TLEOCTRITICATION OF TLECTRONIC AND POWER 146

SIORUNMILA TEREAL TIMIZIE YN

WOIIEEEFTO08

TUBMATTID B
THE DEPARTMENT OF LLECTRICAL ELECTRINICE ENBINTERING,

IMSTITUTE OF TEHNRIOGY,
RUWARA ST PILYTECRNIC, TTORIM.

10 PARTIAL FULFIIMENT OF THE REGUIREMENTS FOR THE AUARD-OF NATRNAL He1ama
(MY CERTIFICAT BN AN ELECTRICAL ELECTRNITE ENEINEERING.

JULY, 2025



] L

TERTITICAT N,
Thig it Te- oo iy Tl Thig grgodd vork wos corpiod ol by Aoamunmeda ool T logn of el alion mumbee VN2 IEEE FTO00 0
nThe degan Tt of Tlediical/ Clodienic Tngincering, Wwara Sale Telylechnic in gantiod fulf bt of The requiromons for The o
ward of Viafional Vg loma, (VI confificafe in Tleciical leconic Tngincring

INER. ABDULN MR A Dare
(Brggeet S on )

INER. ABDULN MR A Dare
(Brggedt Tomdinglen)

INER O & 1AUA DAL
(Head of Degarfacal)

Tfrnal Lxamines DAL



] L

DEDICAT RN,

Thig gragoct vacek i dedicalod Te Mwighly Ged, T ALBHA WDOMIEA and Te wy belesed paronts, TR AVDARS QIORUY,
LA



] L

ATKMQWLEDEEMENT

Ty prefound grafiliode and aggreciafion oo Te God almiahly, whe hoggism s T groce, wisdem, knaslodee, undoegon
ding and The abillly o comy lele This grogram.

1 aggreciafeThe dferfel mybolosd poronf MR AUBMRE SORUNMMILA whe how sgpolod me againg all edds
Financinlly, sindivally, and sorally Towands The socos & This pregrasy | pray Thatl yor shalf lix fong To cal e fru you hax Lok
aeod bar in Joger naag {enon).

1 aggrociale The of boel of wy undigulod somgoroiee inThe gersen of Tngr. Abdinleadie Zinal Mabi fer hor allonlion, o for
B anel wpckul adice Throsghod Tk grogrammed specially o T prgod. May God bleg yoe s 1 ale adkenowlodye wy amiablc B
ki prrson  Inge. & A Lowal ond clher amdable lociirers Tovardy my aondomic pocos.

Finally, ey agprocialion gecsTe all my grgoct col leaguer and alse aggrociale all sy frionds whe sigg ool mo onc waygon

andhee, Bod bleg yor all



] L

ABSTRACT

The eleclrdficolion of Eleclronicr and Bower Tadereloricr plags e crilical wole in enfancing preclicel engineering eolecelion and reieare
i capeiitilien in lerliary tulilbions. This preect focuer on the ditgn, implementalion, aned commarioning of o relialle and wfe dleclvic
al power gpilem laifored (o meel (e qperelional demandt of fndoralory equegment wied in decrentor and power cngineering doadier. The
project afeberier el fengen ek ar wolaile power seiggly, inadequale wiring infmulruclore, and iafely concerin Bl Rineer of feclive e
arwing i operimentalon. By inlegmbng fandaond declrical components, inclafing cirand breokerr, didvildion pamnely proleclie e
weer, and power condloning glemi. e declnificalion procen enserer conddend power delivery. equipment preleclion. and wer afely.
The projec! adie incorporaler cneryy of fidency memivirer ained grovaton for fulere atgandon lo accommodile lechnological adinncements.
Hlimededy. thir inlilice puppronls the development of Renedi-on lechnical wbitfs foders merdion. amd confeibeder lo the pwrall improse
mennl of engineering ediacerlion. quadily.
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THABTER O WTRODUCTIN,

11 Badkgroand o the Hudy

The arcwing omghass on gradical and indugiogrelomnt knowl ofye in elednical and dodfiomics engineening hay heighfoned The img
elance of woll-vauigg od laberalenicr willhin edicafional infilifions. Thes laberafericr ane ne fonger jpf ancillar y faciliicr, Theya
me eedfical Te-onabling fudonts Te beidae Tuo gog befwoon Theaelical concegTe and roal-werdd agglicaliony. TaggeeTThe incrcaging o
enploly of cgonimon® and Toechnelegical oy plicalions ranging fron onaley and digfal clodionic Tehigh-ellage g oocr sploes and
ewhodded yfows laboafonics wusl be g owened by neliable, sealable, and sfe dodvical infrafiouclione. Elodmificafion in Thiy confid
oncempasics T predgoning o wel-designed powr difribulion spfoms, idaliod 0D megply lines, senge and e lond praleclion me
chanises, and ronoeable conyy sosecorch op selar ghefenfoics Te proele g oafional sdninabilify.

& Teohnological admncomonts nedebine modern onergy infragmedione, laboufony clodriticaflion & incncasngly inflwonced by soant
piviel Tochnologics, W-boped oncrgywonifoning, and aulonolod afdy confioely St onogy spfiors onable real-fime foodback. on oll
age, curronl, onogy congnglion, and faul defeclion, which iy gsonfind fee onpuring caigmont. longoify and pafe wser inTeracion. F
o conwgle, infegraling BT ponsors wilh faboraliony povocr spfioms ol lows for prodicise mainfonance, anemaly ddoclion, and inlellige

il fead managent, Toenchy minimizing downfliag and imgresing oncrgy cbficionoy (1 Merceme, The ghif T Tewand painabil fiy and o
fean encugy infegralion hogmade ©imgoalio for (oboralonics T adggThybeid govern selufiongThal indude selon en wind goncealion ¢
yowe olongsde covsmBional grid sgg liee. These indallalions nel enlyredice g oralional cofly bl alse povse ap lise ol colionad Tools

fer Teaching ronowable onergy pringiglo.

These modernized lab oledribicalion inilialisg olse-align wih glebal pefninabilily framoocrks, parfiodarlyThe Unifed Vilions Safa
inable ool ggeont Beal 7 UMM T), which adxoalos for wniversal acccs Te-af fendable, reliable, pdainable, and modomn ooy
21 Lngincoring inglulions ieg lomonting sich Laboalernyuparade are nd only cnhancing Todhnical cdecalion bl one alse confpibul
ing Tethe breadon globol migion of medicing carbon omisiong and gremding groon Todhnelegics. By inceng ecaling dean oncigy sl
ong infe- Their infragrucione, in@fufions con rodece Their corbon fedprint and ingdill in fiedon® o mindpd goarod Tovard: ovirommon
Tal nesponbilify and immemlion in sfainable Technol ogicr (1.

1.2 Prcblow Sotomont

Uediical and cledionics ovgineering cdiscalion deponds on vel-cqpigped loboralovies fer of focli handy-on learning. Hosoee,
any Laks, parfioslarlyin doslging regions, sef bor from wnrcdlinble powcr, aldaled infrafiudione, and geoe s dy Sandasds Wih
T inoncosng domond foo saor TTodnol oyics and rencomble inToyrealion, Tere isan wrgent need foe o medon, mofioble, and sbe o

N |
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eclivd icalion sFlom Thal sug pee & diverse povorr roquivcmonls and aligng wilh inTeenalionad dandard.

1.3 A & Ohjechives

Ay TlecTribicalion of Tloclironics and Toece Lok
The Wjecline o T grgoct ane
v T ingdlalf o wedon and robiable pewe supg by infrafndivee in The dodienice and gower faberalor
v T preide pewor el for beth few-nella oo clocienicr and high-pewr cquipmont.
v T infograle o pefar ovoegy badeng spfiom Te rodhece grid degondonoy.
v T mpure compliance wih 1220 and 100 sabdly dandards
v T dop foy an mergy menering spfom bor odwoalienal and managomond gy cscr.
14 $oape of the Sudy
The grogedd insel iy
v Lead analyss and capaoly g fanning
v Ingdablalion of main difiibufion beards and draul preteciion syslioms.
v Diesigion of fandard AT (230010 and BC sug ply cutbedy.
v Ronowabic ovogy systom (sefor BV indaflafion.
v Chodiical saboly weasuecy inchuding grennding, suege grefodion, and oncrgoey shiTdem.

v leplommtalion of an Tnogy Mendoring Sysdom (215
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| 3 Significance of the Sudy

The ol ecliedicalion o The clodrenics and pooce Taboraloe y is of parament bagerfance in faforing acadomic eaoellonce, Todnical g
rebiciency, and dwmefis rocarch wilhin indfufions o higho fearning. This fudy heldy sgnibicant mlue for The fol lowing roasons:

v Twgresod Tracliond Tngdowdien: Clodmification ovabic The o boclio img fomonTalien of handg-on Enberalion

y eesion g, abtewing fudo Te apg by Thoerdicad concg & in ronk-werdd somarics. This pradical cxpesne i
¢ esgontiol bor wndowlanding cemglos Tegice in obofidcat and olodienice ovgincering, such ag droul desiy
n, gewer geloms, and indumonlalicn.

faditfalion of Regonrch and lnesalion: & fubby clodrificd toberafory presider The nocsary infrafiuci
re Te supp erT adoan cod recardy aclalice in arcs including rocwable overgy, pewer docionic, confrel ¢
yilome, and smart grid Tochnelegics This beslow innesalion and nfibuler TeThe desclop mont of conTod:

i coibic ongincering relnfions

Tuppert fer Sudainablc Tnorgy Concalion: The decdificd fab o sirenment facififator ogorivmnts rofalod
Te suslninablc and roncwable onvergy source, sech ar sebor and wind pewee sysloms. This s per® global
and natienal of borlr Teward doan onogy adeg Tien and ovsirenmontal pafainabifiy.

Premelion of Loboralery Sabdy and Templionce Medown dochibicaTion incerny eralie o dsanced safely wm
cagncy, reducing The wige of diociical hagardy Thiy cnswrer o pafe cnsirenmot for JndenTs and rocardy

cig T conin o oaperiwonTs innedain g high-

THRTLR TR
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TITERATURL REEA

2. 1intredaciion

The e icalion & geverr and cledronics loberafories gloys o cellical rede in onhancing The gooliy ond rddonnce & ougncoing

odis calion inThe 26 confiery These loboralerics ser i op o bridge befiocon Tuedical kneelodye and gradical agglicafion, cnabling

Sudenly Te goin handron cgorionce wih dodrical gfoms, cog ononls, and Technedegics. A onginecring onmeicula, confinue Te ooy
vin rogense Te pogid Technel egical adoncominG, The desand for well-cquiggof, accesble, and medernizod laboaley onsiramon
oy broae wore preging Tan oxe

Tndifionally, gosce and o ofieanics Coby nelied heaily o ghyfical copigmenl and ingoven infiudion, which, affvowgh o folie, ¢
Flon imgesed gonificant condiains on walobilily, cof and accosbilily pantionlarly in dexloging countrics and wndeo funded indiln
Bong ool years, howosee, The inlegrafion o diglal Teely, roelc aoocs Tochnologics, and sieu lalion gloffess hag bogun TeTran
gormn The landscage of ongincering cducalion. There deseleg ol hase giun misc Te whall ignow poborrcd Te oy T "dlochd icalion” e
o cnniglion of o colional laberaforics, whaore dinilal infrafiudune comg lomonTs oo osmn weg laces Tradiional wlinge

TMedern loberaloy onironmmt new incocporale sinfual loboaTonics, real-Tine gwulalions, Infomndd & Things (6T) ivfegralion, and
waching leamning-boped confiee! aploms To - lofe and neglicale noal-wonld condliong. Thew admncoments nd enly moke leanning
pirt b lowible and inclugioe bl alse olipn cdecalional onTooaer wilh omeonl indediy fandordy. Aocording Te recond fedics on Resen
rehbale and dhor scholanly glalferms, soch innemfions onc parTicularly bone icial for indileliony facing ghysical, coonemic, cr infr
affiwcliunal limilalions, allowing fudents T acces and inToract with s hidicalod sgoms nomeloly

This chagler presider o comgrehongion rosicow o The laled dosdlagmoly in The dedi§icoion o powo and oledienics laberaleris. Te
wp Do g Trondds inoirTnal lobs, poele Doamning Toely, and The infogralion o senel Tedhnelogios, drawing on confomperary [Moraline o
nd cape fudicy The aim s Teunderscors The g Tance o medernized lab ondrenmenty in groparing fud oy for car ooy in pooce o
gincoring, cledronics roncunble onogy and relafod filds, while alse idofif ying odding dallonges and pelonfial selafions foe fuf
e Do sl

1.1 tuclufion o Powes and Tleckonico Tobordlovics

Powce and ol ofrenics laberalorics have higerical iy g layed o bandafional rele in ongincering cdicaflion, soruing ag ceilicad glafee

b where Theer dical concegfls aro Trand aled infe graclical agg licalions. Thes faberaferics bacilifafe e odionfial fearning by al{cuwin
o Sudonts Te design, confiud, Ted, and analyg docdiical cironily and sgfows, Thercby dogg oning Theie wndonfonding o olospeooma
ught Toeoricr. Tn Tradifional loberafory onirenmont, Sedonts goin caonlial comg doncicy in drcul agombly, meapimemont Technigues,

FoudT anadysis, and gpfiom behavier under mricuy lead condliony deilly indsponsable o corcorsin dlocliical and docdfkanic mgineo
ing.

N |
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Howoxe, The consnfional model of loberalory-bopod indiondion & incrcagingly chal longed by o iy of logifical, coonemic, and |

nfradiwdioral cendeainy. The inial inxgont reqguired To-ofablish o fully camigpod pooce er docioonics laberafory can be grdhibi
ey high, ogeciallyfer ingflifions in doslaging nogions. Mgeing moinfonance ol capigmont ebselereonce, and T need for conli
vt wged afer Te- align with Tedhnelerical admmnoomonTs furTher deain fimiled clicalional budycdi (4, (0] Addifionally, ghyscal fobe
mafiwics of Ton maf for from accos nodricliony coused by limBod facilfy gace, cqpigment amilabilfly, and the necosily o on-sle grosen

o barrices Thal diggregorTionaloly af oo fudonly in romdle o under funded roglons

W lightl o Tuose Dimlalions, T conlulion of powce and clodionic laboa oo hog ghil Tod Tovard soec adagfioe saloble, and repoe
ree-c bioion medely A praminont coomgle of pech imneslion ik The infrodedion of loe-cefl o calional Tab kil doxlopod by Banor
celal B1in partnership with The LT Poscr Llodronics Secidy Theg sedular kil ore ook ically deganed Te funcliion in lae-r
cpatror onireainf, of foring porlabilily, of fordobillly, ond cap of agombly. They olloe Gedonf Te ongage diccdlywih wre e
e in powo ogineening puch op oelToge nega lofion, ouogy consgon, and cinond dgnamice eufide The confines o conenlional (ok
eralony infrafrucione.

The pedageyical impact of such low-cof kify is sbfanlinl. By foforing aclie, hand-on feaming, These Toeols promele o docger cognili

- engagewont wilh g erdncnal Toger b fndonly ore regonsble for agombling dranl, condecling meaprcmn®, and inforg refing r
esully, Theydonlog o foonger concegfioal fasndafion and imgromed grablom-soling seilly. Tmgpinical fidics have dewondinaled Thof Thi
agg reach mhanccy rdonfion ralcy and sggents dioese learning Sy, parfolonly among fudontswlh Dlod price cgouee Teloo

hnical oqednenlalion (71

The oxfufion o laboalouy infrudion hay alse bron cofalymod by The global Tranglion Te romedc and huydeid Ceanning meddy in g o
npt T The TOWDHE gandemic. Wilh refiiclions on ghysical acces Te laboraloics, many cdiscalional inglililions accol enafied The degle
entl of porfoble lab kil wrlnal lake, aned gewlalion plafares op wablc affcmmaliog oo segg lommT ToTradDional sclings (31 These se
fufions of fom f locibiliy in Time and goce, ollowing fivdo Te condiect cgerion from hone o in difebulod foarning onsirommens
The inflegrafion o o Timpre-baseed s lalion Teols wilh ghyscal k% furthor orichesThe loarning ogodonce by mabling comgarion
befwcon Toeer dical medels and roal-we{d brhavier.

Tollectinhy, These admncoments ok o ggnibicant Tangormalion in Te defiveoy o ogincoding cdication. The gt fros f sed-loc
afion, high-vef (abonafony plugsle penloble, accesdble, and digfolly ifegralod afcrnafins wognesn o poradige shit T Tovard dom
ecrafigng access TeTodhmical educafion. ds ongincoring cumeionla conflimee Te ol in rogonse Tealobal challonger and Todnelogic
ol gregreg, Too ongeing innenfion in faberafon y design will be confrad Te draging The ned gonoaflion of skilled prd csonaly.

1.3 Wetiual Laberatorics and Rewte Toarning

The nele of vinfual laboralonics in Trangomming ongincering cdiucafion is beoaming incrcogngly significant, parfioalanlyin disciglines

N |
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like pewotr and clocoanics, whore fndonfs Tadilional ly e oy on handro ogobaonle These virfieal Tabs groside fledble, inforadin
gl alfores Thall gl ale meal-werld cgperimeny and sgoms in o digfal onirammont. The infoyralion o o eud-basd spfoes, meal-Tibe §
witl afliny, and cmcrging Tochnelogics llee 6T W, and AR & woking Tuse vinfial labs ned only o sagg lemont Te Tadifional Teaching
bl alsen coucial feel in medewn educafional framusoks.

431 Blafferws and Toly for Virliol Inborotorics

Soseral glalborms and Toely how encrgod Tesg peel The doxlegmont o drfual (oberalerics, grodding fudoly wilh acces Tehigh-Hide
(ifiy sl afiens and cnabling Them Te condind ooporimon® romdlely. Some koy glalbomas include

s PATLAR Seeudink nc of The ol widoly uped glalborss for dinlioal coperiminTalion in cngincering, por ol ar iy in posc
r ggows and clocionics S link ol fudonty o moddd, sioulale, and analuge complo gfioes, sech op power grids e o
incully, aned Ted Their designg in o virfisal owdrowond. The plaffem iy highly inforadioe and infogratis soamlosly wilh har
dwane, allowing foe hybeid og oiaonls Thal cobing irlual gl alion wilh ghygcad hardoa .

o LobViEW Agraghical programming onsrenmm Thal sugpenTsThe desdan of vinfual Taks, parfiodanlyin Te confod o on
Tiel gpfiews, dlofo. ocquislion, and poece clodionics. T & froguontlyused in univogly loks for s laling and Toding mmicu
¢ corfiel algoriluee and for weal-ime sgfommodeling. Lab V2 hay boon ufilied for smant grid gl ofions and ol lows ¢
denfs To infenad valli wordely of power spfomp and apses Thein behoies wndee dif fonond sconanic.

o Tiplee A geulafion Teel for defigning and analygng anales and disiol ceoe ;. T groddos fud ol wil o gloffermTe og
lere ciron bohaicr and por form gl alions Te coleole gfiom gorfoamance. Bigice iy commonlyused in dirTisal loboaTond
o berngng on g owcr cledienic and droull deggn.

o Pedony Moo sulofion glalfomn widelyusd in ediscafional slfing for vinfual oleclioanics laks. T offens Tooly for desip
wing cirudls, Teding componenls and vigialiGng splom behaue. Hudenls con Ted Thein designg infivally befone ooafing gh
yrical preldiges.

These plalfomms, among dhoy, haoe beoowe inforal comgonontsin The oolufion of winfal faks, helping fivdon® underfond and oge
wibntn T wilh comple gompwitheul The neod foe cofily ghysical sdigs

137 Tose Sindlies of Wnfivol Lobondlory fwg lesrifofion

The seccesbul snglomcnafion of vinfual laboaloics hay bron densmonled in poxnal gfiodics, dowon eafing Thein pelodial in onhancin
ongincering cducafion, cgocally in o cc-cofiained gling

. wooc o ol (Vigewiad 1n o siedy conduclod by baac o ol 21 The iglomenTalion o winfival laberalonics in Vigerian wnix
rfice wap Thoe o ghly ooglercd. The rescar chors faand Thal drfual loks holped bridye The gag in rogiong wilh ingf ficiond ¢

—
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hysical laboralony roseurces, onabling fud oy Te-colinee Their learning romelelyae in o hybrid meded. b indlielons whero T
adlional laks wore wndee funded, wirlisal loks booame an inmbe able Teel | allowing @adon Te poe form ooger ity Tall v
re diherwiss inaccegdble. The divdyr cocalod Tl virfisal laks wore par Roularfy bonekicial in sbjects e pooer clodronic
¥, whero gl aliong predded o glafoom T deggn ond Tof ceanilyin o sabe, confrollod ovirarml

2 Ponce o of. (Seant teid Tducalion) Porce o al (10) doscleg od o neal Tine sl alion cnirenment for gooce clodianics
and pearl grid cdecalion, ugng WATLAE Saulink and Lok VLW Their fudy feonsed on oecalling o dyrawic learning o
wporionce, where fidony could moone in seulaions Tl wirreecd roal-voe (o gploes, gech op powoe aridy and ronowablc
oncrgysdings. The wse d These plafoes onablod Sudon Te analyg and eglimize gplom g o fommance, doxleg conlied algen
i, and undorfond T ilkicacics o gowo Hae, wllage roplalion, and foull deloclion in peonrt grid gfoes. This inifl
alix way par olarly mbuable for influliong wilh lieiled accos Te ogonf ghygical cqigmont bl which fill necded Tete
ach high-lox! conceg in peeo onginccring,

1 Uond-based I6-mabled Syfows (Hawidi &t ol ). dndhen innomtioe ccamgle i the ivfegration o clowd campufing and 7
w vintisal laks, ap deongiated by Hamidi o f. 1171, The neseanchens imglomnted cloud-based o That al e fon neal
fie monifoning andd colied of cgonimonts i Toe infornd. By infografing W67 dosices, diedon could condie o copor immonts
emlely, moniloming sonsors, adinaloes, and dolo. f e conediod dosce inreal-fime. This aggroach of foved unganallelod
Elecibifily and scalobilify alfowing sl o Gndonts e accos T some og eviaonts sullancardy Thissleg & apecially b
onehicial for Lange unixmslics oo nefioonks & scheels Thal need Teof for momele Cearning o por Tanilics Te Sudonts in ofif fone
nl guograghical locafions

2.3.3 Bonef € and Thoblonges of Wintuol Toborofonic
Winfual foboralonics of for soeal koybonef i, ponToslandyin Tovwe of accosbilly Flodbiliy, and cof-of fidomoy

o Accomibiliy ond Couily Vool labsprodide dudodls, garfionlanlyThes in wndersord or momdle areas, wilh acces Teth
© st high- gaadify learning mopesrcey o Toe in woll-funded indilifions. Yy romeing The nood foe ghysical inf rafiudion
o, urfival Labs onpere Tl ooy fudenl, pogardless o lecalion o bnandal glaofien, con garTicpale in pradical aogorimg
wlafion.

o Tob-Tfoclionce Todfional laks wegine sgnd icanT inediaond in cguigmont, gace, and mainfonance. Vitual laks, in o
onfaf, climinale The noed for cxgonsioe phugical wlingy, making Thew o mere sfninable relulion for many edincalional ingl

uliong. The inifial cef of selling ug urfival fab glofbores is gically fowor Than Thal o purchosing ghysical Caboalony o
grenl.

o Tlouibifily ond Scalobibly W sinfual laks, ogodments can be conducled of any Tine, and Gudenly can regeal og ovinen
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T g ominy ot s agnocdod. RunThersre, irfinal loks can be soaled Te acoommgdale longe mbor s of Sudonly wellheul rogeining
addifinal ghysical gace er cguigmon.

Howeoor, There ang o chalfonoes Te be oddiocssed-

s Tcowical Boreiery Vil all fudonly hoose ocoess Te The necegary hordware er inTerne comnecioly Te fully garticipate o
infial fab acliofice. “While clond-baped spfoms can alloiale senr o Theee ey, bandioidh limilations and fack of acces Te
gewcr bl comgulors moyg €0l pose o challonge in s R ogions.

s Lode of Hondy-on Experionce: While irfual Lok reglicale roal-weeld ogorimin, Ty canned fully pobflnfe foe physica
[, handyon aogerionce. Sonn apgoc of loarning, sch o wnderfanding The ghyical brhadoe o woloialy o Tros bl ophecti
gy ral-waceld iggacy may nel be Fully coglueod i drflial cndrenmonly

L34 Fafume Dircclions for Virfual Inboralorics

The fuliere of vireal lobenalonicr in onpincering cdacalion lodes gromising, oy ccially g Technel opicr sech ap Wrlual Really (VR o
e Augernled Realily (AR confivne Te-oseloe. VR of forran mscrior ondronaod whore fudenly can inforad wilh Theoe- dismengon
al medoly of cironl, powor ggfomg, o machinery, grodding o moec handron food inoo drfual gdfing. AR, o0 The dher havd, con o
wgrn g hgical og oninonly vl road-Time dola, ool malions, quiding Sudonds Through grecodisne or obfoving real-Tenr foodbadk on
Tenthorwere, ap 36 ond ey compuling Todvel eaies confinee Te admnce, The pdionliod foe posdlc loboealionicr booomes oaon arcalen.
i donf could condied oopoivonts on dosicer Tall one physically fecaled in dfif forenT regions, cofiedlod Wa The infomd, whife neal
ibe ol i fircamed o Their dodoes

1.4 infogrofion of Adwonced: Eohnologics

The inlegralion o adoncod Technelegio inle g and olocronics loberalorics isrohoging The cdecalional landiage ond The func
Bonalily el cngincoring infrafrudire. By incoporaing innenfions such ap The Inlomd o Thing (BT) and woching loarning (L)
lobralorics con o for dypamic, adagTisg, and dala-drivon loarning ovirencil Thal mivdc poal - ld indediial gTings Theso Teo
el ogier alpesugger TThe coolnfion o pear T arid gfors and inTelligond svorgy managomond ealogio, which are incrcogngly g o
anlin modern ponce gfomg

241 Role of 16T in Swoet Lobosatony and teid Syfoms

The Wlerned of Things (60 roforsle o nelismbkod gfomd inlorcomoded ghyical doicos manging Fros ponsens Te adivaloes Tl oo
pimticale and cothange dalo Threasgh Te infoond er local nelisks. TnThe conlod & oo and dochonics loberalories, W facilila
leg The aulennfion, monilering, and romele cofivd o mprious og crimolal sligs, Thoedby onhancing sabely, o Fooncy, and infopacdi
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Saloewd al. (100 coomined The deglegaont & W in goon T grid ooy, dosendialing Thal ¥-mabled spfows sonificanlly imgre
v meal-Tid decion-waking and cnoay difibdion. b oducalional sclings, W7 can b used Te celfedt and analge o erimenlal dal

a, monfoe Laboraloey condilions lo.g, Tomperafione, mloge losels gpower conpglion, and romdolymonage Tefl borche and indiru

winfs. Thiscapabilifyispar Tolaply bonebiciad for peptrcc-confraingd ingilufions whero daf b may b lnlled and manual mofosin

ar i ek ficiont o ipracical

TMercoser, W inTegralion ggpeats mmde o ovbacilalion, allosing fudols Te inToacl wilh ghydcal Tab cqpigemont va cland-bagedd g1
affers This & cgpocially mboable in Hoded o difonce learning cnirowcnly, where ghygcal acocs Te loberalonics irrofridiod.

24,2 Maching Lrorning in Foncr Tlockonic: Qytimiztion

Maching Leaming (ML), o sbel & anfiicial infelligonce (A0, s alyenilhms Thal learn fros dafa Te make grodicions er deo
gon bl ogliol grogramming. InThe bicld o pewrr clechonicy, UL of fors nebud selulions foo grfimigng sfiom perfosmance, gro
diclise mainlenance, and faull dingnoss.

Bahrawd and Whaghrosm (4] condudod an edongin rodon of modhine loarning og plicalions i gowce doconics, idonfif ying socea
[ oy s casersich ap

o Toneol plimizplion ML algor s con Tone confiodl panamilons fboe comsenfons and infonsmone of Hoiontly Than Tradifi
onal milhedy, cgocially in nen-lincor and G- me ging sffces

o oull Deleclion and Ulasificofion: Yy faining wedels en hifierical and real-fie dafa, ML apfees can delect ancmalics in
circully, powcr medinley, and baflcey spfoms wilh high ocoraoy

s Tnargy Thboenoy WL wedely con feccad lead grof ilor and gl oncrgy conpueg Tion fralogior in penrl gridk and lab
eralony onsiranminfy.

W acadomic loberaforics, infografing ML Tooly all oo fudonls Te gl ale and g lomond inlelligont confrel gpfoms. They gain handy-

o o erionce wilh Tochnelogics Thall are inoecaingly boing adeg Ted aovgsindigdiics, fros ronowable oncrgy sploes To olodric achicl

ik

14,3 tducofional twpact and ndudiey Wignmont

The comergence & W7 and maching learning in loberaTony desan hay proboond nglicolions fer cnginoering edcalion. Theee Tedne
legicr befior ooperionlial learning by onabling real e inforadion wilh dala-rich, onsieoeonTy, Therobyroinfocing Teodical ko
leddge Thrasah gradical agpplicalion. Sdm doslep comp donics in dala acquiglion, programming, sgfows infoprafion, and A-drise
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w analyficy deilly Toall arc in high desmand in modoon indidiics

Tenthorsere, sl laboaforio copigpod with W6 ond ML compencnly can gl ale complo jomarie sech ap grid falTy ooy for
apt behasicr, o dprawic load changes. Thes gl alions ogoee fedons ToThe gooralionad infricacier o inTelligonT grid aploms and ¢
ootk clodronics bridging The gay boliwcon acadomic aining and indeirial graddice.

Fean an indilcfional pergeclive, Te adegfion o T Todhnel egics aligns corricnla wih The neods of Indiefie 4.0, which taghagzs
ulmafion, dala cechange, and st splows. Unisoglics Tal infograle 67 and ML ivleTheir Teaching inf rafrudisre poifion Theie g

wale ales for poocess iy oluing Fleldy poh agroncwablc cnorgy sgfoms, poece goal Dy monagemint, and seael infrafiu dire doclog

bt

1. 3 Coge Rundics of Modirnizd Loboroion y bnplomeniolions

1. 31 High, Veftoge and Posce Tlechonicr Loborotion y hic Hale Unixedly

The High Welloge ond Beserr Tlodienic Loberalony (HWELD of Qhic Fale Unixesly oy op o grosinod comgle. docording Te f
erdewst andd Tape (1], The lak isecrses Loamnors i ond-Te-ond gfom desian, ronomable meray, and declric schicle gfome

1,31 Agplicd Bowee Tlodronic Loborodony 11T Bomboy

The g lieed Boocr Lloclronics Loboacalory alThe dian Welillule of Tochnelogy (11T Bombay & andher coomglar yepdel . & rogente
of by Agarwal and Sngh (18], The lab inloealer d SRR and QEEL-RT glalferss for hardwarc-inThe{oeg g lafions.

1.6 Thoblonges ond Recommondobions for Loborotion y Thech§ icalion in Devcloping Reglons

The doxlog ot and olocid icalion & pewor and clodrenics lobealode in doslgging roglons froe o cowg lox arrayef challoges, »
anging brom b inancial limilalions Te infrafrudiral deficioncies. These condrain©y hindor T of foclioe deliey of graclicad cdication
in cnginecring grograms and comgroaisc The gualdly o leapning euliomis

1.6.1 Key Thabbonger

Tiwdeod Tunding ond Budgetony Codeaindy O o The grincgal banriens isThe inadogeafe allocalion of Funds for The grocsr gment

and mpinfenance o (abealony cqeigmot. W many dexdeging cownfrics, cducafional in€lilion o oale wilhin rofiicdod budyde w

here prioefiyis & Ton giom Te adminigiafioe and bagc acadosic funcions exe The doxdogmon® of Techwical infrafiucioee. This finan
clal congiaint lisdl The ocgeislion of medern loboralony Toedy, many o which orc copilal-nlengoc and peguire confimieus ugdafe o
e mainfenance. Qkoge and L3 (W 1megenl Thall ingsf Ficiont pormment pggent hos signibicantly g odod The efablighmen? o ugfe-d
alle laboralory bacilifics in Vigorian unixesfics.

kel udural Deficioncics and Power ndobilify The seccodul opoafion & medern Laberalorios necesfalos molinble o ecliicily on
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o breadband infornd acces. Unberlunaloly in many doeleging royions, These wlililics are ofher incengfon o alegdher wnamilob
le. fogoond govore cafages and The absonce of pebud infornd comnedinfiy g ede The dig logeent & admncod Teelysch oy virfuad (ab
aealonics, clowd-baped sewlafions, and ¥T-onabled dosces A o el both Teaching and learning ane adoonscly of fofed, panfion!
arlyin ongincering Holds Thal are heasly deg ondon® on real Sime spfoms.

Sheeloge of Skilled Torsomel Indhor ollical challenge isthe lade d adeqpafelyfmained Techwnical Gobf and poully The UNES
T regent [T emnghoagizs The widoning seilly gag belweon cmirging Tochnelogior and The capabililics o ool caliors in deoselgging nalliong.
Ty infrwcTons are mol greficient in using wodeen gl olion s Teare, grogramoble logic confrol log (BITE), o0 powoe o edienic

hardwnre, ropalfing in wndeulilizlion d Te amiloble ropor o and peer gracdical copesre for Sudonly

Policy ond Adwinigrdtive Borrios X To indilifional and gosmmmental losels, The absmoe of caheront pelicics Te guide The infogral
ien of Technelegical inneolions e crioula furlher comglicales T glualion. W osoral copg, irrionfim doslgeent deay nel ro
fedd indieioyTronds, and negulafony framcwmks dend pgg el oo inconfisize gonfershigswith The grisfe sofor. Tosequontly (abon
e yedernimlon & of Ton rolegalod TeThe backgrawnd in naflenal cole colion roform agondas.

1.8. 2 Recommondalicns

Wy lewentation of Scalable and Tod-Cffective Inboatony Sobutions & addificss financial liilafions, indfufions ane ncemaged foa
dogT wodilan and soalable lobesafony ke, puch o These deocloged by Bancee o al (41, which of for affendable solufions fon gowce
clodfponicr educafion. Ypon-seirce geulalion Tedy, incleding Thice, Scifob, ond Qontledelica, can alpesorx op of fodin alfeenal
g T oo onpior grogriciany sof oane, Therchy ogpanding acoos Te graclical Training.

ndudry-Aoodemic Tolloberdlions rging partnershigs wilh indisdiy fakcheldoss can grovide Tedhmical, Finandal, and faining s
gpeel Towganicsin T poocr and dodienics scons can bongf § frempudh collaberafions by gaining acces Te o gigeling o Trained g
rahe aley, while acadomic ingfifulions recobn mech-nooded cguigeond, infomdhigs, and oo Tercal-vaerld agg licaliong

Topocily Building ond Doty Desclawed Cofgsonal doselagmont prograis for faoully and Todhical gosowel ol d be indifufi
onalizud. These may include worksheogs, enling corfificalion grograms, and acadewic cochange egporflion ey feaged o modern lbon
ofen yTechnologics, sl alion cnironmenly, ond rofdyprefocely. Baidging The seillsgag among cdicolons iscgonfiol Te lmgresing The
yealily & ongincening ede calion and aligning I vl aunond inda iy dosond.

Policy Reforss ond Srolegic invedme in STEM, infrafeuchine: Viafional gosmmmons and coicafion minidiics sheuld alfocafe gre
afer noseunces To-The doxlogeont of sionoe, Teohnelopy mgincoring, and mofhomafics CSTEND infrafrudune. Tolicyr oo hoald
oncarage primlesocloe inebment Treugh inconfisg and grants, while alse ofablishing o car guidelines fee The inTogralion of med
e Tochnedloyicy infie cdle calionad aummicula..
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Dy bogrenl of Ronewoble Eromgy Sfone W rogions wilh wancliable grid pewo, Eandalonc roncwablc cnogy sfoms. sedh o selan
gheloxfaic infallofions, shald be odegTod Te ongire wninTerrugTod loboaloy goralions. These sgfoms can gesrr oodlical Tab infra
G clione, including comgulons, measuing indiuwmcnts. and lighfing, paroslarlyin meral and of f-grid indficfions

263 Siatogic. gbomentation Fampuncrk

Boof bodinely g ot The aberomnBioncd rocommmondalions, indilulions ond £okchel dors shos b adegT o ghosed ond Sreflogic appre
ach Thaf include

v ceegrdionsise agosmont ef curron foboralery condfiens and rorenrcc gagr,

v Tardud glanning fer medinfar wpgrades and cel-of fdonT prearomm?

v Adise mgagament wilh desclegmmt partuors and funding agonois,

v Tenfinueus Training Te buifd fecak copaoly and opure sisTainabifiy,

v neing menfering and conbuafieon Te wonpure inpact and guide furTuoe i gre st

Thinass g Theee combined of fonfs, deocleging nogions con oaon come The barniens Te loberafiony elediificalion ond ggnificanlly tmhance
e qealfiy and relomnoe of ongincoring cdicafion.



