTech 
The Engineer's Cholce 

UltraTech Cement Ltd. 
(Unit: Kotputli Cement Works) 

FACTORY 
JAIPUR OFFICE 

: Village: Mohanpura, Tehsl: Kotputi, Dist.: Jaipur -303 108, Tel/ Fax: 0141-2378980
ofice No. 1, 3rd Floor, Sanghi Upasna Tower, Near Ahinsa Circle C-98, Subhash Marg. C-Scheme, Jaipur-302001 (Raj,) 

Tel. : 0141-2378979/80/81 
REGISTERED OFFICE: UtraTech Cement Ltd., B Wing, Second Floor, Ahura Centre, Mahakali Caves Road, Andheri (East), Mumbai-400 093 
CIN No. L26940MH2000PLC128420 
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CSIR - NATIO A INSTI 'UTE OF CI C, ECHINOLOGY A '0 DEVIFLOPME T STUDIES
 
Pusa Gate. Dr. I<.S. Krishnan Marg, ew Delhi-110012 

Dated: 09.06.2021 

·0 W OMSOVE IT MAY CONCERN 

This is to certify that Ms. Anushruti Kumari, <l student or B. Tech. (Electric<ll and Electronics 
VII Semester» from School of Autommion Brtnasthali VidyapiLJ1, Banasthali has succes .fully 
completed 8th-semester internship from Jan. 2021 to june 2021 at National Institute of 
Science, Technology and Development Studies, through online in virtual mode. 

She worked under the topic "fORECASTING AIR QUt~[TY IN DELHI BY USING 
MACHINE LEARNING", which involved her to research ill various aspects. 

She has sllccessfully completed h~r tmining. During tile time of her internship program with 
liS she was found hardworking and inquisitive. 

This certificate is being issued to her on her own request. 

We wish her every success in life. 

.. ~ 
A~rizedSignn'lre. 

jov l Hw.d -' PJV1 €) 

Head PM 
NatianallnlOlilute of Science
 

T~c Ilno logy &. Dellelopmewnt Stu dies
 
Dr K. S. Krishl'lan Marg, PUS-ll, N. Delhl-12
 

Tel. : +11-25846064, 25843227. 25841630, 25843387, 25846445, 25849386
 

Fax: +11=25846640, 25841260 Website: http://www.n~stads.res.in
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7.51Jl"lts:J COUNCIL or- SCIENTIFIC & INDUSTRiAl RES CH 

tll11; Y CSIR ~ ATIO OF SCIENe ,TECH 0 V D E0 
Pusa Gate, Dr. K.S. Krishnan Marg, New Delhi-11 0012 

Dated: 02.06.2021 

T A _ CONCE 

This is to certitY that Ms. Apoorva Srivnslava, n student orB. Tech. (Electricnlnnd Electronics, 
VII Semester) from School of Automation Bnnasthali Vidynpith, Banasthnli hns successfully 
completed trnining from Jan. 2021 to June 202l nl N8tional Institute of Science, Technology 
and Development Studies, through online in virtual mode. 

She worked under the topic "SOCIO-ECONOMIC IMPACT ASSESSMENT OF FOOD 
TECHNOLOGIES DEVELOPED BY CSIR". Which involved her to research in various 
aspects. 

She hns successful completed her training. During the time of her internship program with us 
she was found punctu-iil, hnrdworking and inquisitive. 

This certificate is being issued to her on her own request. 

We wish her every success in Me. 

Supervisor Signature 
(L. Pulamte) 

CSIR-NISTADS 

Authorized Signnture. 

~ 
H at:! PME 

N8Uona~ 1ns\ lul or :'t~~~Tl~~u(heS 
Technology & De..~loprn N Oelhi-'l2 

Dr, 1 . S. '"nshnafl M.arg, pusa, . 

Tel. : +11-25846064,25843227,25841630,25843387, 25846445, 25849386 
~. 

Fax: + 11-25846640, 25841260, Website: http://www.nistads.res.in 







has successfully completed Six Months Winter Training on

“Data Analytics using Python”

from 10 February to 10 August, 2021

at CETPA INFOTECH PVT. LTD., Noida.



FARELABS
FARE LABS Private Limited 
-17/3, DLF Phase-!l, IFFCO Chowk, M.G. Road, 
Gurgaon-122002, Haryana, INDIA 

Phone+91-124-4223207, 4034205 
Fax FOOD ANALYSIS & RESEARCH LABORATORY +91-124-4036038, Cell: +91-95992 21227 

TESTING, CALIBRATION, PROFICIENCY TESTING, R&D & TRAINING SERVICES 
E-mail farelabs@farelabs.com 

Website: www.farelabs.com 

18h June 2021 

TRAINING CERTIFICATE

This is to certify that Ms. Somya Sharma, D/o Lt. Brajraj Sharma from Banasthali Vidyapith, 

Rajasthan, B. Tech Electrical and Electronics Engineering, has completed her dissertation 

entitled "Proficiency testing on calibration under IS0-17043" from 4 January 2021 to 14 

April 2021 at FARE Labs Pvt. Ltd. 

We wish her best in her future endeavors!

Girija S. Giri 
Human Resource Department 

Dr. Meenakshi Tripathi 
Prestdent 

OHSAS 18001:2007 ISO/ IEC 27001:2013
ISO 9001:2015 ISO 14001:2015
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CERTIFICATE (Letter Head of the Organisation) 





 

 विद्युत अविय ांविकी विि ग 
ि रतीय प्रौद्योवगकी सांस्थ न (क शी विन्दू विश्वविद्य लय) 

ि र णसी  
DEPARTMENT OF ELECTRICAL ENGINEERING 

Indian Institute of Technology (Banaras Hindu University) Varanasi  

 

 

Rakesh Kumar Misra,  Professor 
 

राकेश कुमार ममश्र, आच यय 
 

  

  

 

Varanasi – 221005, UP, INDIA 
T: 0542- 6702843, 2368727, F: 91-542-2368727 

W: www.iitbhu.ac.in/eee, E: rkmisra.eee@iitbhu.ac.in 

 

To whom it may concern 

  
 

This is to certify that Ms. Dipti Vats (Roll No. BTBTL17067) a student of B. Tech., 
Electrical and Electronics Engineering, Banasthali Vidyapeeth, Tonk, Rajasthan 

worked on her final year project entitled “Wireless sensor network optimization 
using computational intelligence” under my supervision during 1 January 2021 
to 15 June 2021.  

 

Her performance in the project was very good. I wish her all the success in her 

future endeavours. 

 

 

 

Rakesh Kumar Misra /  राकेश कुमार ममश्र  

Professor, Department of Electrical Engineering /  आच यय, विद्युत् अविय ांविकी विि ग  

IIT (BHU) Varanasi / ि रतीय प्रौद्योवगक सांस्थ न (कशी विन्दू विश्वविद्य लय ) ि र णसी  

Varanasi, Uttar Pradesh - 221005 INDIA / ि र णसी , उत्तर प्रदेश - 221005 ि रत  

rkmisra.eee@iitbhu.ac.in 

Mobile Number / दूरि ष सांपकय  :  +91-9450-950-265 

 

 

 

 

 

mailto:rkmisra.eee@iitbhu.ac.in
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To whomsoever it may concern 

 

This is to certify that Ms. Akanksha Saraswat, B. Tech 4th year, Electrical & Electronics 

Engineering, student of Banasthali University, Rajasthan, has successfully completed 

5.5 months Industrial Project based Internship in Machine Learning at TechieNest Pvt 

Ltd, from 12th Jan, 2021 to 25th June 2021. 

During the internship she demonstrated good technical skills with a self-motivated 

attitude to learn new in Technical era. She successfully completed her projects on 

time. 

Projects Title - Fake face mimicking using GAN. (Generative Adversarial Network) 

Points of Evaluation Max. Marks Marks Obtained 
Project Work 15 14 
Assignment Completion 10 10 
Attendance 10 10 
Communication & presentation Skills 15 14 

 

Internship Coordinator – Mr. Saurabh Bhardwaj 

We wish her all the best for her career. 

 

                                                                                                           Siddharth Singh                             

                                                                                                                      Founder & Director 

                                                                                                                       TechieNest Pvt Ltd                                                                                                                 





 

 

 

  

 

 

                        

       

                                              

                                              
   

 

 Hindustan Zinc Limited 
 Chanderiya Lead Zinc Smelter, P.O. Putholi, Chittorgarh (Rajasthan) - 312 021 
 T +91-1472 254 017  F +91-1472 253 016 www.hzlindia.com 

 

 Registered Office: Yashad Bhawan, Udaipur (Rajasthan) - 313 004 
 CIN: L27204RJ1966PLC001208 

 

 

Ref. No.: HZL/HR/2020-21/1                                                    Date : 17/06/2021 

 
 
 

 

TO WHOM SO EVER IT MAY CONCERN 

 

 

 

This is to certify that Ms. Nehal Garg; a student of B. Tech. (Electrical & Electronics 
Engineering), has done her internship at Chanderiya Lead Zinc Smelter, Hindustan 
Zinc Limited from 04/01/2021 to 03/06/2021.  
 
During this period, she has successfully completed the project on “Electrical Equipment 
Feasibility Study for Energy-Saving & Equipment Availability at Zinc Smelter - Hydro Plant, 
Hindustan Zinc Ltd., Chittorgarh” as part of her internship training. 
 
 
We wish the very best for all her future endeavors. 
 
    
                                                                                                                           

                                                                                             
(Authorized Signatory) 
Hindustan Zinc Limited, 
Chanderiya Lead Zinc Smelter,  
Chittorgarh - 312021                          
 
 

http://www.hzlindia.com/




rarTPTCT, f S File No. 1805.109/HRSSPL/262aTHICFTT aTHIGTTT T, f Dated 06|20 Physics Laboratory Delhi ISO 9001:2015 Certified

y, Delhi ORGAN 

Solid State 

ENC 

TRY O ORDO 

(Min. of Defence, DRDO) 
Lucknow Road, Timarpur, Delhi-110054 

SSPL 

uTT&UT THTUTU7 /TRAINING CERTIFICATE 

This is to certify that Mr./Ms./_KANTS HKA UPRETI 
Student of BANASTHALU VIDYPITH RhJASTHAN 
Branch Teah EFE) 

Roll No. 1H12119| FEE 
has completed successfully Summer/Winter Internship for 

the period from 1-01-202 _to -06-202 Duration 9)Mine teen,_ weeks/months. 
Topic of Internship was lteheture Survey on Hechonic pro piabei 0 

Molbydenum slphlde Ba4ed PETs 
Kab eu During the training period his/her conduct at SSPL was good. 

KAPIL KUMAR JAIN 
Scientist "G 

Group Dir. HR 
Solidstate Physics Laboratory 
Lack Head-HR 005 
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COUNCIL OF SCIENTIFIC &INDUSTRIAL RESEARCH 

CS R· NAnD ~L INSTlTUTE OF SCIE C.E TECHNOLOGY AND EVELOPMENT STUDIES (INIST. OS) 
Pusa Gate, Dr. I<.S. Krishnan Marg, New Delhi·11 0012 

Dated: 31.05.2021 

TO WHOrv.-S ,VER IT MAY CO CERN 

This is to celiify that Ms. Lavina Verma a stU( ent of B. Tech. (Electrical and Electronics, VII 

Semester) from School of Automation Banasthali VidyJpith, Banathali has successfully 
,completed training from Jan. 2021 to May 2021 at National Institute of Science, Technology 
and Development Studies, through online in virtual mode. 

She worked under the topic "BLUE ECONOMY IN ASPECTS OF ENERGY" which in olved 
her to research in various aspects. 

She has sLlccessful completed her training. During the time of her internship program with LlS 
she was found punctual, hardworking and inquisitive. 

This certificate is being issued to her on her own request. 

We wish her every success in life. 

CSIR-NISTADS 

GqY~ 
Authorized Signature. 

4:;::: 

Tel.: +11-25846064, 25843227, 25841630,25843387,25846445,25849386
 
Fax: +11-25846640,25841260, Website: http://www.nistads.res.in
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CSIR.· NATIONAL ISTTUT . OF SC ENCE, TECHNOLOGY AND DEV. LOPMENT STUDIES
 

Pusa Gate, Dr, K.S. Krishnan Marg, New Delh~~110012
 

Dated: 09.06.2021 

TO WHOMSOV ~R I MAY CONCERN 

This is to certify that Ms. Nalllrata Singh, a student of B. Tech. (Electrical and Electronics Vn: 
Semester)) from Schoo I of Automation Banasrha Ii Vjc]yapitl1, Banastl1a Ii has success fu Uy 
compJete~ 8th-semester inremship from Jan. 2021 to June 2021 at National Institute of 
Science. Technology and Development Studies. through online in virtual mode. 

She worked under the topic "WATER BASED EPIDEMrOLOGY OF SARS -CoY-2", which 
involved her to research in variou. a~pects. 

She has sliccessfuUy completed her lmining. During tht: lime of her internship program with 
us she was found hardworking and inquisitive. 

This certificate is being issued Lo her on her own request. 

We wish her every Sllccess in life. 

(Dr. Madhulika Bhati) 

~-~~ 
Authorized Signature. 

( H~C1-d / pM c) 

Head PME
 
Natiol'lalll1Slltute of Science
 

'Iii c;hnology & Dellelopmevmt Sludi G
 
Cr. 1<. S. Krishnan Marg. Pusa. N. Celhl-12
 

Tel. : +'11-25846054, 25843227, 25841630, 25843387, 25846445,25849386
 

Fax ~ +11-25846640, 25841260 Website ~ http://wwwnistads.res.in
 



 

 विद्युत अविय ांविकी विि ग 
ि रतीय प्रौद्योवगकी सांस्थ न (क शी विन्दू विश्वविद्य लय) 

ि र णसी  
DEPARTMENT OF ELECTRICAL ENGINEERING 

Indian Institute of Technology (Banaras Hindu University) Varanasi  

 

 

Rakesh Kumar Misra,  Professor 
 

राकेश कुमार ममश्र, आच यय 
 

  

  

 

Varanasi – 221005, UP, INDIA 
T: 0542- 6702843, 2368727, F: 91-542-2368727 

W: www.iitbhu.ac.in/eee, E: rkmisra.eee@iitbhu.ac.in 

 

To whom it may concern 

 

This is to certify that Ms. Neha Yadav (Roll No. BTBTL17068) a student of B. 

Tech., Electrical and Electronics Engineering, Banasthali Vidyapeeth, Tonk, 

Rajasthan worked on her final year project entitled “Dynamic modelling, stability 

and control of power system with distributed energy resources” under my 

supervision during 1 January 2021 to 15 June 2021. 

 

Her performance in the project was very good. I wish her all the success in her 

future endeavours. 

 

 

 

Rakesh Kumar Misra /  राकेश कुमार ममश्र  

Professor, Department of Electrical Engineering /  आच यय, विद्युत् अविय ांविकी विि ग  

IIT (BHU) Varanasi / ि रतीय प्रौद्योवगक सांस्थ न (कशी विन्दू विश्वविद्य लय ) ि र णसी  

Varanasi, Uttar Pradesh - 221005 INDIA / ि र णसी , उत्तर प्रदेश - 221005 ि रत  

rkmisra.eee@iitbhu.ac.in 

Mobile Number / दूरि ष सांपकय  :  +91-9450-950-265 

 

 

 

 

 

 

mailto:rkmisra.eee@iitbhu.ac.in


 

 विद्युत अविय ांविकी विि ग 
ि रतीय प्रौद्योवगकी सांस्थ न (क शी विन्दू विश्वविद्य लय) 

ि र णसी  
DEPARTMENT OF ELECTRICAL ENGINEERING 

Indian Institute of Technology (Banaras Hindu University) Varanasi  

 

 

Rakesh Kumar Misra,  Professor 
 

राकेश कुमार ममश्र, आच यय 
 

  

  

 

Varanasi – 221005, UP, INDIA 
T: 0542- 6702843, 2368727, F: 91-542-2368727 

W: www.iitbhu.ac.in/eee, E: rkmisra.eee@iitbhu.ac.in 

 

To whom it may concern 

  
 
This is to certify that Ms. Nilika Sinha (Roll No. BTBTL17040) a student of B. 
Tech., Electrical and Electronics Engineering, Banasthali Vidyapeeth, Tonk, 

Rajasthan worked on her final year project entitled “Power system optimization 
using computational intelligence” under my supervision during 1 January 2021 
to 15 June 2021. 

 

Her performance in the project was very good. I wish her all the success in her 

future endeavours. 

 

 

 

Rakesh Kumar Misra /  राकेश कुमार ममश्र  

Professor, Department of Electrical Engineering /  आच यय, विद्युत् अविय ांविकी विि ग  

IIT (BHU) Varanasi / ि रतीय प्रौद्योवगक सांस्थ न (कशी विन्दू विश्वविद्य लय ) ि र णसी  

Varanasi, Uttar Pradesh - 221005 INDIA / ि र णसी , उत्तर प्रदेश - 221005 ि रत  

rkmisra.eee@iitbhu.ac.in 

Mobile Number / दूरि ष सांपकय  :  +91-9450-950-265 

 

 

 

 

 

mailto:rkmisra.eee@iitbhu.ac.in






 

 सीएसआईआर केन्द रीय इलेक् ् र ॉनिकी अनियाांनिकी अिुसांधाि सांस्थाि  
CSIR-CENTRAL ELECTRONICS ENGINEERING RESEARCH INSTITUTE 

(निज्ञाि तथा प्रौद्योनिकी मांिालय / MINISTRY OF SCIENCE & TECHNOLOGY, िारत सरकार / GOVT. OF INDIA) 

निलािी, राजस् थाि (िारत) / Pilani, Rajasthan - 333031 (INDIA)   

________________________________________________________________________________________________                                                                        

________________________________________________________________________________________________________________ 

वेबसाइट website www.ceeri.res.in ई-मेल/E-mail –  headpme@ceeri.res.in,  दूरभाष/Phone  01596-252272/252254 फैक्स/FAX 01596- 242294 

 

  

Dr. Suchandan Pal 
Head, Project Monitoring & Evaluation 
Chairman, International Science & Technology Affairs Group 

 
No. PME\S\Trg\BU\2021 

Date: 18/06/2021 
To, 

 The Director 
Banasthali Vidyapith, 
P.O. Banasthali Vidyapith 
Rajasthan – 304022 
 

CERTIFICATE OF TRAINING 

 

This    is   to certify   that Ms. Parul Pundhir (BTBTL17084), B. Tech. 

(Electrical and Electronics Engineering) student of your Institute has 

completed her project work online at this Institute during 7th January, 2021 

to 18th June, 2021. Her project was on “State of Charge Estimation of 

Lithium-Ion Batteries using Kalman Filter Method". 

 

Her conduct during the training was satisfactory. 

                                                             

http://www.ceeri.res.in/
mailto:headpme@ceeri.res.in


 

 सीएसआईआर केन्द रीय इलेक् ् र ॉनिकी अनियाांनिकी अिुसांधाि सांस्थाि  
CSIR-CENTRAL ELECTRONICS ENGINEERING RESEARCH INSTITUTE 

(निज्ञाि तथा प्रौद्योनिकी मांिालय / MINISTRY OF SCIENCE & TECHNOLOGY, िारत सरकार / GOVT. OF INDIA) 

निलािी, राजस् थाि (िारत) / Pilani, Rajasthan - 333031 (INDIA)   

________________________________________________________________________________________________                                                                        

________________________________________________________________________________________________________________ 

वेबसाइट website www.ceeri.res.in ई-मेल/E-mail –  headpme@ceeri.res.in,  दूरभाष/Phone  01596-252272/252254 फैक्स/FAX 01596- 242294 

 

  

Dr. Suchandan Pal 
Head, Project Monitoring & Evaluation 
Chairman, International Science & Technology Affairs Group 

 
No. PME\S\Trg\BU\2021 

Date: 18/06/2021 
To, 

 The Director 
Banasthali Vidyapith, 
P.O. Banasthali Vidyapith 
Rajasthan – 304022 
 

CERTIFICATE OF TRAINING 

 

This    is   to certify   that Ms. Praghya (BTBTL17039), B. Tech. 

(Electrical and Electronics Engineering) student of your Institute has 

completed her project work online at this Institute during 7th January, 2021 

to 18th June, 2021. Her project was on “Study and Development of 

Advanced Control System for BLDC Motor ". 

 

Her conduct during the training was satisfactory. 

                                                             

http://www.ceeri.res.in/
mailto:headpme@ceeri.res.in
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CSIR - NATIONAL INS ITU E OF SCrENCE, TECH OlOGY AND DeVE OP ENT STUDIES 
Pusa Gate, D. .S. Krishnan Marg, ew Delhi-110012 1 

Dated: 09.06._021 

TO WHOMSOVER T MAY CONCERN 

This is to certify that Ms. Pragya Yadav, a student of B. Tech. (Electrical and Electronics vrr 
Semester» from School of Automation Banasthali Vidyapith, Banasthali has successrully 
completed 8th-semester internship [Tom Jan. 2021 to June 2021 at National Institute of 
Science, Technology and Development Studies, through online in virtual mode. 

She worked under the topic "SCIENCE AND TE HNOLOGY STATUS AND 
CHALLENGES IN COLD S' ORAGE FACILITIES FOR PERISHABLE FRUITS A D 
VEGETABLE", which involved ller to research in various aspects. 

She has successfully completed h r training. During the time of her internship program with 
us she was found punctual, hardworking and inquisitive. 

This certificate is being issued [0 her on her own request. 

We wish her every success in life. 

Supervisor Signature 
(Dr. Mohd. Rais) 

tH·~ 
Authorized Signature. 

( HR-O-d.l PtvJ e- ) 

H adPME
 
Nalional Institule or Sclenco
 

Technology & Developmewnl Studies
 
Dr. K. S. KriShnan Marg, PUSD. N. Delhi.12
 

Tel.: +11-25846064,2584322 ,25841630,25 43387,25846445,25849386
 
Fax: +11-25846640, 25841260 Website: I ttp:/I ~+nistads .. es.in
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?:'51JMlSff COUNCIL OF SCIENTIFIC &INDUSTRIAL RESEARCH 
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ABSTRACT 
The two basic topologies of switch mode DC-DC converters (Buck and Boost) are analyzed with a view of their 

use in PV (photovoltaic) systems, as the photovoltaic generator exhibits non-linear characteristics due to the 

change in environmental condition and load variation. As the efficiency of PV panels is low it becomes 

mandatory to extract maximum power from the PV panel at a given period of time. Several MPPT algorithms 

with different types of converters are being proposed for extracting maximum power from the PV panel. It is 

found that the nature of load plays an important role in the choice of topology. This paper investigates the 

implementation issues of Incremental Conductance method with Buck and Boost Converters. Mathematical 

analysis and desirable steady-state operating point of the converters are derived to give satisfactory maximum 

power point tracking operation. 

Keywords - Buck converter, Boost converter, Continuous Conduction Mode (CCM), Incremental Conductance 

(IC), Maximum power point tracking (MPPT), Photovoltaic (PV) system. 

 

I. INTRODUCTION 
The global demand for electric energy has 

increased continuously over the last few decades. 

Energy and the environment have become serious 

concerns in the today‟s world [1]. Alternative sources 

of energy generation have drawn increasing attention 

in recent years. Clean and renewable energy sources 

such as photovoltaic (PV) power generation can reply 

to that demand as the one of key technologies to 

mitigate global warning [2]. As one of distributed 

sources, photovoltaic (PV) power generation can be 

used for grid connected system or either stand alone 

system to reduce consumption of conventional 

energy [3]. 

However the PV system has low efficiency 

because of the power generated from PV system 

depends on the environmental condition i.e. variation 

in insolation and temperature may affect the output 

characteristics of the PV modules. A lot of research 

has been done to improve the efficiency of the PV 

modules. A number of methods to track the 

maximum power point of a PV module have been 

proposed to overcome the limitation of efficiency [4]. 

MPPT is used for extracting the maximum power 

from the solar PV module and transferring that power 

to the load. DC-DC converter (step up / step down) 

acts as an interface between the load and the PV 

module as it serve the purpose of transferring 

maximum power from the solar PV module to the 

load. By changing the duty cycle the load impedance 

is matched with the source impedance to attain the 

maximum power from the PV panel [5], [6]. Fig. 1 

shows the DC-DC converter for operation at MPP.  

 

In recent years, a large number of techniques have 

been proposed for tracking the maximum power point 

[5], [7]. Fractional open-circuit voltage and short-

circuit current [8], stragies provide a simple and 

effective way to acquire the maximum power. Hill 

climbing and perturb and observe (P&O) methods are 

widely applied in the MPPT controllers due to their 

simplicity and easy implementation [9]-[11]. The 

P&O methods involves a perturbation in the 

operating voltage of the PV array, Incremental 

conductance (IC) method, which is based on the fact 

that the slope of the PV array power versus voltage 

curve is zero at the MPP has been proposed to 

improve the tracking accuracy and dynamic 

performance under rapidly varying conditions [12]. 

An improved MPPT algorithm for PV sources was 

proposed to reduce the tracking time where a dc-dc 

boost converter was used to track the MPP and was 

brought out that tracking performance depends upon 

the tracking algorithm used [13].  

The overall performance of the PV system 

depends on the type of the DC-DC converter used 

and the algorithm used for tracking the MPPT both of 

this parameter plays an important role in increasing 

the performance of the PV array [13]. In this paper, 

comparative analysis of incremental conductance 

with buck as well as boost converter is presented by 

the help of Matlab & Simulink.  

RESEARCH ARTICLE                           OPEN ACCESS 
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Fig. 1 DC-DC converter for operation at MPP 

 

II. MODELING AND CHARACTERISTICS OF 

PV MODULE 
The PV cell is a P-N semiconductor junction 

diode that converts solar energy in to electrical 

energy [14]. The equivalent circuit of a PV cell is 

shown in Fig.2  

Iph
D Rsh

Rs

Vpv

I

ID

+

-

Ipv

Fig. 2 Single diode model of PV cell 

 

The basic equation from the theory of semi-

conductor that mathematically describes the I-V 

characteristics of the ideal PV cell is given in eq (1-

4), [14]. 

Module photo-current ( Iph) is given by eq (1), [15]. 

scr i
ph

[I + K (T - 298)]S
I =

1000
                                (1) 

Module reverse saturation current (Irs) is given by eq 

(2), [15]. 

sc
rs (qVoc/NsKAT)

I
I =

e -1
                                            (2) 

Module saturation current (I0) is given by eq (3), 

[15]. 

goqE3

BK(1/Tr-1/T)

0 rs

T
I = I e

Tr

 
 
 

                                    (3) 

The current output of PV-module (Ipv) is given by eq 

(4), [15]. 

pv ph s

s

q(V +I R )

N AKT

pv p ph 0I = N I - NI e -1
 
 
  

                    (4)                                                                                                                         

Where, 

Vpv is the output voltage of a PV module, Tr is 

the reference temperature =298K, T is module 

operating temperature in Kelvin, A is an ideality 

factor=1.6, K is the Boltzmann constant = 1.3805×10
-

23
J/K, q is the Electron charge =1.6×10

-19
C, Rs is the 

series resistance of PV module , Isc is the short circuit 

current of a PV module, Ki is the temperature co-

efficient =0.0017, S is the reference insolation 

=1000W/m
2 

, Ego is the band gap os silicon = 1.1eV, 

Voc is the open circuit voltage [14].  

The effect in the change of solar insolation level 

is illustrated from the output characteristics of PV 

module fig. 3 and 4 shows the typical I-V and P-V 

characteristics for different solar insolation keeping 

the ambient temperature constant at 25
0
C. As the 

insolations increases the output current increases 

significantly which results in the increase of output 

power [14]. 

 
Fig. 3 Characteristic curve of (Ipv-Vpv) at different 

solar insolation 

 

Fig. 4 Characteristics curve of (Ppv-Vpv) at different 

solar insolation 

 

III. DC-DC CONVERTER FOR PV SYSTEM 
The basic function of any switch mode dc-dc 

converter in any PV system is to work as 

intermediate power processor which changes the 
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levels of voltage and current such that maximum 

power can be extracted from the PV array [16], [17]. 

For PV system with batteries the MPP of commercial 

PV module is set above the charging voltage of 

batteries for most combinations of insolation and 

temperature. A buck converter can operate at the 

MPP under most conditions, but it cannot do so when 

MPP goes below the battery charging voltage under a 

low insolation and high- temperature condition. Thus, 

the additional boost capability can slightly increase 

the overall efficiency [15]. 

 

3.1 DC-DC BUCK CONVERTER  

The dc-dc buck converter converts a higher dc 

input voltage to lower dc output voltage. The basic 

dc-dc buck converter topology is shown in Fig. 5. It 

consists of a controlled switch WS , an uncontrolled 

switch diode (D), an inductor L, an capacitance C and 

a load resistance R [16]. 

In the description of converter operation it is 

assumed that all the components are ideal and also 

the converter operates in Continuous conduction 

mode (CCM). In CCM operation the inductor current 

flows continuously over one switching period. The 

switch is either ON or OFF according to the 

switching position this results in two circuit states. 

The first sub-circuit state is when the switch is turned 

ON, the diode is reverse biased and inductor current 

flows through the switch [18], 

 

Sw

CVg D R

L

Fig. 5 DC-DC buck converter topology 

 

Vg
C R

+
_

V0

L

IL VL

IC

         
(a) 

Vg

VL

C

IL

R V0

IC

+ -

        (b) 

Fig.6 .Buck Converter Circuit when switch:- (a) turns 

ON (b) turns OFF 

 

which is shown in Fig. 6(a). The second sub-circuit 

state is when the switch is turned OFF and current 

freewheels through the diode [19] which is shown in 

Fig. 6(b).  

When switch WS  is ON and D is reverse biased, then 

inductor current 
Li and capacitor voltage CV are 

given by eq. (5) and (6). 

L
g o

di 1
= V - V

dt L
                                                   (5) 

0 c
c

dv dv 1
= = i

dt dt C
                                               (6) 

When the switch is OFF and D is forward biased, Li

and capacitor voltage CV are given by eq. (7) and (8). 

L
0

di 1
= - V

dt L
                                                        (7) 

0 c
c

dv dv 1
= = i

dt dt C
                                                (8) 

The state space representation for converter circuit 

configuration can be expressed as given in eq. (9) 

1 1

2 2

A x + B Uwhen Sw is closeddx
=

A x + B Uwhen Sw is openeddt

 
 
 

                   

Where 
T T

1 2 c LX = [x x ] = [V i ]            (9) 

The state transition matrix A, and B input matrix are 

system matrices as shown in eq. (10) 

C
L

1 2 1 2

C

ar-1 -a
r + 1

0L R RL
A = A = ,B = ,B =L

0ar1 -a
01-

C R RC

  
   

     
      

   
  

         (10) 

Where  

C

R
a =

R + r
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3.2 DC-DC BOOST CONVERTER  

A boost converter can be also called as the step 

up converter because the DC voltage output is higher 

than its DC voltage input [20]. It is a sort of power 

converter, which is composed by two semi-conductor 

switches (Diode and Mosfet) and one energy storage 

element. The basic dc-dc boost topology is shown in 

Fig. 7. Boost converter operates in two modes. 

During the mode-1 operation which is shown in 

Fig. 8 (a) when switch (Sw) is closed the inductor 

current get charged through the input source and 

stores the energy. In this mode inductor current rises 

(exponentially) but for simplicity we assume that the 

charging and discharging of the inductor are linear. 

The diode blocks the current flowing and so the load 

current remains constant which is being supplied due 

to discharging of the capacitor 

Vg

D

V0RSW

IDIL

L
rL

rC

C

Fig. 7 DC-DC boost converter topology 

 

Vg
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L
iL
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+

-

i0

C

V0R

            
(a) 

Vg

rL

L
iL

rC

iC

VC

+

-

i0

C

V0R

                                              
(b) 

Fig. 8 Boost converter circuit (a) when switch is ON 

(b) when switch is OFF 

Inductor current and capacitor voltage equation for 

mode-1 are given by eq (11) and (12) 

L
g L L

di 1
= V -i r

dt L
                                             (11) 

 
C

C

C

dV -1
= V

dt C R + r

 
 
 

                                   (12) 

During the mode-2 operation which is shown in 

Fig. 8 (b) the switch (Sw) is open and so the diode 

become short circuited. The energy stored in the 

inductor get discharged through opposite polarities 

which charge the capacitor. The load current remains 

constant throughout the operation. Inductor current 

and capacitor voltage equation for mode-2 are given 

by eq (13) and (14) 

L
g L L C C

di 1
= V -i (r + ar ) - aV

dt L
                     (13) 

C C
L C

dV ar1 a
= i - - V

dt C RC RC

 
 
 

                          (14) 

The state space analysis, Input transition matrix, 

Output transition matrix are given by eq. (15) 

 

     

L C
L C

1 2 1 2

C

C

1 2 C 1 2

-r -aV-1
0 1r + ar

L L L
A = , A = ,B = B = ,L

-1 ar1 -a
0 0-

C(R + r ) C RC RC

E = 0 a ,E = ar a ,F = F = 0 (15)

   
    
    
    
      

                                                                                                                                                

IV. INCREMENTAL CONDUCTANCE MPPT 

ALGORITHM 
A typical solar panel converts about 30-40 % of the 

incident solar insolation in to electrical energy [20]. 

Maximum power point tracking technique is used to 

improve the efficiency of the solar panel. According 

to maximum power transfer theorem, the power 

output of a circuit is maximum when the Thevenin 

impedance of the circuit (source impedance) matches 

with the load impedance [21], [22]. Hence the 

problem of tracking the maximum power point 

reduces to an impedance matching problem. There 

are several techniques to track the MPPT but this 

paper deal with Incremental conductance  

 

4.1 INCREMENTAL CONDUCTANCE ALGORITHM  

Incremental Conductance method uses the 

information of source voltage and current to find the 

desired operating point. From the P-V curve of a PV 

module shown in Fig. 4 it is clear that slope is zero at 

maximum point [23], so the formulas are as follows 

 d VIdP
mpp =

dV dV

 
 
 

                                       (16) 
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dI
0 = I + V MPP

dV

 
 
 

                                     (17)                                           

dI I
MPP = -

dV V

 
 
 

                                     (18)                                               

 

Equation (18) is the condition to achieve the 

maximum power point, when the variance of the 

output conductance is equal to the negative of the 

output conductance, the module will work at the 

maximum power point [21]. The flow chart of the 

incremental conductance is shown in Fig. 9. 

START

PV array voltage and 

current sampling

∆V(k)=V(k)-V(k-1)

∆I(k)=I(k)-I(k-1)

∆v=0

di/dv=-I/V

di/dv>-I/V

Inc. 

Duty 

ratio

Update History

V(k-1)=V(k)

I(k-1)=I(k)

END

NO

NO

∆I=0

∆I>0

NO

No 

change

Dec. 

Duty 

ratio

Dec. 

Duty 

ratio

Inc. 

duty 

ratio

No 

change

YES

YES

YES

YES

YES

 Fig. 9 Flow chart of the Incremental Conductance 

method 

 

In this flow chart, V(k) is the new detection 

voltage and I(k) is the new detection current, V(k-1) 

and I(k-1) is previous detection values. When the 

new value is read in to the program, it calculates the 

previous value compare with the new one, and then 

determine the voltage differentials is zero or not, 

according  the voltage differentials is zero, the 

current difference can be determined zero or not. If 

both of them are zero, it shows that they have the 

same value of impedance and the value of duty ratio 

will remain the same as before. If the voltage 

differential is zero, but the current differential is not 

zero, it shows that the insolation has changed. When 

the difference of the current values is greater than 

zero, duty ratio will increase, when the difference of 

the current value is less than zero the duty ratio will 

decrease. If the voltage differential is not zero 

determine it whether satisfy the eq. 18 or not, when 

eq. 18 is satisfied the slope of the power curve will be 

zero that means the system is operating at MPP, if the 

variance of conductance is greater than the negative 

conductance values, it means the slope of the power 

curve is positive and the duty ratio is to be increased, 

otherwise it should be decreased [22], [23]. 

The intersection of current-voltage (I-V) curve 

and the load line gives the operating point of directly 

coupled PV module to the load [5] which is shown in 

the fig.10 

Tracking Region 

for Buck 

converter

Tracking Region 

for Boost 

converter

RMP

L
O
A
D
 L

IN
E

Vpv

Ipv

Fig. 10 Tracking of optimal resistance for Buck and 

Boost converter 

 

This point should be at the MPP of the PV 

module to extract the maximum power. The 

performance of DC-DC converter depends on the 

input impedance and the connected load RL. For the 

boost converter the selected load resistance R should 

be greater than the RMP i.e (R>RMP). And the tracking 

region for boost converter lies below the load line. 

For the buck converter the selected load resistance R 

should be less than the (RMP) (R<RMP) [24], [25]. 

And the tracking region for buck converter operation 

should be above the load line. 

For boost converter voltage gain is given by eq. (19) 

0

g

V 1
=

V 1- D
                                                          (19) 

Load matching resistance for boost converter is given 

by eq. (20) 
2

in LR = R (1- D)                                                (20) 

For buck converter voltage gain and load matching 

resistance expression are given in eq. (21) and (22) 
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0

g

V
= D

V
                                                            (21) 

L
in 2

R
R =

D
                                                         (22) 

Where Vg,V0 are the input and output voltages, Rin is 

the input resistance seen by the PV panel at the 

source side of the converter, RL is the resistance 

which is connected at the load side of the converter 

and D is the duty ratio [26]. 

 

V. RESULT AND DISCUSSION 
All simulation results for buck and boost 

converter have been recorded to make sure the 

comparison of the circuit can be determined 

accurately. The input, output voltages, current and 

power is the main comparisons to take in to the 

consideration. The complexity and simplicity of the 

circuit have been determined based on the literature. 

For checking the robustness of the converters a step 

change in insolation is given at a simulation time of 

0.05 which changes insolation from 500W/m
2
 to 

1000W/m2 at a fixed ambient temperature 25
0
c. Fig. 

11, 12 and 13 shows the variation in input voltage, 

current, power and Fig. 14, 15 and 16 shows the 

variation in output voltage, current and power 

respectively. From the expression shown in eq (20) it 

is clear that the load connected across the boost 

converter should be maximum then the Rin 

(resistance seen by PV panel) show a fixed resistance 

of 100Ω is connected across the load side of the boost 

converter to extract the maximum power from the PV 

panel. Fig. 17 shows the change in duty cycle with 

change in solar insolation to provide the suitable duty 

ratio for the converter so that it may operate at the 

MPP. 

Similarly form the eq (22) the load matching 

resistance for the buck converter i.e RL should lower 

than the input resistance. A fixed resistance of 4.5Ω 

is connected at a load side of buck converter to match 

the input resistance. Fig. 18, 19 and 20 shows the 

variation in input voltage, current and power for the 

change in insolation level from 500W/m2 to 

1000W/m2 at a simulation time of 0.05. Fig. 21, 22 

and 23 shows the change in output voltage, current 

and power respectively. Change in duty cycle for 

buck converter is shown in Fig. 24   

Fig.11 Input voltage of boost converter 

 

Fig. 12 Input current of boost converter 

 

Fig. 13 Input power of boost converter 
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Fig. 14 Output voltage of boost converter 

 

Fig.15 Output current of boost converter 

 

Fig. 15 Output voltage of boost converter 

Fig. 16 output power of boost converter 

 

Fig. 17 Duty cycle for boost converter 

 

Fig.18 Input voltage of buck converter 
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Fig. 19 Input current of pv panel 

 

Fig. 20 Input power of buck converter 

 

Fig.21 output power of buck converter 

Fig.22 Output current of buck converter 

 

Fig. 23 output power of buck converter 

 

Fig. 24 Duty cycle modulation of buck converter 

 

VI. CONCLUSION 
A standalone photovoltaic system connected 

with buck and boost converter had been implemented 
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using IC MPPT algorithm for extracting maximum 

power at different environmental condition. The 

nature of load plays  an important role during the 

operation of DC-DC converter operating at MPPT by 

analyzing both the converter we have found that for 

the Boost converter operating at MPP the load 

resistance R should be greater than Rmp (R>Rmp). 

Similarly for buck converter (R<Rmp). This study 

reveal that the IC algorithm gives the satisfactory 

results with both the converter and it get less confuse 

due to change in environmental conditions. 
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