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PC Department of Electronics and Instrumentation Technology
Uwiversidy of Kashmir, Srinagar - 190006

M. Tech. in ELECTRONICS ENGINEERING

With Specializations in

I. VLSI and Embedded Systems

1 Commumention and Sienal Processing

Name of the Programme:

M. Tech. in Electronics Engineering at Departwent of Eletrunics and Instrmentation Techualggy, Misin
Campus, Univernigy of Kuchuir, Srinagar.

Introduction:

The M. Tech. in Electronics Engincening stands a5 a critical acadernic and professitnal patheay,
fandamentally powering the nation's iechnological smbitions theough its key specializations in VLSI
& Embedded Systems, and Communicatons & Signal Processing, These focus areas are not merely
scademuc trocks but dircct responses to Indin's stratégic national imperatves. The VIS &
Embedided Systems speculization is the comerstone of the India Semiconducror Mission (ISM) and
Production-Linked Incentve (PLI) scheme, producing the chip designers, verifieation enygincers,
and embodded architects cssential for achicving  elecoronics manufactunng  self-rellance.
Simultancously, the Communicatons & Sipnal Processing specializadon fuels the connectiviry
hackbone of the nation, enabling the 5G/6G netwnrks, cyber secuniry, and intelligent signal analysis
eritical fur the Digital Indis infrastrucrare, defence modermzation, and the sensor-driven nerworks
of the Natinnal Mission on Interdiseiplinary Cyber-Physical Systems (NM-ICPS) & Nudonal
Ouantsum Mission (NQM). Topether, these specializations equip graduates 1o bridge the critieal gap
hetween design innovation and manufacraring scalability, which is the ultimate goal of the
Electronics System Design and Msnufacturing (ESDM) policy. Framed by the mulidisciplinary and
innovation-focnsed ethos of the Natonal Edveation Policy (NEP) 20211, the program’s curticulum
integrates industry-aligned projecs, access to advanced EDA waols, and research in curming-edge
labs. This ecosystem, further supported by Strt-up India for hardware encrepreneurship and Skill
findis fr niche competencics, ensurcs thar graduates are not anly eqaipped for high-impact R&D
roles in semiconducior giants, welecom leaders, and premier :g:nm Iﬂr.i.' ISRC), DRDO and
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Promincnr Public/ Privare S¢ctor entecprses, bur are alse paimed w become tnnovators and

entrcpreneurs, actively saipting India’s ascent as a plobal clectronics and digital power.

Duration:

Regular TWO Yeurs [FOUR Semisters) Degree Programme.
Eligibitity:

BLE/B. Tech. or cguivalen in Flectronics & Communieation / Flectronics/Electrieal &
Flectronics/  Instrumenttion,Micco  Electronics/Electronies &  Tele-communications/VLSI
Desipn/Blecerical, Computer Sciences) ar M. Se. Flectronics/ M. Sc, Radio Physics and
Electronics/M.5¢. Physies with specialization in Electronics with 55% mrks for generl extegory
and % marks for reserved categonies in the gualifying examination from a recogniscd University
/ Institute.

Mode of Selecton:

Sclecton of candidates v the progrumme shall be made on the basks of 2 valid GATE Seore. IF the
soits remain vacant, the aniveesiey entrance test shall be condueted to All the vacant scars.

Intake Capucity:

EIGHTEEN (18) o be filled up from Open Merir and Reserved Categories as per the Universiey
Adnussion Policy, In addition NTNE (09) scas will be reserved for smadents from outside the seate.

Course Fee:

As notified by the University.
Course Structure:

The M. Tech. in Electronics Engineering program is menculousfy structured over four semesters to
build & robust and specialived skl set, integratng theoretical depth with intensive practicsl
application, and culminsting in o ggnificant independent project or industry. internship, The
curnculum is explicitly designed w align with the demands of narional initiatves like the Electronics
System Design and Manufacturing (ESDM) policy, the India Semiconductor Mission, and Digital
India. The students will study common cotirses up-to 2™ semester and from 3% semester, the
siudents will study the courses peraining 1o their chosen specializaton. Besides in the third
semester, the sudents can choose berween pursuing a project or intemship individually coder

supervision,  However, the students shall be allowed to pursue internships only in reputed
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3
MNCs/PSUs/Tnstitotions of their specialization after the spproval from the Deparumenial

{.ommittee.

The program begins with & common foundanonal core in Semester | and 11 esmblishing a stronp
base across both major specializations—VIS] & Embedded Systems and Communications d Signal
Processing, The eourecs are complemented by hands-on labs that immedinely ranalate theory into
practice. The semesters carries & substantial 24-credit load, emphasizing a high-intenaity, halanded
approach bevween lecure (LY, tutogal (T), pracoea! (P), and credie (C) compeonents, The program's
preotal highlight in its innovarive and fexible strocture in Semester 11 and TV, where sudents
diverpe mtp thelr chosen specinlimation tracks through a ach amay of advanced clectives, cach
configired 25 2 combined theory-practice module. This period slso includes critical preparsiory
work through & Pre-Project/Pre-Inwernship module and 2 compulsory Research Methodology and
IR course, ensuring schalady fgor, The program's capstone experience i the dedicated Semester
1V, which is almost entively devoted o a full time Project or Internship, allowing students w apply
thete cumulative knowledge in @ realowordd R&D or induseial seting,  Key siracroeal highlighes
inchade: 8 seamless theory-to-practice are with labe in every semester; an earty and deep intepragon
of AL/ML across both hardware and signsi processing domains; & unique electve strocture where
esch chosen course bandles significant practical wark for in-depth mrastery; and a fimal semester
fully dedicsted to industry-aligned project work, ensuring graclustes are not only thearedeally
proficient but als producton tesdy innovatues capable of contnbuting immediately 1o the national
electronics ecosvstern. Fimally, a conrse on forcl langusge in the fourth semester will help studenss

1o find uppormnives at internanopal level
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Note: Credits a8 sperified in the regulation of the progrmme can be earned from UGC recogniscd
online platfurms such a3 SWAYAM. The maximum number of credits eamed shall be governed by
the Liniversity palicy,

Examinutions

Semesicr = [

a) Course Work Examination: Commences in 2" Week of December.
Semester = [T

a) Course Work Examination: Commences in 2* Week of July.
Semester — LLL:

1) Course Work Examination: Commences in 2™ Week of December.
Semester = 1V:

) Internship snd Thesis Examination: Commences in 2™ Week of July.

Assessment and Grudes:

Marks Percentage Range (P)  Grade (G)  Grade Letter  Grade Points

M o 100 Crustanding At 1

B0 o <] Exocllent A a9
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Pre-Project and Project work:

In the Pre-Project work, students shall choose a speaific topic/area for their project.
A supervisor will be assigned to cach student, who at the beginning of the 3rd
semester shall provide a syllabus and plan of study including relevant research papers
to the student,

The project work shall be of six months (Minimum 18 weeks”) duration and a student
can accumulate 16 eredits on successful completion of Projece This is in additon to
pre-project work in 3% semester wherein students shall chnose a specific ropic/area
for their project and undertake its study.

After the completion of project work, students work shall be evaluated by an external
examiner.  The cvaluanon will be through Viva-Vece presentation and
demanstration,

Pre-Internship and Internship:

In Pre-Internghip, students shall choose a specific domain for their Internship and
idendfy prospectve organizatons and apply for Internship programmes. For Pre-
Intemnship work, a counselor will be assigned to each student, who at the beginning
of the 3rd semester shall guide him/her regacding identifying the prospective
prgamyations and applying therein, Given the demand in Fabrication Process for 1C
and Packaging, the students shall be motivated 1o do the intemships focused on
fabrication in recognized industry or academic mstitutons of excellence,

Intemship shall be of six months (Minimum 18 weeks”) duration and a sradent can
accumulate 16 credits un successful completion of internship. Internships shall be
considered s six months (not less than 18 weeks) of supervised leaming carried ot
at industry or some academic instirution of excellence. Students are encouraged
apply for internship in 3rd semester to secognized industries or academic institutions
of excellence so that its commencement is ensured at the beginning of 4th semester.
After the completion of internship at recognized industries or academic institutions
of excellence, students work shall be first be first evaluated by the intemal evaluator
of the department and after the work done under internship is found fit, the work
will be evaluated by an external examiner through Viva-Voee presentation,

Programme Leaming Ouicomes (P1.Os)

After completing the programme:

PLOL. Engineering Knowledge:

The stodents shall be able to apply the knowledge of mathematcs, scence, engneering
Fundamentls, and an engineering specinlizntion o solve complex engineering problems,
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The students shall be able w identify, formulate, review research litessture, and analvee complex
engincering problems, reaching subsantated conclusions using the frve principles of mathematics,
oatural scengex, and engineering sciences. Develop the whility m plan, conduct, sad report on
expenimental and simulanon-based investiganons using stare of the an

PLOJ. Design/Development of Salutions and Creativity:

The students shall be able to design innovative solutions for engineering problems & design SystEm
EOAINHENts oF processes Lt moet the specified needs with appropraie considerarion for public
health, safety, and culrural, societal, and ervironmental considerations,

PLOA.Investigation of Complex Prablems:

The students shall be abile 10 use resesrch-based knowledge and research methnds, micluding design
of experiments, wnalysis and interpretation of dam, sed symihess of the infarmation to provide valid
conclusiong,

PLOS, Modern Tool Usage /Skill Developrient:

The students shall e able oo ereare, select, and apply sppropriste techmiques, resources, and modern
engineering and IT tools, including prediction and modeling, (0 comples engineenng activities with
sn unclersmnding of the limitstions.

PLOG6. The Engineer amid Society:

The students shall be able 1o apply reasoning informed by the contexoml knowledge 10 sssese
societal, heshth, safety, logal, and eultaral issuss and thie consequent responsibilities relevant to the
professionu engneenng practice.

PLOT. Environment, Sustainability and Ethics:

The: students ghall be able o understand the impact of professional engineering solutions in socictal
aml envimnmental contexes and  demonstmie the knowledge of and need for susainable
development. The students shall be able to apply ethical principles and commit o professional
cthics, responsibilities, and noms of engineering practice

PLOS. Individual and Teamwork:
The students shall be ahie to function effectively ax an individual, member, or leader in diverse reams
PLO%: Application of Knowledge

Apply theoretical concepts (o design, simulate, and troubleshoot analog and digital dlectronic croults
and systems for solving real-word problems.

PLOI10, Life-long Learning:

The students shall be able to reeogrize the need for and have the prepaniton and ability o enmge
in independent and life-long leatning in the brosdest context of technologieal change.
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Question Paper pattern and Distribution of marks for End Term & Internal Examination
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Semester — 1 (Conrme Pk
MEENCDA126: Digital and Analog CMOS Design

Huuirs per Weck Ceedits Muxirmorm Marks Examination
Fectupe Tumdal Practenl y Latermal End Termn Todul Hu
4 fi i 4 an Ll 100 2% Hours

Cowrree Leaming Ohicommes (CLOw)
Unie-Wise CLOs  After the completion of this course the students will be able to:
Anlyee and model the physical operation of MOS ansiswors, induding subthnshold
MEENCDALZT  condurtion, channel-length modulation, and body effect, wo deteming dhiir behuvior
1ﬂb9ﬂﬂﬂﬂitﬂMdm;hmﬂﬂ- tie and dymamic digiml CMOS logie gates with
Destpn, simulute, an te Mn
NBECRAIHL mﬁ?ﬂm Hm,hmm arsad layesest tochmigues. =
MEENCDALZ 3 Dinign and analyze foundsnonal analog CMOS bullding blocks using sonall-sipnal

miodels and design parumeters.
X z the principles of CMOS ' atplifier design and evaluate key
MEENCDAi264 AP the peacles o Al
Detailed Syllabus (04 Theory Credits):

Unuit 1+ Intveduction to Digital CMOS Design (15 Hrs )

Basic MOS strucesre and s stage behaviess, Advanced techoologies: Gign-scale dilernma, Shurt channel
effects, High-k, Metal Gate Technulogy, FinFET, TFET erc.

Creerviow of digital VLS1 design methudologies — Trende in 1C Technalogy — Advanced Bonlean alyebra -
Shannon's expansion theorem — Consensun theorem = Boed Muller expansion — Synthesis of muluple outpur
combinathonal logic citcuin by product map methiod — Diesign of seatic hasard froe, dynamic hazard {ree Juge
circuits

Quality metrics of o digital design: Cost, Futicoomlity, Robusmess, Power, and Delny, Stick diagram and
Layour, Wire delay models.

Unfi 2: Combinational and Sequenral CMOS Logic Design (15 Hrs))

Inverter: Statie CMOS nverter, Switching threshold and notse margin coneepts and theie evahuation, Dynamic
behavinur, Poser consumpoon.

Combinationsl Jogic Staic CMOS design, Logic cffort, Ratoed loge, Pass tmnsistor fogle, CMOS
transmission gate Joge, Dynamic lopie, Speed and power dissipation in dynamic logic, Cascading dynamic
paes, BiCMOS logic.

Arithmetic dreaits m CMOS VST - Adders- multiplies- shifter

Sequential logic: Static latches and registers, Bi-suability principle, MUK based laches, Staie SR flip-flops,
Master-slave edge-trigpered register, Dynamic latches and regivters, Concept of pipelining, Palse regisiers,
Non-bistshle sequennal dreair.

Unit 2 CMOS Amplifiers {18 Hr)

Anslog Sigaal Processing, Faample of Analog Mized Signal Circult Design, curtent mirrors.

Single stage Amplifier: CS stage with revistanes load, dinde connceted load, cursent source load, wode Joad,
03 stage: with saurce degenzration, source follower, comman-gate stage, easeade stagr, Frequency respunse ol
(CS, Differential Amgpbificrs: Mirrors: Basic difference par, common mode response, Diiferential paic with 08
lesadds, Gialbert ecll,

Unit 4: CMOS Operation Amplifier and Apphications (15 Firs)

Opertional smpiificrs: One stage OPAMP, Two stage OPAMP, Gain boosting, Comimon mode feedback,
Slew rate, PSRR, Compengation of 2 stage OPAMP.

Intreduction w Switched Capacivor Crcuies, PLL and Voltage Reference,

Static & Dynamie Characteristics of DAC & ADC, Archireerures of DAC & ADC
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1. . P Rahiey, A. P. Chaabiubistin, 1. Nobalic, “fgisel Insegrased inits: A s peripoctive”, Prostics Fal doctrans
aied LT serres, 2l [laliitium, 2001,
2. Dol Ragad, “Design of Andlag CAIS Tetgnetnd Crronite™, TMIL, 2007,
il E, Allen and Daglas | Hodborg, "CMOS Anadyy Cironit Desiyn™, Ouglind, Il Eelition, 2012,
I ] Baber, "CMOS dirionit Diesign, Loyt ond Simondadion”, JEEE Dee,, 2008,
8. Kangt el Y Leblebacs, “CMOS Distad Tetugrated Cireuits, Anafyass wd Desgga”s TMH, 5 Labtion, 2002
D. A Puikmll and & Engghion, “Baric V15! Decign’, PHI, Ird Editon, 1995
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P ey

CLO-PLO mattix fur the course MEEHM (Digital and Analog CMOS Design)
Ulnie-Wise CLOW hveiage CEO

l 2 3 4 5 ﬁ T ] i 1L}
MEENCDAIZE1 Y 2 2 18- 18, ‘E5 2§ 3y 2% n
MEENCDATZ 25 25 23 27 3 13 3 % 2y 28 341
MEENCDAIMY 25 25 27 27 3 15 k5 kS & S 141
MEENCDAI4 185 23 27 T F  JES 1A RN | xr RS 24
Averape PLO 262 25 2132 251 182 1§ 1§ 35 .7 1% 135

Semester = [ (Conre Wink)
MEENCES126: Advanced Embedded Systems Architecture and Firmware Engincering

Haur per Week Crediv Maximum Marls Examinariom
Lecture  Tutotial Practcal laternal End Term Total o
4 ik il 4 &l 0 1im 2% Hiors

Crrurse Leeamingy Outesanes (OLOs):
Unit-Wise CLOs  After the completion of this course the students will be able to:
Anplvie ARM-based pmcessor srchitecaess and evaluate performanice, determinia,

MEENCESI260
an puowes trale-o s,

MEENCESI262 Deslgn and implement srructared firmware foe ARM Cortes sysems with oplimized
driven ind starvep cide.

! Apply reabtime seheduling, eompiler optimiraries, sl hardware sefrasre en-design

MEENCESIZA  por efficient embedded solutions
Use debupgping, mcing, and profiling rools m oprimize etecntion, memory, and energy

MEE? \

(RENCESIZEA in industry-grade embedded systema
Detailed Syllabus (04 Theary Credits):

Unit I Advanced Processor and Sysiom Architecmre Foundazions (15 Hra)

Lyndution of embedded processor srchitectumey from dmple micmtonpollen o omplex sysiom-on-chip
platforms;  instrection set architectore {ISA) prinoiples  nclading RISC. and  CISC philomophies;
microscchitectural concepes including pincliniag, hurards, instrocnon-leve! passlielism and branch schavior,
in-cerder verus aut-af-order exceutdion relevance in embedded domusine; Hareand, Von Neurmann and modified
Harvaed architectures; cache orgenieation, dghdy coopled memory snd memory hicrarchy trade-offy,
comparison of embedded processor familics including ARM and RISC-V wark applicanon-drven architermrl
seleonin entona; srchiterniml rrade-offs invobving performanee, power consumption, dercmminism and siteon
areny trende i heteropencons and muiveore embedded platfoems soeh a0 CPU, DSP, GPU and 1PU
sntegration. ARM g, LIITVLE speiitecoare, VEIW, SIMD, and vecior processors, Trends in Reconfigursble
processiats snd PPGA-based Sols,

Uit 2 ARM Cortex Architeciare and Processor Subsystemns (13 Hrs.)

Architecture model and cengpaem of Arm Lad; ARM processor familics including Comex-A, Coreex-R and
Conee-M with domain-specific comparivon; detsiled sichitecnural study of Cones-M3 and Comes-M4
including pipeline urganization, Thumb- 2 instruction set, exception Randling model, Nested Vectae Tnerrapt
Controller (NVIC), interrupt Istency mechanisms, DSP extensions and flosting-point architecture; memory

memory maps, bhit-banding, Memory Fm:n:mn Unit (MPLY, AHB/APE fus
architeerure aod IMA controlier operation; system: 1

performanee, determinism and power efficency.
ticd erad Tnetreraenduthon Tochnolops
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Uit 3 Profiescions] Fiermwane Engineering und Embedded Software Archivecture (15 His )

ARM hased embedded hurdwirs pletfomms wd development onvironments such s Kell MTK and Simplicine
Studie; Fimware deaipn methodohgny including boor sequenee, srammn ende, reser hasdling and veeror table

linker seripes and memary soetion placement (texe, daea, bes), srack and heap configursdion;
CMMSES shetmrrion and ceslable peripiersl drper architeerare; embedded © tonlchans snd cross compilsnos
proccu; enmpiler optimizston techniques; strocoued firmware d:t'dﬂpn:mm practiees allgned with Jm-rimrrj
standands; bow power design technigues including slecp states, chuck garing, dvnamie voltage and fequeney
sgaling (DVES) coneepis and encrgy-aware frmware design; reab-tise design principles and i interrupi-driven
system implemenption; imphenenction of eommunication ineefaces inclading SP1, 120, UART snd CAN,
ristem inrtprton aod modular Gorenre architocnite for sorleble conbedded platfirms.

Unit 4: Advunced Debuggring, Trace, Pmdiling and Perfrrmance Engineering (15 Fire)

Embedded debiugging methadalogies including sofranre-tased and hardware asisted wechniqoes, breskpoints,
watchpuins and runteme monitanng under real dme constraing; detailed srdy of ARM CoreSight architectune
nclading Embedded Trace Macrocell [ETM), Insvementaton Trace Macrocell ITM) and Dats Warchpoio
md Trece (DWT); debug communicavion interfsces such s SWD and [TAG; wape of ARM ULINK debug
scupreey including UILINK-ME, ULINEpro snd TLINKplus for seal.ime progeam teace, memiry inspeotion,
:mnﬂim'tvﬂthtmﬂmﬂnﬂm encrgy profiling; execunon analysis, sack and heap manitonng, botreneck

identification and systermanc performence optimizstion susegies for high-performines and indusiry-grade
cinbedded sysiems.

Test mtidd Helevenice Booka:

b ] Yie “Te definitive jude 2 AR Carte MF and Cartioe MM pivcessair”, Nrawad, 20710,

2 W Wl Coamputirs i compbonentss Proapivs of sl onmgparting sysiem deign”, Muman Kowfwann, 37 o, 2006,

3 F Vil &= T, Givanyi, Eimbodiee yssems dhaie: /) wified barriware/ sofonirs imtrwdnction", Wiiey, 2002

4. M Burr @ A Maste, "Progresessing sabedded nyosom ™, ORuilly Medle, 2004,

5. ARM Tad (ma) ARM arohiteturr seferesn svanualt and sehieal oferrnee mawals thatest aitons). Retrived frum
it/ developer.come o dacrmentating

€ Ussatin, H. D). Giirbaw, & M. View “Fabodded sysbon deiggn aith AARM Cordex M avicroioniymiliers:

Applicmtrons with €, C++ and MaermPrheou®, Spromger Chaw, 22

7 | D Bebe; "Emivdied syrivee ARM prsgrameming and aptimration” Mamer Kasfoursw, 2 o, 2024

P

CLO-PLO matrix for the course MEENCES126 (Advanced Embedded Systems

Architecture and Firmware Engincering)
PLOs
Unis-Wise 10 Average CLD
T A5 (B R Th e L W
MEENCESIZR s I3 2 | LR B S 1 A = SR - R . FA L
MEENCESIM2 2t 25 21 27 \ I3 14 2% 3% 2% 241
MEENCENINY 25 15 27 237 3 L5 L8 | 25 a2y | 23 2.l
MEENCESIZ4 2% 25 27 2T 3 FL I - G - R 24
Average PLOD a2 IS5 RSl A% RAY 1S LS TN AT AN L35
Semester = | (Cowese Wonk)
MEENCWPI24: Wircless Sigmal Propagation
o per Week Creilits Maxdimam Marien Bxsminarinn
Leesurr Turtrirind Prassied! E Intetral Engd Term Toreal Hrmers
4 fl 1] 4 1 H) 1) 2% Hous

N\ e |
Coterse Srricrone snd Syllabus of B Tecl = Eleouunics Engliwering |50
PG Depurtment of Electmmics wod Tnntramvensaion Technnbogy

\a( /1‘”’ Ulsmrenn o Kinbaer, Lenzpagr — PNNI(G

WEMW




W iE

[k}
Coure Leaming Outcomney (CLOW);

Unit-Wise CLOs  After the completion of this course the students will be able to:

MEENCWPII6 1 Anglye wirdess communicason system modcls under fading snvironments and

* : ' evalnate BER performance with channel estirstion and divessity sechniques.

MEENCWP 262 Model and d_:u.r.:::u'f'.:-z wrireless rf-urun:h using defay spread. Doppler spread,
coherenee bandwidrh, and coberence T parameren.

IR Evaluste the capacity of wircless chonncls under AWGN, flar fading, and frequency-

NEGNCWRIAS sclective fading conditiong with divensity and (CS1 considerstions.

MEENCWEL26.4 I:]mg:_r aml m_lp-.-. nrmmq &umhlh:fun_md rum!*:nkm !:rth, Inehuding M1
detecnion, equalizanon, carner synchrunizagion, and dming recovery.

Detailed Syllabus (04 Theory Credits):

Unit 1: Principles of Wiceless Communicatinns (15 His.)

Wircless Communicution Envirooment, Modelling of Wireless, Symems, Spstem Mode! for Nanowhag)
Signals, Raylelgh Fading Wircless Channel, Baseband Model of 2 Wirdess Syteem;, SNR and BER Perfurmance
in a Wircless Spatem, Ravlesgh BER wt High SNR, Channel Estimason in Wireless Syatoms, BER in Fading
Channels, Diversity in Wireless Communications, Multiple Reeeve Antenna Systes Model: Srmbol Detection,
BER and Channe! Hatimation,

Uit 2: Wireless Chanmel Modelking (18 He.)

Basics of Wirehess Channel Modelling: Maximum Delay Spread, RMS Delay Soread, RMS Diclay Based on
Average Power Peofile. Average Delsy Spreadd in Outdoor Celbuler Chpanels, Coherence Bandwidth, Relanon
Berween 181 and Coherence Bandwadth in Wireless Communication, Dogpler Fadieg snd Doppler Shift
Compataton i Wirckess Symems, Doppler Impact und Coherence Tlme in Wirdlons Channels, Jakes Model
tur Wirchkss Channel Carrelation,

Linit 3: Capacity of Wircless Channels (15 Hira)

Introductinn, Capacity Analysis, Capacity in AWGN, Capacity of Flat Fading Channela, Channel and Syeicm
Model, Channel Diserbmion Informaton (CDI) Koown, Channel Side Information &t Transmiter and
Receiver, Cipacity with Receiver Divensiry, Capacity Comparisons, Capaciry of frequency selective fading
chunnch, Time-lavariant Chansels, Time-Varying Channed, Diversing: fnrmduction, Channel known
transeitter, Alamonin scheme, Foualiation, Ditectly linear equalizers in communication Receiver,

Unir 4: Demndulation and Receprion (15 Hms)

Maximum  [kelibood sequenice derector, Optimum receiver for Conunuous Phase Modulaton sigmals,
Optinzam receivers for hinaey ipnaly and M-sev orthogonal signals, Probahility of error for cavelope, dereerion
of M-ary orthogonal signals and correlated binary sipnald, Carrier phase estimation- Phase Locked Loop,
Decision disecred loopa, Symbol timing esamarion- Mazimum fkelthood and Non decision directed

Temn wnad Mefereisie Db

Ruppgpurt. 1., “Wirsins Camminiction, Prarssn Edcation, 2003

Simwwe Haykin & Mickae! Madar, "Modvrn Winksy Comamnniations”, Peavoon Flvestion, 2007,

Adiya, Prrmcipler of Moderw Wirekess Commmwicwtion Systems *, MiGras- Il Ecaation (Taia Private 1incioed,
LJOT4,

o L ]

4 Diiid Vo, Pram | Tribovarsath, " Fodieutals af Wirnkees Commaniination *, Combragee Universfty Prus, 2003,
5 Anavae Galdopetl, “Windleer Cammumicintion *, Camimidpe Usiversity Precs, 2607,
6. At Pasing, o ol “lutrodicion o S peve-Time W iredess Comumnivations”, Combridye Uversiy Procs, 214,
CLO-PLO matrix for the course MEENCWP126 (Wireless Signal Propagution)
FLOw
G S R IR . S TR PR e v
MEENCWPLEL 3 31 3 2 1 2 o 0 2 1 15
MEENCWPMIM2 3 3§ 1 2 1 @0 o o 2 1 13
MEENCWPIZAY 3 2 f 1 il f fi 3 1 14
MEENCWPIMS4 3 3§ 3 2 1 1 2 2 3§ | 21
Averuge PLO 3 3 LY L7 1 4T 45 ol 1S 1 L57S
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Semester = [ (Cinr Work)
MEENCDS126i: Advanced Digital Signal Processing

Huurs per Weak Contiiin Manvmnam Matks Ewxaminanin
Lectur Tomwsrlul Pragoesl " Lentierreal End Tern T ol Hinrs
4 i} 0 4 A0 k) 10 2% Mours

Comrne Loarmning Outenmes (CLOW):
Unit-Wise CLOs  After the completion of this course the students will be able o
' Analves discrote-time signals and use Z-teansform tochnd el aed
MEENEDS126.1 gy e tadh
chamererize digital signal processing systems.
Apply DFT-hased analveis and use Fast Fourler algorthms o perform frequency
divmain sigral somivmin and design digieal LR flier,
Desige: and implement maltirie digital sgmal processing sistetns wsing decimation,
MEENCDS1263  mterpalation, polyphase stugnares, and flier banks for officlent dignal comveesion snd
waalysis
P Estimate powsr spectra of satonary randim procesos and design optimem  and
N e v fots il sorineioumio i i wcBiodi
Detailed Syllabus (4 Theory Credits):
Uit |t Introdociion to DSP (15 His)

Review of Discrere dme signals snd sysems. Convoluson snd earelation of dicreer time syster, lincar time-
tmeariang systems, Sampling, (reantistion: uniform and oop-usiform quanssation and Lloyd-Mas quantines,
Review of Z-wansform. Diiceete Syvern moideliing asing Z traneform

Unis 2: Discrewe Fourler Tranaform and Mgl Filuer deshgn (18 Hn)

Disercre Fousier transform, propermes ot DIFT, Pregueney dormain ssmpling, Encar fiircring methods hased on DI,

Frequenicy alysis of signals using the 117, Declmation in time domain and decmanian in frequency doman

;Iﬁwi_ihruﬂ'::l'l'ﬂﬁhﬂ design uting Impulse inviiance and bifines mensformasion, Noech, eambs, snd all pass filien,
&

Ui X Multirste DEF (15 Fis )

Deeimathon and Trrerpolution, Multisags design of interpuolasors and decimsmoes; Paly.phase decomipositon snd
FIR structures, Implementation of mudtinge comversion, Applications of mubiree DSP, Digiral filter banks: two-
channel QMF, DFT, and M channel Elicr banks.

Unis 4: Spectral Esthmation and Optimum Fileering (18 His)

Sturwwuary mndom procoses and pusver spectral esbmaon, Non-pasmerc sl pammetiy speotral estrmatiom
methode Pedodogram, Bastler: Methad, Welch Method, Autoregressive (AR} Method, Yide-Waller Meihod,
Whenet filters, loust mosen square fiees, Recursroe lesst square Slers, Power spectnum estimadon technigues.

Texr wnid Refevence Books:

I A V7 o st Rl U Selugfer, “Thiserese- Timve Signd Progiasing”, Peavsow Faneion, 3% Fiition, 2010,
L Judw G. Proakis and Demitrir G, Masedstas, “[Digatal Signal Prossing: Prosiples, Afporithes, and Aphbeations”,
Prarsen Eddnealion, #* Edition, 2007,

Sanipir K. Mitres, "Dhigital Sggnaed Prevessing A Camponter-Biaavd Apprnach ", MiCoraun 1 Edweation, 4 Badition, 2011,
P. P. [ aidyanashan, “Muitrat Systunss and Filtor Bisks ", Prostice Hall, 15 Edition, 1993,

Moo FL, Hlages, "Satisticad Digital Sigmad Provessing and Modeiing s Joho Wiy & Sons, 17 Edition, 1994,

Petre Stodea and Romilodpsds L, Meves, “Spectral Anadhsis af Signale™, Pearms /| Pressice Hall, 1 Filigian, 2007,
Siwmion Flavieon, Adupiive Fitter Thowry", Pearsan Eduoation, 3% Fditron, 2073,

MEENCINS126.2
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CLO-FLO matrix for the course MEENCDS126 {Advanced Digitul Signal Processing)

PLOw
PRRWWRCER. T g w8 53 A TE g hensgcto
MEENCDS126.0 3 | 2 - i i 1 | 3 2z P |
MEENCDS126.2 i x| 3 | L | | 1 i 3 2 2
MEENCDS1363 3 L | 3 2 3 | 1 1 5 - 3
MEENCDS1264 3 3 A 3 3 | | 1 L - 3
AveogePLO. 3 3 278 A28 295 1 1 135 5§ 2 12
Semester = 1 (Cowrse 1ark)
MEENCRFI26: RF and Microwave Cireait Design
Hours pur Weak Crading M amsrmirm Mada Fosminalpwibinn
Lecture Tuemtinl  Prawcdesl Ditienpaal End Team Tomal Heaurs
4 i i 4 i 1| i 2 4% Hours

Coirae Leaming Ourcomes (CLOw):
Unit-Wise CLOs  Afier the ecompletion of this course the students will be able 1o
MIEENCILE 261 Analyee planar transmission oce and their squivalent circuit models for microwaye
spplicunons,
Apply netwutk parameter techniques (2, Y, §, and ABCT) munees) to giralyre and
MEENCRF1262  design microwsve passive components, including power dividers, couplers, and kribrid
NCRE1 263 Dwﬂmﬂmﬂmﬂﬂmmmwmﬂwm
technigues.
CRE Design and evalunte microwsve active dreuts, includiog smptifiess, mixens, and phase
AERENALTLEA shifters, consdering stabifity and perfamtnee erdrera
Detailed Syllabus (04 Theory Credits):

Lode 12 Pl Treamenlasion Lines (85 )

Lamped-clemens crewr modd of Trensmisson Line, Terminared Lossless Transmussion Liner, VEWR Plana:
Trammisshon Linex Stripline and Micmstriplines, Impedance und Admimsnce Smith Chare, Marching Technigques:
Singic Stub, Double Seui L-ssetion marching, Quarner Wave Trnsfiemer, Tmplementation using simulizors,

Unit & Microwave Nemwork Analvsis (15 Hm.)

Micuwsve Network Analysis: Impedance and equivalent voltage snd corrent, [nspedance and admittance maehe
Seaticaing Matay Reciprocal and Lossless Neework Anulyis using 5-Murri, Transmission Marix, Signal Flow
Craph. Bagie Properties of Couplens and Power Dividers, T-junetsn Power Divider, Resistive Pawer [ivider,
Wilkinson Pewer Divader, Branch Line Couplers (90 degroe hybod), Rar Rsce (180 doproe hybeid) Coupler

Unit & Miceowave Filiens (15 Hn)

Peviodic Soweares, Filier Diaiign by Image Pammeter Method, Filer Design by Insermon Loss Method, Filwr
Temestormanons, Vilver lnplenentstion, Stepped lupedancs Low Pass Filer, Coupled Line Filen

LU ndr & Slicrowave Active Cleeuits (15 Hi)
Aetve cireuing Thase shifier, Miver, Single-Suge Trancsor amplifier. Amplifier Desggn: Power gin equations,

impodines matching, Amplifier gon sabdiy, Contane goin circles, Desgn for maonmam gain, DO basing, and
amplifier damss

Teen and Reforence Mook %/ §
w Nz ~r |
e /Z‘Ff Conrne: Stoucvure snd Syllubos of M. Tech: m Bloctronios Enginecring | X00)

Py Deparsment of Hlecreonies ard Insrramentation Technnlngr

ﬁ e L niwrrn o Railew, S ecen = TROO0G
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Llupid M Pogwr, "Micraware Fagiering, Fonrth Edlitisn”, lodn Wiky & Som Pubfoathons, 2013
L Reteed E. Collin, “Fanurbafrons for Mocrmowre Eigowoeriion™, Wiks, 2nd Fabitow, 2000
1 ?jﬁm "Mirvuaie enaisine awghiisier; design sl anadets, Handbook", 2ol aebition, Prewtice el Parlifieations,
9. Lo Yoongwed H. Nobol Ed Advawes fn Micreaases, il 2 Acadeniie proce Toe, 2013,
Y. L, "Misrasssue irvlr and anadysis and ampitoes diige”, Prveticn Hafl 19564,

CLO-PLO matrix for the course MEENCRF126 (RF und Microwave Circuit Design)
Unit-Wiae CLOw 100

SR NE RE ST AR B BE B BE Tl
MEENCRFI2E] 3 3 2 | i 1 1 2 i i 200
MEEMNCRFI25.2 | 1 3 2 a i | X L | L
MEENCRF1263 3 1 3 2 2 1 I 3 L I A
MEENCRFI284 1 i 2 2 1 2 2 1 ! 130
Average PLOD 30 X L7 %513 13 1B 2 30 14 dias
Semester = | (Covrw [Fork)
MEENCCEI26: CMOS Deslgn and Embedded Sysierms Lab
Fours per Week Crodits Muavirmom Marks Examinaton
Lecare Tutorial  Practical Intertul End Term Tuul Haurs
] il 4 2 15 A5 Al 2% Hours
Course Leaming Ouvonrimms (CLOs):

Unie-Wise CLOs  After the completion of this course the students will be able to:
Infegrare vstem Jevel considerutions into the design fow, wsing industry-standard
MEENCEE281  FRA ool for schematic eaprure, simulssion (SPICE), snd physical layout vedfication
(BRC, LVS)/ Develop and configure bare-metal fimmware an ARM Correx platforms
using Embedded C, managing memary, interrupes, s peripherals.
D"W.ltfmﬁ hw—pm't!r .'Ii'l:l}qg aniel ﬂigltl} CMOS eircuits for indl:u.rr}' p.}'u,-r.:i'l"rc
MEENCLEIZ62  problems Dieslgn, debig snd optisiee modular embedded firmveare by anulysing
memanry uiage, compier behavior, end excrution performance,
Detuiled Syllabus (02 Lab Credite) (00 1)
List of Fxperiments
Use Vio=1.8 V for 0018 um CMOS process, Vie=1.3 V for 0.13 om CMOS Process and
Viea=1V e 000 urm CMOS Process.
a) Plor T va, Vi ar different deain yolrges for NMOS, PMOS
b} Plos Ip v, Ve at particulsr diain voltage (low) foe NMOS, PMOS and determine
Vi
1, €] Plot Jog In v Vs wt purticulas yare voliage (Bygh) for NMOS, PMOS and determine
Liwe and sub-threshold slope.
d) Ploe Ioova Vs at different pate voltages for NMOS, PMOS and determine Channel
length modulstion fuctor,
e} Extract Viy of NMOS/PMOS transistors (short channel amd long channel), Use Vis

&W/@b :
\)W/ @; WW fw—r“!a

G Srpacinre am! .'.l:.illihu'h- o M. Teeh, m Blestronks Exgriesering 0N/
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To extract Vi use the following procedure.
L Plot g vs Vis using LTSPICE und cbin peak gy paint
i Ploty= ﬁ;u 2 faneton of Vs using LTSPICE/CADENCE VIRTUOSO,
. Tse LTSPICE/CADENCE VIRTUOSO to plot tangent line passing through
peak g paint in y (Vi) plane and determine Vi

f)  Plot Ly vs, Vi at different dimin voltages for NMOS, PMOS, plat DC load line and

calcualate: o, Lo, fo/ i and unicy gun (regoency.
Tabulare your result according w reehnologics and comment on it
Use Voo=18Y for (18um CMOS process, Voo=1.2V for 0.13um CMOS Process and
Ve =1V for (109 um CNOS Process.

a}  Perfiomm the folloeing

b " Plot VIC curve for CMOS inverter and thereon plot dV.. v dV,, and
determine fansiton volage and gain g Caleulate VIL, VIH, NMH, NML for
the invener.
H,  Plot VTC for CMOS invermer with vlmn,g Voo
. Plot VTC for CMOS inverter with varying devies ratin,

b) Perform mansient analysis of CMOS inverrer with no Joad and with load =
determing g, tan, 2085610-80% t, and 80%-10-20% ¢, (ose VPULSE = 2V, Guu =
50 fT7)

e} Perform AC analysls of CMOS inverter with fanour 0 and fanour 1, (Use C,= 0012
pF, Cit = 4 pF, Riwy = k)

Use LYSPICE/CADENCE VIRTUOSO to huild 3 three stagge and five stage rng oseillator
circuit in 0,18 wir and 0.13 um eechoology and compare its frequencies and time perod.
Deesign combinationul and sequential logic cireuits using

Al Seatic CMOS design Technique

bj Ranoed logic Technique

¢} Pass eranatstor logie Technique

d) Dynamic logme Technique

Compare Speed and power dissipation of techniques
Petferm the fullrrinng

#) Druw small signal voleage gain of the minimum-size invertee in U1 Bum and 0.1 3um
technology as a function of input DC vohage, Determing the small signal voleage
gain at the swieching point wsng LTSPICH /Cadenee wvirtuosn and eompare the
vatues for (L1 Rum and 1.1 3um process.

b} Consider 3 smple €5 amplifier with actve lood, a8 expluned in the locrare, with
NMOS pansstor My o dover and PMOS iransisor Me as Jond, in 0.15em
techoology, (W/LIMx=5, (W/1.) MP=10 and 1.=0.5um for both mensistors.

i.  Esmblish a test bench, as expluned 1n the lecture, 1o achieve Visy=Vop/2.

. Caleulate tnpus bias voltage if bias currene=30 uA.

. Use LTSPIC and obtain the bias curment. Compare irs value with 30 uA.

W Determme small sspral volage gam, -3 dB BW sod GBW of the amphifier using
smiall signal analpis m LTSPIC (consder 30 11 joad capacimnce).

v,  Plorswep response of the smplifice for inpur pulse amplitode of 0.1V, Denve
e constant of the ourput and compare it with the nme constant resolted From

-3 dB BW
vi.  Use LTSPIC w determme input voltage rnge of the :mphﬁ::r

W@L
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Three OPAMP INA. Voo=18 V Vie=0 V, CAD wol: Cadence virtuoso, Note: Adjust
accursey optons of the wmulator (sctup->optons in GLIY. Use praper values of resistors
10 et o ‘three OPAMP INA with differeatial- mode valtage fm=10

Consider valtage gair = 2 for the first stage and voltage gain = 5 for the second stage.
L Draw the schematic of op-amp macoo model,

i Draw the schemurc of TNA

ui.  Obim peramerers of the op-amp macro moded such that

I low-frequency voltage gain = 5x10°,
T, uniry gein BW (fu) = 500 KHa,

ItL. input capasomnce=12 pF,

leved handveare eontrul; development and extension

s of proccisor

- IV, output resistance = 100 €,
V. CMRR=120dB
+ Draw schemane dingram of CMRR simulation setup,

V. Simulate CMRR of TNA using AC analysis (if's expected 1o be around & dB
below CMRR of OPAME,,

vi,  Plor CMRR of the INA versus resistor mismatches (for rovisoes of socond sage
ooly] changmg trom -5% o +5% (use AC annlysis). Genesate a separate plot
for misnutch @ each rewstor pair. Explain how CMRR of OPAMP changes
with tesistor mismatches.

vil,  Repear (i) wo (vi) by considering CMRR of all OPAMPs 1o be 90 dB,

Tethnolagy: UMC 0.18um, VDD=1.8V. Use MAGIC or Microwind.
a) Draw layout of a minimum sixe inverter in UMC 0,18 um technology using MAGIC
Station layout editor. Use that inverter as a cell and lav our three cascaded minimuom-
wized inverters, Use M, as interconnect line berween inverters,
, b) Run DRC, LVS and RC extraction. Make sure there i no DRC error, Pt the
' netlisr,
€] Use exemcted netfise and obtain tyg b for the middle iavermer using Eldo,
d) Use mterconnect length obrained and eonneet the sccond and dhird inverter,
Extraer the new nethss and obtain twe, and tma of the middle inventer, Compare new values
of delay rimes with correspanding values abtained & part ¢’
Embedded Plarform Stady
8} Systemsnc srudy of ARM Coreex-based development platfiorms and tmolehaing incliding
B. eovionments such a8 Keill MDE, Simphcity Smdio and other vendar-suppocted TDEs
depending on institubonsl resources
by Lindersianding project structure, butkd eomfiyarstion, nker sertings and memery mapping
Hure-Mend Develupment
2; Embedded C propramming for
9, of bare-mietal spplieations including starmup scquence understanding, intoerone handiing and
peripheral ierfacing
b Expenmentation with coee peripherals and communication imterfaces; snalysd
_ bebavior throwgh structired Emhedded © bmplementatons sad hardware intersedon
Farmware Serneenning and Debupgping
8) Structursd firmware developmenr wsing Fmbedded © wirh modular dever srchiteense and
aysivrr-ievel integriting
1.

bl Espenmenuton with compilstion process, build mansgement and auemoey orpanizton
¢! Debuggop wing softwarc and handwaec-assisted techniques incheding  hreakpaints,
watchpoints med mntime inspecton; cxposure @ professions] debopping end tmee mols

subjecs to svablabdiliny

Perfuemance Exploration
FJFI'J'I’I.I!H'[ lTiI ﬁ!ﬂ'lj’il.tl llpnm.l.ﬂl.l[ll'l. II"I'I-IHI.I:I. L1 {,!ﬂﬂ: TIJI: :.ﬂd t.“l:'l.ltll’]l'l lt:lf'l.l.\l'll'lllr
Exceution-ime measurement, memory prufiling snd performance observabon based on

I'I
k)

svathible hardware roource
Progresuvr exwenmon from basic b

plemenmuun  wwand el mod
mﬁlm“m%

fox ool Imtrwmentron Techmaligy

Uiy w Raedagyr, Snegpar = TR0

S0
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CLO-PLO matrix for the course MEENCCE126 (CMOS and Embedded System

Design Lab)
PLDs
Linde-Wise C1LOg
i 1 8 s 8% & .7 39 @ mewde
MEENCCEIRSE]T 15 15 3 2 k] 2 2 L] 3 25 2%
MEENCCEDRS] 132 1.5 E ] 2 3 z 2 ¥ L] 25 29
Menge¥i) 1t 15 3 2 3 3 ¥ 3,3 & 2.1
Semester = | (Canre [Fork)
MEENCSCI26: Signul Processing and Communication-1 Lab
Hours per Week Crodita Machimmum Marka Elmutvaiinagfuses
Lecture Turoedal Praciicul » Fmiermal Hud Term Towul Hemiirs
(1] 1] 4 2 15 A5 50 2% Hours

Courme Learming Ourcornes (CLOg)

Unit-Wise CLO%  After the completion of this course the students will be able to:
Mode! sod amulase wireless communication systeens under Fading condinons and
svalugie performance metries wuch ax RER, capacity, sod diversity gam /Trplemeent
and analyze advanced discrete-time sigmal processiog: algonthms incleding #-
MEENCSCI26!  wnsform modeling, DFT/FFT based snalysis, dgied filier design, and multirare
signal processing asmy approprisce computationsl ol Analyze manimission-fne
hehavitrur and implement impedance matching technigques wsing EM and microwave
CAL tools for scourste microwave nework design.
Annlvre wircless channel characrerisucs such s dely spresd, coberence bandwidh,
Duppler spread, coherence time, und channel cipacity 1 asess dheir impact on
cammunicaoon sysem perfurmance; Design and cvaluate spretral citicmation snd
MEENCSCI262  sdapeive filkesing techniques for reabwnrld signals, and interpres performance utiog
duantitative miasures such a8 PRO, MEE, and convergende bebaviour, Design and
umulate microwave passive componenis snd active drewits, includiog power dividers,
couphers, filbees, and amplificrs, using industry-srandord BF desgn sofrwace
Detuiled Syllabus (02 Lab Credits) (60 Heo i
Lisi of Expormcnis

- Sumvulstion of AWGN Channel and BER Performance Analvsis for RPSK/QPSK Modalen.

& Bimulation of Rarlagh Fading Channel sod Compartion of RER Poformance with AWGN Chasd,

1. Compataton of RMS Delay Spread, Coherence Bandundth, and Coberence Time for 3 Wirdess

Channe] Madel,

4 Simulatinn af Doppler Shifr snd Thne Selective Fading using Jukes Modd,

5 Capacity Caleodunon of AWON and Flae Fading Wireless Channels.

G Wenbcion of convolation and corrciaton of discrere-omi signals waing ssasual implementaion ad

buik-in funcoons
7. Modeling and snalysis ol LTT spenems using 2-transform conceps, pole-mero plots, and frequency
response analysis.
K Sampling and quantxason of xugeals: Uniform quantization, Lovd-Mas quantzer implementirian;
Perfurmance comparison using SQNR.
% Implementidon and comparison of DFT and FPT; analysis. of computational complesity and
Edecution time.
1 Freguency-doman Bliermg waing DFT: Linezr convolution asing cirouler convoluoon, Cheerlap-pdd
ind overdap-save methods.
I Design of IR filtess usisg impuise invaraoce und billncar tansformaton; adalvsis of magnitude
FespOneG, plisse respomse, and sty
1L Desipn ad mplementation of notch, comly, and all-pass et with froqueney response evaluadion,
J 1L Inpleinentudon of decimation and interpolazion; sndy of altasing and fmaging effeets.
e 4 1. Mulrstape decimatoe and inserpolator design using polypliase strucrures.
Ciaree Struciure sl Syllsbus of M. Tech, 0 Elccimmics Engrinceddiyg (00
“3‘ B Depariment giflectrosics s Inarimmentathon Techinnlogy
. dastarr, Srpaar =1 o

ﬂ’ﬁ?f 'w Ncik o~




Unit-Wise CLOw

MEENCSCLE|
MEENCSCI26.2
Average PLO

20
Dusign and implementation of « two-channel Quadratuse Mirror Filer (QMF) hank
Power Specertl Density estimation using: Perindogeam, Bardenr method, Welth mehod:
Camparative performance naljshe
Impleseniutlan 6f adipeve flwoe LM algorithm, RES slpordthoy Bealuation of easvergance
oebuvior and Mo Souare Ereer (MS1). '
Adaptive noite cancellation of speech sipnal uning LMS frermg,
Dhesign of 8 smple mulorszs sudio processing system using fler banks,
Studies on Reflection Charsaenstics of « Terminated Iden! Transmission Line.
Sruddies on the yanions rechnigues of impedance matching
Desipn of Wilkinsan Poweer Divider,
Desagn of Braneh Line Couples (%0-depree hybrid),
Devign of Coupled Line Canpler.
Detigm of & Steppesd Tmpedance Low-Pass Fileee.
Daesipn of 3 Lowe Pasg Filer using microstep scties,/shund siubs,
Design of Conpled Lise Band Pass Filer.
Dhesign of 2 Micoweve Amplifice.

CLO-PLO matrix for the course MEENCSC126 (Signal Processing and
Communication-I Lub)

PLOs

n]

Wi s e =
La gm Wk
e L
e e e
G b (L D
- = 2N

Comarae Struvanre and Syllabun o M, Tech, o Hectiuoics Engineenng (200
TG Dreprormmer of Eloctronios sod Invirumentation Techmology
| "l '.:I-"'\-ﬂ'h'. | ey Faurgi
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Semester = T (Cowrre Work)
MEENCFA226: FPGA Architecrures, Design and Applications

Honun pex Week Conillia Masimum Morks Examination
Levium T unorisl Practcal g Townse rmead End Team Towral Husrs
4 i i 4 30 il LI 2% Hours
Course Lexming Outcomes (CLOs):

Unit-Wise CLOs  After the completion of this course the students will be able to:
Design, implement, sad vertfy digital spsoms using Hardware Description Languiges
MEEN(FAZS)  HDLs) such a I‘-"'HDL or Venlog, following & wuctured FPGA design flow
crcompasting RTL coding, luncdonal simulusion, synthesls, cming anubvsis, and
place-and-rouse,
Cumpare and wuntrast the srchitocrure of modeen Field Programmable Gate Areayn
NCRAziea  FPGAY), incuding the mies and intercuninections of Configirable Togle Blocks
MEENCFAZZ - ./ s
AZOL (L B), Block RAM (HRAM), Digital Signial Processing (ISP} sticcs, programmable
1700 hlacks, and specialized hard L cores.
Apply adveoced l::PGA desigm techniques, inchiding pinelining for pecfuniance,
resoure shaeng fur ares optimizanion, eynchronows design princples, and the
MAENCERL effective wse of dock management blocks (e, PLLs, MMOMs) for dock domain
mnagEment.
Bevelop sud implement FPGA-bised svstemy for key application domain, such a5
MEENCPA22G4  Teak-time digial signl processing (FIR filters, FFT), embedded processing using sofi-
eure priscessors (2., MicroBlagze, Niow 11, and high-speed interfacing: (cg:, memony
controllers, Evherner, PCle)
Deiled Syllabus (04 Theory Credits):

Unit 1: Lagic Synthests, Simulution and Testing uskag HDL (15 Hrs.)

Vertlog/VHDL/FSM, Verilog AMS.

Lihrary declarstion, Entiry declaration, Architecrure dechiration, Dar sypes, Design Modelfing Approsches:
Datn flow modelling, Bchavioural modelling, Strocmurl modelling, Signals and warables, Testhonch
Architecrure, Finite Stare Machine: Theory and Classificasion, Robase FSM Coding Pateens, Types of
smulanon, Inmodurson @ Testng Concepte: Bonadary seen test, Foult simulstion, Automatic tes pastern
gentution, design exampla

Undi It Deruduerion. to Programmable Logic (15 o)

Evolition of Programmsble Logic PROMs, PLAy, PALS CPIDg FPGA e, ASIC Comparean,
Applieations, Trade-ctls; FIGA Marker Overvies Milinx, Tatel (Altera), Latties, Miciochips FPOA ol
Architecture Overviews CLBa, 10Bs, Lizerconnects, Clock Resoaroe: Configuradion Techaaloges: SRAM,
Flash, Anty fuse. Derailed FPGA Architecture and imemducnon to in-bailt maceo sunport

Unit X FPGA Architeciure & Timing Analysis (15 Hs )

Introduction m varous mhwld sefrcore (p coren); Embedded Componems: Block RAM, DSP Slices,
PLL/DCM, Clock Mamgemens Global and regonal dock nerworks, Inmdoerion 1o softeore based
commumicetion prococols e AN, Wishbone, Penpheral UART, 12C, 5PL. Deviee Architecture and leatures
of vanoas dch, 5th, & Oth geneeanon FPGAs. Introduction o Buivdd, Knoa series boards.

Timing Conceprs: Senup/Hold Time, Clock-w0) Delay, Crnenl Path;, Introdocrion to Seate Timing Arbveis
BTA); Powes Consunptien Analvsis and Optimization

Unir 4: FPGA Destgn Methodalogy, Optimization and Apphoations (15 He)

HDL Coding Guidelines for FPGA; Synchninous Design Principles; Diesign Constraing: Clock, 1/0), Timing
Exceprions; Introduction 1o design hounstios{power, ares, speed riven), inmoduction o cumponent besed
approach, [Deagn Shanng 1P Core Integration and Management; Partinl Reconfigunoon Concepis;
Venficanon Methodologe: Simulsoon, Formal Vestficanon, Haedware Debupgnge: Intoducdon w High-Level
Senihesis (HLS

! FPGA da Signal Processiog: FIlU filkers, FFT implementation; FPGA i Embedded Provessors MicroBlae,
Naos 1T, ARM Cores; FieA n Commuricsions: Edhernor MAC, Brror Correerion: Acceleraring Algoeme:
Machme Lenening, Crypography; Systeme-on-Chip (SoC) Desigg with FTGAS
Test anid Referenoe Bunko:

e b Fecmomies Enginesring WAL
icy arel Bnpmumtwentation Technplogy

f N W Ractew, Ymasger - TIEEA
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T, Chavke TL Rathy, Jr, "Dhigituf Systeses Design swing VDL, PIFT Prdieding Cangoeny, 2001,
2 fﬂn&ﬂ} Half and Craraid B Pesvrion, “Conganter Aidee! Lagyioa! D aith empibiansi on 1LST, #4h oedivons, Wiy,
|
1. Sieplent ML Trmaeirorgar, "[ielel Progranselde Crate Armuy Techumbipy ™, Spvdsgre [nseonstiumad 1fitrun, 1599,
4 Posg P Chi "TPCGA Prtwtypimg by T HDL Escinides ", Whier, 2008
3. Wapee Bl FPCA-Tared Sptem Dosign”, Prntioe Hall, 2004,
6 LA Pwkaedl ond K Eidngnbvian, “Pagic 1T5] Digpu®;, FEU, Sed F ditian, 1995,
CLO-PLO matrix for the course MEENCFA226 (FPGA Architectures, Design and
Applications)
PLOw
Unids-Wise CLOs
HWERE R NS R B BE T S R
MEENCFAZM] 3 25 2 2 15 15 15 25 37 2% in
MEENCFARSD 25 28 37 27 % 15 18 25 27 2% 41
MEENCFAXEDY 215 25 27 2y 1 15 15 215 37 2% 141
MEENCFARMA 35 25 23 2% 3 15 158 28 27 15 241
Avemge PLO 22 25 252 252 282 15 15 15 27 15 2.5
Semester = IT (Cowrye Wark)
MEENCIT226: Internet of Things System Design
Hours per Week Crodl Mumbrocem b aiko Esardnaiion
Lo Titarial Prapdeal Tintermal End Teem Tatal Migrirs
4 i i 4 30 ) LY 2% Houws

Course Leaming Ouicomes (CLDs):
Unit-Wise CLOs  After the completion of this course the students will be able to:
WMEENCIT s dlvie JoT system requinanents and design sppropeiste referenee archieemres from

device to edge and clond,

MEENCITZo6? et and knplement enbedded 1o nodes with witable communicatinn protocols
and encrgpcificient mrtogies,

i Fownluare archuectursl oadeoffs shitnd 1o scalebiliy, lusency, eclisbiliy, wd

MEENCITIES performance in Tol systeme

MEENCTT226.4 Develop vecure und sculuble end-toend 1oT solutions incorparating middiensre,
clovad integrstion, snd deta management.

Detailed Syllabus (04 Theory Credits):

Unit It IoT Foundanons and Syaweim Design Peinciples (15 M)

Evoloon and Scope: 10T v MIM w CPS, Tl ecmpem and value chain, ToT sppheanon domains (ToT,
Sowrt Chties, Henltheare, H;;nml'mr:j 161" Systermt Characteristics: Heterogenenty and incesoperalulicy, Heal
time conatraints, Encrgy-sanrones Euhhlm challenges lo1 Sysem Design Methadulopy: Reguirensent
engintenng for 10T syutems, Funcoosal and non-funcuonal requisemcnt, 10T design patierns, Introducson
w0 Digital Twies m ToT. Deviees snd Sensing Layer: Sensory and acmarors, Sepnal condinoning basics, 16T
Hevipe elassifreathon.

Unit 2; 1aT Architectures and Edge—Clond Integration (15 Hes)

16T Referince Architectures 3+ Layer and 5-Layer modeds, Devico-Gamway-Clond architecture, Edpe-Fop-
Clond eontnuwe, Service-Oriented and Micro services architeemires. Architeetora Paradipms: Event-daven
vi dhati-centric architectures, Centralmed v distriboted 10T, Poblidh-Subserbe models. Architectural Trude
Offs: Latency vs handwidth, Energy v computation, Cost vs seliability, Case-based axchitectare selection,
Irdustrial & Enterprise 16T Architectute To7T reference models, Interoperability frsmeworks.

Unit 3 Bmbedded loT Nodes, Newoddng & Protocol Stack (15 Hre.)

Embedded Plarforms: Arduing, FSPA2, STMA2, Ragpherry P, RTOS for loT nodis, Power managemsent and
encegy efficient desyen LT Networlong Suck: FITY & MAC omsiderations, IPvé and SLOWTAN, TCP +»
LOP, Commmunicition Techmuhsgion Shori rumee: BLE, Fighee, & Wave, Long-rangts LolliW AN, NB-InT,
LTE-M, W1 and 30 ToT suppart, Appleation Layer Protocols: MOTT, CoAP, HTTE/REST, AMQP.
Performance Evalustion: Latency, chroughput, (o8, Refiability meics.

Coipree Srrocrme and Fyllishos o0 M

WA _ e

. Blecinnics Engineeriag | 5]
ot Ingtrunncination Technolos
T o Karibapar . v ar - PRGN
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1
Limit 4 10T Midlewwre, Chond Plaiforme, Security & Scalability (13 Hes,)

16T Middleware: Gatewnay deaign, Protocod trsslation, Messape hreokens. Clond-Centrie loT! [oT platforms
(AWS 16T, Asare 16T, Gougle 16T Corel, Data ingestion pipelines, Stresm processing and sealytics, SOL v
NaSQLL swrage. ToT Seeanty Archizecture: Tlirest lundscape, Dieviee auchenticarion and asthorkeation, Seture
heot and firmware: validetion, OTA updates, Dat encryption and privacy, Sealability & Relisbilite Load
ﬁu}mm Faule tolerance, Resibent JoT architeetures, Case Studics: Indastrial 10T (1167, Smare Cley, Smar

Tens jpil Befrerime Bk

toA Bas Bl 10T pawwse Decon salebie ToT iystowr from ol b cand, Apes, 2023,
gt | kg T 07 S798 800812125

2 L Pal € Savughs, R Miwrs, ¢ F. C Delan (Edi) %7 odge intelligome’, Sinier, NI
it iad nrg/ 100, 1007/ 978.3-031-58 3849 '

A & Jba U Tang, 6. P Jede, & V. K Solindi (Edi) “uddatrid imtermer of thingee Tockmolgies, dengm, and
apypletioiy ", Rvutlacdys, 2022,

4 5 Cheowew, A Knwr, N. Sovich & D, M. Wender, “Dimyatifivng faternst of thigs ssimrsy: Suvovafie/ ol devsoe) eclpe
el bt swcirify deploveent™, Apresy 2030, .

£ M. Mibewhuvie, “wternet of shime: Cuseeply aud voves dosige”, Sprispee Chaw, 2000, bahe/ [ dod arg! 10,1007/ 575
JOA041345-0 '

g 8K Vanabwan, R LD Soodavam, £ A 5. Nigargion, Tnsorwes of Thiinge™, Willty Inolla, 3 o, 204,

7 M L Flavum, P A Ksomar; 3, Fadroog, & N. 3, Prased, "ToT srvbifoiones ang pratondt”, Cinil! Tooh Pudliiation,
25 '

CLO-PLO mutrix lor the course MEENCIT226 (Internet of Things System Design)
PFLO

V=2 Cl.Os ) 3 3 4 5 6 . 8 y " Avetage CLO
MEENCIT226.1 3 25 2 2 1y 1% 15 | % 23 2% 217
MEENCITIMZ 25 35 2y 22 3 | PR . e - [ S 4
SMEENCITINGS 28 23 27 27 3 5 1% 1 LT | 23 ) |
MEENCITIZG 25 25 27 27 3 15 1% 28 327 28 241
Averuge PLO 24 15 28 133 142 15 15 2% 17 4S8 1%

Semester — L (Couwree IFark)
MEENCECZ26: MIMO and Emerging Communication Systems

Hiiirs proy Week Caedlita Mawartiianm M arka Exarmirarion
Legnire Tuiktarial Pragineal = [nrernal B Term Trnal Tlesmezs
4 f 1] 4 Al ™ 111 1% Hours

Covese Lewrning Duicomes (CLOs):
Unie-Wise CLOs  After the completion af this course the students will be able to:

MEENCECZ26]  Understand channed modelling and propagaton, MIMO Capacity; space-time coding
Understand MIMO recervers, MIMO for mulo-cerner spiems (g MIMO-OFDM;,
milt-mser conemunicanons, mulg-user MIMO

A Lnderstand coopertrve and coordinuted mulu-cell MIMO, introduction w MIMO
MEENCECI26 o 4 (1TH, TTR-Advanced, WiMAN)

MEENCECI204  Perfoem Mathematical modelling and analvsis of MIMO systems

Detailed Syllabus (04 Theory Credits):
Unir b MIMO Spsrema (15 His ) @,\/ 2 1
o ﬂ"' =

Couree Souciure = Sellabos of AL Teeh w1 Elvermenies Engmnecning J000)

_ ™ Departmicnt of Eleciranics onil Tnarmmentarion Technologs
4 Flanreay o heder, Tniamet = | “L"',-l","'t'_

AEENCE226.2
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MIMO SYSTEMS - Ttroducrion to MIMO system model - Mulduser MIMO communicstion - Largee MIMO)
System; Opportunioes & Challenges in lage MIMO system; Problerms in larpe dimensinng; Chamme! hardening.
Channel hardening in large dimensions; Claanel Models - Various diseriburions - standardized channel models;
Channe! Models: Effeers of spatial correlaion - Analysis of sparial correlation; Chantel Estimation - Problems
in channel exomanan; Piot contumination - Pilot contamination in mussive MIMO), Technieal challenges -
Immnnﬂm iiwes Pliot contamination in massive MIMC; Design of massive MIMO system - Techmical
coalienges.

Unie 2 Muhiple Anennas (15 i)

Multiple Anteanas - Mulnple Teanscebven System smalysis - Prolilems in Multiple Transoctvers; Nnise ervapling
- Measunag pammeters - Nobse eoupling tn MIMO sysieny Classifiestion of drversiey — Spatial diversity
Temporal divensity - Trequency diverniry;, Dynamic spatial modulation allbeation - frequency modubation
allocanon - Analysis uf frequency modulation allxstion; Beam steering - Analysis of Beam stoerng - Beam
fornong mm-Wave Seadardieation.

Linke & Non-Ohogomel Multh-User Technbgue (15 Hes)

Ineroduction ro NOMA, Basic Principles and Features of Nor-orthogunal Mult-user Aecess, Downbink Non-
wrthopunal Mulo-oser Tranamission, Uplink Non-ortiogonsl Mult-aser Aceess (LDS-CDMASOFDM,
SEMA, MUEA, POMA), Coneepr of dowmlink NOMA and uplink NOMA, Besefits and Modvaton of
Eownlitk NOMA and uplink NOMA, Interface Design e downlink NOMA and uplink NOAMA, MIMD
Support snd Performance Evaluntions for downliok NOMA and uplink NOMA,

Limy & Spatial Signnl Peoarunbng For 56 aod 60 118 M)

Massive: MIMO Theory, Massive MIMO Channels, Massive MIMO Implementation, Testhed Design,
Seachrentzation, Overvew of Millimetre-Wave MIMU Transceiver Architecsures, Point-to-Poing Single- ret
Svstems, Point-w-Multipoint Mulsuser Systems.

Tewt ainl Weleresioe Polks:

1. Clowdy Qestigesr, Brans Clerekse "MIMO Wirsleer Commmwniiativns: Frune Raalaarld Peopagation iy Spais-ine Cule
Py, Ansrdemic Prers, 116 e, 2010,

2 Mohinger Junkiramun, "Soae - Tiow Cacer awd MIMO Syroans. Arfech Howe Pullisters, 2600,

3. Fa Loy Lw, Charlle (Jianginig) Zisu, *Siguial Proceesing For g Afporitbois e Lnsplemenstedios”, Ty Wiy &
Sowr, [Lad 2016

4. Thedwr 5 Rappaport, Robert Witlouth Robert CDanbal, Jamer N, Murdsck “Millwsar Waee Wirnkss

Cnommamications™, Peontsr Huall Comammications, 2075,

Athaugstor G, Kanate, Komstamiinus 5. Niksiie, Puneginter Matbeopundos, “Neur Divvitians i Wirklesd Cooaandvatiin

Srotenns from Mobile o 36", CRE Press, 2017,

P Niumg, Kaw Zbong, Nuwstin' (Shvrman) Shew, “5G Mobele Commmnicasions”, Kivager, 2017,

AOvsienn, Jorw F. Monsarvat und Paatrich Mursch, “56G Mabile aned Winelens Communivations Teckuolgy”, € asplirishy

Unievrsity Prees, 2016

8 Jonsihes Redrgaes, “Funduwoniol of 50 amhide svtwnks ) Jobe Wiky & Som, Lad 2015,

el

o~ B

CLO-PLO nurix for the course MEENCEC226 (MIMO and Emerging

Communication Systems)
. I!I.n-l cLo
WO ST R R K L ) e
MEENCECQ2E1 3 3 1 2 1 2 i I 2 i 15
MEENCECIM2 3 3 3$ 2 1 » o 0 2 1
MEENCECI263 3 y 2 | 1 g o { 3 1
i MEENCEC2264 3 3 1 1 | S SR W T
Average PLO 3 3 IL78 LT8 1 67 B85 05 25 1 1

M

Cinires hru nid Syllabinan of M. Tech, in Kleorrnndces Hnginesring (205
- PG Department of Elecironko anl Insonomentatlon Technologs

! Csparmaw . Runtawvy, Bovnagar = VRER)



Semester = I (Corse Work)
MEENCDI226: Advunced Digital Image Processing

Houm per Week Credis Mandrnam Murks Famminamim
Leciure  Tuswidl  Practicul Hastermul End Term Totul Huizra
4 0 { 4 3 Ll 100 2% Houea

Courie Leamning Outcomes (CLOs):
Unit-Wise CLOs  Afier the completion of this course the sradents will he able to;
MREENCDIZG Anabyze and m:nlpn]:.md‘@ul images usng basic operagions and apply mathematical
medels such s 20 eonvolution t represent and prisesss |msges.
Apply 210 anbogonal snd unlrary mansfarme, for efficient image sepeesenestion, and
MEENCDI2Z26.2  perfimm multiresolorion snalysis using umage prramids and discrete wavele:

tranvifenems.
ENCDI2agy  Lobwece images using spanil, frequency fitering arid resuore degraded images using
A algebrae snd Wicner flter-bused methods
MEENCDI226.4  Pesian and implement lossheds and hissy imagse compression teehaiques and petfrm;
iagE sCpmEnanon.
Detailed Syllabus (04 Theoty Credits):

Ui 1: Fundamentals of Digital Tmage Processing (15 Hra.)

Review of fandimental bmaging eoncepes: Digital Image- Steps of Digital Image Procossing, Blemens of
Visual Perecprion, Tmage formation, 2D-sarmpling and Quantiesron, Connsemrvity and Helations berween
Fixels. Simphe Operations- Arithmenc, Logieal, Geomerie Operations. Marhematies] Prefimindries: 2D Lineae
Spece Imvariant Syyems, 2D Convolution, 2D Specoru,

Unit = Lenugee Transfovons snd Multisesaludon Represenaion {15 Hiv.)

Twor-dimensional arthogoeal aned aniney trassforms and dhele propenies. Two-dimensional DFT, DET,
Hadomand, Haxr, and Slam transforms, Kahunen-Lotve Transform (KLT) and Skogular  Value
Decomposition (SVD) for opawal image seprescatation. Multiresolunon soglyais: image pyemids, discrere
waveler transforms, wavelvt pachets,

Urie 5 bronge Enhancoment amd Resmesion (15 1.5

Image Enhancemens. Hisiogram Egualieation Terhnique, Paine Processing, Spatal Fliennp.in Spare and
Frequency, Nonlinear Fiterng-ase of Different Musks lmage Resmmation: Tmage Observation and
Degradaion. Model, Circolant and Block Circulent Matrices and it Application i Degraduion Model,
Adgearaie Approach 1o Restoration-Inverse by Wiener Filvenng.

Unrt & Imige compeesalon & segmcistation (15 Hr.)

brmage Compregsiin: Redunduncy and Compression Models -Loss Loss and Lussy, Loss Less- Vanable. Length,
Hulfinan, Adthmene Coding - Bit-Plane Coding, Loss Less Predictive Coxding, Lossy Transfirm (D0 T) Baged
Coding, Image eompression standardy; [PEG and [PEG000—panciples and slgodithme.  Coding, Image
Segmentstion: Bdge Detection * Line Deteetion + Curve Deteetion - Bdge Linking and Boundary Extracton,
Boundary Representution.

Toest ond Beferener Bonka:

Ralare! . Cetwpaies ad Hishord 1. Wonels, "Thigotel Dmvage Proceseing®, Pravioe Edsotion, 4% Falitien, 20748

Ratfuel © Crongualer, Richard = Woadl and Stoen L Ediing, “Dital gy Prsessiny Using MATLAD",

Coatrrmurk Puliiabing 2ud Edithon, 2017,

Aull K. ful, Fiondawentaly of Digital Dwasr Poscessing”, Preutios Hall, 1989,

Marin |, Divay, Prashant Johvi, Frunese G, Dty Sheeaselni, Marvs Carrneis, "Adowsoes i I

Provessong, Redoirity, umd Ardigioiad Inceliigene™, Elieier, Tar Didition, 2025

Stephane Matlst, " Waoedet Tour of Signa Procussing: T Spuemre Wiy Asschoric Pouss, % o, 2005,

B Jabwe, I igite! Tucipe Provdzany ™, Spempes, 6% Edision, 2005,

o Mirsia Pasron s Cogtis Petoow, “Tnwige Provezisige The Frundowontale, Wiy, 24 Fditiin, 2010

£ Jw 3. Law “Vowd Somensionad Sypual wna Doz Prooeseg®s Prowssoe Flait, 1050,

8 Mark 3, Noow i A 5. Agans, “Fosture Exructinn g p%«- Vitian’”
TLCWE

A e o ==

P

Arctdowit Fross, 4% Edition, 2009,

R

M Comires Sroomie andd S ot M. Teclt o
; M Deparement of Flestronles oo Tharrneniunleon Techioliog

- Ly o Kadunr | g - DTN
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CLO-PLO matrix for the course MEENCDI226 (Advanced Digital Image Processing)

PLOR
UneWieGe: §7 9 (3 4 % €& 7 3 % @ Aewdao
MEENCDIZG] 3 3 2 2 . 2 2 1 3 3 5
MEENCDI222 3 § L} 2 3 2 2 | 3 4 14
MEENCDIZ26] & i 3 3 3 2 2 | i i 1.5
MEENCDIZZ64 3 | 3 F| 3 F | | 2 L 2 a5
AemgePLD 3 3 275 .33 215 1 0z tm 3 3 14
Semester = T (Cawrre Wink)
MEENCALZG: Introduction to Al & Muachine Learning
Huues por Week Cradlita Mamtiim Marks Fantinatlag
Leviire Tutnrbsl  Praeveul Listeread Eid Term Tiveal Houms
4 1 1) 1 30 o 1M} 2% Howus

Cuuiwe Leaming Chincomes (CLOw)
Unit-Wise CLOs  Afier the completion of this course the students will be able to:
Esplain andd apply fundsmental Al conceprs, meelligens apent models, search
MEENCAIZS]  sriregies, and Jogical knowledge representation techniques 1o foomusbate snd sobve
classical AT problermy under uncertainey,
Develop, truin, and evabuate supervised muachine lamming models using lincar
MEENCAIZZG2  regression end analyse Al-speafic scccleraturs such s GPUs, TPUs, FPGAs, and
ASICs,
Viemalize and inverpeer diw effectively while spplyving ethical principles and hasic
MEENICZA2Z26 3 dussification algorithme 1o suppont sansparent, fair, and informed  duta-driven
Fiplain doep learming fandsmentals, distinguish o feom machine leaming, deseribe
MEENCAD6.4 ANN neuron models, percepiron archirectures, koy sctivarion Fangrions and rezining
;:Tict?'[; s cudine. CNN/RNN archiwoens with appBcasons in visinn, speech,
Detailed Syllabus (04 Theory Credits):
Unle I: Framndsvion of Al and Knowledpe Represenmarion (15 His.)

[ntroducion w Ardficisl Inudligence: definidon, seope, and appliessions, Tarelligent sgente charcteristies,
enviranments, snd performance mewures. Problem formubtion sod seete-space representation. Seasch
stateggies (overview):  Vinioformed search (BES, DFS) Informed  scarch and  beusisdos, Kaowledge
seprescamton concepts snd importnce, Knowledge represcatution techniques: Propositional logie, First-
wrder predicae logic. Inference mechariams and ressomng. Rule-hased knowledge representation and expert
wywters [overview). Challenges in knowledge representanion: uncemaing and incumpletencss,

Einit 2 Introdaction 1o Mz Funddmentuls and Lincar regressbon (13 Hs)

Introduction m Machine Leaming: debnimon, scope, and sppheations. Differonce between Artificial
Iatelligence, Machine Lewning, snd Deep Learring, Types of machine learning Supervised leaming,
Unsuperviacd lesrmang, Reinforcemont leaming loverview). Machine leaming warkSlow: Data collection and
prosproceasing, Model trumng and tesong, Fundamennals of superneed learming, Lancar regression moged:
Simple and maltiple lincar regTERRkN, Model representasion and sssumptions. Cost function and errur
minmmizatiin. Fammeter estioation using posdiens descent (Conceptunl). Model eviluation meries: Mean
Squared Beror (M5 1}, Roor Meus Squared Ervor (RMSE], R score. Tisues in lincar segression: Crverfitting and
. underfirming, Plasvariunce mrade-off.

Phide & Drata Vissialization andd Tidifos] consldonstlons of De Sceice (15 His ) .b"-
Canrsr Stroctue ul%’;fﬂ §l Treoh n Flecomnia l"l F L

PG Deparunent of Elecuomics ond | nstransentation Tu;hnulum

Dinswrisy of Kol fmsiaper - HiD0
| ' S
Nz, Pt
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Role of dam visnabention io dutu dnalysis and decision maling, Tipes of dats visualizason: Chaets, grphs, and
plats, Explumiary va explanatory vismalizaooos. Prncples of effective vieakrarion: Clarity, accuescy, and
espretsbiliey, Avoiding misleading visual representatons. Overview of visudivation wols and libranes
(conceptuall. Ethical consdeniions in dara scienee: Data privaey und comfidentialing, Data bias and fabmess,
Transparency and acconrtabilin: in date-driven systema. Responsible nse of data and ethical chillengzes In real:
warld applicatione. Logivie Regression: Clawificanion, Hyporhesss Representation, Decision Boundary, Cent
I'umti;ln;.-ﬂmﬁm Treee Suructure, wplitting eritena, everfiiting, and prunig k-Nesres: Naghbour (k-NN)
s

Usshe & Inermilucelon 1 Dioep Lessning (13 His.)

Al and ML in Health Care: Medical Tmage Anslysis, Discase peediction, Drug Discovery wing ML model Al
i Firtie st bstoes Analytics: Praud demetion and snpmuly dewenon, coodi scnring snd sk sssessment.
Al in Natural Languape poocessing & Computer Vision: Chatbots snd virual assistants, Speech recognition
syatema, Object detection und fuee recognition. Al in 10T und Sennet Svseems: Flge Al uppbieations, Enerpgy
Optimization Sysems. Eovical, Legal & Socl Implications of Al B and Faieness In Svstems, Data Privaiy
and Securty, Responshle Al snd govemance,

Tew sl Referznor Boolom:

. Sownt |. Basenll & Pesve Nomg, “Artificial [nteligruce: 4 Mudkre Approad’s Poson Edvativn (Colohat o)
At Eilition, 2021,

< Eibow A, “Tatrvdwtion ds Mocling Lowrwing”, the MIT Pro, 4t Frdition, 2020,
1 Ko P Manpidn, *Mackins Lowrning. A Prodalifit Perspucit, MIT Press, 2092
4. Law Ginoviirm, Veslur Bimpinc Aavmn Conroéfie, "Deep ] auraing ", the MTT Press, 2024,

5. Kurun Healy, "Dt 1 sanafigetion; A Prsctid Lntrodictson fmurepiud yot ciacewels) ", Privseion Usiversity Press, 2018,
CLO-PLO matrix for the course MEENCDA126 (Tnrroduction o Al & Machine
Lisarning)

Ul
WGl L 2 3 4 3 & 2 3 9 g temeco
MEENCAD?:] 28 2T I 22 35 18 12 L1 23 13 LET
MEENCAINGE] &9 14 22 21 284 186 18 1 2% 18 205
MEENCAIZ®Y 22 13 14 s 2 p L N L3 2 A .04
MEENCAIZY 4 ?-.'-.1 23 -al 3 & R T . S B P 1096
Average FLO 27 242 192 207 21 185 162 115 25 LS 200
Semester = 1 (Conre Park)
MEENCFM226: FPGA Design, Al and ToT Lab
Hours per Week Cindlits Maxdmum Muarks Examminalion
lecture Tuwindal Prictical Intermal End Term Total Haoum
S U 4 2 15 i3 Al 2% Hoom

MM@ﬂf
&

Croarae Soructare 1ng Eﬁﬂuhun ol &l Techy in Electmmias Fl“'ill-ﬂ-ﬂ"rill“ M
P Depanmient of Elecrrnnies aul Instrumentaron Technology
[ 'wiwr i [ Eaakaman; rn-:..-:_' ALY
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Course Leaming Ouicomes (CLOs)
Unit-Wise CLOs  After the completion of this course the students will be able to:

MEENCIFM226.1

MEENCEFM226.2

Implement/ayntheniee digital lugir. drouitd on FPGA hardware usng indesere

smaitdacd Hadware Deseription Languages (VHE/Veslog) nd Debug & verify
FPGA desigms using boch simulation tools and onbourd testing techniques/ Derign
and imiplément einbedded 10T vodes integrating srsing, edge processing, RTOS
seheduling, and wirdess communication with performsoce evalustion. /To apply
sute-gpdee epresentation o mmplement BES and DFS algorithmy for sobving classical
W such a5 Water Jug, 8-Puresle, Missionarics & Cannibals, snd Tower of
Integrare FPGA resources—includmyg: ConBguesble Loge Blocks (CLB), Blodk
RAM, clock management sles [CMTs), ead 1/0 constrainis—an develop fanctiomal
wystems/ Deévelop secure and kealable 16T soitems incompormting cloud integration,
protocol translation, deviee provsaomng, OTA updsees, and end-t-end validation
thmugh 2 mini-project/ 7o develop and evaluste machine leaming models by
urplementing Lincar Regresnon and Logistic Hepression with duta preprocessing,
visuslizanon, predienon, and peeformance woalysis usimyp standard metres

Laboratory Work (2 Credins: 60 Hra,)

L

A

-

9.

Liwt of Experimencs

Study of Xilinx boards,

Denigning combinatonal aned sequential cireuits sslng VHDL
Adders and pabearciom,

Multiplesers and demuloplexers

Lnceders and decoders

Flip=Flops

Counem

Shift Registers

L)
b)
£

di
g
f)
)
b

RAM

| Basic Microprocessor

Deexgming combinational and sequential cirewits oo FPGA Kit.
Adders and suborcmrs,

Multiplesers. and demultiplexer

Encoders and decnders

Flits-Flops

£] Counters

Shifr Regiarers

3
bl

)
d)

f
&
k)

d} Lateney and packersdens performa

RAM

Hasic Microprocessor
Croate u finire sraec machine (raffic Bght conroller).
Diesign a-4-hit AL with muliple opemtuns.
Imaplesuent UART wansmltier/ reeciver.
Use 1P cores [multiplice, FIFO).
Fxpenments oo FINGA sppbatons
3  [mplement 8-up FIR flter:
b Audi ;I:tll:nimg :p'ﬂmm [tone generatar ) fileer),
. Dipinal communication exsrem (RPSK modulstorn).
Embedded laT "'iudctlmﬂupmm
A Sensor interfacing and calibeation
bl Datn acquisiton and edge prepeocessing
¢ Power mesurement and optmization
d) BTOS task scheduling experiment
loT Commusication & Networking
1) MOQTT.-based publishesubsenbe implementation
b CoAP cheni-dcrver mplementanon
¢} LoRa/BLE commenication sceup

1t
: mnmel i Elctmmies En%

iy tivemt of Electrofios aed Initnumenintlon Teclnadogy
Ulmeres of asnbmry, | rumager = FREALD

mmwfwﬂﬁv




IL

15.

6.

bl

Cloud & Middleware [ntegration

n,  Citeway smplementanon and protocal transdstion

b Cloud dashbosrd integrasion (AWS/ Arard)

¢} Data stocape and visualization
Security & Sculability Experiments

1) Secure device provisloning

by OTA opdare demansiration

€]  Secine communication uing TIS
Mini-Proges: Smarr Facegy Momronngy' Industrial Equipesent Monitoring) Smart Agricslture
System | Remete Health Monsitormg, et e Y
lmiplesaezy BFS and DFS for solving o smuple problem using sutc-space npresentation, Fxarmiple
Prohloms: Wazer Jug Problem, 6 Puzale Problen, Missivnuries and Cannibals, Tower of Hanod (sate
AT,
Train & Linesr Reggrecslon mudel and evaluate it using metries. Liwd datacet (house poice [/ seucens
exsecha [/ siduy); Pre-proces du, splicine train-test, Train Linear Regression model, predic auiput
Isvaluate using: MSF, RMSE, R? score.
Perfoemn visualisstion and clamifieation wsing Logistic Repression, Lowd dursser (Tiw / Diabetes /
Breasr Caneee]. Plot visualissoons: Hsmgram, Scatter plot, Correlarion heammap. Train Logistic
Regression, evaluaw wing: Accuracy, Confusion Matrm, Precision, Recall (optional),

CLO-PLD matrix for the course MEENCFM226 (FPGA Design, Al and ARM

Microcontroller Lab)
PLOs
Ul
WM s 2 W € A e @ Aeeguas
MEENCFMINI 15 15 3 2 3 2 2 23 3 15 235
MEENCPMI2 15 15 3 2 3§ 2 2 3 3 s 295
AvengePLO L5 I3 3 2 3 3 2 % 3 as 23

semester = 1 (Conrse Wank)
MEENCSCL6: Signal Processing and Communication-I1 Lab

Hour per Weuk Credita Maxumum Mario Examrnatiom
Levwre Votisial Pragncal o biernal Eind Teomn Tutal Huurs
0 n & ' 15 15 ] 20 Huowurs

Course Leaming Outcomes (CLOw:
Unit-Wise CLOs  Aficr the completion of this course the students will he able ro:

Mode! and ehomlate MIAMO) commitnicetion syitoms end svahuate thett petformance
m wos of BER, copacity, and spatild divemsity under varinm  channel

MEENGIC2251  condinons/ Tmplemens and anabee advanced kmage processing algorithens meluding

spatial operations, 20 mansfurms, multiresolution techniques, enhancement, and
peamneation using computational ool
Implement advanced multi-entenna and multi-user scchniques including STRC, MU-

MEENCSC224.2 MIMO, MIMO-OFDM, and besmforming for  sexegenemtion  wircless

syarems /Diesigm and evaluste image compression and segmenration techmgues, aod
mssess performunce using objective quality mensures such x PSNR, MSE, and SSIM,

Labarutory Wark (2 Creditse 60 Hrs))

% 2

L1

il

.

| ‘arrrly of P, brasgyr= T

_ List of Experinmnia
Sevulation of 2X2 amd 4x4 MIMO Systeens under Rugleigh Fading Chanoel and BER Performance
Analvsis,
Capaciry Analysis of MIMO Channels ssing Singular Vilue Decomposiian SVT)) and Wases Filling
Mot
Implementation and Perfommance Comparson of Spatal Diverity Schemes (Amout: STBC sl
MU-MIMO wich ZF/MMSE Receivers,
Sumularion of MIMO-OFDM and mm W ave Beamforming for SG Wireless Communiention Svrrema

Courss Biruenow snd Sallabus of M. Toedy m Blecinmios Esgprineening (A0
J 1" Dieparrmnent of Electromies sed Inprmnentation Technolog
1]




Unbe-Wise CLOw

MEENCSC226.1

MEENCSC126.2
Avesage PLO

i
Iuplesmentation of besic image operaiom (ardthmitic, logiesl, geometric ransinmuticns).
2D comvuiuthn snd correlation usng manaal mask mplemenmation and butlyin functions,
Study of image sampling snd quantisation (bie-depeh seduction s quality evaluadian)
Computation end visushration uf 20-DFT and magrinide speeerrum wsing 1P,
Tmplementation and comparson af ZR-DET and 2D DCT (enegr compaction analisia),
Lmuge reconstruenoa ueing Singular Value Decomposition SV and low-rank apomosimation,
Multresnlonon g analysb using Gaassian and Laplacias pyramids.
Disceete Wavedet Transform (DWT) bused multissolution decompaition aod denoising
Tmage enbmnoement usng histugran vqualizton and adaptive histogram equalizason (CLAFIE),
Sparial filtering waing, low-pass, bagh-pass, end median Flees wich PSNR comparison.
Image restomoon using invene feering and Wiener filtering with MSE and PSNR evalustion.
Lossless image compression using Huffman coding
DXCT-based lowsy image compression (JPEG-like implementation and compression rg analysis)
lmuge segrmemanon using thresholiling (), edpe detection (Bobel/ Conry), and regon growing.
Development of sn end-to-end lmage compression snd quality cvalmason svsiem,
Enhancement snd segmentanon of medical nr sarellite images with pedformunee analyas.

CLO-PLO mitrix for the course MEENCSC226 (Signal Processing und
Communication-11 Lab)
PLO

g % Averuge CLO

= =l

fi
0
|
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I 1.9
1 14
1 215
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Semester = L (Care Park)
Specialization 11 YLSI and Embedded Syatens

MEENDNCA26: Newromarphls Computing

Houirs per Werk Credl Muxinom Mariks Exutnination
legtre Tuivizrial Practical - Lnternal 1ing Torm Towul Hirrs
4 [ 4 & 45 105 150 2% Hours

Conrse Leaming Ourcomes (CLOw):
Unit-Wise CLOs After the completion of this course the students will be able to:

- Explain the foandations of neuromorphic etmputing, inchuding bwologscal inspirution,
e neuitnin models, and spikdng noursl nervorks. woikg

MEENDNG326.2 Analyee and svalwate neurnmorphie devices, dicuis, and srchiteenres o etery

efficient and brain-imspired compumton.
MEENDNCYA 3 Apply FE&‘"E rrcurz "ﬂﬂﬂ':i algoridm for AL mbaotios, and real-time applications
' 1n senang snd edjie computing
MEENDNCIzge e neumananhic compuring in sveryday applicaions such ax roboncs, sensing,
Falpe cosmpating et

CENDN Design, simulate, and implement neuromerphic circws and wpiking neural nerwotks
oot i using el snch & Prthon, Cadence, FPGA, snd TCAD,

MEENDNCI206  Desipn and devise sew acchitectures fiv sennmarphic COMpUTNg.
Detailed Syllabus (04 Theory Credits and 02 Lab Credits):
Unl i Poundations of Newrnmomhie Canmputdog (13 He,)

Onervew snd Mativarion: Nenomomphic Compunng, bmporsacs n modem wehnobugy s poents ingec oo
enmpraneg, Challenyes of madithoni] compating and the Von Nowmunn butdencek,

3l Inspération and Principles. Rasle nesnmcienss concepte: structurs and foncrion of neurons eod syiapae,
Uridderetatechng beaier innpited computing models and hinloglon! procesaing, Differenees hereeen nEUMmOESE o
cuhivmibonal eamprnng,

Compurational Models: Totroducton m neuesn medels: Lesky Inisprace-snd -Fiee 111 el Fodglin Euxley, Spdkng
Neerl Nermmris (SNNy), Loamiog in spiling nearal nevwrks ~ Smchastic computing = Cravolutional spiding negeal
nergarks - Rewrvolr compunng = Computag with ke,

Liniu & Diswicen gnd Circuli for Newrsomasphic Srsiomua (15 Hm )

Materils for Nouromeephic Systemae Iemroduction to hey matedial phase charps manan POM), Grmeleetre sod
spencroner materinks, 27 marerials, orgasic maeraly, snd ssnowiees need in Ameomeepitic deviess

Hﬁmm:—!phi: Deovice Basies, Basdes of deive basigelosialicy b !lﬂh-h'qiﬂd coempadng sysomd, Drenessl imtroducseon
1o devicen capable of pilcerys bihunvier and emulsting aenme funchons,

Cirwet Dialgn andd Foeegy Tiicleniy: CMOS ised cireait desipn prmeples for imolementing smsmmariée systoms
Loy sreaye for nounamosphie compriatiun; mises-vector multiplicaion. Laporance of lwpuswee desipn and busic
stratiglen fir energy-efficiom nentomarpide docules

Univ X 8NN Algoridma snd Handware Platforme of Noummesmbic Computing

Spiking Neural Neowork (SNN] Algoridhens: Fundamenes! slgnrithms for SNNi, applying algoeithms to smple spike-
basied leaming ks,

Inngrated Neurumarphic Spieme Overdies: of nesmmomhic hips amd hardware anchieectures — sl Loiki, M
TeuweMurth,

Unide & Applicwilines of Nousmsiephle Coamputieg (15 )

Applicerions i AT and Rulonion: Neuromarphic computng fur tubooes and asmmemom spsems, Riole m self diving
s atd read-tome sevwor data procermy

Newromorphic Scosng and  Filge Compuing: Fvenobased semsors and sevromorphic scascrr sverems — Vienl,
Olfactory, and Gustatory.

Neuromarphic compasing m o7 ad wesrble devices, emphusising seal-tme and low-power processing benefiss

Laboratory Work (2 Credits: 60 Hrs)
v Listof Experiments . @l %

w Comurse Sornature i Sy Habis o M. Tech. . Eleorranios Engineering (%)

"G Deparrment of Rleannnles s Tuarnupenation Technolugy



Nute: The smdent i requised to atempt ot Jeast 10 experiments
L T dleslgn, shmulste, and analyes apiking nearons, synapeey, snd soovorks gusg ool Jile: Prdon mid Cudence
L Derign Me Cullock Picta Neuren model in Cadener/HSPICE/FPGA
3. Dengn Ason Hilleek drcur in Cadience (fHSPICE.
4 Ui the Avcn Hilluek cireaie, reason what ns m the mettbeane potmsal, Vi when o DE mpat
current 1§ injeczed] i ibe made Vo ioclf, and ¢ the membrane. Ao explain how the spiise adtput
Vit if the circuie hehavres, i =
5 Dein a FERSOH bimod single spiling nearon in ATLAS TCAD/S Sentuurus mnd srudy relinonship of
epllcing froguency with dibferons pussmeton, e .
0. Deslign 3 TPET lused siegle spiling seuron in ATLAS TCAD /Stoopubs Soatauns wd stucly relagoaship of
syl fequeney ek difieren: paramerens
T, Asalysis af & memeinor/ TRAM/MT) bused ITTM covabar arclibecire
B Desdgn ard enabysis of cronhur sovaps fur neuremomie computaiion in Cadenos/ HSPICHE TIGA
o Diedgm of $niiang Nenml Nerourk fon’ bamagre chualfeaskon ualeg prvhon,
1. Design of Spiong Neurl Netwodk for signal clasifieasion oang python.
. Design of Spiling Newral Berwurk foe lmage claséfication or FPGA
12 Design of Spileng Neural Kereodk o signal chasification on TPGA.
18 Design of arifiea! Viesl syasem fon [n-senser oomputiog
W Dewigr af artificksl Olfactry resem fur ite-sessie comgroting,
15 Dresign of wreificil Guostatury syssem for in-sensor enmpamng,

Tevt wnil Reference Baoks:
1 Sahiv Spint Al Sedrcion, Dhamipe Gaiertiog eud Bipin Rgondran, “WMoireioe Devsies fir Mrai-lngpined Compiting:

Frowe Muteviis, Deisis, awid Cirensity fo Applicasins—Compwiational Mowers, Degy Loarcing, and Spithing Nusral
Sutowks "y Bl 2021, P

2 ﬁ? G, Yiangywiooss Winng, Yo Loy awd Fiawyi V', “Newrommpi Photaic Dhties sond Appiations”, Fberve
3‘I'

. Farvog A Kisoudday, “Fourgr-Fifiesent Dvesves and Cirenity far Nowrwmoribic Compoting | Edarior, 2025,

4. Shrivisos Raseanuthan aod {boraeid Seogpte, “Tutredinetinn tn Nosermsworhic Congthng s, Cmrboicle Unhoriity Press,
SO,

CLO-PLO mutrix for the course MEENDNC326 (Neuromorphic Computing)

FLOs
ML T T F e 1 |y engedo
MEENTINCI2A.1 3 a3 1 2 1.5 I8 vES | RE | 3T 25 LI7
MEENDNCIM2 235 3 27 27 3 1§ 15 /3§ 27 23 241
mw 5 2 | 7 3 &5 15 LT 1y 5 L6
MEENDNCEMA 25 23 27 27 3 1§ 15 38§ 217 28 141
MEENDNCY®S 135 153 3 2 3 2 2 8 35 2% 235
MENNDNCIR4E 153 15 3 2 8§ 2 2 3 3 1 218
Average FLO 125 L7 L7y 188 A7 1KY LEY 2T LK LEE L34
Semester = L (Conrse Wark)
Specialization 1: VLS1 and Embedded Sywiemis
MEEMNDNE326: Nannclectronics
Hours pes Weeh Credity Maxinmm Marks Fxaminasion
Lectiire Tuissial Practicil Imigrnal Eoral Tivern Toniml Heyrs
4 1] i 105 150 4% Hpurs

s Mm‘* B:?m Jom—as

w Conree Srrucrore end Syllabon of M. Tech in Eleomnics Eonginocring (X500

PG Deparonen of Elecrrmmies und Instrumenzarion Technolog
W Elamwram o Kok, 3 otapay = TTOG0K
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Course Leaming Outcomes (CLOs):

Unit-Wise CLOs  After the completion of this course the students will be able to:

MEENDNES 6.1 l"-!l,:ﬂ:ir! the principles of nanatechinology and quatyen. comfimermcet cffeers i o
dimensional seaviconducsor structures (wills, wire, ad dists,
MEENDNES 2 Analyse semiconducsor quanmum aanostructures including heterouncoons,

eperiattives, sl guamum transpon phenomena mech s Quasurn Hall Fffecr
MEENDNLA26S  Analywe and evalnate nanoscale clectonie devices.
MEENDNE3264  Analyee and evaluate nanoscale uptosloctronte diviees.
Peefaem simulsdons and experments o study band suvctures, DOS, quanmm
MEENDNEA6S  mamspore, I-V charactenstics of nanoscale devices, and design QCA-based logie
CrCuits.
MEENDNESZ5.6 Ui:ugn lml devise new panoacale devicen for electrunic and optociearonie
applications.
Dretailed Syllabus (04 Theory Credits and 02 Lab Credits):
Ui 1t Nereatmology snd Nanoclecumnion (15 Ho )

Tnunducsion i Nanowcchaologye sive. dependent phyecal prgersios, Melunyg poine, solid saase please tassdremioen,
Nie Phwides of Low-{hmentions! Sconiconduomes Overview of Schoodinger wawe squetion, Sgnrare quennen well of
it depes, Parabolec und trhengpuler quanmom wells, Ouamstm wires, (urnne: dees, Seesieed lvers, batad-gae varistons-
NN CofmMCment, cRCiton.

Umit & Scrniconducor Quanuim Nanvstnictures (15 Hin )

Hererw. junctinm - Modulationdoped hetersjunetines, SiGe strained hotenasttuctarns Cranram wells - Modukinon-

coped quancam well, Multinle quanran wefls (MW, Super- lusticer, Eleetrie Field Tranaport in Nanostractures: Pareliel

:ﬂ%‘?‘ Herpmndic thar wrassport, Quane ranspion i nanottmcusss, Trarmspurt In Mugneoe Fidds and the Chuanmum
BECL

Lindt ¥ Elecirunic Devices Baseid nn Nunostraomees {15 Ho)

Neno scule MOSFET - MODFETs « Hetorojussetion bepoiar eennsisoons, Resount Tuswediing Trasmistor, Hoe eleermon
erastibeeny, Singhe-Fleotmon Transhiod, 20 FET, Carbon nanomube (ONT) FET, Magnene Tonnel Junetion (MT]), Spie
FET send silicon nanowire (SINW) FET, Chanrum Do and Quantum Cellubar Automats (QCA)

MEMS arul MEMS. Packagng sod chatscemrmmanon of scrson, Nanohinsensnr €T hiosensor, Mancwine Rioscnsars,

TTaaie 0 Chpriasfovoomic Pevces Bascd on Namaitrocrres (15 H)
Oiptical lumineseenes and fheneeseence from diecet baod psp semiconductor nanoparaees, ight enuissine from indeeees

sentcemeducion, light comtsion firm 55 nanodoss, LED and sular cells, sdvances i wlar oell sechoolopy, Peruvelite snd
dye sensitized woler coily,
LASER snd Vaopodereerier: Hesern structure semicondiiciut Tasees—Cluntum well smiconductor iaseri=Vergesl eavity
sattace vty Luscrs (VESELS) ~Sersiier] quarmom well lisers, Quanmm well and saper linice photn desceins—
Druetbsion well modulanes,
Laboratory Wark (2 Ceedit: 60 Hrs,)
Lint of Experirnents
Note: The smadent i regubred to srtempt ot least 10 experiments through simulations wwing EDA mols
available in the deparanent or anline.
L Smiy the Band-degerasm and Density of See (DOS) Punetiun of Belk Semicundueior fue differemn nanes-
materials.
Seruly the Bund-diagrang sod DOS of Quantwe Well Surmcvare e differess nunimaterzls,
Etl.'dj'ﬂtt: lm:l—dhgm and DUIS of Chaantmm Wire Seructure for differes papomzesaly,
Scudy the Band-Ciagrams snd DOS of CQuasinem Dot Serucrire for diffcrent nanoamanenale
Srady of Cxemturm Hafl e
Stedy the FV chacteristies of Hesonant Tusncliing FEIT.
Seady the 1V chamerersticos of Sirgle- Elecman Tramsistor.
Seudy the -V ehasacrertiries of UNTIITT.
Seady the 1V churacieriarios of Crgnic Fidd Effoct Transistne ((OFET)
ML Snady ke 1V characterianes of dlloon nenosine SINW) FET.
1L - Beudy the IV characterianes of HEMT.
YL Soudy the operstioe snd chameoerisdes of MT] and Spin-FET,
13, Tesipgn lngsy srrtictures in (QCA
W, Seudy the effictoncy of diffeeene salar cofls
15 Beudy the charsctensies of Phisiodeiceses.

CX T Ry

. Cowrig Structarry snd Syitphos o M. Tech i Elaftronies Engineonng (N0
M PG Department of Blectrmies il Disenmoentation Technalupy
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Teut aned Refgrence Ronke
o M MartiezDisrt, R Motio-Pabme and F. Apulk-Rande, “Nasatschunlegy for: Mimchesronicn avd

Opéackiirmaics, Edseviee B1, 2006,

2 A A Bobewdn, K L Wang Thavdbnab uf Sewiondusr Nonustractires amil Natsuobvicer”, - Iaserisas LY: S
Pubdichers, X005, '

T Hari Singh Nisvws, "Engyrlgpeai of e eienve and mnedschiogy, Aiwerican Scientific Puldbshers, 2071,
4 Rharat Bhnsan, “4dawidbowt; of Ninodechmabgr ", Speinger, 2017, '

CLO-PLO mutrix for the course MEENDNE326 (Nannelectronics)

PLOw
PWReCIOL 2 3 4 5 6§ 1w § 1 Meweao
MEENDNEMS! 3 25 31 2 13 L5 K5 28 33 I3 113
MEENDNIELG 3 5 3 i KOS K RS 2 25 113
MHEENDNESIES 25 25 3 27 25 25 15 27 23 25 247
MEENDMNELMG4 25 213 27 37 2% U5 18 25 2%y 25 a2
MEENDNERGE |5 13 1 2 3  ; 2 - e & O e 138
MEENDNESMA 13 15 3 12 3 2 2 3 235 125 128
Average PLO 135 217 A2 123 1N LAY LET 27 23 1S 127
semester = T (Cowrse Wark)
Specinlization 1@ VLST amd Embedded Systems
MEENDQC326: Quanum Computing
Hinars pes Werk Coodity Maminmem Marks Examinanan
Leciure Tuinrial  Pracgical Imiemal End Torm Tnal Flisiirs
4 L < 6 45 105 150 2% Hours

Couise Leaming Outcames (C1L0Os):
Unit-Wise CLOs  After the completion of this course the students will be able to:
Fxplsin the foundstonsl panciples of quantum compuring, including the postlaes
MEENDQCRAY  of quantum mechunics, gubit representarion, and the Bloch sphere, umng the
mathematical fremework of linesr alpehes and Diese sotation.
Analyre and implement quanmum circoits bvobving snple and multi-qubit gtes,
MEFNDQC326.2  eomnglement, and quanium protocols such ai mleporation and supcedense coding,
usitg; bisth theoretioal neasoning and (leldt-based stmulidons,
Fvaluate wrud dempnatrate the working peinciples of kev sunntum algorithms inclodiog
MEENDQUI263  Deursch-Jomn, Girover's scarch, Quantum Fouser Transfioom, and Shoe’s alizorithm,
and explain the role of yeanmen parulleliam wd phase extimanon,
Describe and enmpare various quanmm hardware plitforms, analyee the clallengo of
MEENDOU264  the NISO) ere, 2nd RPPET quenium ervue micgation and varanonal alperithms [VOE,
QADA) 1 problems in quantum chemisiry and opamizanon,
Design, wmulite, and visualize quanmum circulee and protocols using (Mskic,
MEFENDOQCI2AS  demontrrating proficiency in quantum state preparation, entanplement, teleportstion,
and guantam slgoeitha implementation,
Mode! wnd simulace qaannum dynamics and noise weng CaTiP, analyze enmnglement
MEENDQUI266  evolusion under decoberence, pnd apply variational quentum slgonithms w solve real-
world problema such aa moleculir pround stete enery eatimation.
Detuiled Syllabus (04 Theory Credits and 02 Lab Credits):
Nate: In order to gain fundamental understanding of Quanium Mechanics, expertine from the
allied/concerned deparmments (e.g., Physics) shall be soughr to deliver the foundational concepts or
co-teach relevant modules,

Llnin It Introductive 1w Quantin Congueebing (15 Hed )
. ]
L ouired Sirnse e nud H!Lllll il &l Teohe i Elifvirnmices F.llgilu'riu.; PO
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if
Wrumartam Goonpursar: Hostory & Overvew, Review of Tinear algebon Dirue notation, Hilbert spaces, Unitare, Hermitian,
and Mol matroes, Inner producy, Chesr product, Tensor producy, Postalioes of Ogaemum Mechinics, Stem snid
Gerlach oxperiment, Qubit, Supsrpoition, Bloch Sphere sepreaenmaninn,

Unl 2 Qubiw and their pmgramming {158 Hrs )

Singfe qubir gares, mli-yubli quastim gales aod tensoe preduen, Qiskin propamming, Eaunglement Bell e,
Quentum Tekporation, Saperdeaee ending, Phause bakbork, No-daning thearem, Densiry Matrices 8 Mised Sty
Qaantum paralicham

Unly ¥ Quanissts Commputing Algorithnw (15 His)

BreutsenJora afgorithm, Grover search alothm, Simen's Algrenthm, Cuaoturn Foorier Tramfurm, Caastam Phase
Farimutiun, Shue's alpvesches, Quantiam Adcditon and Aeithmesic, Vadatking Quarime Mgarithme (VIR QADA).

Uk & Quannem Hardware Pladivnes (15 His,)

Superctnduening _[,!uh'-u (Tromemony), Tespped lons, Phaton Quantum Complting, Scmiconductap Oubis,
Tipologeal Qublts, NIS( (Nony Invermedisie-Seaie Chuantum) Era, (hantum Bene Misigiion Technigues,
Tnmrmbucson m Dusamim Maghine

Learsdng,
Labvispanisry Wined (3 Coelits: 60 Hes )
Vint o Ewparnmenie

haggle-duots buie Coontion aml Bhoch Bphure Vieudimoon (Qlakicn Cresie quasium sutes ualng the

 Semevestor clas end vismalive them on the Hloch sphere. Apply sequences of Paali and morarion gares 1 a
© qubic and plot the resching sste after cach operition. Generate 2 eandom pure smie and celeulne it

erwwilinates (I, 5} om the Bloch sphere.

Estangdamont Generathon and Bell Stzir Mewuremene Constraet cirenin t ereste all foue Bell sy using
& anky Hadamard and CNOT garee. Perform quanium usie wmography on ach Bell stare 10 reennermict it

deniry maprrs. Caleubie the enpeitation valoes of the operztnes XX, VY, wnd ZZ G each Pell s,

Quantum Teleprmatiim Promeol Implomestaton Buid the cumplety iuanmm ielepomiin it with theee
A qubly, Peepre a arbivary st o she siree qubic and telepor it fo the dewimation qubic Veddl

teleprortation sucesss uung srte tamography o compae fopot and SETpUL LKA

Sperdense Cenling Cirtuin and Asadynise Implement the supesdenss eonting pronosal mn tenamie o chasiesl
4. hits nuing vne comngled quii. Crears cieestite for ol ot posalble rmesages (00, 01, 10, 1) and verify coercer

dereiding. Caleudare (e epaintimn circubt depth and compare with slassical commanseation requirements.

Deuweh Josia Algorishan fue Mconn Cassifieathon: Trplement the Deutseh-Jorsa dpurithm for V-qubit
A put furethons. Creste umeles for both conrans and halaneed funetons, Facvats the dporithn mnd venfy it

chrrectly identifics Raneron pypes with ube guery.
¢ Grover's Search Algotichn Trvplementation: mplement Grover's algieithin o scanch for s marked e 1o an

S-clement dartbaie, Deslan the arack 1w mack mulidple soliathons shmuliancoushy.

Quantum Founer Tramaform Ciraui Constroction; Build a sailible Cruennus Pousber Transform eircult for n
* qubnm Tes the QFT on commutational basis smies snd venfy the cupus phase patterna. Tmplement dhe

ivyerse (JFT and desnonserass it coreectly recuvers the original state.

Vurationd Quantusn Eigenantver Applicagon: Implement VQE w find the grommd stsic coengy of 8 hplegen
" minaleenle (Ha) wving v minimal basks set. Design 3 passmeterived snastr eireale appeogiste bor e probiem,

Ue the COBYT.A apnieiner oo masiiniee the syegy expoctation value, Compars the VQE vt wich clasical

ezt diagunakeetivn valurs,

Tune Fyrdudon of 3 Twodleved Sywem (QuTip): Siomlare the e erolason of & yabe onder vemom
% Hawilusans ushig: QuTiPs mesolve, Caleslare ane ples the pepialatiin dynamies booween |0} and | 1) siams.

loeroducs dissipmtion theogh Lindbiad opesston aod observe deeobercnee.

Beranglimens Pymamics in Conpled Chubits (CnTipt Model ten coupled qubits with o Hetsenbenroype
W bweraction Hamibwnisn, Cabouiste and plot en el measures (Lascuttene wl tegstiviey over tme,

tnrraducs becal depbnming moise s v gubidy and emangicment vedden deash,

Tent wnid Refercnor Buodo:

V. Gl Bermbrdt, “Qitatany Conmpoctrag for Eperyoe”, The MIT Precs, 2020, _

2 Rodoet S Sutor, "Disarrng with Gubide: §vw ot campiating it amd bow it st chonge the e, Packs Publizhing,
2018

. Sentt Aarwmrnn; "Chuartwm Conputing Sine Demweritns”, Cambridor swuaverzity precs; 2003

A, Nieibee M-A, Churtng TL. “Chassntions corputitinn and gmantve fisfoemation”. Canbeidye stiversity poess: 2010,

K Maria Schudl, Frameewo Perruectane, "Machine Learstiug sith Cuantow Cangsen” Speter Iterniatinmad Pubbeativn,

= _ %/ ﬁ
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CLO-PLO matrix for the course mchm (Quantum Computing)

DR T T E 'y 4 8 MeerGh
MEENDQCRS 3 25 2 31 15 15 18 25 323 23 215
MEENDOQCIME 3 24 2 3 1§ 13 15 2% i3 215
MEENDQCIMY 25 153 35 2% 2 X5 18 ¥ B 2% 19
MEENDQCINA4 35 25 25 27 2 15 1§ 2% 2% in
MEENDQCIMS 15 15 3 4 3 i 2 b 5 15 iy
MEENDQCYEA 15 1.5 L | 3 3 1 3 1 kS X% i3
Average PLO 233 217 15 1D IIT L3 16T 27 23 1% 1%
Semester = L (Casrse Fark)
Specialization 1: VLSI and Embedded Syatems
MEENDSI 26: Secure and Ineelligent Embedded Svirema
Hiwars e Week Caadita Slasduvisrn Marks Esastiatinm
Logmure  Twionial  Pracucul Ttermal Enl Term Toil Winrs
4 i 4 & 45 s 150 2% Hours

Course Lenming Outcomes (CLOw):

Unit-Wise CLOs  After the completion aof this course the students will be able to:
MEENDSI326.1 :;tT emetging sccurity threats and trast mechanisms in embedded and edgpe
MEENDSIZ262  Design handusre—sofoantre co-secuee embedded plattorms with sodt-ol-trust,
ARENEWL9ES Implement  wiclipent (AL/ML-cuahlel] exbedded sywiorn  under  real-time

rmsimni.
MEENDSIS204  Auulvee mude-offs smong sceurity, performance, energy, latency, and cost

Implement micligent  (AL/ML-embled] embedded wysicom  wnder el time

COCInLs.

MEENDSIZ266  Anoivee rade-offs among sconnry, performance, energy, latency, and coat
Detailed Syllabus (04 Theory Credit and 02 Lab Credits):

Unidt It Founidonons of Sequne Embeddid Sywiema (15 Hm )

Limbedded Securiy Landscupe Embeddid and ToT thireat mrodels, Attach sarfazee Eomwars, hardwars, supply chain,
phisical accen, STIODIT and astmck sroe methodologpes, Case srudies. Automnove FEU hacks, loT bomens, Secanty
Ponciples: Conlidentisliy. lnogrivy, Availsbiliey (CIA), Authentieity, Noo-tepudianon, Sceare development fecvde
SO, Secure codmg practices foc embedded C/C++. Sysmm-Level Seruney Arvhitecnars: Hardwnre v sofrasce secariny
wraibe- culfi; Secure meminey ud oluton, Trse anglors sl pet of trust, Liferyele sovunns manufioniring e deploymeont.
Emergiog Topker: Suppdy cham secutsy, Fhmamne ntegrity rmntwring, Sscane DevOpe for ombedded syaema

Vnit & Handware Secoriy and Trosted Architecions (15 Hm.)

Herdweare Root of Tmee Serre hoot and messured boot, Chain of rost aschiseerre. Trosied Plarfirem Moitle (TP
haiics, ARM TrwsiZore achitecture. Physleal Sccarity Mechanisnon: Physical Unelonshle Funesions (PUFS), Secure hey
iturage Amb-tumpes mechanisme. Mde-Channel snd Fault Aracks: Power and nmang anslysis, Flectromagneoc loukage,
Fault imerion smicks, Countermessures and maslang, Hardwire Trojans & Secure S, Designe Trojan imsertiun modeli,
Dictectium techmigues, Runtine snestaton, RISC-V secore cxenslons.

Unit & Embedided Crypugraphy & Secin Communbcstinn (15 He )

Embedded Crypoographec Pamitron AES, SHA, BOC, Lighoecight eryprogemby (PRESENT, Ason), Post-Ouanmm
Crpprography wverview. Key Menagreent 8 Secuee Stomge Sevure ey prosaloning, Hardwiare secusity modales, Secuore
enclives. Secwr Comrmoniestion Protocots: T1S / DTLS, Secore MOTT, Secuse CAN (Awomove), OTA fnowar:
opdate aecurity, Secvre Fimovoe & Updaote Mechanisne Sgrel Grerwire, Secwre jollbock presention, Secre H{m.}t.k
iR s Fitd =

Uimit & Intclligent & Tristenithy Embedded Syaema (13 Hea )

MEENDSIEHS

Comree Srrvacmore ansd Syblobes of @1Telh, m Flecomn ghneering 00
PG Depurtment of Elechunden und Insrrumentstion Techintlogy
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v
Fmbedded Tnoclipenes: Pdpe Al cunceps, TiyML fmdsmentads, News] netwarks for rcrueanerollers, Meal pme
Inference anatrains. Midel Opamization: (huntiastion, Prinieg, Keewledie dislison, | nnbwsre swise model
Securley of AT-Ershied Fmbedded Spvierm: Adversarial asmeke. Lotz povacimiig, Model cxtracnon amacks, Seoure il
deploymenc. Trupiworthy & Explamble AT Faplaingde AT (XAT} for embedded tvaterms, Privacy preserveg ML
(Frdursted keaming oversend). Al hardware sceelesaton (NPLL 19U, Filge Al 507, Fonms direenons Secure Al on-

[HTICCRLT R,
Liut of Bapostriens
Exmbedded Seeurdiy Tenpdemenrarion
) Thres: mndehng usiog STRIDE
L ) Seciive coding and butfer overfiou mitigisin
el Secere hoor implementanon
gf  Chain of wust using digieal spmaniees
¢ Finmwan sigring and verifiranon
Crrptogzaphy & Seeure Clemmusnication
) AES and SHA mmplemenraton
2. W ECC-tosed bey eachange
€) Secure TES/DTLS communicatinn
dl  Secust OTA apdare mechandem
Hardware Security & Side Channel
1 #  Timing-hased ade-channel demonsimsion
bl Fanit iniectin scperiment (timulatin-lused)
c;  PUF-hueed ey pencradon desan
TinyML & Secure Al Deployrment
A TergML moded tsinsrg (TeoworFlow Lee Micr)
. bl Deployment on MO [ESPASTMAY
€] Model guare:eation pruning
o) Advemunhbl astask demunstratin
€ Beour Al moshel Gepitymient
Mini Poojsei: Saeurs Alsnsbded sman caners) Borus sowmaive ambadded aods/ bvellygany imrsson
detecrivg device Socnrs heshth moninaring embedded device, ete

Tewt wid Belerenge Boauls:

1. R Awdersoe, “Secnrity engineering: A guide to bwildiny depondialle distsbnsed iyison:”, Wiky, P o, 2020,

2 I Kieideowarber, € M Khadirmacker, “Earbeded tysivans ety Prictiaa svetbudy for sofe and seury sftwsry. andd
nyitenst deceimpwrnd ", Newwrs, 2012,

3. P Wanlen, & D. Sitanspoks, “TianMD.: Nachine birming with Teninel-bur Lite an Ariiing e sle-bunpourer
anivvueswirainee s O Reili Mediv, 20115,

4 G Goudwill R Juser, € B, Jmquers, “Practioat 161 hacking: The defimtive gidde & attachig e Infermt of Things”
No Stared Precs, 20X
5 J W M. T (Ed ), “Titroduction so barduire security wnd it Speingee; 2016,
6 1 Vierbgualeas [Fd |, “Sacwre futegratedl corcatts ami rysomss”, Springer, 2011,
T € Pawr, & | Privl, “Ulnderstosling eyprugrapdy: 1 toctinak for cwdrets and precsitiones ', Speivger, 2000,
CLO-PLO matrix for the course MEENDSI326 (Secure and Intelligent Embedded
Systema)
PLOs
VRSO T L A L W T e T e T e el
MEENDGHIMY 3 4% 2 2 15 13 15 28 33 3 0
MEENDSISI6Z 2% 15 27 2T § 15 15 2§ 32> 2% 241
MEENDSI32S3 15 &3 3 7 & 2 15 W @ 2 .61
MEENDSINGA 25 35 27 27 8 13 18 25 37 125 241
MEENDSIN.S 154 13 3 2 i 2 2 3 3.1 25 35
MEENDSINS 15 15 3 2 3 2 3 % %5 3 4%

Avemge PLO 255 217 173 235 175 1@ L&)

Cosirsa Saiviuire wie] Fyllabis of M. Teidi, m Eleciromss Engimemmng (700,
PG Depurmmient of Electmenies wod Insrmunentation Technology
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Semester = 1T {Cowe Forky
Specialization 1@ VLSI und Embedded Sysigins

MEENBDDTI26: Advanced Drome Technulugy

Hewirs per Wouk Crodits Manimurm Marks Examination
laociuey  Tuwordal  Pracelool Ime=rnal End Tetim Total Huun
4 (] 4 ] 43 LG5 150 2% Hours
Course Leaming Ouicomes (CLOw)

Unit-Wise CLOs  After the complerion of this course the students will be able to:
MEENDITTI Model UAY ElEn:maﬂrs and dynamics wsing rubotics principles amd design advanced
control strategics.

MEENDDT3262  Develop state estimation and sensar fusion algrridims for reliable UAV aavigason,
MEENDTYENS 3 Tmplement sutonemous navigation, path plansiog, SLAM, snd Albased percepion
Evaluste UAY eommmmieation  syitems, ephericennity  theewds, and  airspace
rrpuiations,

.t lmplement and evaliate UAV modeling, comrol, estimation, anid auvigation
MEENDDT35 Agtirithins wiing simulstion aed rmlones platforma,
: Brevelip und sssess intelligent and secure throne systeim eomponcnts, inclading vision-

L e based Al und commurtication protocals,

Detailed Syllabus (04 Theoty Credits and 02 Lab Credits):
Unir It UAV Dynamics snd Robotics Faundations (15 Hie)

Evahaion d clmiSention of UAVY, UAV wystem architevoate and wubsystery, Ribotics syster fundamentals,
Cooedinete frames Moy, Inerial, NED, ENL), Rotatinn represeniations: Holer angles, momison matnces, quatcrsiuns,
Rngid budy kincmunes wnd ransfomiaions, Newton-Enber dynaiie Garmulatiun foe makinors, Aerodyramic forces
aeal theuet enewdefieng, Fropuinen geems and energy modelling, Perfarmance metoes: endurance, rege. payload, flight

MEENDIDTI264

Vinls = Advanced Canienl and Sree Evtinuation (15 M)

Seane-space moadeling of AV sy, PIDY seview sod Rovltaticias, LQR a0d LQG eontral, Nonlinesr controk foedback
bnsaniastin, ickmeping Inmaducton o Modd Predicrve Conul (conceprusl gverview], Lyapunow  sishility
fundammentule, Probabiliscc rubosics basies, Walmin Filer (KF), Extended Kalman Fiber [EKF), UKF fovernew), IML.
GPS senpur fusion, Eeor covarianes propagation,

Lirar 30 Avtonornass Nasdganon, Ploning end Al (15 H )

Furdementus of mbele s navigatiun, Meotion misdels fue serinl vk, Loesliion v mipping Wi point ttacking
s traechory geeerstion, Pith plneing: A%, RRT, RRT*, Obasacle detection and avoldence, Introducsion o SLAM
(wieceal e LADAR comepes), Visuldaermial ademetry fondamennale, Al in DAV objeor dosotion, wracking (oreriew),
Edge Al fur T)AV wasom,

Inbt & Cominunbention, Securire sl UAY Ecosyenm (13 H)

LAV cummuricanon archmeenzee, Telemeery systensy and Ground Contenl Stanons, MAVLink pramocol overdew, BE
commmniation Tusluremals, MJAE-TAV eaondination (inrpdarony), DAY crberseestiy threan [GI'S sponfing,
mamming, hiscking, Secure commanication basics und cocerption concepes, Reguiariry frmmesoske DGOA Tndis), FAA
{U3A), UM, Edecal, privacy, ind wcirtal ismcs,
Lint of Exporimenia
Mesdchap & Cartend |mplemencation

if  Mulzeotor dynamie modeling (MATLATY Stsilink or Pyihon)

b D va LR conrml pesie

¢ Nclioear comind timulason [Backcepping)
Esnreapon & Senaor Fuson

3 Kalowan Fiiver (KF) implemestation

b Extended Kalman Filicr (EKT) for IMU/GPS fusion

¢} Ermor covarianee analyia
Nrvigation & SLAM

il Puh phinning (A%, RRT, RRT=)

B} CHesucle avurdasce (simulathun)

g SLAM mpdemicrioion RO% f Grazeba)

L

bt

F

Coprne Seruicnnee sind Sylhidive of M. Tevh in Electromios Engineering 007
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fong sy

Al S Securiey Bapermeniz
n a)  Uhbjesk detertbon o drone datasets (CpeaCV Py Tosch)
B Communbcation setup (MAVLink telemeny)
%) Secure chanod nmubison | spoofing awarenesy experiment

PFomee, 2012,

Tent anil Medferrnie Boud|
I B W Brand 2 T W Meladw, “Sonall [ umemsied Asreruft: Theve and Practice®, Priveeton, NJ: Priweton Uniursivy

L]

P G Fublurwmw, & T, [L Clasou, “Titrocioction to LAV Syafones”, Chisdwiiv, 17K Wiy, 2072,
I Niguwer, L R. Nanrbahbeh, & D Sranemowgme, “Inomduction dv Asfonmans Monie Ridwis " Canibiridge, M A

MIT Prare, Zud od, 2071,

21T,

X, Thewn, W Basgard & D, Fox, “Probafiifiesic Rubisfes ", Cawhende, M MIT Fress, M005.
M, K Kk, "Nondweae Syitomr’s [pper Suddls Rirer, NJ: Presoie Hil, Frd ar, 2002,
- 3B Reawbigs, D. 2. Masne, AL DNl “Mouk! Prostiction Contraé Thoury and Decion Nob Hill Palivking 117,

IL Sepihoki, Viompwier 1Veonm: Ugorishwer und Applostions”, Cham, Siitspeiondl Shringer, Zuct o, X122,

201

ol 2020,

KX Ragtpaort, Winmbss Conownsiationss Prinjpla and Practee”, Upper Sadet Rin, N Prewtie 14a. Jud o
9 R}, Amdorrn, “Secrity Egruwertng: A Gl v g Denidable Diceisboted Svssenes”, Fobken, NJ Wiy, 3rid
10 R Mabumy, 1. Knmar, & 1. Corke, “Maliminr Avrial |Vebicder; Modeiing, Fstimation aned Consrod af Qadestor”

Cambrids, LIK: Camioide University Press, 2018,

CLO-PLO matrix for the course MEENDDTA26 (Advanced Drone Technology)

PLOs
TN A A TE SRR a8 e w Mmoo
MEFNDDTR&! 3 1§ . F 13 A8 LN 250 2y IS 113
MEENDDYN52 3 2% 31 1 15 5 L8 25 23 125 21
MEENDDTIS) 25 25 3 27 35 IS5 15 17 23 18 am
MEENDDTX6H 25 25 27 217 25 13 1§ 2% 23 125 a2
MEENDDTXAES 15 15 3 3 3 2 ) 3 X} 15 22K
MEENDDTIZGE 15 1 3 2 3 2 < 3 -3 S £ .28
Avernge PLO 13 217 28 223 I\ 188 167 27 23 13 2
Semester = LI (Conre WPork)
Specialization 1: VLSI atd Embedded Systems
MIZENDCP326: Cyber Physical Systems
Houn per Waek Conilita Blamanmsin Warks Ewaminarion
Lepmwee Tuworisl  Practical Internal End Tenn Tl Hour
4 i 4 fi 45 105 150 2% Hoours
Course Leaming Dutcomes (CLOw):
Unit-Wise CLOs  Afier the completion af this course the students will be able to;
MEENDUPA2|  Esplain (P8 concepts and develop hasic sysem models.
MEEXNDCP262  Analyes and desipn CPS architeemures with seal -time and network considemsion,
MEENDCFI263  Implement embedided seosing, acouation, and neraorked comtrol in CPS,
MEENDCP26,4  Evaluate safety, secunty, and selishility issoes in CPS and suggest suitable salutions,
OCPS Model and simulate hybod snd serworked Crber Plysival Spstems (CP5), incloding
: dighal twine, evene-driven exceution, snd nesanrk-delay analywia,
Deslpgn and Implement smbedded CPS protopess integrating real-time schedubiog,
MEENDCPRI206  communication protocols, edge procesting, and sysiem-level valldulon theough o

mini-priert

Detalled Syllabus (04 Theary Credits and 02 Lab Credits);

W
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"
Urndn 1 Foundacinm, Moditing & Dispual Twine (13 Hea)

Evulusion of CPS: CPS v Embedded Syveven vs TuT va Indusimy 40, CPS eharacrersnes Hmeliness, safery, huvenupmreisy,
Apphicaton doomabie Sman gnid, smocomow sycma, sman memfsconing, CFS Modeling: Continvous & divcree
svateriin, Flybrid sutomata, State-space sodetling, Foemal models ([imed antrermzee [rasies ), Digitel Todn & Co-Simulation:
Concept of Digeal Twan, Modek-tused design, Cyber-plysienl co-snvlstion framesneks.

Unie 2t CPS Architectures & Edge-Cloud Integration (15 Hrs.)

CPS Refereree Architeemuees: Layorod archirectone, Service-Chrenied CPS, S04 v Microservices in £PS, Industry 4.4
reference ﬁ (RAM] 40 wverview], Distribured & Norworbed CPS. Coneafined v decentralized contrmil, Fvent.
triggereel v thisd-triggered watem, Hicrsrohical CPS, Multiagent CP5, Edge-Fop-Clood CI'S: intei] Cload
bised CPS assalvticn, Al-grabled mtmsu#hﬁ.ﬂugsmhmﬂ_ e

Uni ¥ Nmbediled Platforms, Conired & Commambearion (12 B

Embesdded U1 Plartorme: Sensor, seiustos, signal condiconing, Microcontmilen & Sof ) platfonus, RTOS coueepts,
Husdhware—soltwnse cu-desim, Real-Time & Nersorked Constrob Real-tme scheduling (MM, EDF basics), Nerwarked
Control Sysreme, Latency, jioies, packet Jos efieees

CPS Coenmuonicstinn Techaeloper Wired pratoceles CAN, Modbes, Wirdlen: Zighe, BLE, Wil 56 URLLC, MGTT,
ﬂ?li;&‘.ﬂ, Timu-Semitive Networking (TSN), Diseribited & Cooperstive Contiol: Consensiee alparithrs, Muls-agent
comirol barc

Uinit & Safcry, Securiry, Resilionce & ALin CPS (15 Hra,)

Safery Critcal TP Hasard anabyvle (57PN batien), Fault dlessetion & dagmenia, Fault tolersnee mechanisrs, CP%
Secunny: Amwck aurfacer Plipsiol, oetwork, sofiwise, Socur CPS archiccorures, Deficanc-in-depeh, Zern Trim CPS, Al
btied wnnealy delection, Fermal Vesfiemun & Msuranwe: Misdel checking baskes, Tempon hoge {memdism),
Runsme momitening, Resiliear & Selil Fiealing CPS: Adaprive conteul, Self-reconfigimanon, Secare (A apudates,

Seandards & Corsficatiuin; TEC 81508, 1500 26362 TM-17RC, [T 62443

List nf Exparimenrs
Mulicling & Sermislarion
o) Hybeid sriein modelieg uing MATLAB Simubink
" by Digreal Twin ef » phymical process

€ Eventdggered v tme-triggered simidaion

) im{mmd L% Sarelacnon

£l Network i sbmualitioni (TrueTime or et
Embeddeod CI% Imp]m“n;Tm i

a)  Senser=Aenmmtor intestac ag vslag macmocuntroller (Ardutn JSTREED

by Resi-ume ik schoduling expeimein

6 CANSMOTT based cunmmanbission demis

d]  Edge-based dum proczasing demn
Mini-Projert: Smart energy CPS/ Avtomornous fing-following robot with serwork manitoring !/ lodesial uak
leveld conirel wath remoes moniocieg Secure JoT-lused CPS, st

Te=t s Ricferenae Bimbs:

1 R A, “Primipes of Crber-Plyvical Sucteres ", Gambride, MA, TTEA: MIT Press, 2123,

2 A Badrpu, K 5. Kaswat, N, Knowar, K Upeetf amal T Kawnam, "Cyber Pivical Syt Coumts undd Appfinatioe:”,
Abisgdbin, UK: Rasethalge, 2023,

4, Iﬁ.ﬁf’a (Hd )y "Eadpe Inselligemir 20 Cyowe Plessived Syrtvmes: Fasudatinns and Appheamuns®, Fderiery Avedemne Frez,
202

4 Utam Ghosh, Fortune Mbaga, oied D. B Rowat (i), *Socnrs e Sowars Ciber Plbpsicial Syisdenne”, Baca Rosivi,
Fiy USA: CRE Prwe, J025. _

i . Parihe oud M, Shafip (Edv), “Fabedind Makine Laaring for CrbersPlocioal, 8T, and Edyy Computing
Satbare Civtimizatiany and Hordware! Safury Codetign”, Singaory: Springer, 04,
N Sharwn, L. K Awicli, M. Maggle, K P Sharmi, acd R Eniswer (Edi) "Crier-Piinieal Spavmis oA
Camyprobenaive Cynide”, | iaqgel, L'K: Rannieafgr, 2022,

o
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CLO-PLO matsix fot the course mmmaﬁ (Cyber Physical Systcms)

Uni-Wise CLOs . 1 3 3 ! P 3 : . - Averape CLO
MEENDCPSSA 3 - 28 2 2 15 13 15 25 15 23 215
MEENDCPMIM.2 3 225 2 a 5 15 15 35 25 15 1.1%
MEENDEPIMY 23 25 25 27 2 25 15 27 25 25 PR
MEENDCPMIZA4 25 25 25 27 32 15 15 25 2% 13 17
MEBNDCPXMS 15 (&% 3 2 31 ¥ 3 3 2% 123 13
MEEMDCPIIGG 158 1.5 3 | 3 2 2 i =5 25 |
Avenge LD 133 217 25 1B L7 1B L& 27 1% 215 13
Semester = TTT {Canre Donb)
Specialization 1 VLT and Embedded Systerms
MEENDNN26: Neural Networks and Decp Learming
Houtt patr Week Creillig f ol oo Selwilin Exumimanan
Lewtnix Tuiordal  Pracaical lisietral End Tertm Tazal | [T
4 il 4 ] 45 1n 150 2% Houss

Course Lewrming Ourcomen (CLOw):
Unit-Wise CLOs  After the completion of this course the students will be able to:
MEENDNNI26]  Understand the fandsmennils of arificial newrsl netweirks and backpropaganna,
MEENDNNIY  Deiign and eain decp learning models sset: us MLPs snd NI,
MEENDNNI263  Apply soquentaul models like RNN, LETM, and GRU for sequence dar
MEENDNN3264  Develop deep learning solurions for real wockd spplloations in visdan smd NLP,
= L Intplenent and train neurdl ncwork models using appropeiste oprmizason and
MEENDNNI2G.5 Jasticin technidpic,
; Develop deep lesrning upplicasions wiing CNNx, RNN¢, ouanfer Jeaming, and
M]E:E..‘_iﬂﬁ.hm.ﬂ modem frameworis,
Detailed Syllabus (04 Thenry Credits and 02 Lab Credits):

Unmie T Fundamenisls of Newral Netwnrks 18 Hea)

Fobrudectinn o Artificlal Bearal Networks (ANN]), Bialogieal pesron v setifickl seanon, MoCullich-Plits nesron model,
Pereepitent me! Muld-kaer Pesvepron (ML, Activation funceions (Sighiond, Tand, Nel 1), Bofimand, Lows. func thoas
(MSE, Cruslasapy), Grdiers Dirccent snd Variean, Packprogegprion aparthes,

Unit 3 Dewep Learning Archilecines (15 Hr)

Irdmuducnin to Déep Learsing, Peedborward Neural Netwutls, Weight inhializacdon snd optimizstien tochnbgues,
Hegularbaanion 14, 12, Drogout, Convolstions] Neursl Neoworks (ONN): Cosveiuonn, Pooling, Padding. €NN
anchiteetnres (LeMNet, AlexNer reerines, Transfer leatning basiis

Uimir 5 Saquential Maodols and Advanced Neoworks (18 Hn)

Recwrent Neural Netwodks (RNN), Back propagation through time, Lung Shoeterm memory, Gatsd Recurront unies,

Vaminking and exploding gradicor probiee, 1STM and GRIU, Sequence-sr-sequence medels, Amenton mechaniem fhaue
Weal, Aumoeneoden, Geneestive models overvicws, Corvolotion Neuss! ne ook, Dexp Dreeam, Decp Ant, Decp
Remnfircersent Learmnyg

Ulnke 44 _Il.,pp:liprrhm wniel $ndern IJEEP I_Luut]:u,“ .t_':! Hﬂ_]

p Liserinyy T Comgrates Vision, Deep Lesmming for Narur! Languspe Processng, Trensforme s (banc ineroductieen),
Mol cvafuatien mcurics (Aocuracy, Precisson, Recall, Fl-senig), Hyperparameser msing, E-:p!nj.unmu bristcs aund erhical
e n Al Apelieatana: Healthiose, Actonomoas Sysoems, Industry,

o Yl @4/ o
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Mooura! Netwurks Lab
a)  Implemenrstion of Perceproon snd Mula-Layer Peeccprron (ML)
B Ieplementstinn of scmeasing and loss fine oo
i €l - Backpropagennn sleorithen implementanion
g d)  Teaining ncwrl serwark ubag Grodlent Descent
) Mogulwizstion tmthmiques (1.1, T2, Dropour)
B Maosdel pealiuton i eceniragy and s i
(Toils: Py, NPy, Tensnellow / Prlarck)
ﬂﬂplmthgﬁppﬂm Lab
Implenienstion of Comvolunens] Newral Nerwork (CNN) (or image clasifiessioe
I:I-] Implementation of RNN / TETM fur sequenee predicrion
: e} Transies kearning unng pre-omned modeh
d)  Basic NLP modal using emboddings
g} Hyperparamerer tuning und model opdndsxtion
1 Mini perjcer Resl wodd decp lesming spplication
(T TepsutFlow / PrTorch, Kems, OpenV)

Tewt and lelemrne Bants:

L Law Coonalfiliow, Yochwa Powpis, s Courrille, "Dy Laarming”, The MIT Precs, 2016,

2 Sowow Huyleny, “Nesral Netivuoks v Laurning Machines", Poarion Calice T, 2008,

A Cheirtaplor ML Bishng, *Pashern Rocopwition aud Machiy Laarmng”, Spronger, 2005,

4. Awreion Germa, “Hemd-On Macdsine Lawrwmg wath iiit-Laarn, Kerss € Tomiart o, Shfiy O Raslly, 2022
5. Frawir Chodie, “Thep 1 sarming with Prtbon™

6 Ty Vinsiey ot ol Pyt Lined Lowrning", O'Reilly 2017,

s

CLO-PLO matrix for the course MEENDNN326 (Neural Networks and Decp

Learning)

1 ML=
i e e e e T R Sy i T e Tl L
MEENDNNES1 20 23 2 20 I I oA 1 0 e i
MEENDNNTEZ 30 24 24 27 28 L1 14 13 28 14 1
MEENDNMNIN.Y 2t 24 1 21 M LF 13 I i1 SRR B L
MEENDNNIE4 28 23 215 21 2156 14 13 14 15 |8 L2
MEENDNNIS 29 28 212 23 290 15 1a B E- o VR e 215
MEENDNNWGG 30 25 14 23 3 12 14 12 29 2 11

Average FLO 200 242 13 11K 257 14 15 LT 1AS LTS a1

" O dy

T 2

Casrse: Suenoe and Syllabus of M, Tech, i Blectnmios Engrincering (200
£ rh:pir'lmrru il Vlecrranicn ordd Inerrmemerntatinm Tﬂﬂhﬂl{iﬁt
Uaisvrriey f Bambomm, Svingger = FRGEGS




Semester = TT1 {Cowrr 1Pak)
Specialization 1: VLSI and Embedded Systenm

MEENDHAJA2: Hurdware Architectures for Al

Husirs per Weck Coeall Muvsmann Musks Fovansnation
Loctumn Tusial  Pravticsl " Linteenal End Termn 1 maal Hours
4 1] 1 O 435 105 150 2 %% Hour

Coume leaming Ourcomes (CLOs)
Unit-Wise CLOs  After the completion of this course the students will be able to:
MEENDHAS Lmhmﬂ::mryuwwmdmnwnqmmmrrﬂlmdmmﬂmlmm
MEENDHAA2  Study musdern hardware architeenires and their sustabiliey for Al gpplications,
MEENDHA3263  Aselyee Al specific scceleratons gich m GPUs, TPUs, FPGAs, and ASIC.
MEENDHAI54 :.'q,llm: pefotance, power, and lateney pptimizeron teehmiques 0 Al hardware
i';nq:d-r.-mmt und wmalyse panillel computing wehniques using vecnr and matris
MEENDHASSS  operations and o demonstare dam and model perallelisme: dreoagh CUDA-bused
GPL peoygrarmimung,
ﬂmmmanm&d@ww:muﬂ*rﬂmudm tor ecdpe-Al
MEENDHA326.6  sppliconons oeing model conversion, cuantization, and on-device inforence

beehitiges.
Detailed Syllabus (04 Theory Credits and 02 Lab Credits):
Lndt I ¥atroilamton o Al HMardware Archltecrores (15 Hiwj

Crverview of Al harconre requrements and challenpes, Tradiunal processor sechiteesancs [CPUL, GPUS, and menmry

hizrarchies), Al specific hardware aceelerarane G, TPy, and FPG A, Memorr srchivesmre for Al on chip vs. off chip
ney, Intnduenoe h panllel conputing concepis, Diets and mbdel parallelism in AL Hardware archsoruires fior

prarslle] psrraessiog SIMDMIMD, arid SFMD, Muls-core processing snd GPL compomng, CUTIA programening.

Vindn & Specinfieed Al Aocelerawss (TPUs, FPGAs, sl ASICa) (15 Hr)

Tentoe Processing Units [TPUs; Archieecrare and use cases in A% Fighd Programmahle Gate Arops (IPGAS in AL
Demgn and spplieatione; Applicasion Specific Tnrgried Clolor (ASTCy) fa AL Toide ol berwsen GPUR, ‘TT,
FPGAE, and AN Deep kamdng on FPGAs, Bmbedded Spriem, Fdge Devwers (smursphones), ASIC, CPUs and
IATVCO UL

Unb X Memuory, Dpbssiestion wml Evengy- Efficlency ln A Hardware {15 His.)

hemuorrafficioney aad redinbaliog of DN soceiemnim: Midel size sware Prurivig of TINMNg, Herdwire chitochun sware
peamiryg of DNNy, Memery selaed tradentfs in DNN sectleratts, Comparisans nf mesmory eeimlgues (SRAM, DRAM,
DRAM, STT RAM, PEM, Flaal) and thebr suieshin for desipring mermory climest in DNN scecleraenr, Newral beinch.
Pewst consumation and pedformanes teade-offs i Al handware, Hardware aptimmacion rechndques for desp leaming,
Encriy cfficient Al hasdware design, Power aware compurathon fur Al models

Unit 4 Edge Al Computing Pecadigm (£ He,)

Dhefirinom and mothasion for edpe AL Edee va doud Al processing, Charseteristes of alpe workloads (pensur-deven,

real-tme, interminest ctetncctrnty) Appdicitone smant cameres, amnoomins demes, 0T dodes, weanable devices,

indusiial autometion. Entroddoson o TingML, Chusscreristios of TiayML workinady: Small revirsl nemaeks, On-device

lezrning v infrreree. Ty ML bardware platiormi: Mictocontrollens with Al sceclenaioon, DSP - haasd inference engines.
Lini of Experimynis

Demonstrare paralbclam ¢ iEcply unng nrmple vechs uFu;m.u I.mplu:uuu unqm; pirnulason i'q.m.n.ﬁ

I dam splic v model aplit MNumPy, I'!.Turth], CUDA program for vecnst sddison. Tmplemmiestdon of mabris

mulapbeation uurgLUIHhh:rmh.
Train g sl KN fur classifienon (MNIST-live [/ [ns) (TentrFlow? / Py Tonch), Convers teined miodel in

2 TrlLax fonmat fir edpe devices. Apply pos-traing quentization (FF2 = INTH). Run inferenee wisng TFLire
Micro (dmalasion).
Implemient simple alge Al we case e Smart camers (nbject dewceton eoncept), 167 sensor smomuly

e S

Text and Hiderener Bolop: !
T o Flowrenniaos Fghnerring (00|

H
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H

. Jaim L. Hownesiy > Disid A, Pattoson, “Campusti Arebisesture: A Qansitative Apprssck®, Edverier, 2025

2 Dawd B Kk = Weased W7, How, “Programming Macsively Parufled Provan: A Handyon Apgeooch”, Margan
Kautwann Pachlichyrs, 2012

3. Jeson Sanders € Ederd Kandirol, "CUDA by Exiameple: An Tntrainctivis s Genensd-Purpase GPU Vrograsmeing”,
Addirsa W asley Pribisbers, 2010,

4 Vi Sev ot af, “Efhcens Procesiang of Docg Newna! Networdes; A Tatorsal and Swrey's Mogon & Clagpoal
Pabitilers, 2017

5. Pate Warrdew < Dianied Sitanaynke, "TroyMT 2 Machive 1 saening with TewiooFhw Lie an Anduswe sl Uliiz-Lay-
Fower Murneantraiders ", O Reoelly Monkin Pubdisbers, 20179,

CLO-PLO matrix for the course MEENDHA326 (Hurdware Architecrures for AT)

R e T A Tk 1413 ¢ 133 4 5 | MR
MEENDHAIM] 24 23 (3 22 21 1 i 1 2 14 1.76
HEEH.DHHHI.I 23 432 3 O 1 Ly i 21 15 285
MEENDHANEY 3 &4y 3 32 49 1 13 11 -2k 18 2.4
MEENDHAIY 29 27 22 21 24 1} 2 hi 22 18 2.m
MEENDHANES 3 24 22 23 3 5 TS G S - S 1. B % 21
MEENDHAJES 3 A% ¥R 2% I 1A 2y | I3 3 2 15
Average PLO 2% 4 213 23 14 113 1:m 112 23 148 .02
Semester = L (Cowrse Fovk)
Specialization 1: VLSI and Embedded Svstems
MEENDRAS2G: Robotics & Al
Huours per Week Coiidie Muxirnum Marko Exasspinuthon
Levtuee Tumwriil  Prawneal F Trseetmal End Tenn Tl Hiwos
4 ) “ fi &k 115] 150 2% Hours

Course Leaming Oueomes (CLOs):

Unit-Wise CLOs  After the complerion of this course the students will be able tor
MEENDRAIZ]  Understand robor stractuse, configamtions, kdnemmatics, actustors, and sensors.
MEENDRAS262  Analyse robot dynamics and deapgn suitable control and erjectory planning mechods,
MEENDRAAZAY  Apply Al technigues such as search algorithma, logic, amd basic muchine leaming.
MEENDRASZSA  Tnecgrate AT methods for roboric perecprion, planning, and real-world applications,

Implement robotic lanématics, trjeciory planning, and control alporthms usng

eppropoate ook
MEENDRAZZGE  Develop Al-basal saludons for search, lesming, snd pereepion in mobodc systems.

Detailed Syllabus (04 Theory Credits and 02 Lab Credits):

Lindv I Fundamerals of Rofbwotics (15 )

Husory end svolation of robors, Componeon of robotie syseem, Toboe elassifizstion lnduserial mokile, humanoid,
service robuts), Degrees of Preedom (DOF), Work envelope, Robor configorstions Canesian, Crlsdneal, Spherieal,

SCARA, Articulaied). Foewaed kinomasies, leverse kinemanes, Dessvit-Harenbery [D-H) persmeters, Homogeneous
tremaformation mate. Fleemie, hydoulic, poermite octuataom, Poalten sensoms, prowimiry semors, foree senwor,
Encrxdees,

Unip 2 Robot Dyrmmbos s Comenl (85 o)
Newton-Huler formulaton, Lagrangian formulation, Torque eqeation. ‘Trjeceory planning, |aine ipace and Cametien

. wpsce planengy. Upen laop and elosed loop control, M0 eontrol in mboctes, Adspeive and robws eontrol, Ditferenstal
deive pobis, Klietnsdes of whieeled wibots.

Uik X Perisilinviesitals off Koot Ielligence (15 Hre)

Inrrnducton w Iniellipear spesms, Intclhgent ageos. Trpes of agents simple refles agent, Modd buscd ageoy Goal-
based sgera, Velicy hoeed agene, lenrming agents. Cemeepr of Onradopy AL Fyperr sysreme. Sapervised leamming,
Unsuperciied keaming, Reinforcement lcaming, Clisdfcation vy regresafon.

MEENDRAJZOS

Coumsg Seruictupe and Syllabus of M. Tech, o Klecmunics Enginecring 0.4

"G Depurtment mmn and Intrumeniation Technology
“wwanir of R, Soiaagar = 1500
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Livibn & AL in Robrovics (15 Fim.)

Trage: pevzsing busics, Ofisjeer derection, Fearure exmaction, Difkstr’s algorithng, SLAM (Sisncltuneous Locallyation
and Mappungi. Perecptron, ANN bmnies, [eep loaxming overdow,  Autonomons vebiclse, Tadusrial siromation,
Healtheare robots, Hisnanoid eobots, Deliverr robats.

List ool Expevirmeniz

Robties Lob
3 Implesrentation o futwird and invene kinematies
" by D-H parsmeter modelling and homgenesus wsformaton
€1 Trsjectory plenulayg (uing and Cartenian space)
df  PID coategl of T mevor using enoder feedbuck
e Diifferenual drive rubot kinemanes simidating.
Al & Trselligene Rohones Lah
3 Implemestudion of BFS, DFS, A*, and Dijksera algomithims
3 b Supervised and ensnpervised lesomng experinens
& Bask seinlogesent ks sisilstion
] Image processing and ohjeer detection nsing Opent™V
€ Sampsle ANNK /Percepron implementution

Tewn and Reforence Mook

oo J. Craaly, Totrodhction 4o Fiobatice: Mivhmares sl Contrad, Boarron, 2004,

Mark W, Spenn Surl Flasebinsan, AL | “iefvattgar, "Rl Macleding avedd Contenl”, 1Widey € Soms, 26615

:I::;:uirr; Netwiing, “Tomdawrentaly of Robesicr: Anahar and Comred™, Prowgior Fall Tndbe Lonrning Privaty Livited,
Stwart Baoell © Prtor Nervis, “Arirficial Indediigrner: A4 Modorm Apprvach ™, Padre Eowaiion, 2022,

Aarww Mariverg & Enrgue Feemimdes, “Lawning ROY for Koot Prapromoming ", Buikd Puleisbing T 2oiind 2075,
Cravy Hraaslder &= Audrnrs Kaselihr, “Larming CiponC1” 37, O'Railly Madls, 2017

Nebartion Runcka & 1ahial Mtfoldt], “Pytbmn Mackine | sarning: Mackine 1 sarcing sued Dop. Losrnduy with Prthos,
svikeatetevten, amed TowoaFivw 2", Packs Publiching Dineited, 2019,

CLO-PLO matrix for the course MEENDRAI26 (Robotes & Al)
( PLOw
UErRmCLM R s 4 F & 7 8 e Tw AepCD
MEENDRAXGY 20 23 21 21 41 15 14 W& 27 14 a2
nmnnms,: 0 38 2% 2y 3R 12 13 7. 28 A5 Ll
MEENDRAMEI 28 25 194 22 23 14 2 Ly 2 Lk 198
MEEMDRAMMA 28 24 23 22 23 8 16 15 28 W7 212
MEENDRAYMIES 290 23 23 231 1 3 1 12 29 18 1
MEENDRANES 29 25 24 21 27 th & 1 28 LD 24
Average PLO 288 241 225 113 243 15 L4 155 262 162 209

Semester = I Corse Wik
Specislization 2: Commumigation and Signal Processing

MEENDMLAZ6: Machine Leaming foe Wincless Commumication

Hiburs per Week Condd Mexmnm Marks Eanmimarion
Leciure Tumiill  Pragucal - Toierrial End Term Tutal Flwieen
4 ] 4 i 45 15 15 2% Hours

- 7

Comrn Structure snd Syllabea of M. Tech. n Elecmmics Engineering (05

I ﬂrpm;rmll ul Bleciwmiics sl Instniwentatlon Teclinalogpy
M y/v_i | Sevrres o Kaniamry, Ticager — P




Course Leaming Ouicomes (CLOw):
Unit-Wise CLOs ~ After the completion of this course the students will be ahle to;
MEENDMLAZ6T  Apply mathematics m machine learning prolieni-sulving
MEENDMLI262  Faplore the machine dearning aljorithms -
MEENDMIAZY  Avalyse noural neranrk architecture
MEENDMLI264  Analyse neiral nerwoek srehitectare
MEEXDMII265  Develop deep kearming models

MEFENDMIA266  Demonstrate the physical layer spplication wing 3 deep leaming model
Detailed Syllabus (04 Theory Credits and 02 Lab Credits);

Unlt & Mathemanics fir Maching Learning (15 Hra)

Tincar Alpches: Arithménc of memics, Norm, Eipen Decompusition, Singulse Value Decnenprsition, Pnclpm!
Componmnt Analyes, Posbabilioy® Information Thears, Cundidonal Probabiiity, Chain Rule, Boye’s Rule, Infumasan
Thedry, Structure Probahiliste mudee, Sopersised Learning, clusificatim minbel Alpomithm, Repressivn-Regression
models, Algnethm, Logisue isgromon, Unsmmesed Lesming: Clstering, Paern fnding viuing sasiwiaton e
Retnfomement Learnimgy: (-learning, O function snd Alponthes, Masimas e Jook e, Modeling and Feliaton,
Urverfenng, alerficiling, Blus Vinance mdc-off

Unit 2 Ranios af Nearal Nerwacka (18 i)

Types of activation functions, Single laver feed-formand setwork, Moldlyer feedfoowand Nenwork, molti-lyor oeowurk
devyn, Back propagation elgorithes, Prastiee: Application of single liver ocursl nerwork for wireless evmimunieatios,
Aapliention of mubtiliver mesmsl nereads for wireleas communicenen.

Uit 3 Dhewp Lewrning Architechane {13 Hi)

Convalational operative, Convolutiunal aerworis, Concept of sniseder, sutencoder, mutencader & i o,
neghuzecture of Operangn FeNET, Mlevner, 2F-NET VGG NITT, Cnwgls NET, Res™et, Archheenzre of RNN, LSTM,
GRY. Convolusioaal Neural Nersoek for clissifiention, Ao cncodes for sdedos dars denoising.

Undt & Dawp Lemmang foc Witcless Copununicution (15 Hes,)

The porcnnal of 1L fon the Phiysical lapen, A enendes foe end oend Cotsanamieation, Deep MIMO) detesin,
Diferent neetal aschiseeraees for deteerion, Machine leaming for speemmam aesoin & sharing, and Hunds op expesiznec
withh Fyifwor for developing seursl norworis. Deep Leasning for MIMO data decoding, Michine learnieg for Spectrum
detcenon,

Liag il Eaprerinursis

I Tmplementasson of Prscpal Componen: Ansdysis (PCA) fur Dimession bty Reducriv of Windess Chanrel
: Dhwta

Irmplementaong of Lincar Regreasion and Logiae Regresion for Wirckss Simal Classificutinn,
tmplementation of K-Means Clustestig for Speeram Oecapancy Deernction,

Simulation of BisNzdaner Trade-off nod Overfiting in Wireles Datust Maodcting,

tplemmntstion of Snghe Layer Noural Scrwurk for Modulanon Clasdcston,
Tinplementation of Mulssper Foedfrmeand Newl Neviurl wsing Baczpeopagstion for Channe Esimasion,
Implementanon of Comvoluiional Neen! Nerwork (CNN] fur Wircless Signal Classifiearuon,
Autoezicoder-Basid Denobsirg of Wirsless Sigral

Deep Learning Haved MIMO Detcetion wing Fully Cooneeted Neorl Nemsinrks

Simulation of KNN/LSTM for Tane-Varsing Wireles Chanre) Prediction.

Tewr anud Referenca Bonks

lacwer Bruswswes, “Bussicr of limear Alpwhes for Muvbén Jzrwing ', Munkdur doarning Mastoy, 2018,
Etiwmr Afpeayaatin, “Tutvodwction o Machome darning ™ Comivid, MA, MIT pows, Yovowd Fdition, 2010,
Yuieat Dtt, Sorbraanamion Clamdvaminds wnd At Knmar D, “Mackine barving ", Prarza Fedwoution liied, 2019,
Tt Nugy, "Aetisiinl Laseligesice wnal Micchive feurning Favidewentics”, Pavk Puliabang k. 278,
Tant Goood foikon, Youbas Derigiont s Narvm Conrville "Togp fourming . Caamieedge, MA, MIT Evess, 2017,
il i ima/ ; : il AT IR ST

LR R

BE=

by e e g e

YA (T T ST T TR R T T S R T s
hetp/ | ewanidseadusviense.ovm Ottt 5 57 Ranet 144 _
Fdegiin, " Machine L asruing for frtuns wisedess Commpieations", Macior fearwing for specirune aesess and sharig,
Wrler- IEEE pross, Peveoder 2079,
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CLO-PLO matrix for the course MEENDML326 (Machine Learning fur Wireless

Communication)
Uni-Wise CLO4 st , Average CLO
1 1 3 4 5 i T L] ? 1
MEENDMLI2NT ) 3 1 2 2 b i f 2 [ 14
MEENDMINE2 3 -TRE i TR P R ¥ 1) 14
MEENDMLI263 3 3 2 3 | il i i 3 1 1.4
MEENDMLI264 3 - TN L i i fi 5 1 14
MEENDMIS2%S 3 3 3 3% 3 o0 o 2 3 2 22
MEENDMLINS 3 3 % 3 35 1 1 3 5 13 15
Average PLO 3 I Al I 13 0 03 0 283 LS 193
Semester — I [Cowrie Fork)
Specialization @ Communication and Signal Procossing
MEENDRF326: RF Sensing and Imaging
Huwies per Week Cradin Maximum Marks Exarninatinn
Lecture Tuwdal  Prasvcal Inicrmal End Term Tuaal Husurs
+ 0 4 s 45 15 150 25 Houn

Courme Lesming Oureomes (CLOw):
Unit-Wise CLOs  Afier the completion of this course the students will be able to:
MEENDRES26.1 Understand and epply RF Microwave imaging principles in vanooe sensing
spplications.
MEENDRFA262  Desipn and ovaduate antenna systemy for RF sensing and imaging,
MEENDRF326.3  Moilel and famespres imaging signal procesaing and image reconstruction technicues
MEENDHFI264  Analyre radar and imaging systeen performance i different operational domatns,
MEENDRIS2 Apply BF sensing and imaging technology 10 practice! remote sensing and medical
5 - imgring spplicatons.
MEENDRF326.6  Develop alporithms fur sensing and imaging applications.
Detailed Syllabus (04 Theory Credits and 02 Lab Credits):
Uni & 1WF Microwave Imaging Principles (18 Flm)

Introdveton tw RF and Microwsve imaging fendsmenals, Eleerrumapncte wave propapaion and inreraceion with wrpers,
introducann i clectmenagrenie seamsring, Diveer and mverse scanening problems, State-nf-the-ar in microware seosing,
Banic elecoromagnetic Add selaton in fee spoce, Inieacton of clecuonizagnete waves with dielocrie materials,
Macroscople cectne field and polenzapon, Eleerne Aux densiry and dielecine propernes, Relanve permutioony and
diclectric contrant, Seuttering paremeters und Gekd quanfities.

Unii X Diirecr Problem: Formmiladan and Maeria Interaction (15 Hre)

Matheimtical formulidon of the discet scatweing pooblem, Integral equation formiladon sk concepts), Elecrric fekd
miegral comaton, Wesk scstiesing condivuos, Soitiering frum smple didecne obgects, Muliple reflecnons @
Inhomipeneous medis, Basie mnamission line walogy foe dicleere inerfacon, TH and 1™ mody illumingtion eoneepes,
203 planer peomonry foemnudeeon,

Unir % Radas and SAR Ininging Syarema (15 Hra)
Tnstrochiction o RADIAR, RAD AR singe evustion and sigral prucessig, Pulse RATIAR end Dragrpler RADIAR, Syuthete

Aperture RADAR (SAR), SAR image Shemarion and sesoluson, CW aad FMCW RADAR symems, Imaging RADAR
rivides, RADAR aignal procssslng and elamer suppresshon, Tracking and moli-tasger detecthar.

Ui & Remote Senstng dnd Blomedical Tmaging Applicatons (13 Hr. )

" T %’.ﬁ GH/ é
— . Casrer Strsitmse andSellataan

of M. Tesh ln Hleotmindes Enginocring (X012,

PO Department of Elecrronies oed Inerumenration Technology
i;i: \,ﬁv‘i" U savrady of Kabees, Leaggar = FIRD
L)
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Remaote senaing with RF and Macnvwave svigzms, Barth observadon yamg SAR and radiometric senaon, Agricalture and
envisueeienial moalioang, Ground peneusting RADAR (GPR) for subsarface miaging, Medical imaging spplicarons
(micsomeaee thermograply, I irnging), Indostrial lnspecthon mnd NDT spplicatons, Micowsve imsygng for maneal

charctenvation, Image imrpretnon sod wnalyar, Signal acqumnon snd pezprocesung, Mooon compennanan i SAR
imagieg, Performunce metrles nod mage quality ssesiment.

Liwt nf Expcrancoim

L Simulsgon of Eleetromapgnene Were Propaganons and Targer Scarterng using 1l Wave EM Sulver

2 i{u:%ﬂnﬁpudd Rusoludon and Range Resoluson in Time-Diomain and Frequescy-Domas Imaging nsing
Modeboy of Real Apermase [maging Sywem and Frshasion of Resohufon Limdes
Deesign and Sirralation of Boadband Microsrip / Vivaldi Antenna for lmapog Applicasons:
Simulstion of RADAR Range Equasion and Tarpee Detocton using MATLAD
Microwave Imagng for Matensl Charscter mtion using S-Pammerer-Based Reconsnuenon.

Teat and Reference Bonlo:
Nidodia NE Trimdection e Mérauan Imeaging s Cﬂhﬂ# Unbverrity Prvae, 2017

f

I Constmisive A Balasic " Awtewns Thoary Aufyeis sl Desipn®, 426 ediios, Jobee Wiy andd Sans, New Jorw, J016,
b Fawwag T, "Mirrswese Rowetr Senag Avtive and Passive”, Ardoch [ osow Pobilsbers, 2014,
4
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CLO-PLO matrix for the course mmmmﬂw

e B N . 8 s 7 7AW [ s
MEENDRFI261 1 3 1 | 1 n 0 f 1 1 L1
MEENDRFI262 © 3 F) p | 2 i} i i} 2 1 1.5
MEENDRFR263 1 £} 3 2 Z i} i i 3 1 LT
MEENDRFil64 3 32 ) ¥ 2 ] 3 i i 2 ik
MEENDRFIISE 3 3 2 3 2 1 1 i i 1 1.9
MEENDRFI66 3 i : ] 1 0 3 3 1 3
Avcrage PLO 3 28T A 17 @ e 0 05 i LYY LTS
Semester = T (Carse Wark)
Specialization Z: Cominunication and Signal Processing
MEENDWMI26: Advanced Wirclers and Mobile Networks
Hours per Week Couilils Mrsiinivm Mars Exunfratiog
Lewrane Tidivrdal Pracoond Frtermul End Temn Tuoiul Hiruaza
| 4 f 4 fs 45 105 150 2% Houm

Course Leaming Owcomes (CLOs):
Unit-Wise CLOs  After the completion of this course the stdents will be able o
MEENDWAZG 1 Explain the Isochrooous Wircless Nerwark Totegratinn Aspects for industrials
autoriai,
Explore the lechronous Medium Access Control (MAC] Resource sllocation,
admission Conrrol and Scheduling m TTAMA-based Wizcless
Apply WPCNx in Imternce of Things, Enhanecment methods of Physieal Layer
Secarity in Wireless Powered Communiciuon Network
Evaluate the performance of Intemet of Neno-Things (ToNT) & WHAN
architccnire
MEENDWM3265  Analyze the Routing Proweool for WBAN and adapuve W/BAN
MEENDWMI2A6  Fvaluare adaprive wisclees nerwock framewnike for different performance parametes.
Detailed Syllabus (04 Theory Credits and 02 Lab Credits):

w‘ Cosmnee Strviiciiare sl Syllabiss of M. Tecli. 0 Eloomunies Engrineeving G008
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49
Lirir §: Wirelcns Novwork for Resl Time Comenaniceunon in Industral Apphcanon (15 Hni)

Introduction, Applicaton Scerario, Problem BExposicun, Solutun uppeosch, Industrial Wieeless Communicatlon TEEE
O, Wirchess Network Topaboges, Anabysie and Clastbeanon of mdustrial nerwork and mpotory, Industnsl Wirckcss
Chatioed Spstern Model, Lochrmpus Wisckess Netwotk, Cose sudy: Real Tinoe Commnlesonn in Indusrisl Applicadion.

Unin 2: Wircless Powered Communicaninn Nemwork snd Securny (14 Fora,)

Chesview of Wirder Powered Communication Neoworls (WPON), Phywical Laves Sceuriry Challenges in WPCNs,
Applications of WPCI in Interez of Things, Enhancing Physicsl Loyer Sceority in WPEN, Accomulare-Then- Tranpmit,
Aocumulae-and-lam, Svaem Model snd Protoos Design, Analyaas, Performance Bvaludton.

Vinm 3: Inierngt alf :‘\II‘H.I*T*I.IH!I- (TS T) mend WEAR (15 Hirw)

Ieternes of Nano- Thinga (LoNT)- Intmedaction, loNT oppostuity in the 50 Em, loNT Architecture in 50, JoNT
Foctors snd Assessment, [oT Phyvsical Layer and 3G, JoNT Communication Protocol and 30 Coe m:, 0T in
Healtheare spplicazions, Wireleas H-m:lj. ﬁru Metwork: Introdoeson- Raions Routng Provecol foe WHBAN.

Utiie & Rontieng Protocal ot WHBAN sl Adupriive WHAN syntem (15 Hia )

Svuem model Archieomree, Ranonal Routmi Promoenl for WHAN, Perfiemance, Protoeed, Ratomal D:.uD:ﬁH‘r;
Framewock, Adsptive WHAN. Sysizzn Musel, Packes-Stee Ofptipdzation for o Raeeny bess WIASN, A Cogaitive Rootiag
Pmend for WHAN, Commenicanon Model, Encrgy-Aware Rousng Protocol foe Mano-acosor Networks, Systom
Meiels,
Lint of Expérimenm

L Sicmlapun of IEEE 302-based Industrial Wircless Nerwork angd Throughpat/ Latency Analysts.

3 Mndeking nt lsnchmonous Wirchess Nerwnrk and Real- Time Diclyy Performance Braluarion,
Simmulbation of Wireless Powened Communicativn Nerwurk (WPCN) with Accunmudaie- Then-Tinnsmis
Promocol.
Performance Analyals of Taterner of Mano-Things (ToNT) Architecrere in 3G Environment.
[mplemertation and Performance Compasison of Routing Promcols for WBAN
Eoergy-Aware Roing Protocol Siculacton for Naoo-Scosor Nerworke
Macket Sive Optisnization and Bamery-Lesy WHASN Perfurmance.
Tear anl Reference Rk

1, Henning Trovk, Tanchosanna Wirrdess Netuesr, for Real time Eononusivedions in Indhesiial Aveiunsation”, Speinger-Verlg
Meriin Flaielbery, 2015,

2 Abbar Jamlowr, Ying By “Winedess Powered Commuication Notwards from Swankty Chabinges 8 IoT Applicatinns”,
Spwinper Niadire Switzeriand AG, 2019,

3. Fads AL Tuginan, "Tuterner of Nans-Things and Wieiz Body Area Netwarks (WBAN}", Taphir & Francit Grou,
i,

AP e

CLO-PLO matrix for the course MEENDWMA326 (Advanced Wireless and Mobile

Netwaorks)
PLOs

UncWiCEDS  © - 5 3 4 8 6 7§ 3 w w0
MEENDWM3261 3 3 1 12 "HE IR AN e G 13
MEENDWM3262 3 3§ 3 12 ¥y 0 @ ¥ B 1 L&
MEENDWMA26Y 3 3 2 3 SRR T T S S 1.7
MEENDWM3264 3 3 | 2 P Lol g Lhe Lp: ]| B L7
MEENDWMIZGS 3 3 ¥ 3 3 1 3 2 L] 1 5
MEENDWMI266 3 31 2 13 3 0 i %3 | 3 21
Average PLO 3 3 2 25 1n 08 067 087 25 1B 1.58
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Semester = [T (Covrsr Wark)
Specialization 2 Communicatien and Signal Processing

MEENDMM326: Multimedia Signal Coding and Communicution

Hivirs pee Week Credly Madmum Marks Exammaninn
loces Tutordal  Pracdeal ’ Iniermal Eml Term Total Huinrs
4 1] ] [ 45 105 130 2% Hours

Course Leaming Ontcomes (CLOs):
Unit-Wise CLOs  After the completion of this course the students will be able to:

ENDMM326 Analyze different types of multimedia with emphasis on bmage dam, Gl formais, amd
. | L]
MERE L basic citloe siodele.

Describe and differentiate betoven lossloss and lossy imape/video  compression
techniques end explain the basie working principles of JPEG and MPEG sundards
Analyie the fundamentals of digital audio and explain the workdng principles of major
mﬂnmnmﬂlnn techriques and standards such as PCM, MP3, and AN
Understand multimedia communieation concepes and basic security technalogies fue
uuliiredla security and digital nghis management.

Implement mulrimedia  compression algonthme for image, sudio, and wndes

f
MEENENMA263 ;'n;m-um GHAR approprnte compuiabona iools,
AEENT ign and evaluste mulsmedia communicanon and seounty mechanivms incledmg
BN ercrypnon, witcrmarking, and seganography with pecformance analysis,

Detailed Syllabus (04 Theory Credits and 02 Lab Credits):

Liar 1 botrvidiogtion o Muldmedis {15 1ls.)

leeroduction o moltmedis: Avdio, leeprs, Yideo and theer real wordd applicanons, Image dam rypes and e furmar
Binery, Grayacale, and Color images, Avithmetic und bogpesl operations po digiel Trgges. Basics of color medels RGH,
CMY, EMYK, Sample intercomvenian herween color spaces,

Linii 3 Image and Vidoo Cobnpredslon (15 His.§

MNed for mvultinedla compeeuiion and bis importance in storage/ communicadon, Lossles Compression: Ran Langth
Coding, Yaable Length Coding Loty Compreason: DCTbased coding, [PEG standand, Intmduction 1w video
compression: eoncept of motinn compentation (hasic xlea only), Hybod Video Codee, Intraframe sod Tover-frame
cumpeession, [ntroducton w MPEG,

Linin ¥ Audio Compression (15 He.)

Fusdementals of Digital Audise Nature of sound and speech signabs, Anslog-to-Digial Conversiun, Samphng Theotem,
Chnartizting, PEM, OPEM and ADPCM, Bit Rate and Bandwideh, Signal -to-Muobse Ratio, Bemes of Dits Compresston:
Redundancy in Audio Signals (Yemporal, Spectral and Perceptusl), Lossless asd Lassy Compecsion, Audio Compression
Stancardi: MPEG | Layer 11T (MEY), Advanced Audio Coding (AAC.

Ui & Multimedia Comminicanon and Sceurity (15 Hr)

Multimedia informaton tepreseniation and networks (ke concepis unly), Need fur mdtimedin secarity, Multinedia
Stcurity Fundamentals: Secanty requirements (confidentiality, mignny, authentcaoon, non-repudiation), Criptigraphy
basies (symmetre ot asymmetnic eseryption), §lash fancrione snd digital signemres Malomedia Coment Poutectun:
ng?lhm-ﬁn;ﬂuﬁpl:miﬁppﬂu&uu.wﬂiﬂmmmt (DIEN), Stcgmnugraphy Poociple and
Appheatian
List of Expcritngnits

| Study of different image filke forman (BMP, PNG, and JPEG) and aralysis of image dsea grpes (binary,
- gruyscale, colur).
Implemeniation of basc image operations wnd cobor spece comversam [RGB w CMY/CMYK and viee vera).
Implementation of Run Length Eneuding (RLE) and Variahle Leogth Coding for mages| compressiin gatie

erakysie

Implementatioe of Huffman coding std srithmetic coding for kesleis image compression.

DT hased irsge compressinn JPEG-Fke fmplementason); sralysis of comprosion mmo and PENIL
Stady of baskc vuleo corpression concepts Frsme cxiraction, Mardon ctmazion (hlock matching concepil,
Trmostuerion. oo MPEG eomprestion principles

Implemeaanon of PCM, DPCM, ad ADPCM {ue sadsu signals; cosspansun of biv sate and S5 R

Study of mudio compeossion wsing M ANC (conceptoal implemontion snd wmalysis of pereeptunl coding
effocin),

Anahan of handwidth and bir rare requirements for multimedia transmissaon,
Courwe Structore and Syllabus of M. Tu:h. m Elexrernbes Engineeting (AR |
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0, Implementation of basic symmetric and wymmceric encryption for mulimedia das,
I bmplementstion of hah funcooas snd digeal signassres for maliimediz mizgnry venficawon.
1L Tmape/sudho watermarking and evaluation of tmpercepdibility.
15 Tronaborm domain enecmerking vaing DCT ar DWT) robustnoss aoslysis sgics: note and cumpression.,
4. Tmplemciaions of baic mage ucganography and extracnon,
1 Dierign and evaluation of & seeure muldmedi cansmission system ssing sncrption and digital
D WHETITAEEIE.
T anll Referenve Boolia|

I e Niaw Ls, Mark 5. Deen, "Fandamentals of Midlimedia”, PHI, 2000,

2 Mrial Kr. Mawolad Spriqoer, “Mudiimeda Yipwads & Spisens™ Tnrermationsd [2dition, 11 Editian, 2009,

3. Ferd Halsalf, "Mriltinmdie Commumicatons', Prariun edveation, 2002,

4 K R Rew, Zivwse. Begboric; Disgornd AM Jovavovie, “Mudtinualse Communcatinn Syatems = Tockuigues, Stds &
Netwrods™ ¢ Edtfon, 2002

5. e Now Lay Mark 5. Dves, “Funduwentoly of Mutmedia", Poarson Edweutoen (1PE ), 111 Faitiun, 2009,

6. 1 Joku Keege! Busurd, “Mualtiomadsa Systems ", Prursogt Edwantion (LPEL 1ot Edditfun, 2009,

7o KoCairi amd 8. Purad, " Mudtianelie Searity, Afswersho Developrent, Anmalyads anel Appbications”, Speinger Niatire, X210,
CLO-PLO matrix for the course MEENDMM326 (Multimedia Signal Coding and
Communicarion)

PLOw
UM L T2 A w [F B iy @ e om  VewGD

MEENDMM326.1 i 2 | 1 d 2 1 1 . | A 1.9
MEENDMMil62 3§ 3 3 d i 2 2 | i r | 24
I'[m 3 3 3 F | 3 2 2 | L] 2 a4
MEENDMMX24 1 | 3 i 3 3 3 A i | i 7
MEEMNDMMSS 3 2 1 3 2 3 3 3 3 ¥ 24
MEENDMMR66 3 3 | 3 2 2 i i i 2 25
Average PLO) d R AN AFY 4§ AT I B 3 1 38
Semester = T (Coure Park)
Specialization 2 Communication and Signul Processing
MEENDCY326: Compurer Yision
Howrs pes Week Comilitn Maaimom Marks Examimarnon
Leciurs Towireral Pracsieal Irreenal End Torm Toeal Huiire
4 h 4 6 45 105 150 2% Hours

Course Leaming Ouicomes (CLOs):
Unit-Wise CLOs  Afier the completion of this course the smudents will be able to:
" Model image formation using single and muliple cameea systema and apply projectve
il geuvanetry for 30 seene understancing,
Design and analyze fearire extrction, tegmenmnon, and motion esomanon
algorithms for imuges wnd video sequences.
Apply eranenical learning and deep learning techniques tn ohjeet deteenon, reengninon,
s sermantic unidesstsnding maks.
o Develop and evaluate end-m-£nd compurer vigion systems for real-world applications
MEENDCVAZS4 - r;"m il P
MEENDCV32g 5 Tmplement geometrie micefing, feamire cxtraction, segmentation, and moron analysis
' slgweithens for images and videu sequences osing sppeopeiate computational tols,
MEENDCVAS 6 Design and evalunz maching learning and decp learning based computer vision
T systoms for object detecnon, recngnition, and scene un:l:rmrd'mg msks.
Detailed Syllabus (04 Theory Credits and 02 Lab Credits): .

Linde ¥; Tmaging Goomeory wnd Muld-View YVisloo (15Eo.) %
\& Wik =7 Cenres' Stemunine an Vhél
l‘_ - L - -

if M. Tech, n Kleottonine h:h-nemq: Mg
PO Degrariimeru ufFI:u.lmmu i Tinmiiwmieniaihon Techiabigy
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LI

Emape formation models: munoctlar and bivocular inagiog systems. Orthographic and perspective progection., Camera
mﬂﬂm%?@nmﬂmﬁnumhﬂmMﬁmm
manaformations. Eplpolas geometry, fuodamental and esscnrial marmices. Flomeography estimation. Direos Linesr
Tomsform (DLT), RANSAL smage menficetion, Sterco vision and depth otmadon. Muld-view geomerry, D
recomsTucton ramewoek, aoto-calibention, and stracrare from moton.

Unh & Fesiwne Extraciion, Description and Segmentation (15 M)

Tmage reprosentations and sele-tpace theory, Fdge dewection (Canny, LoG, DofG). Coeatr and interest puing detociun
{I::I'm. Heseian, ummx Mlpummlf SIFT, SURF, HOG, GLOH, Feanure smtching and mudel fitong, Texmee
sealyie ing umeherr. Imape segmentation rechmiquen threabolebng, region prowing, edge-bascd
methids, graph-cut, mean-shift, Markoy Random Fiekls (MRFs). Acuve eonmur (makes) sed level-sm meshdi
D frermuable moabels g :Iupg represculabor.

Uit & Motion Analywm, Tracking and Spatlo-Temporal Vision (15 H,)

Moton detection snd ssinmston: backgrosnd subtracoon and modeding. Olpiival fow euinmtion and segulsrization
methads. KLT wacker, Spario-temporal imagr analysis, Motlon parameter estmason, Seeren mation and dynamic siereo
Serocmure from motion. Object cacking in video sequences, Applicadons in wevellince, rsbotie, snd gonenamous
ayKleI,

Unmiz & Objecr Recognirion and Deep Learnang for Vieon (15 Hrw)

Dibject recognition and clissification fundamentale. Shape representstiun and marching, Featuse-space representson and
similaney meamres, Stansneal panees reeugnithon methuds inchading PCA, LIVA, claricring, and dimensionaliy reduction.
Dieep leatning for computer viddon: aeeal serwork basics, comvolutions] nousl aetwerks (CNNG), building hliocks of
WK, trangier leaming. Advanced srchivecrcren residual neowoeks, thip conaecrinas. Training stemogies gradient
dul'!:ﬂt. momentem, AMSPron, Adem, baich normallration, dropout. Vislon spplicadons wing deep bearning: mmage
classificarion, ohject detecrion, semantic segmenmtion. Dverview of recsnt trends 1= computer vision resenrch

List af Experiziams

Iiumh.ﬂ h st to dmape handlng: Reading, displaying, snd saving imeyes, Convervion between grayscale and
oe firmgen,
Baslc bmage nperanions: L , Rewging, Romnon, Intensity trassformachons.
Himogram computstion grurm ceualletion,
Sparial filtening wmg convolunon: Gaussian smoothing and Laplacan shapernng.
Edpe deiection using Sobel and Canny operstioes,
Cotner detcetion wing Harrs and FAST lgnrithum.
Feature cxtraction snd matching seng SIFT/SURF/ORRB descripones
Image sepmentmtion using threshalling (Orse methed) and regon-based seementadon.
Mution detretion using frame differencing or background subtrscrion
Cipneal fow extinmtive using Lucss—Famde method.
extirranon and hane smage sorhing wsng fewmre meching,

Skeren Vighom: digpacir mup computerion and depth cenmaton
Dimensiomality reduenon using PCA and cloaificasion wikag k- NN o SVM,
lmplementaton of 2 smple Comvolasonal Neurl Nemondk (CNN) for bnage classifiearion ushog
veapedard dataser,

15 Tesnsler leseming using a pre-trained deep keaming madel for obicet recoprition.
Teut and Heference Boolag

1. Rl Seliski, "Compater Visian: Afporitims and Appilicagiont’, Spoinger, 24 Edicion, 2022,

2 Dt A, Farspth and Jraw Powse, “Competer Vidion: A Modken Apperach ", Prarsow Fdication; 2¢ Ealition, 2012,
3, Rivlard Hartley and Andrew Zigrormen, “Undids | ew Grometyy in Conpaster |Virion", Cambradge Ulneeesity Press,
2 Egitan, 20(M.

Yiawan |, D, Privey, "Compatder Virimn: Model, Lrarning, wma Infervare”, Cambridpe Univernidy Pruss, 2012,
Criiopber M, Bichop, Fuastern Recognition and Maching Lsarniag®, Springer; 2006,

Lo Crondfeitn, Yorkae Heugm, and Agron Canrodlle, "Dhep [ asoning”, MIT Proar, 2006

E. R Dieuies, "Caspter snd Machine Visina: Thoery, Afpritbas, Procciaisier, Iibienier, 4 Biition, 2012,
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CLO-PLO matrix for the course MEENDCV326 (Computer Vision)

A Plia
i I I TR G S S S TR L
MEENDCVAZSL 3 i 2 3 3 2 | 1 3 2 & |
MEENDCVI262 4 1 : ) 3 1 2 2 2 3 - 26
MEENDCYI263 3 | i i 3 . 2 2 3 2 L&
MEENDCYI2R4 3 3 3 3 3 5 L] 5 L 2 19
MEENDCYIN.S i | 2 i -] 2 | 3 ¥ L | | Li
MEENDCVIEE 3 3 I 3 | 1 3 i 3 i 5
Average PLO 3 28 117 240 267 218 28 18 3 2 .53
Semester = L {Core Wark)

Specialization I Communication and Signal Processing
MEENDSSE26: Specch Sigmal Processing

Husiirn pres Wenl Crodis Meactrmigim Marks E s emmimt b
Lectin Tunistiil  Prowmicsl Tusteenanl End Tern Teiazal Himiera
4 il 4 ) 45 105 150 2% Hours
Course Leaming Qutcomes (CLOw):

Unit-Wise CLOs  Aficr the complerion of this course the sdents will be able to:
MEENDISS326.1 Model speech andd auckin sigmals using discrete-time aed sbote-ting shgnal processng

rameworks.
MEENDSS126.2 Luq:ll:fm:mqmﬂ. ceparral, and lincar predherive algorithis for-speech and audio
Apply foundanonal stanatical eoncepts used in speech processing, including fearure-
MEENDSS320.3 il statsiabiaT oead
MEENDSSI26.4  esign and cvalusre basic sudin swiermarking schemes using signal processing snd
: decilon-bused deteetion principles.

[mplement speech signal processing algorithms including framing, spectral analysis,
MEENDSS 265 copand analysis, Bnear predictive modeling, and fearsre extracrion using sppropriate
comipurational toals.
Design and evahuaie speech coding, enhancoment, recogmition, snd warermarking
MEENDSSI0E  systems, and analyee performance using abjeerive metrics such as SNR, MSL, and
rFecOETifion accumcy.
Demmiled Syllabus (04 Theory Credits and 02 Lub Credits):

Uit 1t Speech and Auckin Sigral Mosdels (15 Hrsj

Specch peaducton mechamum and auditory perceprion. Source-{Hier mode] of speech. Discrets thne sspresentation of
speeth and awdio signali. Framing sod windowing. Shoet-ime enengy, sea-croeeing rate, and soiesd, unvnloed detecton
Chamsteristics of speech und audiy siprals.

Unit & Spextral, Copstral il Featre Exracrion Algosiihns (15 Hs.)

Shwrt: Thrne Pourier Tramivem STFT) and specrragram compatison, Pich citimstion wing sutocorclison, AMDF,
and ceparesl methoes, Ceperral mnalvuie and Bfterdng, Linesr peedictive coding (LIC) coefficent estimmation, forznant
estimation, wnd resddod signal. Feamee exescrion algonthms: MECC, LPCC, PLP, defts and deita-dels feameres,

Ul X Semebationl Foundations far Speech (15 Hm.)

Featwe vecton end fruturespace reproscngsgion of speech siguals, Dismnce meapwrss for speoch sipnaks: Euclidean,
Mehalannbag, and cepstral deviances. Template based pastern mutching. Vecws Quastization (V) for speech and speakes
recogmition. Gaumsian sxtsdeil models for ipeech tignale Inmoduction = Hidden Markov Modeh [HAMMs}: smies,
observithang, transitue podsbiltie, and lasic recognition frameeuns.

Gy ¥ e

Cowre Strcne cnd ahiug of M. Tedh o Eloctromes Ellum.l:ujlng roEaE
P Deparonent of Elocironicd sl Insrumentation Technology
Lwwvraiy of Ravhwers Sovaspr = TG00

W’Ei’f Nozishs  Some—

Unu & Andin Coding, Watermarking and Becariry (15 Hr.)
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34
Speech wl sushio cuding: PCM, DPCM, ADFCM, LPC-based coding {analyss~synthesis model), mverviewr of CELT,
Audio cahancement spectral subkmcnon and Wirnes filtering
Dstruduction w audio watcrmarking and wecurlty requircmentx: imperecpbifity, robustness, and eapaciey. Time-donain
(158, echo kiding — overview!), Transform-domain watermarking: DCT- huﬁl. wnd DWT -based methods,

‘ﬂ'almmrltmbcrl&gmﬂnum Robusiness lﬁm:mmunslp:l proccasing srmeky toch ds aoize wddisan,
tliczng, compression, und resamgling, Apslicstiom in coprrght progecion mnd coment suthentication,
List uf Experimenms
Rezonding and amalysis of speech sgnay compumadon of shor-time encgy and rero-croasiog make for
vaileeed/unrniced detcerion
Linplementtion of frening and windowing techniques; comparsan of differenr window funetions.
Compatatinn and vismbzsinn of Shor-Time Fourer Transform [STFT) and spectrogpam.
Pitch eptirmation uting sutocorrelation, AMDF, and nanulm:ﬁ-rm:[qm analysis.
Caperral anabysi and lifierning of wpeech sl
Lineir Predictive Codig [LPClr quefficent evomation, formant eyimanor, snd revidual signsd analysia
Feamure exmacnon: MECL, LPCC, and delm/dclns4deha cocfficients
Vertor Quantization (V') fue speech ue speakier recopnition,

9. Template-hased parrern masching vatng Enclldesn and Mabalanchis distore messwes.

10, Pasic Hidden "rilrhvr Model (HAMM) implermentason for a simple speech reeognition msk.

Il Speech eading technigues: PCM, DPCM, and ADPCM; companison of bit sate and SNRL

12 Speech enhancement using specieal subtrsction and Wiener fillerng

13 Teme-domain aodio waemreridng (8B ur echu hiding,

15 Transform-domale watermarking ashng DCT ar DWT; mbustess evaiostion apaine noise and compression
Text and Reference Banke:

f. 1. R Rabivrand R T, Sclgin, “Diital Prssising of Spusch S, Prassom Eadocatin, 1975

2 Thawus F. Cnactiors, "Dhiverass-Tinwe Spewcd Sigual P}mrh*- Pﬂﬂ'.‘gl!h"u iss Praciive”, Praizon Edweainod, 14 Edriion,
i

4 LR Dik) G Proikin and . M, . Fstors, ‘oot T Procesig of Spoch Signals’, DHsIFEE Pres,

4. . Gold and N, Movge, “Sivock s Anabo Sigpaal Provesing: Prosesiing s Peropien of Sponch and Macic", Wik,
1+ Exilon, 2000,

5 1. R Raliver and B H Juonmg, *Fundaseatalsof Spoach Recsgition”, Pristie Hall 1993

6 Tqpwar], Coo Mastiew L. Mullr, Jfles A, Blonan, Jescica Frihicl anel Ton Keker, “Disital Wialmarkig and
Seggemmgrapdey ", Morgae Kaufoams, 2 Bdioon, 2007,

7. Kuerwng Haong, Alec Aam, and Huiao-Woaen Haw, "Spoken Langwase Proassing A Guide to Thveory, Afgorivim, and
Juriv Dreespomens”, Provdice Hat! PTR, 19 Edition, 2001,

8. Dol Jurefily e Jumes FL. Mrti, “Spocch wes Langungt Brovussings Posroow 37 Eshidon, 2027,
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CLO-PLO matsix for the course MEENDSS326 (Specch Signal Processing)

PLOx
Unilt-Wise
ol A B NE AR S B E BN AR ) e s
MEEMNDSS3M1 ] 5 2 2 2 2 1 | 5 2 21
MEEMDES126.2 3 3 3 ] E | & 1 1 3 2 L5
MEENDSSI2M] 3 | 1 3 3 2 2 | .| 2 L5
m 3 | i 2 3 i L] 2 1 2 7
MEEMINSI26.5 1 2 1 1 2 2 3 3 i B 24
MEENDSSI20.6 i ] ] 1 1 2 2 1 i L S 15
Average FLOD 3 2B I i3 A% 2117 117 LE3 | 2 241
Semester = LI {Course k)
Eplzl:iu.'[i:t:ﬂfrrn. 2 Commponuibearion and E-[glnl Frnc:ﬁing
MEENIDRSA2S: Hadiuting Systems for RF Cammunication
Haurs per Week Manimuam Marks Enwmination
Lectur ; 1 Credim Internal Had Tesm Tl Hours

Toeeceriul Practical

45 L05 150 2% HW
\‘% W Course Strucmre and Syllabus of M, Tedds m Evounics Engginecing 0205
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Course Leaming Omcomes (CLOw)
Unie-Wise CLOs  After the completion of this course the students will be able to:

Lixpluin the fundamental principles of anicnna radistion, polarearion, and key

MEENDRSAAT nf ——
Asglvze sod design stundard antennzs for RF snd windess communiention
MEENDRS326.2 P
applcannne.
o Design pointed and planar anteonas and apply array synthests sechnigues to achieve
MEENDNEMES oyl exiiion chimcrsinics fue biadikd uad eeluler syaeoss.
MEENDRSAS6A Eﬂmuutzdvmnﬂlmmrﬁmmm:hﬂngnmmm&

SrEArt anteTn architicTires.
Derign and simulae dipole, microstrp, array, and refeetsrnay antennas uang full-wave

MEENDRSIZ8S  BM ool and amlyze impedance marching, radinnon charscrensrics, phase reaponse,

ard heamforming performance.

MEENDRS126,  valuate antenna performance experimeneally throogh remm loss, rdiation partern,

and gain messorements, and coorelate measured resulis with simudathon outcomes,

Detailed Syllabus (04 Theory Credits and 02 Lab Credits);
Unit I Baaic Anserma Theary (15 Hi)

oz Sipule theoey: Flared manseisalon lincs, Figd cquations, Dipales, Monopols, Arwans rransmissivn and tadiation
paramcters, Amenng polanzstion, Antcnna nindstacieason, and Cha Haringron fimic. Frils toansmbesion squaron

Loy 2 Samdind Asviemmnas (15 His )

Lawoges, Felded dipedzs, Helical ammenmas, Yogs-Udy, Spiesl aniennas, Anenng impedasice manching and wnning rechnigoes
Aperturs theory 2nd equivalence princsple, Slot antonnan, Hom suteomss, leaky weve antennas, Vivaldi stenpas.

Unit 3: PMlanar Anvtennes ond Arrays (15 Hea )

Microstip antennas sad feeding tochnlgwes, Brosdband techniques for prned and plimar sreeonas, Prnted monopoles

and dipole sractares, Anteroad for eeliilar eommunication, diversing/MIMO techriques. Array spnthesis of linese
elemenis, Twor Hemernt Array, N-Elément Lincar Army: Unifoon Amplitude and Spacicg, Planar wrays,

Looin di Apeplicd Antennas fur Wirclons Communication (158 Hi.)

Refleern Annnns, Lens Asteomas, Format's Princlple, Arifidlal diclectrle lens antennas, Messsurface benn antennas,
Concept and benzfins of sman ntznnas, Froed weight beamiormuny basies, Adwpin'e beaminrming, [nelligens Redieerrng

Sutlaces.

List of Expetiments

B g g

=i

0,

Inteouhacton 1o CST MWS sofrware mool and EM Skmuabsions.

Diesign of Dipole Anteana in EM Simulatons

Dresign of Micrusmp Antenna and Sndy of Anenns Paramerees,

A Slemnlarions swudy of different Matching Technigues fie Ansennas,

Study of patern synchesis i N-clement antenna armys witng B Simulnmon,

Foed Weaght Beamiomming Stemalaciom tn MATLAR and EM Sirmalasirms

To design, simuluie, and aralyace 1 snghe onsrcel] (reflectarray dement) for eeflectng serfaces. and o determene
lts racistion cherscteristics (phase response and reflection mognitede) o6 & fenction of incident angle and
frequency.

Mezsuremen: of Rewuen Loss of vanuus snennes wing VINA

Radizrion Pantern Mesworemnens (Popline & Heplane) of o standard pasch smienna, Hum Anienns, and
Mopopohe anienna.

Tomessare the g of on Annsna Undee Tea (AUT) xings thi Coin “Trasster Metnd (Comparisna Mihad)
int an eivechiie chipmiber on free apace enviiomment

Texr winl Heferere Minaks

o

o

g N ™ 5)(”?’1&

J 12 Kruis, ““Annwnwar", 2md wlition, TMI Publfvatrons, 1953,

C A, Radanie, “Anemm thenry, anmalvcis and dosign”, Ind Flitivn, Wiley picblications, 2005,

Risovads Giarg, P, Bharti, | el A, Tesipiioon, “Micrasteip ateia deeign boelbonk”s Artect Haxer pubiboations, 2015,
Givish Kamar, K. P, R, “Brvaddivoed Micomstrsp aniemnas”, Artech Howse jubdivatians, 2002,

R. 5. Fdbiat, “Antiwna Tleery and Decign”, Revised vation, Wilgp-IELE Preat,, 2004,

Jobe Thormton, Kae-Clony Huang, "Moderw Lons Antenmas for Comepmmivations Engiwersng”, [Filep-IEEL Press,
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CLO-PLO maix for the eourse MEENDRS326 (Radiating Systems for RF

Communication)
PFLOs
Unit-Wine CLOs veruge
1 2 3 4 § 7 H ¥ W h L
MEENDRS36I 5 2 1 1 t @& o » 2 1 13
MEENDRS)GL 3 L] 3 2 1 i il i L] 1 L?
MEENDRSIEY 3 A i 2 2 i i i L 1 17
MEENDR3I26.4 3 2 i 2 I 1 b ([} 3 2 1.7
MEENDRS326S 3 3 3 3 3 (L i 2 3 1 al
MEENDRSZEE 35 3 3 3 5 {1 i 3 3 1 2
Average PLO 3 28 15 1N 1 05 0X DB A7 117 174
Semester = IT1 Coene Wark)
Specialization I Communication and Signal Processing
MEENDRMA26; AF and Microwave Measurements
Huoum per Weak Credit Manlmam Muiks Exmminauim
Lewtiitn Tunorldl Pragical y Interoal End Term Total Himzs
4 0 “ & 45 105 150 2% Hougrs
Course Leaming Guwcomes (CLDs):
Unit-Wise CLOs  Afrer the completion of this course the students will be able w:

Faplain the panciples and pracocal challenges of RT and microwave messurcrmenn,

HERNEANDER] and measure aned interpret S-parameters unng seular snd veetor nerwork analyzers,
e Analyzs RF signals and components using spectrum analysis technigues for socurare
MEENDRM326.2 N
MEENDRM3263  Livaluate nome, phase noise, and sgpal genemabon mmechantims in RE systems.
e Perfurm antcona measurcments, including radiatdon pattern, gain, efficiency, and
MEENDRM326.4 AR o
NaTRas | WY Wt mhoen sinheeiii el wing YA s ot
wnalyaces vo chirmctetize impedance, tme-domain response, snd materinl propertles.
MEENDRM326.6  Hepret experimental resules from VSWR, radistion pattern, gain, and specenl

measurements fo validare antenna and microwave system performance.

Detailed Syllabus (04 Theory Credits and 02 Lab Credits):

Unhi 1 Basdcs of Micemnivve Mesmwrepnents (15 Hm.)

Conoept of Trammisvion Line snd S-paremerens. Traditional Messurement Techmgoes The Power Merer, Transmesion
Measarermnent, and Refleetion Meassurersent, Basle Vertor Messorements, Architeetute of the Veetor Nevevrk Avalveer,
Network Analyzer Calivenon: THL esibextion, S0OLT calibaton. Masosement of S-paramettrr; Wave Separasion
Technigues.

Liniy 2: Spoconam Analyais (15 Hi)

Common Masuremenis Using the Spectrum Analyier, Types of Sigmal Analyeon, Basic Idea behind Specinum Analvess,
Humbbing Hincks of & Spectron Analyrer, Pestars of the Specran Analyzes, Dyname Renge and Sensuvicy, Component
Cl T

Unbr B Nolee Mosmmemenn anid Sigmal Genemnnom (1§ Ha)

Moise Meagurement Batiee, Specis] Condiderstion for Moters, Phase Nodie, Fhase Noie Messaremens Technigqoes
Oucillator Circabte The Crwial Owclllstor, Taneble Oscllacor, Direcs Digital Symihesis, PLL-Based Syothestrens,
M Symichiomis,

nbd Ay Apienng Messotemenis {15 His)

Antenna Measorement Techoigues: Antenoa Renge, Radinnon Parerm, Gein Messarement, Dreetiviey Mruremens,
Rushintlers Fificiency, Tpedance Meaturmment, and Polafeathm Messpemend
List of Expenmomis

Cionrrse Sertocnione srvd Syllabais of M. Tex

M 1 Deparumngm of
"

in Mecerinbs Engimecring A6,

Nigishs
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57
Messuremen: of VSWR, aisd Return Loss using the sloted line and VA, comparison of sl
Emﬂh.mn' tie with & Vecoe Nerwnek Analyrer snd Messsranent of S-parameters of the Microwsve Passive
MPGOEH.
Unz-Poat Caltheanon (SOLT) sod 511 Measmement and caloulatiom of wisnown load,
Two-Port Calibrathon wnd Full 5-Paramarer Messerement of 2 oo port deviee,
Tims Domam Reflocromesy (TDWR) osing YIRA
Messurement of carrier frequency, hurmonics, und spuriows signals weing @ spectrum malyzer.
Meamurement of comples permimviey, bose mageot of o semi-solid ssmple over 1 spedlied frequency mnge
using npen apen-caded cousdal probe md YNA
mm 20y radiannn pamern (Polar Plof) of a w4t audeona end deteomire i Half-Powcr Beamdidth
To cabcidlare the alwodute puin of fn wnknown text wrionns wing & companison rechnigue.

Tt and Referenes Booko

A Baiw, "Intredtron fo Miromase Meas *CRE Py 2004,

Kevrighe Toobunigive Applestion Neser,

€. A Palewlr, "Antewne Theory - Avalyis and Design", Jobn Welep-Indie Eadition, 2005,
TERFE Stowdardls on Anietimas,

L.

2
i
4

CLO-PLO mutrix for the course MEENDRM326 (RF and Microwave Measurements)

PLOw
UseWHaCTES: <1 1 a A T ¥ T T F TE T | e

MEENDRM26.1 3 1 1 3 3 1 fi 1 1 | 3
MEENDRMAS2 3 i 1 3 i i 0 2 1 [ 2
MEENDRM3263 3 3 B CE L o g X 13
MEENDRMXSA4 3 i I 3 L 1 1 3 3 1 1
MEENDRM32S 3§ 3 2 35 3% 1 1 2 3 | 12
MEENDEMSGS 3 % 2 3 ] 1 1 3 3 i 13

Average PLO 3 3 1M 28 18 o83 0N 2 3 1 m

Semester = TTT (Conrae Wonk)
Eptt‘iu.iilll.im 2 Commuiication and Higm.ﬂ Frm:-;:n.ﬂin“

MEENDAERf; Advanced Electromagnetic Engineering

Hivars per Week Ciolis Miximiim Marlo Tovmmilnaniesn
Lectuee  Tusadul  Procuical Lntesnal End Term Tenal Hagrs
4 1] 4 & 45 105 154 2% Honm
Course Lewming Cuicunes (CLOw):

Unit-Wise CLOs  Afier the completion of this course the students will be able to:
\EENDAEIS4.1 Apply time-varving and time-harmonic electromagnedie feld theary fo analyve wave

MEENDAE3?6.2

prispagation, polarization, reflection, and ransmission i different media.
Examine elecommagnedc belavior at materisl interfuces, including lussy media and
nutargterials,

MEENDAERES  Apply vector potentlal methods (o sralyze rudiation aml scuttering pmblems.

Utilize fundamental eleconmpgnetic thearers to wolee sdvanced eleetmmpmetic

MEENDAEAN4 flelel urhil
ERNDALIES Mode] und aralyze electromagnetic wave propagation, modal hehavior, and

reflecson—transmivdon phenomens wsing full-wave EM simolstion rools,
Sialare  2nd  chzmetedre  advanced electromegrene  struemiess,  incinding

MEENDAEIS6  metmatenals and mdinong demenis, and extracs psrameen: wch as effective matenal

propermes and near and far-field radianon charscrensocs.

Detailed Syllahus (04 Theory Credits and 02 Lab Credita):
Unis ) Wave Ecpuniiion sod Prxpagacian (15 F )

MG Doparsment of Kleceroni .
ﬂ” Sw/ﬂ 7

Coarrse Siruarure gnd ."_l-rl.l:ll!luu- o 8 Toudh Flovrmumaey 'F'."l.'l-lz'il||||'n1|'.,nI ik
Instrumcniation Technology
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L1
Time-Varving Flecoomagnetic Fields, Time Hirmonlc Flecrromagnetic Fiekds, Solution w the Wave Fguaton;
Rocunpular Coondinase System, Cylindnes] Coordinate Sywem, Spheneal Coondnare Speem, Introducson, Traneveme
Eleceramagnetic Modes; Taiform Plase Woves i an Unbounded Losless Medium—Principal Asds, Uolfien Plane
Waves in an Unbounded Lossiess Mednm—Oblbique Angle, Tranaverse Electromagnetic Modes in Lossy madia,
Pularizasion; Linear Polarization, Clrolar Polinzston, Fliptical Polarestion, Poincars Sphere.
Uniy I Reffecting and Tranaminnbon (15 He)

Nommal Inodence—Lemslen Modl, Oblique Incdence—Louless Media; Popendicolar Polarzation, Parallel
Pofarization, Total Tranwmisswn—Brewster Ange, Towl Reflection-Critical Angle, Lossy Medbay Nermal Incidenee,
CUbdgue Inddence, Reflecdon and Transmisslon of Muliple Interfaces, Poldsaton Clugscedsdes on Reflection,
Metamaterah; Camifiction of Maensly, Dosble Negmve [DNG) Matedel, Negasve-Refructve-lodes (NRI)
Tranamupsion | anes,

Undt & Auxiliery Vectnr Poenuials and Radistion (15 Hia,)

Trtroduction, The Ve Porendal A, The Vecwr Potendil F, The Viector Towental A and F, Cunstraction of Saluthoes;
Traneverse Elecrromagaeoc Moder Source-Free Regon, Transveose Magneos Mades: Source-Free Reguon, Tranmeerse
Fleceric Modes: Source-Free Region, Soludon of the Inhomogenseons Veews Potentisl Wive Equatios, Far-Field
Radistion, Radianon and Scanering Equanons; Near Field, Far Field.

Ui & Elestromagnede Theovermia (15 Hei)

Druafiy theotem, Unigueness theorem, Imapge theory, Recprocley thearem, Reacnon theorem, Volume eqaivalene, and
tarface cquivalence theorem.
List of Expenments
L Intrestoction to CST SHFSS end MATLAR for Flectromegmetic Simulations
1 Simulstion of 113 Wive Equation and Yenficanon of Analytcal Sobanon and Visuslmanon of Lnifom flane
Wave Propagmtion in Pree Space.
\ Srudy of Fiekd Disesbuoon in Reczangulsr Wavoguide (TE10 Mode) and Comfi Frequency Caloulazon and
 Validation (1E & TM Medes)
4 Smulion of Reflection snd Trnserission a4 Dielecene Tnterface (Normal and Cblique Tneidence) and
© Verfiemion of Hrewster Angle.
. ‘Refiectinn und Treansmigton Thmagh Muld: Layer Diclectse Siah, Fabrp—Peror Resomapee Simuisnon
" Simmularion of 8 Double Negasve MING) |/ Neggative Refractive Indes (NRT) Material Siab and Stady of Wave
Propyzinon Chancietanes
1. Simelation of Splis Ring Resonator (SRR Unit Cell and Extracnon of Effecave Permitovity and Permeahiliey.
B, Near-Field and Far-Tleld Radiathon Analgsis of an Elecric Dipole wdng Veriur Puerniial Pormudstion.

Tent arwl Belorornes Nobis

f. G A Balios, MMFW"}MFM&JMMH&MHE

2. Roger F. Hurrsiglon, “Tome-bamwenic elctrmgunin fiedds", Cermany: Wile, 2007,

5. ;Erﬁwmiﬂm‘ “Vderrmanagratic Waaen? sond Rackatmg S yefenat Hmlfﬂimlmwﬁﬂwlﬂﬁ
i, 215,

CLO-PLO matrix for the course MEENDAE2S (Advanced Electromagnetic

i o

s i M T VIO L U T 1 FRE T s e
MEEMNDAEYD. | 3 A 1 d 2 i ] 1] i 1 1.4
MEENDAESS2Z 3 | 3 2z 2 2 0 0 0 2z 2 16
MEENDAESNS i 3 1 4 i 0 i 1] 2 | L3
MEENDAENEA 3 i 1 1 1 i i i 2 1 L3
MEENDAEM®SS 3 3 2 3% 3 1 o 2 3 1 21
MEENDAEI2. 3 3 3 3 X | 1 X | | 25

J'a'ﬂﬂ,ll PLO k| 3 167 233 2 B33 036 0By 23 13 LY

: l'zmmrﬂMrrmtr anil Svblabene o M. Tech, i Hiectiombos Enjiinaering (MU
MO Deprtmgst gl Electsmsboe wul lnarrumentuiion Techoolngy

‘N’m | oty of Kohoir, Sivpar = 190006
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Semester = 1T (Conrse Wark)
Spocialiantion 1: VLSI and Embedded Systems

Specialization 21 Communicathon and Slgual Processing
MEENPPPA25: Pre Project

Haours per Week Credi Muinrnum Marks Examination
Lectuse Tuanraeial Prawtiial Lritizpreal End Term Taontul Hiium
0 i 4 & 15 35 50 2% Hours

Course Leaming Outcomes (CLOw):
Unit-Wise CLOs  After the complerion of this course the students will be able to:
MEENPPPA2S.1 Rescarch, define, and document 4 project’s core scope by constructing 1 elear peojecs
charter that outlines specific objocrves, key defrvenables, and primary constraints,
MEENPPPIg 2 Jdentdy end analyze hey stakecholder groups ard evahnte the initial feaubllity of a
pruject proposal, including in assesement of posentinl riaks and resuurce requiremens,
Detailed Syllubus (02 Lab Credits) (60 Hra i
Pre-Project Descripiion

In the Pre-Project work, students shall choose a specific mpie /sres for their project. A supervisor will be ssigned
t exch student, who at the bheginning of the 3 semester shall prewide 2 syllabras anid plan of study indoding
relevant rescarch papers o the studeot. Each student ar the end of the couese will sehatie o survey repont regarding
the final project and the same will be cvaluased for final ateied of the course. Pach Pre-Project work shall le
evaluated for correcrocss, kength and breadth of the baclyround work underakien by the student.

CLO-PLO matrix for the couse MEENPPP126 (Pre Project)

PLOs
UGl oy Ty e T s e T y | g ‘wengeCLO
MEEMPPTI2E.1 1 3 15 L] i F | | b 1 L5 3 |
MEENTPPI 2.2 | 3 25 3 b | 2 p 2 1 a5 21
Average PLO 1 a3 213 3 i 2 3 2 I 25 i1

MEENIPILA16: Pre-Intemship

Course Leaming Chncomes (CLOs):
Crare and corste professionul applicasion matensb—mcluding a milored resume and
MEENIPIR2A.1 scctal nesworking profile—har eifecuvely communicate thieir emigue skills and value

propoxinon r potential emplovers in their chosen indusery.
MEENIPIAZ6,2 Demonsumie workplace-approprate communicaton mnd professional conducr by
ucccnsfully parnopanng 0 mock intervicws and amalyzng cae swdies rehised w

workplace ethics and expecotions.
Derailed Syllabus (02 Lab Credits) (60 19

Pre-lmtermahip Desceiptinn

la Pre-logemship, stwlens shall choose s specific dooain for their Tnicenshp und identfy prospective
weganiaations s spply for Intemship programmes. For Pre-Intemship work, 8 cousssclor will be assigned to cac
sudent, who ot the beginnmg of the 3 serestee shull puide him/her ceparding identifying the prospective
arganixations and applying therein, At the socoessful completion of this course, students will: be able to articulsw

mechanien of locating kutemahips snd bebaviog professionally; bave produced the twols peveisury w secuss a
appropriate inteenship; have created o professional portfoho diat hghlgh ther accomplishmenn.  The snadent
at the end of the cowrse will submit & survey tepor regarding the procedure adupted und effurts made by the
srudcnt bn sccuring an lntcm position and the same will be cvaluared for Bnal meard of dhe counc.

CLO-PLO matrix for the course MEENTPT126 (Pre-Internship)
FLOs

AN T A L E TN s el 7 15 W s

MEENIPI126.1 1 1 1.5 1 1 2 1 25 95 2 145

MEENIPISY 1 1 18 1 1 2 2 3% ns 3 L45
Avege®LO0 1§ 13 1 3§ 2 1 28 @5 12 1.45

Conne Serowctare vml Fllabom of M. Teoh o Eleommioe Engineesing (S0
PG Deperunent of Elecpanics o Inirrummentatbon Technologs
Tty w L.'.Eﬁ:. [Py I Ry ¥ AT



Semester = IV (Corn Fork)
Specialization 1: VLSI and Embedded Systetns
Specialization 2. Communication snd Signal Processing
MEENCRM426: Rescarch Methadology and TPR

Huours por Wock i i Maxrimirn Marla Esiminaninn
Lewmrs Tioviedal Ponsiicul Tiviernal ndd Teim Tiomul Huoums
4 0 1] L] n 0 100 2% Hours

Cozrse Lenening Qutcomes (CLOw):

Unit-Wise CL.Os  After the completion of this course the students will be able to:
MEENCRM4261  Understund the basics of rescarch and firmulare 0 vable problem
MEENCRMA262  Leam how o design experiments and coliect valid data.
MEENCRM4263  Analvze dara effectively and communieate sesults professinoally.
MEENCRM4264  Undersiand the protection of inellecrsal creations,

Detailed Syllabus (04 Theory Credits):

Linit 1 Research Methodolagy & Problesm Pomulation (13 s, )

Mensing of Research: Objectives, Mathaation in Research, Types of Ressarch (Descrptive v Analyoical, Apphed vy

Fundumenal, (Quansitative vs Qualitative, Conecprual vs Empincal).

Research Pricess: Steps kivutved in research, Crireria of gocud evsearch,

wmmﬁﬁnﬁmdﬂm&‘-mmm-dkﬁﬂglpﬂlm.mhmmﬂM4 '
em

Literature Review. Impornnce sl purpane, Primary and seeondary sonrees, soviess, monogrighs, petents, web s

ELLELEN 3
Hypodhesde Meaning, Namre, aod Types of hypothesis,
Unli 2 Rewganch Design & Dot Collection {15 Hrw)

Rerenrch Diesigr: Mewning, Neod, Features of puod desipn, Concepre (Dependent) Independent wuesbbes, Evormeous
vatable, Coatral).
Wnlﬂuw;;ﬂtqih surmple disign, Criterta fior scloering & sampling procedure, Characterstion of puod sameple

destgn.

Dum Colectior: Primary va Seenndary dan; Methods of data collection (Observation, Intervicw, Quesdontaines,
Processing & Avabpsin Procesing opetusons (Editing, Coding, Classifeation, Tablados); Elements/Types of analyss
(Diescriptive stetistic, Inforentinl sretmeics)

Tuals e dats analysie and vimudiestion (SPSS and R).

Unis % Seavintical Analysis, Interpreration, & Tecluboul Weitng (15 Hr,)

Statistical Amalysis: Mexsures of Central Tendency, Dispersion, Conelaton and Regressts, ANOVA; Significusice testing
(e-rewr, Chb-square test).

: Hr.nln!nﬂﬂ:'ivrun‘hn. Technigues, Proesutions in inteepretatios.
Technieal Weiting: Structure and componen of o eeseiseh report/thesiss Tavoor (Tie, Abatracr, Tntrodneon, Revies
of Literzture, Methodolopy, Relmn, Diseusslon, Refetences, Appondices),
Prereatatue: Oral peesenistiun, Pusten: Avolding plyjradam and etlieal inuses, Plagiariom desection sl (Turnirin and
{Thent i)
Tends for sesdemic wiiting and citation management [Grsmamarly, Mandaloy, Zesarn, ind HadNoa),

Ussks 41 Dnsellextnial Prospesry Righes (IPR) {18 Hes)

Inwuduction w TPR: Conecpra, Meaning, and Need for Insellecrnal Propery; Tipes of 1P Patents, Trudemarks,

Coprynghes, Industiial Desigus, Geographics Indications (GT), Trads Scerers.

Parenmn Defiminon, Crimera foe patenmbilioy (Novelty, Inventive soep, Indusorinl epplieability), Proces of filing 3 pasene,
. Prowislonal and complete specificarion.

Patent Treatiea: Patent Cooperation Teeary (PCT), TRIPS Agrestoen:

Coprright & Trademaris: (renership, Righes, Transfer, Infrngemert.

Pazenr Search & Fifing Patert databases; Procedure for Gling in India (Rode uf IPCY).

Teat snid Beferenee Bondo:
2 Oy <
Nz,
__,.w"' "r.‘_E:,luI_u Srrucnuw and Syllabus of M, Tech o Elootmmics Engincenng (00

' Dopanment of Hlecironics sl Indrmnmentation Technalogy
Ly o ok, | itiigrer = TROO06
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€. R, Kathari, *Resnaveh Metbodubgy ~Metbod)s un Tochaipon”, Nes Age Publitans, New Delli, 2009

R Pawwnveaeiam, “Research Metbdoiegy ", Prewtice-Hisl of Tndin, New Do, 2004,

d. Ragiet Kowoar, “Research Metbodnbgy: A Ship by Step Gund fur begenwers”, 2w Editing, Poarion Edwation Inciia,
2005,

J P ?d'rdu " Dirduction v Tutolloctinl Pruperty Riphts ", Camirad Lo Paslficagimns, 212

A
5. Halbert, “Rastootg Jutlletuad Propersy”, Tapler & Framste Tid, 2007,
6 1. Rumagpa, "Trivlicimal Property Raghtr Ulnder WO, X, Chend, 2008
CLO-PLO mutrix for the course HEEHEM{MHHMW and IPR)
cLO PLOw
Ui 1 | 3 4 B 1] 7 L} B 10 Avitge £1.0
MEENCRM42631 25 3 15 &5 . S A 2 1 I 2 105
MEENCRM4262 25 3 15 2 13 A5 2 | 1 2 108
MEEMNCRM4163 15 A 15 25 L5 L5 2 2 1 2 206
MEENCRMOE4 15 2 3 15 28 258 2 1 15 2 .05
Average PLO 215 17 187 13 1M 28 2 2 11 32 .05
Semester = [N (Cowrre WFark)
Specialixaton 1: VISI and Embedded Systems
Specialization 2 Communication and Signal Processing
MEENCCEF42fH: Communicative French
MEENCCR426: Commumicarive Russian
MEENCCGA26: Communicative German
Home per Wentk Crudits Maxymmum Marks Exumimanian
Lecture Tutorial Pracrical y I ricrral Enid Teun Tonal Huurs
2 1] i 3 15 35 11 2% Hows

Course Leaming Charenines (C10Os):
Unie-Wise CLOs  After the completion of this eourse the students will be able to:

: L:T.J'R.I’l;ﬂl Able 1o speak, reud and write the voncemed linguagy a2 the dementiry level,
HFEHEE;"HJGH. Explore international oppartunities in the field of the chosen specializagion.
Detailed Syllabus (02 Theory Credits):

Note: End semester exumination will be of 35 marks oot of which 235 marks will be for weitten part and 10
maeks will be for aml pan.

Unb I Papr-1 [wvinen) (30 Firs,)

Funcinnal pratuicmar Lwed v the revthook

Comprehenabon of smple texn
Trunslation 1of smple passapes 'arple senmenees intn English and viee veia

Test and Helerence Bonko:

1. Ta i prescribed during the aoarie iy

R A

o Conprne Structure and SyHabus of M. Tech, m Elcctronics Engrnecemg (205
‘_‘_JJ“ S P Dieprasmrrient ol Blecwaaes wsd Insrwnentition Technolagy

ﬁ‘ /Za-" :f anp—H Limicesuity of Ko, fvicgir = 158
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CLO-PLO matrix for the course MEENCRM126 (Research Methodalogy and IPR)
PLOw

A T BE B MR DI TEHE S AR S s
m;gﬂ"r”uc-jmu1il11&1 1195
hmwf AFTAT I - IE RN e
Average PLO 83 0% o083 08 1 1 1 1 35 | 2 093
Semester - IV
MEENTTR426; Project
Haours per Wetk Cs Suawimiem Marks Exauiinaticn
Lecmire Tuwnidal Pragilcul wdite Luternal End Term Toeal Hoirrs
o 0 28 |4 105 245 330 2% Hours

Couree Laami ng Chtommen {L’LD;]!

Unit-Wise CLOs  Afier the comvpletion of this course the students will be able to;
MEENPPR426.)  Generate potential project ideas using structured brainstonming technigues.
MEENPPRAZ6Z  Define the core problem or opportusity the project will address.

MEENPPR426.3  Fommulate s clesr sod messurable projeet goal statement.

MEENPPR426.4  Identify key project srakeholders and analvze their interests

MEENFPR426.5  Develop a project seope staterment outhming key deliverables.

MEENPPR426.6  listimate required resourees (ume, badiet, petsonnel) for project tusks,
MEENFPPR424,7  Create a profect schedule sith realistic milestores snd desdbines.

A\EENPPRA & Lﬁdfr pateritial risks ﬂr-:i :wwrr-il-nu ﬂ: uﬁwm gaccess and propose
MEENPPR426Y  Asszs the inirlal feasibility of a project plan.

MEENPPR426.10  Assign team vales and respansibilities based on individual strengiim,
MEENPPRA26.11  Collshorate effretively with mam membiens using project management toals
MEENPPR426.12  Document project progress and challenges systemstically,

MEENPPRAZALY  Justly project decisions and plans in o formal presentanon,

MEDNPPRA2614  Producs ¢ fmal project repoct sunmimarizing the process aod gutcomes,

Detailed Syliabug (16 LAB Credits) (450 M.
Description

Projoce and Thesis shall be of six manths (Minimum 1K wecka’) dursion and g sradent can accumulsie 16 credin
o= soceckaful enmpletion of Project. This is in addition o pee-peoject work in 5 semenrer whetein smdents shall
choose a specific topic/area for thelr project and undevke its spady.

" A thesis comminee comprismg of the hesd of the Deparmem, cxternal expery, supervisor and o least owo
mure facalty members will serve thosis and oml cxaminers for cach student pursuing thesis.

' A soft copy of the thesds in pdf format (in specific siyle) should be sent to thesis commitree, before it fenal
submissinn. The Thesis commirtee shall exsmine it for soitshility of publicetion (inchiding any possible
plagiarism) befoce the thesis goes in print and for binding

1 After the completon of peojeet wotk, students work shall be evalusted by an extemal examiner. The
Enl term muarks of 245 shall be evabuated for viva-voce, demonstration, and evaluapon of thess /proyect.

M%ﬁ

Coasrse Serucree snd Syliabus of ML Tech, o Electronics E.ﬂp;:mmhq (MR
Pes IJ-rp.l.m.l:ul af Hleceranies e Inasrementaton Technology
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CLO-PLO matrix for the course MEENPPRI126 (Project)

Undi-Wise CLOw

MEENPPRAZ6.]
MEENPPREZE.2
MEENPPR426.)
MEENPPRA26.4
MEENPPRA2G.S
MEENPPRA26.6
MEENPPRAI6.7
MEENPPRA2G.5
MEENPPR426.9
MEENPPRA26.10
MEENPPRA26.1)

MEENPPR426.12
MEENFPR426.13

MEENPPRA2A.14
Average FLID

Huizes pet Werek
Tiatisrial

Levinne

i L]

FLO&

DENE G A A SR PR D R i
- 2 1] 3 1 1 1 1 I 3 13
3 2 0 3 2 1 1 1 1 7 15
1.5 2 ! 5 2 1 3 1 i 2 1.65
| 2 a 1 1 1 1 1 | 4 11
I i 15 | 2 i i 1 i | 1.28
ns | L5 1 1 | 2 2 | 2 1.5
0 05 08 1 [ 2 2 1 {1 | 058
1] 5 ns F | 1 1 1 1 fl | 09
fi (k5 i 15 i s s 1 i 1 0.4
L (L5 | 05 1 1) I 3 L F 4 L% ]
{15 .5 s 05 | 1] 1 3 il - s
0.5 5 1 15 | 15 L5 1 L1} 2 1.4E
i 15 3 L | i 2 1 LI} 4 14
i 1 3 L% 3 2 2 2 0 2 158
068 LIS 082 157 L3 1M 131 143 0% 186 117

Semester = IV
MEENTINGLG: Inmmjhip
Credies Maninneen Marks Ezxanilnation
Pruciicul lieigrnal End Temn Tintal Hus
8 14 1] 245 350 2% Hours

Course Leaming Outcomes (CLOw);

Unit-Wise CLOs
AEENTINGZG)

MEENTING26.2
MEENIINGZAS

MEFENTING26.4
MEENIINAZGS
MEENIN426.4
MEENTING26,7
MEENIINA26H
MEENTING2R9
MEENIIN426.10
MEENIINA26.11
MEENIIN426.12
 MEENIIN425.13
MEENIIN426.14

After the completion of this course the students will be able wo;

Apply theorotical nowledge and technical shills t silve suthente woriplace
problema.

Complete discipine-spaific taks and projects under professional supervision.
Demonstrate proficiency with industry-stindard tools, software, o equipment.
Fahibit professional conduct, including ponenmlity, secountability, and a strong work
ethic.

Communicare effecuvely and professionally with colleagics, supervisors, and cliescs.
Marmpe time effectively 1 balance smufriple tadkes and meet deadlines,

Adapt o the organizations] culmire and dynsmics of 2 professiona workplsee
Collabarate productvely within a team o achicve deparrmental goals.

Buuld professcnal veistionships sl expand their industry network,

Reflect eritcally on personal serengths and areas for professional growth,

Ducument duily taeks, accomplishments, and key leaming expenences.

Connect practical work expenences back 1w scademic thearies und conceprs.
Articulate their contribistions to the organtzation in a final pretentation or report.
Evaluste persunal career interesia and pathuays based on the internship experionce.

Detailed Syllabus (16 LAB Credits) (150 11+

Digucription
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Inmernahip shall be of dx months (Minimum 18 weeks)) duration and 4 sndent can seeumulate 16 credits on
surcesstul completion of intemship.

Seudents will be penmited o enrry out Ineeenships only ot recognized in industy partners or arademie
matirathons of cxeellence m mammin the peogram’s high standards,

Intemships shall be ennaidered as e mmibs Gt less than 18 weeks) of supervised Tearming carried oot at
sty o snene aeackemic institugon of excellence. Studetits are enesneaged o0 apply Foe inecenshp 0 3ol

NETCIET 1 Companics of scademle instinations wo thas ity commencement b ensured at thie beginning of d¢h
REMEMET.

The bead of the Depatment and counsellor will colleet & mid-term feedbock 1w cnsure smooth progress
townnds the completiin of imwmship At the time of completion of the internship, 3 certificare
(sanséactory, unsatisfactory) and marks from concerned person of the orgenization shall be collcered by the
heud o the Deparument. An Tntemship committes compriving of Head of the Deparment, Exteoal Expert,
comaelior, and rwo faeulty members of the department shall collect the report from dhe student and cvalusse
it The certificate from the onganiustion where insernahip was carned will be given due consideration. 1f the
certificate 1 unsatisfactory. then the Inteenship committee will review the marter and if they agree with the
green certificate, the studene has w earry o the imeenship again m same or different place,

After the completion of ntzmmahip, students work shall be evaluared by an external exmminer. The End
term marks of 245 shall be cyalusted for vive voce, demonstrasian, and evahaation af internship report.

CLO-PLO matrix for the course MEENTIN126 (Intemship)

PLOw

il o, TR I S M S ey A WA Lo
MEENTIMNG25.1 L] 2 p 1 1 2 ;| 2 | | 1.5
MEENIINS262 | | 2 | ] 2 i 3 1 2 LA
MEENIIN42E3 05 | 2 1 i 3 3 1 1 ] 1.8
MEENIDNG 2 0 M s il ] 3 3 | |5 3 1.4
MEENITNI2ES 0 0 il i 1 i 3 D - R 145
MEENIINGGG O ] | 1 1 L] 3 3 i 3 L&
MEENIINAZET 0 1] i il i 3 3 1 1 3 L3
MEENINGAE 0 1] i i (1] 3 3 1 1 3 L3
MEENIIN426S O [ i 1 1] 3 3 3 1 3 14
MEENIIN42610 0 1 | 2 | 2 2 3 15 3 1,65
MEENITN42611 0 2 | 2 3 2 2 | 2 2 L7
MEENTING2GIZ @ 2 | 1 ] i 1 i 15 2 1.45
MEENIIN42613 0 I i 2 2 1 | 3 -] 2 1.5
MEENTTN42.4 o f i r e & i 2 3 : | < 4 L5

Avorage PLO 032 071 0E2 107 128 11 257 364 15 23 1.55

-~ ‘.l %/49
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CLOs-PLOs Mapping Matrix for all the courses

Unit-Wise CLOw
1 ¥ 3
MEEMNCDAIRG 262 25 252
MEENCESIZS 242 25 252
MERNCWPI G L] 3 1.7%
MEENCDSI26 1 3 175
MEENCRFIZ6 3 3 2.7%
MEENCCHI2ZG L5 1.5 3
MEENCSCI26 1 3 o8
MEENCFAZY 242 235 25
MEENCITIZ 242 15 252
MEENCECIIS L 3 L8
MEENCDIZ26 £ 3 75
MEENUAILS 27 243 103
MEENCPM22 15 15 3
MEENCSCI2 % 1 :
MEENDNCXS 225 247 173
MEENDNEXS 233 217 2a2
MEENDQCA26 243 Z17 a8
MEENDSIAG 35 117 27
MEENDDTRS 23y 2 242
MEENDCPYG A3 17 25
MEENDNMIIS 292 14 A
MEENDHAXRE 203 24 213
MEEMNDRALNG 18R 141 a5
MEENDMLYE 2 3 217
MEENDRFYS N 25 217
MEEMDWM326 3 3 2
MEENDMMIZS 3 a7 -l ¥
MEENDCVI24 3 283 217
MEENDSSI 3 285 1T
MEEMINRES 36 L | 247 25
MEENDRMYME 5 3 1.5
MEENDAEM2A 3 A 167
MEENPPPIZE 1 a2 25
MEENIPIAZA | ] L5
MEENCRM426 225 275 187
MEENCCT/R/

Gid 5 .5 5
MEENPPR42d 048  Lif (1% =]
MEENIINGG 3z 07 A2
Average PLO 243 238 1

M -
'J,ﬁhf”
*

4
252
57
L5
235
1.73

113
218
+
LK)
FA
45
n

25
217

25

235
a5

1.57
a7
i

PLO
5 h
22 La
242 |
L 175
275 i
2% 135
1 2
i 1
242 1.5
282 LS
1 075
275 2
2IT 185
5 3
i5 L5
275 1m
23y LKA
217 1
5 LB
23 1m
=¥
26T 14
25 LI4
4y 15
8% Qa7
2 om
233 043
25 217
2487 b |
25 AN
¥ f%
IRY (MM
i 0.5%
2 2
l 2
173 A5
I |
13 4
I3 2N
134 145

125

15
15
0.5

161

L&
147
L&7
167
L7
L&Y
].53
15
14
iy
47
[L&T
i3
23}
17
(L3}
LAY
nif

Pt I3

LIF]

15
23
0.3

Al el el

L12
135
LAY
(5
067
|53

L43
Ly

(LAY

25

o

142
L4
L7

-
4

wg o

e

15

FREBREERw w

a3
5
241
K3
287
38

57
235

0s

ji2

25
i3

1
25

25
25

2.5

13K
25

258

1.75
LA3
142
15
11T

L7
L4E
205
.95
L7
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