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Unit 1 - e
Green Fuels
fawa fAw=ft (Course Outcomes) (CO):
co 1-fafay sruaraTe! uafarofia fRwrauun (EarRHed Suc-ameieic)) AETd 03 arg U T
fAag 0. (Select appropriate green fuels for various applications that consider environmental
sustainability.)

Ued fISI=iT (Theory Learning Outcomes):

TLO 1.1: ¥ R AheuT WY 01, T BIaS ATIOT AT JHTAY BRI,

TLO 1.2: UH e I 3M1fOr ScdTe UGl SnsyRTaR I wyeed fafay avffaor Ho1
TLO 1.3: 390! U (plants) iUk W9 /e fafdy TR Wy o101,

1.1 T RIS (Green Fuels):

W R&Ta1 URFd (Introduction to Green Fuels):

i T U SURUTRe 3107 TofaRUmaIet e AaiuRyT AU Sl Wid. TRURS e
qod, § HHI WHETHT T (Greenhouse gases-GHGs) Idfoid HRdId 3T 3Hdmal HlaH-ged
(Carbon-neutral) fdsa1 S1aH-fARIfed (Carbon-negative) 3RIATd. B S8 YEIaUHION 318

1. SRITRIEH (Biofuels) —STTSIA (Biodiesel), SRTERAIA (Bioethanol)

2. gISIS WA (Hydrogen Fuel) — WM gRISISH (Green Hydrogen) 30T & gRISoH (Blue
Hydrogen)

3. Ridfed wed (Synthetic Fuels) - -5 (E-Fuels)

4. AT-SMUTRT T (Algae-Based Fuels)

What is it? Derived Fuels Main Use
Energ:r dartved trom Wood pellets, refused derived fuels (RDF) @I Power & Industrial Heat
organic matter Biomass
available ona
renewable basis
p (e.g., agricultural ¥ 1 :
(] e aricural Biogas: Mixof gases incl =50% methane) B Local Mt & Power
Bioenergy waste) Biomethane Biomethane; Purified biogas EEE Gas Grid Injection
" i | 1G:Bicethanol, biodiesel {E} Light Mobility
diof1 2G: Biomethanol, bickerosene?, hio-MGO? %ﬁ Heavy Mability
o ElkIsdeived from Hydrogen Furetydrogen eithercompressed (CH,)or Industrial Feedstock
.’w water electrolysis liquified (LH,) L
U\E’. )P using renewable
g electricity ["green”) Ay Industrial High Grade Heat
Hydrogen & or from natural gas _—
T with CO, captured - 2
Derivatives et blue’) Dernvatives E-methane / ELNG, e-ammonia, e methanal, %ﬁ Heavy Mability
ekerosene?, e-MGO® N
==  Power Grid Management
3
Source: ENGIE Impact

Fig 1.1: Introduction to Green Fuel

AR dCd, g9 UG, STOT SHoil JR&T Aed dred! fodr I Weaa fasmres 93 el 8. §
URUTR® ST qad, HIe- St HH S, gad! urad] JURS, T TReAad Tol Qleg=ra
(sustainable energy solutions) T YR - Udh I gfg Iuds HdId.

Mabharashtra State Board of Technical Education 1



Emerging Trends in Mechanical Engineering (315363) AN ¢ &Y 39 A B d SIHANRT (315363)

W @I AR (Characteristics of Green Fuels):

U REEe el ARG ARl siigd St T URUTRS Sl gand fedrs, Taid a-adid. et
Aot gafaRoT WReT, SHurt Ra, ST e Breide aRTeM gard. Wi wed! dfkised @retid JETo
3o

1

RTINS 3ATIOT MY (Renewable and Sustainable): ITT1-9%8 ACRIA (Bio-based materials)
et anfor sroRuTives Wia, S @1 fUes, Sfaw s, onfor Ridfews ufsharn, a1 urgH fiesdrd. arRuie
YA (S &1 Uiforgd, diesdn, Ml dd), & waffed ogd, & Tdd HH! gid 3ied, IS o
feans: onfor qafervmY Sr%a wafa §dTa.

P HTEH e (Low Carbon Emissions): ST1-8%8 T (Bio-based fuels) Ueiferad geqt=an
Jad HH CO. 3O NOX ST BT, ST FAHE SSaT=it el fadr sal i Ta=s AT
fedTa SHoll fesauar Aed gid.

TafaRuITSt 3% d (Environmentally Friendly): STO1-8%8 W& (Bio-based fuels) SO, 30T
NO, FHI Iold FHRdTd, Fad! UM YR, T GG RS WU fdhar fSfem siaxadmar
DHH! BT

Sifawfyar fagea=ita snfor Af-effda® (Biodegradable and Non-Toxic): ¥ W& (Green
fuels) S & STAIfSSId 30T IRAEAATA Sfdw e fage=ia oiftr URUIRSG Se=iear Jama HH!
CIToRTh 3R, TS d FohIRCH, WRS 3107 BTATS U RI&T 3iTed.

fafae da amfor Idrea sl (Diverse Sources and Production Methods): 99 ®e fafay
FIAIREA Adrd S & IR-TET (biomass), SAdSIAIRIT (electrolysis), 3TUT ®eRT FGIdRUN (CO:
g Ridfess Sem), snforame dafae (flexible), R Ide gAfyd 8.

TLTAT SRS FIRRN AT (Compatibility with Existing Infrastructure): 34 U4 W
faerar $fo sfor Seq vunell ved Sl dad S aTRdl Adrd, 301 YRUTRS SeiEad Baee-
TR STATd—3aTexuny, USiarg TAHId (ethanol) 3fYT fESiaws arfega.

I® FHull PAGHAT (High Energy Efficiency): ¥ W& S & g™sioM oftr Ridfew
(synthetics) T I Soll GId98 ST HHEART Gdid AT uRkagH, S, T IJTNTare!
Jafaderd (personolized) ol SIS, Y.

TR SHIAHIAT WedTe &d (Promotes Circular Economy): W+ W& $HeRT AT S &
fOepia sfa= 3fir Siiefie IuSATE (Industrial byproducts) ATURATd, TGNUT HH! HRATd SHTOT
ST STGERT SHorHed T aTdRd HRdTd.

W R BTAS SATIOT @Y (Benefits and Advantages of Green Fuels):

1

TafaRuilg wrIe (Environmental Benefits): Y9 T 3% TafaR0Ny ®RAG GdTd, SATHE HH!
YHeTHY 19 I (greenhouse gas emissions) 30T HH gad UGWUl Tl GHGY ®Idl. ©
Sfgw ke fagea=iia (biodegradable) 3T fa¥Had (non-toxic) 3RTdTd, AT TAfaRUMATS! JRfE
ST, FIe SO (Carbon emissions) HH! e SATIOT gad! IO YUREH, § Wag ol ST
e Sard. ariedd, § Faeieoxdl ar=myd amoR (sustainable use) aTeddd.

ol & AT IMMYTdT (Energy Security and Sustainability): SMORUIRG  Soides
(Renewable energy) URUR® LT (fossil fuels) e HHI BId 30T RIA® Uraadtar SHoif
TG ATl 5. 81 U GldabTaid [M%Yd SUM (sustainable solution) SREA FHa=arar guTdT
IR B, Sroll YR& § Tafar vy TEEeRINTE! Sugad 3.

Mabharashtra State Board of Technical Education 2
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3.

e enfor efenfi® wre (Economic and Industrial Benefits): Tafdft Suf didimed
AU e T Al daldid faciad Dl gld, SYATAT fdhHd fRR Agdrd, 30T ASHIR
fAftfder enfife arg €14, § difie Fadwea=iAT (technological innovation) @ aT@HT adrd, AdH
eft fmfor sxara afor =meyd faw™ (sustainable development) 4g =T,

ATUG 9 SJPadl, ra&Har T HTHART (Versatility & Adaptability, Efficiency and
Performance): 8 Sl |id 3 31l &HdT (energy potential) ST fafay Siftrderamad! Suged
3ATd. g fITH sevhregerat Tiad YT e d, SHe T ThHATH0T WY ST SHrderd gid.
ARG g AHIIG BHe, drddral WMYddr (Health and Social Benefits, Long-Term
Sustainability): & HId SURUIR® (renewable) 301 T-gT ATORUARI (recyclable) 3T, &
TFGeR FhlATATT (circular economy) T TTeT GdTd SHTOT W= HITSIRITS! Had HRdId. § UGHUl
I B YT I HH HIAG MO Y GGaraAT (sustainable practices) HTEHIGH UTHIT

fqBT AT gl YHBT SolTadrd.

1.2 W9 W Tff@=T (Classes of Green Fuels):
¥ R § Hfed Wi (organic materials) TR & ST, SaMed fUd (crops), QdTes (algae)
30T a¥e STAAE (waste biomass) Tl JHAY gidl. Hal AT (Feedstock) 30T Ufdhar dag™

(processing technology) ATaR TUTRE T IR fUeained aiferzur da S

1. 1st generation of green fuels — ufge fUdle (generation) UtH WRI
2. 2nd generation of green fuels — =1 Ul (generation) J+ e
3. 3rd generation of green fuels — fag=a1 {0l (generation) F+ we
4. 4th generation of green fuels — @ fUE (generation) Y9 T

Table 1.1: Comparison of Green Fuel Generations

Generation i (Source) Jalexul 'siﬁ TYH (Merits)
(Example Fuels)
1st Generation | 3R fUds (Food Crops) | SR, SRS JdlGA RO G 3T,
TP, ¥, T dd blending T 3Nt Ud
(Corn, Sugarcane, Vegetable R ST (E10, E20)
Qils) (Easy to produce, already used
in blending (E10, E20)
2nd DY B, S DR, | Hegellih SIS | 3 YRAGURN Wl e,
Generation | q{q.558 fd5 (Agricultural | 3segr=es SrfeSe | SMOT MY 3MTed (There is no
Waste, Forestry Waste, Non- | (cellulosic Ethanol, | competition with food supply,
Food Crops) Advanced Biodiesel) Sustainable)
3rd Aq1s, JEAOld  (Algae, | M@ TNRA  (Algae | S IdIGH,  JiSUUgmE
Generation | Microorganisms) Biofuel) JUTART  (High Yield, Uses
Wastewater)
4th Ridfew 2em, B d=R | 3399 9@ TG (E- | §dqd CO, AR, Stord
Generation (Synthetic  Fuels, Carbon | Fuels, Bio gasoline) BIUMTATUET SRd CO, Plg-
Capture) dd (Uses CO. from Air,
Carbon Negative)

Mabharashtra State Board of Technical Education
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= -

Biomass

o= =" Purification
il L

Edible biomass ;

Production
Process

. Mon-edible biomass :

1]

Blending

BIO
FUEL

Fig. 1.2: General Biofuel Preparation Process
(Courtesy - Discover Energy, Courtesy - Discover Energy, https://doi.org/10.1007/s43937-024-00032-w)

R CRITAT HPd 91d 387 TIR HRUTTHT AHI UfehaT SRHIURIT GRIfAd 3e. SRad o S8
JAEH UGd ST RIBHRA (Transesterification) UGd 3MTg, St @ 3107 Jobd! Sad HROUN R
Tl 3.

ufgwar fUdi" W $U9 (First-Generation Green Fuels): Ufigedn fUd (1G) 9 44 & I
IS TORA TR aidl AA-IBRUEH Sd S8 3MTed, S &1 JHT, 4, 30T ey ad. I
UHRIAE ST (Bioethanol), STAITSSd (Biodiesel), 3101 SN (Biogas) T YHIAR 84l &
YHETH Y 719 IS HHT BT AT Holt JR&T dreadid, T 3 Wef, SHF Sfor arof arR, enfor
MyddaEd fiar fAafor Had. SedHTa BHEYE (Fermentation) UGdM ddR HaTl STl SAIfor
TaiferEed e Sidl, R TRIfSSd ddidd IR R UgdH daR bl Sl 30T fegid
R qTRET SI). SRR Sfdd SR RIS faged ugdia fredar o). § BreeiR
A TRY 1G ST I TTEH AR AT Haffed Hre St ol § 3MTegT 31Te.

Algal biomass

Mabharashtra State Board of Technical Education 4
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Oil & Fats

[ Pretreatment ]

Catalyst

Transesterification
Separation ﬁ

Methanol & }

Washing &

Fig. 1.3: Biodiesel Preparation Through the Transesterification Reaction Method.
(Courtesy - "SRS International Corporation specializes in feedstock pretreatment (High FFA pretreatment)™.)

Conventional approaches

’\J‘/_ ‘m
82y 'bg Rape oil Transesterification vegetable oil esters
:g % Sunflower oil ° > or biodiesel o Mlx with

- - gas oil
Beet .
/ Sugarcane — é’“
=" v
C’:& . Fermentation .
_» sugars » i we > Mix with
IV | gasoline
? ' /// g‘"" «» starche
LAY/ . otatoes [ Ethanol

Fig. 1.4: First-Generation Green Fuel Production Process
(Courtesy- https://edwarddebeer.wordpress.com/2013/11/11/first-generation-biofuels-fuels-of-the-future/)

o= fUéd W9 Y9 (Second-Generation Green Fuels): g1 U@l (2G) I Se fdar
Jggs I (Advanced Biofuels) B 3& A SRMHNURA TR &dl SITdld, 19 &1 Hut
IR, AEHS, Tad, AN (Algae), 30T HRT Alfed. Ul U Symiten, 7 oF SdeAed wuf
Hd Aleid A0 YT Blexled dIRdld, o &I fiegaifoie (Lignocellulosic) STATATT Sfor
IR dd. &7 USHREH JegollRid T (Cellulosic Ethanol), SRI-sgcHId (Bio-Butanol),
Ri3few W@ (Synthetic Fuels), 3T SRR AfdT JHGR B4l & 387 MHEMHY 119 IS0 HH
HRATd, MY JUROM HRATd, TN SoT YR& dTeadrd, Tud davl 30T HH IUgad STHH aroe, o
SiaTeH YIS W vafa s-aar.

Mabharashtra State Board of Technical Education 5
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— Fermentable Sugars

Pre-treatment Processes Foisidtatio
{Physical/Chemical/Biological) Purification
+
Hydrolysis
Biomass Biofuel

Fig. 1.5: Second Generation Green Fuel Production Process

foa=an fUda W= $99 (Third-Generation Green Fuels): foae=am Uil (3G) I $eH 8 SI@ AR
(Algae) TIR Haid Oid 38 3d, o I SHoll ScdTa- AT HH T TRoTS TR 3R, Sefe
TRNHRICUET diTes, A AIUS SIAIT YT dig ebd 10T ARITST &G Yot (Saltwater) fdvar
FiEuToR (wastewater) TORT SIS, X, TS 3 IATGARIT HIUTia! Wl gid gl @ THed Sidg
d/e, 3= ddrd AT 301 HIe- MYTIRT &l 3. T SYHE S@Td drifsed (Algal
Biodiesel), SIS (Bioethanol), Sic /ITA (Jet Fuel), STANTY 301 gRIgISH il SHE gIdl. &1
e HRIEH, TSI THIUMGR TaR SRl R, ST TafaRURS Srdid, A 3@ g1 TMyd Solf
SOT THETH T 719 HH! HRUANITS! Th SRS U 3Te.

Prulein
rcsiduc
Oll
exlmcﬁon
B:odlesel
uctlon

Glycerm

HH

- Renewable
fuel
Exlstmg
teachuology

Fig. 1.1: Third-generation green fuel production process.
(Courtesy - In Woodhead Publishing Series in Energy)

= fUd™ WH §99 (Fourth-Generation Green Fuels): @ fudla (4G) WH 44 8 e
fdar Ridfcs IRATRIUE (Engineered/Synthetic Biofuels) U @@ Sdld, O HeS@ES SHicdh
ST onfor Ridfesd IRl e dUR ddl SITdTd, S JMYd SO Soll HRIGH $9- TR
HAT A, g1 U faRIve: ANSWIRS ARIhISii e — ¥ &1 3t fdhar daeiar — aue daR
&l oard, St CO, fohal dted FUIR TRIRUAHE HRd1d. T Sl G- afkiediqel dTe-
Jahe A (Carbon Sequestration), 3= Sl &-dl (High Energy Density), 30T SURUTRS St
Fraielt e g, amed fiferd sraft-emea e (Engineered Algae-Based Fuels), STRd
HIa YA YUMRT $49 (Carbon-Negative Fuels), ST-8RIGSH (Bio-Hydrogen), 30T Ha=amarg

Mabharashtra State Board of Technical Education 6
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TR FHaa RiAfes WUR (Synthetic Fuels from Waste) Iial SHIART 8Idl. d HIe dlgd I,
fIRIa: for2) FHTe HH HRU HOIUT 3T RN FSE oL AR B,

S /
—.— Biofuels
. —
Algal Cell .,
R |
(©)
-4 .
Qt::::-’-'f." -
COz . Algal

Growth

Fig. 1.7: Fourth Generation Green Fuel Production Process
(Courtesy - Energy & Environmental Science)

®

3rd Generation

(

\
SN

4th Generation
Breakthrough

i Pyrolysis
2"d Generation Al!ﬁal Bl?mass Solar-to-Fuel
Edi . acroalgae Engineered Algae
fi Gariaration Nwlogglble Biomass Microalgae Gification

Edible Biomass Straw

Sugar Beet Grass

Sugar can Waste

Wheat

Corn

Fig. 1.8: Classes of Green Fuels
(Courtesy - Renewable Energy Focus)

1.3 I SYATI UPHTR 30T SUHRT (Types and Applications of Green Fuels):

A) STITRIES (Biofuels)

TATRURT™ YHR (Types of Biofuels):
1. STAEAATd (Bioethanol / Ethanol): 3 IR [UHTURE (S &1 &4, die) fhar wragad

fUBTUrgA (|1, 78) TUR Bid. 8 IH=a: Ueiadiad e Sid (341, E10, E85) MUl internal
combustion engines A& ATORA SITd.

Mabharashtra State Board of Technical Education 7
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2.

10.

11.

IS (Biodiesel): § U qQ@URA (34l WA dd, UH da), WON =Re fdhar
IR WEIAAIRT TR . 8 f$3d shamed W ®urd ffhar dafeaw fegaeead
fPRFes aToRd SITd (34T, B20, B100).

Fegaitae TdHTd (Cellulosic Ethanol): g lignocellulosic biomass IR (S &1 A& S, Uel,
DT 3TY) TR BId. B Wi Ucieridoil aTuRe Sird.

FHAegeHId (Biobutanol): & YegalRe TIHIAUHIUY hleeih U qaR &l ild, Uo7 arded
Butanol TR B1d. § Ugeitasit Uc fohdT frgas aroRd S,

SAANUTYA FrfSHd (Biodiesel from Algae): 3@ qaidl AR H& IS dUR Hal
T, § URURE TR daite S Myd U3 e, 7 fegie Siommed arord .

@A IS (Algal Biodiesel): @ENUR dd ®lgd dOR dhad [S3d, o URURS
fESreTUasit AT Sird,

AT IINAATS 9 SrasgeTd (Algal Bioethanol and Bio-Butanol): @ NURI BH M
He g3aTel (ethanol) fobaT sgesiter (butanol) TR el ST, S SFIUICRIHE ATURET ST,
SATA Sie WA (Algal Jet Fuel): 3@ dATURE biojet fuel TR &l SId, o TfegURHAR
CIECGISIG]

IR (Biogas): § organic waste (3al. 3d HRI, Rl AR, JSUTUM TR anaerobic
digestion TGdH J9R Bld. § "9fife arguast Swrdl, die [t ofor arg oM o aRa
EIG

IME-3MT8d (Bio-oil from Pyrolysis): Pyrolysis Ufshades (SHTfRIeHRE™ TRE HedmaR)
biomass URIA bio-oil, biochar (SER) 3N 19 TUR BIdId. § Siifie Ufsharara! foar
fEaaren $eAme Riafdd Bl 3d.

W fEFT (Green Diesel): 8 IAICITURSAT BleRGUNT dOR &Hd od, IOl
hydrocracking process a0+, S SIRd 3 Goird 3101 UCiferad fSRaaRY S99 d9R 3. §
feSra Somme e aToRd o,

TATRURT™ YA (Applications of Biofuels):

1

2.

3.

uf¥@e= (Transportation): Biofuels 8 dig-He URURS Se-ied Uaig UM aTRd Al
der fAffdt (Electricity Generation): Biomass power plants 37T biogas cogeneration
systems AU W3 30T feehTss et FaTor el S,

BT (Heating): ST 30T SN TRH FHRUARATA! biofuels ITTEA URURS SUATUR
S91d bl STTdl. Biomass heating systems 30T biogas heaters 11 aTURel ST,

3N aruR (Industrial Applications): Hfiwd g8, fadcd, ST sefiiew sifgd
TIR HRUTMTS! biofuels TTORT ST, ST HTe- IToi- HH 8l

A<t 3rfor ureior fa®rT (Agriculture and Rural Development): Biofuels JTHtor YRTd
STIOT ST iaR ST ST faeh T el Srell.

P MY § YIfaRoT B (Carbon Sequestration and Environmental Benefits):
Biofuels §& WG Y 719 ITo HHT §Id, HTT carbon-negative fuels A HTa- T,
HTRTSUI (Landfill) gas capture FHTd AT TTTGRIOR BRIS dledId.

Mabharashtra State Board of Technical Education 8
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7. HgHaRINAT § =M QAT HTa Pefie HH! B0 (Carbon Footprint Reduction

in Manufacturing and Construction)
8. fewrs wifesa A (Sustainable Materials): Biofuels aTu== bio-based plastics @ R
IATEH TR il SITATd, ST HIa- SedoiHTd gc gld.
B). TASISH S
TS IO SUT UPNR:
Green hydrogen & ¥afd TafeRUR® TSR 8. I electrolysis =T Ufhde TOR §Idl, S
solar power, wind power, fdaT hydro power TREHT URUIRS FHoral AR Hdl Sral. AT Ufshdd
YTUaTd fAUTSH e BRISIG 31O STTRTSH A7 Il STl SATfOT HIUdTst CO, TR Bid ATa!, WS
8 SY carbon-neutral 3%d. Hydrogen-powered vehicles &) &+ T8UH, Stationary fuel cells T,
3TN ufohgined SR & ammonia production AT oil refining, AT Hfa™ITd power generation,
heating, d energy Storage W@l dTURdl SIdTd. Green hydrogen & heavy industry, aviation, 3ffor
shipping IREAT &1 SIS0 (carbon emissions) HH! HIUAMTS! 3dd IUgdd 3R, Blue
hydrogen, Grey hydrogen, Pink hydrogen, Brown hydrogen, 3fif0l Yellow hydrogen & R WbRR
3Ted, S AT IdTe U ATIOT qafaroiy aRumdmeR siutid aiffed od eed. Ud® UHRME
BT TN 3 FHIe Il TS 3113,

IS IS ST SUGHT:

TSN 1 U Sgudidl W ol dld WU fafdy aFided aiedl YA aiuRal ofid 3T,
Transportation &, Hydrogen Fuel Cell Vehicles (FCVs) ARl SITdid — Y, T4, T 310
¢ O, faviva: fS battery electrification dHI HUGdd 3MT8. Power generation T, fuel cells
U RR 9 QRAST d grid balancing 3! SASISH ARl STdl. d¥d, 19 eRE-T (gas

turbines) T STTal WS diol (AT dHell Offd. S AL, FTASIOH aluRdl SITdl: Ammonia
production &1, Oil refining W&, Ulellg J@iG (Direct Reduced Iron - DRI) Ufhaaed, Sfor
petrochemical processes A&, Heating ST&1, hydrogen boilers 30T district heating systems g &
I&oHE Taig ISy 8IdId. Energy storage W, renewable sources $g4 fH@UIRT SRd diel
Power-to-Gas (P2G) d=RIH e+ Iufgd dall Siid. Synthetic fuels (S @1 hydrogen-based
methanol) TR HROITS! BRGNS dTURaT Sidll, SaTal SUINT gaTg dlgde® (aviation), shipping,
30T heavy transport @& gidl. Military 3TfOT aerospace T GI BRSO dWR dled 3Te, fo)
SIRA TTad! SATOT W3 Soll STa=adh 31d, 341, military vehicles 30T space missions IT3Y fuel
cells ATORUI. Agriculture T, green hydrogen 3T ATUR & UTTARUMGRE ammonia TR dHal SiTdl,
S GATS! TR Sl § ATges Y [ Had gid.

C) A A (Synthetic Fuels):

AT SUAR (Synthetic Fuels) THTR:

Synthetic fuels T8UIS 37=1 &R fAfHd g1d St wia ImafAes ufshait qaR Feit Sara i uRuie
fossil fuels T&fT W=3 UTTg SaTd. fheR S (Fischer-Tropsch - FT) Uferar g1 afd ufig amg, samaed
FIAT (coal), SIATE (biomass) fdar Aafdis arg (natural gas) URJT synthetic diesel, gasoline
3TTOT jet fuel IR BIAl. Methanol (CH3OH) & Udh SgUaRil synthetic fuel 3iTg, o TR $5=4 d fuel

cells A& ¥ IR SITd, T synthetic gasoline d BikHdAs818S (formaldehyde), ToTiEces AR
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chemicals 9131 @=d AT UM dTURd SiId. Synthetic gasoline (SynGasoline) 1f0T synthetic diesel
(SynDiesel) ® FT process fdhal Methanol T[T fiieae SIAd @ URURS fuels =1 ¥¢ UaTg UM
combustion engines T ATORT STTATd, o ScToi- HH! HRdTd d performance R,

Synthetic Fuels ¥ SUTIT:

Synthetic fuels 8 A& (transportation), dist fAfHT (power generation), @ industry Wedt fossil fuels
T3t W3 UgTg WU dToRd Sd 3Med. ded@ e synthetic diesel, gasoline @ jet fuels ®R, T,
faUT 9 SRITST ¢ aToRaT dard, Ty gayaed Td 9ad = BT, 0T ST HHT Hard. ardl
fAfHicht e, gas-to-liquid @ biomass-to-liquid fuels ATI= Caig~a g 350 T renewable feedstocks
Tad IR W3 diet A 81, Industrial applications T8, synthetic hydrogen =T ammonia @
UidiG 3dIgd A8 9 Methanol dT chemical manufacturing A& aToR gldl. Heating I3 synthetic
natural gas @ heating oil § residential @ commercial sectors H&Y W3 FHoll TR 3M8d. Green
hydrogen, Sil electrolysis RT d9R gidl, fuel cells TTAT @ synthetic fuels =T base U Al 31Tg.
Power-to-Liquid TR®AT TR CO. d carbon capture d storage (Carbon Captur and Storage -
CCS) He T ST iR & oI, S carbon-neutral cycle - gid. Military T aerospace 7
synthetic fuels energy security aréddid d URUR® fuels dR 3fdcifeled dhHI HRdTd. Circular economy
A synthetic fuels CO. T TAATIR e Sl IR HRTd STOT net-zero Ioo W1ed T,

A) aTd §¢M (Algae Fuels)

Algae Fuels d UHRR:

Algae-based fuels § 3= IdTG &, feHI&HTUN T carbon neutrality e T SHTRIGRI® biofuel Tafg
3Ted. Algal biodiesel g algal oils =T transesterification UfshdgR TR Bldl d diesel engines, aviation
g marine transport Y ARGl S, SO high energy density @ ®HI IcgoH fHesdrd.
Algae U §diell bioethanol fermentation §R dR 8idl d gasoline additive fdbdT flex-fuel vehicles
e aroRa Sirdl. Algal jet fuel 8 hydroprocessing Ufhdigik R 8ld d sustainable aviation fuel TUH
9IURd STTd. Biomethane & algae =T anaerobic digestion R TR 8Id d divl, heating A8 SU-TRITA!
W T 3Me. Algal oils T QR biodiesel @ bioethanol TR HRUITTS! Bldl. HTa! algae
photosynthesis §RT hydrogen TR &RdId, S fuel cells & aTaRdl dd. Biocrude oil 8 hydrothermal
fer@ith e (liquefaction) UfhdgR TR Bld d deferas THIU! aTuRe STd, SATIRIA gasoline, diesel d jet
fuel IR BIdId. Algae gl &HdT non-arable land 9% &H! resources AU dIGUITE] 3R large-
scale d HHT THTA! ST ITTGATHIST 3MTEGRT 3118, WM transportation, power d 3g:313T &iciiel ol TRell

HATI AT STdTd.

Algae Fuels & SUIRT:

@l IR TOR IR 284 (Algae-derived fuels) 8 3 &1d W@ d Id-IbRUIEH TART ST,
Transportation A& algal biodiesel, bioethanol g jet fuel R, &, AU g SETIHS dTIRA SITdId d
I HH Hard. diel AT 7 algal Biomethane @ Biocrude fossil fuels =T ST turbines @
boilers A& ATUR STdTd. Chemical production T& algae oils @ bioethanol & bio-based chemicals

T3} feedstock U ATURG AT, S SeNT &1 T 1ol Sotoi HH! gid. Agriculture T algae
SR (residues) ITUR WdTA! Blal. Wastewater treatment HeH algae UTUT ¥ &RdTd d biogas
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TIR P, Heating I1dT algal biomethane @ bio-oil IGart g 3iENfie Sl yafa emga.
Photosynthetic algae §R TR hydrogen transport d power IT31 zero-emission fuel dl, Algae carbon
MY F&T HRAd, dTedHl CO. UYT IJeo HHI HRald. sfasd ardaRond Space d military
applications A& algae fuel, oxygen @ CO, YNNUMNTS! ATURA A, Algal fuels GH HRTHE WS
Soll e aUaTe! Had Hrard 3MfoT Uuagd Uiegeed (pollutants) ®Tg CTdbdId.

A) T URIATHSBUIRY STaf&sie (Biodiesels from different types of Plants-Feedstock):

T YRS Biodiesel @ UHTR:
Biodiesel fafdel U=l agcl-STUIRA AU daR el ofid, Tdd UhRd Wa:d BRI 3Mad.

TS dd (Soybean oil) BT 3MReHE) Fafd SR ITURET SIVIRT T 3], HRUT AT IUSIAT SIRd
3] 31O e HH! HATd. dbIaT (Canola) oil (rapeseed UR) U8 GG FITaT performance d
fRRAT 3. Palm oil, ST IcTE GRUI-SMTRMATT HIGAT JHIUN 8d 9 3o 3G G, TuT gafavony
fiaT aread. WHa da (Sunflower oil) ITE SifaaaR HfoRiUwdT (oxidative stability) @ 3foH
performance ad. Cottonseed oil T (1YY RUcitdl IUSAIE) lubricant U RTAT YT gidl. Algae
biodiesel 3fdd HRi&H, fewrs, 3T TafaRoR® oig, o faR SR S (non-arable land) @
wastewater § CO, ITI=H dlead SId. YOpd ad, of 3fifad YRS (oleic acid) T SIRA JHIUNG 38,
Y8 GATHMIG dNTe BTH HRd SN0 W=l Tl @d 18!, SEwT dd (Jatropha oil) § Th gShIat
YRS dTG U=l STSid dd 3Tg, S ARy SA-IaR died, YUl geardial @131 dadud drld. Jadts dd
(Rapeseed oil), S gRIU 9 DHISIHE WU 3{Tg, US FAMHMIA FiTe HTH HRd. TGV dd (Peanut oil)
Y TS IA1GH BId HTMOT 3 T SYTRIST IR STl YT f9amol aed (Hemp oil), T fehb1s; d Hat
$YC AU W 317, [ e SuanTe! fafdy eied. el dd (Karanja oil), S @T0dT 91 ATgt
(non-edible) 3R FTSTARIA Ad 0T D IRSAT YR dled, d8d o fChT3, 318 d HHT greenhouse gases
IHId PR, AT 3T RAT HebT 7 3 biodiesel AT 3maef 3118,

T URIATHS U= Biodiesel & SUERT:

FIA-3MTRA biodiesel BT fafay &=Td Ta-iwruled T WS S8 TAN 318, Transportation T,
biodiesel 8 BR, TH, I, STETS, far T Uit TATE diesel 3T ATTITATITS ITIRA ST AT SSi=1
efoftg vHTog St HRal. dter fAfEfdt 7, biodiesel backup generators @ power plants H&8 aToRa
S, faRiwd: 1) @i (solar) far gaet (wind) S 9T ATEL. 3NeNfie &41d, biodiesel 8 heavy
machinery T9 diesel =T Sl 9T0RA Wi, heating TTd! dURA SId d ¥aa: G faRGesq 9UIRT
(solvent) TUMHs! ®TH Hd. Agriculture T&, RIdt AATRITST biodiesel ATURA ST 0T ST
IU3dIG Tl guidbdr dreddid. TR (Residential) dTIRTAY, biodiesel @R TRY &R0 (home
heating) 3 3RATdSI-® dieT faaRur Yurmett (off-grid power) TT3T ITURA STd.  TafaRureseT, biodiesel
IR FHo=aTal GaiuR dledl (waste recycling) MTfOT greenhouse gas ScToi HH! gidld. Tasi-db
Jredd el g Tg<l UgWUT (urban pollution) HH! HRUARITAT THTId: B20 fdhdl B10 f&r8(ur (blends)
WEUT biodiesel IR . Biodiesel Y% Myd, Hded d fFHRARR (cost-effective)
AU Tdi feedstocks T Tdi- AR QM T8, X Fad RN AT 3Te.

Mabharashtra State Board of Technical Education 11



Emerging Trends in Mechanical Engineering (315363) AN ¢ &Y 39 A B d SIHANRT (315363)

SferHiarsed Hed Wi Wu@T™ SUdRT (Applications of Green Fuels in Automobiles):

U wIued fohar siem SHordl yard, sfcHiarseisar qafaruiig THIETd Hidt U¢ &rdrd. Biofuels ST
biodiesel @ ethanol B diesel @ gasoline SRFY AL HH! dgd B ATURA ST ATV BT IO
FHI HRard. Hydrogen fuel cells ITURUIRT @18, S Toyota Mirai, Terd UTUTT 9T% (water vapor)
Ifid Hdrd. Compressed natural gas (CNG) d Liquefied natural gas (LNG) dTg-, BICSIRED
T TG 3HTed of ¥ Saa HRdrd. Electric Vehicles (EVs), fa=ud: renewable energy =
TS S, TS aABAGR BIUR Ico UK HH! BT, fa=Ivd: taxis T LPG dual-fuel
systems ATURG! ST, G99 @ 9 TG0 HH! HRaTd. Synthetic e-fuels, S CO. @ green hydrogen TRIA
TR glard, fogm S 78 araRar Iard. WH U CO, HH! Hald, gadl Yeadl YR,
sustainability T TUTE BT SHATIOT RIS UTdesiar g4 fAfHd B Soll QR&f dreadrd.

de 9 Swrar fAfifdta f5 e STahT (Applications of Green Fuels in Power and Heat

Generation):

W R aRuie fdhar wafdft S84 (greenhouse gas) ST HH! RO  fedhTg,; Soll UM SUaTd

HEar HHDT SelTadId.

1. dta fAffdda ST
Biomass (wood pellets, crop waste, algae) d organic waste UTRJA §IciaT biogas & turbines fdar
engines WeX ST dtol AT delt ST, SR Drax Power Station (UK) Wed. Hydrogen fuel cells, St
Pad gTuft IR HRATd, B SrTaSI-d diel fadRur yomelt § Hifg<dt &% (data centres) AL ATURa
Srard. faRid: 3ffthept 9 3fRmm @&l Biofuel generators (biodiesel fdhaT ethanol araRe=) TrHtor
T d ST HIedTHed (disaster time) diSl GRadTd. Synthetic fuels, St CO: @ green hydrogen
URIT d9R BIdTd, gas turbines = hybrid systems A} W g fadbfad Sormd! (decentralised

energy) aTuRe STTdTd.
2. Jorar fAfHdida suaT:

Biomass SII wood pellets @ crop waste boilers @ stoves Hed ST SiTd, ST ATOR [dRINd: e
Ted TR, et g fefReae fefe Raffem (district heating systems) #ed gial. faRivd: S+t 7ed
%R SUl (Landfills) g fAwuanf aroft (wastewater) T feUMRT biogas heating @ ¥adUThRITAT
JIORAT A, 0T UK Al diarg St (steelmaking industries) @iesarar wafd UM
IRTIR TId G HTed. dUd AEAAS =T hybrid plants A& fSr3iiufd (Geothermal) energy,
biomass fddT hydrogen iad Wg3diad (Combined Heat and Power - CHP) systems &l aToRal!
EIGH

WY &=7d 9 WU SUERT (Applications of Green Fuels in the Aerospace Sector):
Aerospace &3 sustainable aviation fuel (SAF), hydrogen @ biofuels g IS HH g TMyaar
JeauaIhs &Hd dledl 3T]. SAF, ST biomass, waste oils fdFaT synthetic TeTAfURET §91d, faedM jet
engines T ATURS ST HTOT United U1 (Lufthansa) IRET airlines aIURd 3fTed. Hydrogen
fuel cells @ modified engines H&} hydrogen aTuRe+ Airbus' ZEROe d German HFly IR Udhed T,
3Ted. Military aviation % &I algae d synthetic fuels URIH biofuels aTURe SITd 3MTed, ¥ U.S. Air
Force @ Navy =0T IRId] jet tests A& 3Tg.
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Table 1.2: Green Fuels Comparison Table

ST UPR IUUDR / Y5 Al / SATGH USd IUGRT
(Fuel Type) JGTI8RT (Sub- (Feedstock / Production Method) (Applications)
type / Example)
EIBIEDRINI IRR/ T ik (18, TreH, | uRkaga-er, shenfiie
(Bioethanol) Hah) (Sugar/starch  crops, | SY (Transport (cars),
sugarcane, soyabean, corn, wheat) | industrial fuels)
(Biodiesel) RS SATOT ATIRAA I (Vegetable | AT, SRR
oils (soy, palm), animal fats, and | (Transport, industrial
used cooking oil) machinery, generators)
JGARID FUATS | P HaRT, ADHS, qul, RIT-UN | URde (Transport)
(Cellulosic (Agricultural waste, wood, straw,
Ethanol) switchgrass)
ECEC SRS IRPIROWISED SN | 9Rd@ (Transport)
(Biofuels) (Biobutanol) (Lignocellulosic biomass)
SIGdrg (Biogas) | PIOgad AN SUaRayl | IS, IWr@n,  uRagd
(Anaerobic digestion of organic | (CNG ang?[) (Electricity,
waste) heating, transport (CNG
vehicles)
Sgdd T TRRIARNER (Biomass | 3ieifile  IWr@l, &a
(ORRAR) via pyrolysis) YN RepTE T ufehar
(Bio-oil (Industrial heating,
(Pyrolysis) refining of liquid fuel)
W TS (Green | daid TSI | fogd o= ®Iuda!
Diesel) CIRIEE RISl Blewi®) | 9ad 9 Hdl (Diesel
(Hydrocracking of oils (same | engines without
feedstock as biodiesel) modification)
FESIHEYH | W gSIoN | U0 SAdeIaR aiued | ORasd (FCvs), ST,
(Hydrogen | (Green Hydrogen) | Qa-ai-id_Ul ol (Electrolysis | SWIAT, ekl IemH
Fuels) of water using renewable energy) | (Transport (FCVs),
industry, heating, power
storage)
sty HACISIA, U, | &M, 3@ JIARSAT Il 1| Hut (Transport,
TEfsga | a3l | fafdy darEr amoR (Various oils | industry, heating,
(Plant-Based | (Soybean, Canola, | from plants like soybean, canola, | agriculture)
Biodiesel) Palm, Sunflower, | Jatropha, hemp, algae)
etc.)
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Table 1.3: Applications of Green Fuels

833 (Sector) JUYdd (Applications)
PR, TH, 99 (AEISISd, TRNCYAId), TaTs URTE (SAF, RIATd I 3¢,
dleqe gSISH), SIglol (SRRIUed, Ridfed Se), ¢ (BRISIoH, SR (Cars,

(Transportation)

trucks, buses (biodiesel, bioethanol), aviation (SAF, algal jet fuel, hydrogen),
shipping (biofuels, synthetic fuels), trains (hydrogen, biogas)

Tt IS SagY Tale, STag e TCId SIReR, BTAGIoH S Féf, 10T 719 caig—

(Power Generation) | Ted RiQfed 719 (Biomass turbines, biofuel-powered generators, hydrogen fuel
cells, and synthetic gas in gas turbines)

Jwrar fAator WagYq SIgad/g, IR gied, grasieH siaad, T Ridfesws difen

(Heating) ad (Biomass boilers/stoves, biogas heaters, hydrogen boilers, and synthetic

heating oils)

it

(Agriculture)

TSt 349, Wd (@aeSHurgd W4 i), Qarar saRivrEr
FHHRE WU IR, IETNIGR ATHIO Hoit (Fuel for machinery, fertilizers

(green ammonia from hydrogen), algae residues as compost, rural energy via
biogas)

(Energy Storage) dlgd WU (Hydrogen as long-term energy storage (Power-to-Gas), and
synthetic fuels as energy carriers)
TR BEAE | Hed SR A0 ST (Ridfed 3e), HH GHG IToH, TaiaRuiigesed
(Environmental IHA IAGH, MU TIBHR Sfeqayar THU (Carbon capture &
Benefits) utilization (synthetic fuels), reduced GHG emissions, eco-friendly production,
supports circular economy.)
ITeitor faprT TATRIYE STGH ISRTR [FHIUT FHRdl, HH HTRT aTuRd, 30T Soll Fa=iel

(Rural Development)

gadq dd (Biofuel production creates jobs, uses agricultural waste, and
supports energy access.)
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Exercise
TLO1-
Level 1: Remembering: Recall of facts, basic concepts, and definitions.
[1] ....covenveen. ... IS @ type of green fuel.

A) Kerosene
B) Bioethanol
C) Natural Gas
D) Coal

[2] GHG stands for.........
A) General Heat Generator
B) Green Hazardous Gas
C) Greenhouse Gas

D) Gas Heating Generator

[3] Green fuels are mainly produced from:
A) Non-renewable sources

B) Nuclear waste

C) Renewable resources

D) Plastic-based materials

[4] The following is NOT a characteristic of green fuels.
A) High carbon emissions

B) Renewable

C) Biodegradable

D) Environmentally friendly

[5] Algae-based fuel is classified under the category of.....
A) Fossil fuel

B) Natural gas

C) Green fuel

D) Synthetic fuel

Level 2: Understanding: Explain ideas or concepts; interpret information.
[1] Green fuels are considered environmentally friendly because...............

A) They have high sulfur content

B) They emit fewer greenhouse gases
C) They are made from plastic

D) They are more expensive

[2] Green fuels support energy sustainability ............
A) By increasing oil imports
B) By consuming more natural resources
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C) By reducing dependency on fossil fuels

D) By replacing electricity with gas

[3] ................ makes green fuels compatible with existing infrastructure?
A) They require new fuel systems

B) They need advanced engines

C) They can blend with conventional fuels

D) They degrade old engines

[4] Green fuels help improve public health.................
A) By emitting toxic chemicals

B) By increasing NOx emissions

C) By reducing air pollution

D) By promoting mining

[5] Green fuels are considered part of a circular economy because...............
A) They require more processing

B) They create more waste

C) They use waste materials as inputs

D) They rely on finite resources

Level 3: Applying: Use information in new situations or solve problems using knowledge.

[1] A transportation company wants to reduce emissions without replacing its current fleet.
Select the appropriate green fuel strategy from the options below;

A) Shift to coal-based fuel

B) Switch to ethanol-blended gasoline

C) Use 100% hydrogen engines

D) Install solar panels on trucks

[2] A city wants to improve air quality and reduce its carbon footprint. ............ Should fuel
promote public transport?

A) Diesel

B) Biofuel

C) LPG

D) Kerosene

[3] A farmer is looking for an eco-friendly way to dispose of crop residue. ............. The
green fuel process will be applied.

A) Burn the residue

B) Convert it to bioethanol

C) Bury it

D) Use it for landfilling
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[4] An industry emits large amounts of CO.. Select the most relevant benefit of green fuel
technology below;

A) Use CO: to produce synthetic fuels

B) Increase fossil fuel use

C) Vent CO: into the air

D) Switch to diesel power

[5] A school wants to create an awareness campaign on sustainable energy. Select the relevant
aspect of green fuels that they should emphasize from the options below;

A) Their fossil origin

B) Their contribution to respiratory illness

C) Their renewable and low-emission nature

D) Their high sulfur contents

TLO 2 -

Level 1: Remembering: Recall basic facts about each class of green fuels.
[1] ........... is the primary feedstock for first-generation green fuels.

A) Algae

B) Agricultural waste
C) Food crops
D) CO:

[2]......... generation of green fuel uses algae as its main feedstock.
A) First

B) Second

C) Third

D) Fourth

[3] .....coevvnnn.... process is commonly used in biodiesel production in first-generation fuels.
A) Fermentation

B) Gasification

C) Transesterification

D) Pyrolysis

[4] The following is the major advantage of fourth-generation green fuels.
A) Made from corn and sugarcane

B) Grown on fertile land

C) Carbon-negative properties

D) High sulfur content

[5] Cellulosic ethanol is mainly associated with ............. generation of green fuels.
A) First
B) Second
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C) Third
D) Fourth

Level 2: Understanding:

[1] Second-generation fuels differ from first-generation fuels in terms of feedstock as;
A) Use only genetically modified algae

B) Rely on food crops

C) Utilize non-food biomass

D) Require fossil-based inputs

[2] Select the correct option for the feature that makes third-generation green fuels more
sustainable than previous generations.

A) Use of land crops

B) Dependence on freshwater

C) Growth in non-arable land and wastewater

D) High food competition

[3] Fourth-generation fuels are considered a breakthrough in carbon reduction because.......
A) They use diesel engines

B) They release more carbon

C) They involve direct CO: capture and conversion

D) They require large land areas

[4] Following is a key environmental concern with first-generation green fuels.............
A) Uses waste biomass

B) Grown on arid lands

C) Competes with the food supply

D) Grows in saltwater

[5] ...................... makes algae a favorable source for third-generation fuels.
A) Low energy output

B) Requires fertile land

C) High oil content and fast growth

D) Depends on fossil fuels

Level 3: Applying

[1] A company wants to use waste CO: to create fuel. They consider............... generation of
green fuel.

A) First

B) Second

C) Third

D) Fourth
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[2] A country with surplus agricultural waste wants to create biofuel without affecting the
food supply. ............. generation is best suited for the situation.

A) First

B) Second

C) Third

D) Fourth

[3] A coastal city aims to develop sustainable fuel using saltwater and non-arable land.
cevvnnen....... generation of fuel technology fits best in the given situation.

A) First
B) Second
C) Third
D) Fourth

[4] An industrial facility wants to invest in green fuels with carbon-capturing ability and high
compatibility with existing systems. ............... generation is most appropriate.

A) First

B) Second

C) Third

D) Fourth

[5] A farmer grows corn and is interested in fuel production from crops he already cultivates.
ceeeenneen..... fuel generation is applicable in the given situation.

A) First
B) Second
C) Third
D) Fourth

TLO -3:

Bloom’s Level 1: Remembering

[1] .o A type of hydrogen fuel is produced using renewable electricity through water
electrolysis.

A) Grey hydrogen

B) Blue hydrogen

C) Green hydrogen

D) Brown hydrogen

[2] ............ Synthetic fuel is produced via the Fischer-Tropsch process.
A) Algal ethanol

B) SynDiesel

C) Green hydrogen

D) Biodiesel
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[38] ....covvveeenron . IS the primary feedstock for algal biodiesel.
A) Sugarcane

B) Corn

C) Algal oil

D) Soybean

[4] .o Plant oil is commonly used for biodiesel in the United States.
A) Palm oil

B) Soybean oil

C) Rapeseed oil

D) Karanja oil

[5] oo sector uses green hydrogen for producing eco-friendly ammonia.
A) Aerospace

B) Agriculture

C) Automotive

D) Textile

Bloom’s Level 2: Understanding

[1] Green hydrogen is considered carbon-neutral due to;

A) It absorbs carbon dioxide during use

B) It's produced from fossil fuels

C) It is produced using water and renewable electricity, emitting no CO:
D) It is used only in the aerospace sector

[2] Synthetic methanol contributes to sustainability because ........
A) It emits more NOx than gasoline

B) It is derived only from crude oil

C) It can be produced from CO: and used in fuel cells

D) It can’t be used in modern engines

[3] Algal fuel is considered suitable for remote areas because ............
A) It needs high-tech infrastructure

B) It requires fossil fuel additives

C) It can be produced locally with minimal resources

D) It has a very short shelf life

[4] Jatropha oil is a sustainable source for biodiesel due to ...............
A) It grows on arable land

B) It competes directly with food crops

C) It grows on marginal land and doesn’t affect the food supply

D) It has low oil content
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[5] Green fuels improve power generation sustainability....................
A) By increasing fossil fuel dependency

B) By using carbon-neutral sources like biomass and hydrogen

C) By requiring more fuel to generate the same power

D) By only working with old infrastructure

Bloom’s Level 3: Applying

[1] Use information in new situations: A city wants to reduce emissions from public buses
without replacing engines. .................... green fuel is most applicable.

A) Algal jet fuel

B) Synthetic diesel

C) Pure hydrogen gas

D) LPG only

[2] The industry needs to replace diesel in heating systems with local agricultural waste.
veeeneeen.n.... FUel should be adopted.

A) Algal ethanol

B) Biomethane from anaerobic digestion

C) SynGasoline

D) Hydrogen from electrolysis

[3] If a country has abundant sunlight and aims to produce hydrogen fuel,
cv+.v......production method is most suitable.

A) Steam methane reforming

B) Water electrolysis using solar power

C) Gasification of coal

D) Qil refining

[4] ............... green fuel application would be most appropriate for a remote military base
requiring clean, portable energy.

A) Algal hydrogen for stationary fuel cells

B) Synthetic diesel in aircraft

C) Soybean biodiesel for home heating

D) Natural gas turbines

[5] A chemical plant wants to reduce its carbon footprint while continuing methanol
production. Choose the appropriate solution from the options below;

A) Use fossil fuels for synthesis

B) Switch to algae-based bioethanol

C) Produce methanol from captured CO: and green hydrogen

D) Replace methanol with gasoline
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Unit 2 HqpaaT Rrewmdia adia ¢s

Recent Trends in Manufacturing Systems

fawa fAw=ft (Course Outcome) —
CO2 - Sc1 {1t daid IUANT He Il UishaT 0T JulTell YYRUATHIST Had HRUl,

(Use data analytics techniques to improve manufacturing processes and systems.)

Ued fISI=iT (Theory Larning Outcome)-

TLO 2.1-Sc7 fa=aivuir= Hob e (concepts) d bR 31101 dHAE (techniques) THSITGHA S0,
TLO 2.2 341G ITRTA SeT faRaNdT (data analyst) =T YH& (role) JuiH w01,

TLO 2.3-fo1 St =it afkrees 31t IcdTe ufshddial el UG == W§ HRor

2.1 IATGATd I 9T SeT:

I 9T 3¢, IATE M Idd daiedl HIddT YA Hifgatar dgy <. g1 Ser #=i,
7, IdTE Ufshd], HHARY, @G o Affoiedd 3T Aed hissd are fafdy Widideg T dal.
HTT T STl IR AT HH JURUIRITS!, Alfgdigul o 9uamrdt $for srierdr aeauarmat
FHRIed], o 3T IdTeHhdl JURUIN HAed xdl. 8% 4.0 U8, HUdidhs aNTed fAds!
HRUYMTS! AGHIUET SR 1= 31101 ST 315, S fa=eiyul dhed, Idadh -1 HT e q Adhdrd
0T T Ueh YR d1ad, Adhdld. of HIS Scl faayur IiuRdrd o Ad-ay qddh et dr] HRugrg
MO IPT URUIME U BRI Y& Sdid. Rl TSad 3led, 3101 G HIGRI g
RIEUITS! foT ST Ul S{TTD 3G

fawr Se1 3fRrsed (Big Data Characteristics)-

1) Wi 9egd (Massive Volume): fofT Se, AlEgd BiF, TIRId Hifsdr, S0d ST Sffarg—
tfdefed™ arE fafdy Wiaie g ais Sdd dbaedl HiddT JHTuNd Affgdiar vy <dl. 87 ST amH
JugrTdt 3Mfor Afedigef fAufa Suarmdt U= Hadoop 30T Google Cloud TR WeWhIHdT TR
H&- BT STl Ydbferd 30T fa=eivor et ST,

2)  High ®@I¥AT (High Velocity): Velocity UM ST ST A7 d0R &l Sd 318 dl 37 814,
i HifSar, diarga 3 0T 10T (Internet of Things) fS@TSEY IREAT Wdibgd dTH ST
TR BIUR I WA IeTeR0! JHAY SR

1. Rara-ergm arf YEAradt <fihe Ser fawaiwor R Google THTRI.

2. BT AdgRId! QMY ST Sl

3. JB@R SRS TR Hifsar Ser fazayur,

HTHT ARG UfchadT TIRE HRdl. ISR HUIg YUIRT W& .
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3) afdwar (variety): fon Semed fafgy yemR=ar migdar THAY gidl, WM O BT USRAS
Fifferrur Ha TS Y.

1. Structured SeT (3TTESS ST, 5 &t UTgP HIgd! fhdl HIER)
2. Semi-structured SeT

3. Unstructured SeT (3F 3iTATs<S SeT, o &1 504, fefgasn, ufamr fhar dwre Hifsar i)

faT1 31 94 U R=T S Hid fdhdl Wy faaRTd 7 9l dae ol

4)  3rTifSaead @RS (Unpredictable Veracity): ST Idl g1 ST Joradr Sfor fayrmed
3xad. fayeia gamse FHfor sxuarnat onfor mfgeigul ol dvararat Ser sraear 3o geTdaan
YT H0 A offe. faRiva: Al ST A=A AT Aiee aTuRdTI, 3@ URUMH A1 HRUARIS!
I SO fayraTe ST Saad 3MTe, HRUI Il fhal AU SeT TRE Imse 31 fAufg o3
RGN

WS (Benefits)-

1. AR ST189e189 HH! HRU (Reduced machine downtime)-fai Ser sffafesy yidsg@s
ATOT Uiy T AT e Hal. AR SIS 3T TRH W 50% Tdd HH! HRal. gt
YT STrd fa=ayur e, o U TR ORIl 3G drauaridl 1 $icswd, Hiohd FRTeanRol
STIOT T HHT FHROAN SFIHT <. 81 TP Il APHASH HRd! 30T SUBHRU FH SIS 0T
SO GEHTCTS! ANTUIRT 9 HHT Bl

2. GeUTSS dI¢ HRUATEIS! (Enterprise growth) - fofT ST T dTavTe Wgedred Hri&mad!
T HRUGId HTOT BRPpidl HRU MNYUITT Had Hdld. foiT STRIE, IdgH Uhedid fawivu s
T, IR [AHRIT T har 31 HiawREs Aled AN H& . fa7 SeT fawivumgR ura
AT TATHD ST YR, YU T4 HREH DS IUSH], DIV HU-I gcd Wdiar/dq
&l T4, T TG Flex BT ! AT6) IATE] S5 g Aifge sraaan Fofa 93 e,

3. 9FTd Wd AT (Better cost management)- Hfawg@® fazawol qoe Aisquar
TEiEEd 3TSC JUAR B golc TS gorH Hd. foT SeT e siiees T e HRul
IRVl Fved, IATGH el Fatd HGwIYU! S FaNITa! YR R B b, LS
Tald HU HIS dall oS bd 5 MUTl G §id, Yac! e Afgayul FHofa gor oftr @
SIPATITH BId.

4. TEIIS 1P (Enhanced customer)- 3G AT IR Ageh =T JHIYIGR JU 3faciq
3, o a7 ST fOAWuMgR TTH8 &hd SIS dhd. 67T ST AT joT a1 AH U3, IAGH
UEHIAT SIHIITET Hledd Flsc Mg HhdId, IATGT JURUM 0T FHReHISI el He
. TSI Welfdtd SRUS, foT Set sirfafead g1 age fas YT Th TR 3, o BIRde-
T IaTEH Fofl HUIET FT5C AP HRUAN, ORI VAR HROATT AT IJLNT-
U HHART AT ST Had .

5. TG HTIIHT aTeaul (Increase manufacturing operational efficiency)- JdrgATd o
ST HriemdT areadl, W9 afAd Hal il Idledhal dledd). Waafad araull alkomar g=iq
AffT-arierd fa=eoomTaT Ty O3, IdTed Als- Wie 30T Ul URE YhdId. AHd! ¢ HH o
HdId ST JeT TOreRT-HTfad IRiied iy Wdhdrd. § JdTe- quron 3o Rfthr emawes
THUITTTd T Y& Hd, [ac! U a6 areT gd.

6. WIUf qrdol YrEB e UReRfedar aredd (Increases transparency into the entire supply
chain)-3aTexumy, R3fa TrsHAed ¢ed, UTey 31T Seiia RIM ¢ HRUTMTS! 4R ATfOT RFID JeT
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ydd 94 HIel PHEe Hruare G qrat qufads ufsar sl e ReRads faRayur e
HUT RAST WG| URGRISdl aled b,

2.2 ITe SeT faxeryur (Data Analytics in Manufacturing):

ST SRUST HieddM 3aTse M fquamra! T Ao fHesfquamrd! fam Ser faxawor sraxas
I 318, W AUedsR UIUTHET aH o34, IIT Fofg guard mifgd Svarmat o Ser &g b,
PHRUGIS], IATGHhdl deduadl 0T fChrHUun aefauardt quRr 3Migd. A gigHadr SHfor
AT 10T AT TEAUTT FRUST WD AGTIANITS! Sel-arerd (R 8% b,

fam Se1 AgwaaRe faxawum Y@ (The Role of Analytics in Big Data anufacturing)-
fat1 Sa1 dghaafime sHIffe T YfHeT dewar! 3ie, HRUI Ui JHIUNT Sl Idd Hal Sl
L. A1 ST YAt AU ITscdl HRIGT YUgred SH-IgeRT &Hdwal dhaedT! fa=ayo &a
AT, FA8S Wickhid, Wd fawawor oftr oHm gfamar (Al) IRE AT dIRE SdreH
STPARRFIE TdH T IUSd 3Med. T3S WehH Whaad WL ikel SUdsy BRI, TTd faewor
ATYAP i Y& Hrard. Ui Se, Sfor Al T 3for fawindt siesearn, @ fufa
dard 10T HraicRM Ridbdrd. duifl, diear Scrl YHEIg0 HBaEl SuaRid! Scl RAsiat dHdRdT §
T TR 3.

SeT faxawordia ura=ar (Steps in Data Analytics)-

1) T fobar T=Me Uy gRHTSd ®R0l. (Define the Problem or Research Question)
2) Scl YhaH HUl. (Data Collection)

3) sl faai 7(Data Cleaning)

4) ST fa=alyuT #H1UL. (Analyzing the Data)

5) Sl Ry SAIIRM $HRU. (Data Visualization)

6) SCT 9TaX BRI, (Presenting Data)

WY 1. GHXT fohar A=Y= wy gRHTRT H7 (Define the Problem or Research Question)-

ST faxaiveTd! ufgch Ut TeuT ISR Iy Ueig THw fdhdl aaur &1l IHe Ul g
T& HRU H@EuaNe! Uy faRe, da faafd s axor ot gawd dqul sidhaq gHfda
FRUITS] QAREITSR ST TgHT=aie THEIT0 Tare Ao GAfy 38, o Fream, favaves
RGN TRST Y01 HRUIRT 3 IUTH [aa Rid e Lahal.

Y 2. 3eT JHad (Data Collection)-

TR Wb Ue Ul 3l JHIAY 3R Xhdl. M 3l Ihad Ugd! Hed Jarad!, Taeu,
SHUTRT 3101 Ysraett Aer FHIGRT Bidl. MedT dadl sl AR Jeld [ARavumdt Wiexfie fdbar sQL
(Structured Query Language) Sclay TRBAT AT WEUTA JUfed dall S,
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Y 3. SeT FelHdT (Data Cleaning)-

ST fazavomh faadt urat Tt SeT U FHROr 31T TR Ufshar R0 g 3T sRdsdr gAfda
TIH AT SIdl HTOT SeT faavumiTél wiRkHe ol Siral. SQL (Structured Query Language) 31O Excel
TR 1A ST A HIUITIS! BRI JueTsy BT, o1 TR HE@qUl 3HTg HRUT G- Sl o8 SMf0T
IUN BTN el ol Areafaiad, 3K Mor fayrarg fazawor gfvomih g Suamrdt e
fIRciveri-t qaiig qurul e 3MTe. § YA bdl ofid &1 94 i UiaFfia WeRd Sid 3for
PIuTATe! fAfRY TeTel sfperdn faal Sird A,

Y 4. ST fIREYUT (Analyzing the Data)-

e fazavundia At Ut WU TS SiieQuaTa!, TUMHT SHRUGTITST T IiTedT STscTa! Sel
TUha DHRUGMNS! I bl Scrd faRayur S0l Taid SO THRIUS (SQL) IR e faee-34
TaR-g 30T HicH PHledg TUHITS! TRl Sdid. Excel 9 fUagie ¢aa 3Mfor SQL (Structured
Query Language) d dIdRd c¢aed Scl fa=vayur Jay odrd. drAfdRad, R 30 Python HREAT
Iy, i foRiy daroieg, SeT faRayuarat QifdaRimedl Surd Sudsy Hrdld, Sarges sied
R fARIHROT HR07 ST Hiewa gATse Hleul 9 B

Y 5. SeT fRSY3@m™asI= (Data Visualization)-

Urad! U} U Sel fRSge s, o Sfed Sera aTe Sfil SHIaE TR by fesgsiaae
AR HRA. AH-CfHhd ARG SUlsc TH YUINTS! § 3aad 318, Tableau 3T
Looker IRE! BT A1 ST faRavdmil etd fRgeamae TR HRUGN Y& HRdN.
Tableau o1 S71-3(8-3M0 e M1 Looker ° A STy HHaRM [EogadaRE WU .
rafafad, R ST Python o Uahel, S @1 ggplot, ¥TE ST g3 @aeRH 3i1hR Hdld. Fepufa
3ifey TredtesRur Afediyuf fofa Svary em #Ra, S STy Jo&T A AREIESHIE AHIRG
SR FivTel yRomY fHesdra.

T 6. 3T T B! (Presenting Data)-

T IR IRUGMHY Heedl AT Jgo FASUIRIY fRegsiaas F0iaR R0 GHIAY 318, S¥ &
T, <8 31 TMRe YHTAITT FOWUT FHRUANTS! ITe, 3MTeRd ST TRUAL. HIadaq Sel <faidd
3 19 fdFTpa Verdpiard! UARRHNG S0l 3 ¢4g 38, TS ST WearuITd! faurRyde
fREGAAIGIRA Fa8, HUDBY M0 HYAGR V&HiAT ARG HRUANTS! Fepyid WEHul
HTIRTS 3Tg. TIdTg VGO FHAA 1Y, Texdbd Aigargul fofa goar em Frar, Sa
T B aTSC AT ST Pt S HIUIIS] Teb MaRTD HILed SadId.

ST faAWuI Wb (Types of Data Analytics)-

1. f&fSpfoe faxawor (Descriptive analytics): fSf&rPE fARav0 Teme IR SUaeR A& dHiad
HAId, ‘BT Bd 3MTR?’ fhal ‘sr ey Arfia e favawur o, Id UsR=a Ser sirfafeay g,
1 Fald AT TSP e HRUT ) IRERIATS! [ YSAIeRHgR Sicd Scricd! J& dfkisel ffir
AR ARIFRIG FHRar A Ay FHRa). quiTes fazawor oA orf oa.

quiHTHS faxawn fewra srvaad), favdus Snfor Se1 IRay IWIE: U Rwwed
TR BT

1. U SCRICHY TRTWR H Sfasd 3Iad Wy 3fed fdhar Ry &3 uRyifitd oo,

2. 3MUH SRt et et et B!,

3. 3 URUTHITST Fefl- ST HRul.
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4. fEd GRS diedl Scricd J&UU HRUGRITST WRTd HiRkddeh 19 da TR] Hul.

5. Rd-crgd Sa Az Arafquarandt, IREREdTe! fgsgIaIgiR R HRUgTIST ST
Tifgciyuf fAufg Suarret Al-URIRAd sse fesfauardt Thought Spot TR Iy BI TTeH
CISRUE

3qTeUl-

1. U8 Ty AR (Customer relationship management): URIORIATG 3101 YT JHGH
HJUGITS] ATk STl fa=eyuT Ul ST FHIAISH 0N S{TPHTSS ToulsSc & HRul.

2. offe e@ard (Financial reporting): 3Mf¥e® SRFA™ Hedie HROANIS!, HMEARET T
HRUYMTS! SO e YU ITey HRUGMTST HAgR Scral R 6.

3. W o9 AFSHE (Supply chain management): fadiaTel & ®RU SSQUANITS, TTT HH!
HROGTATS] T G ATeauare Wl SUs HRUgRIa! Afea i Wi dite et e o,

1.  TUMH® Sl fa=Awur (Qualitative Data Analysis) - U faRawomaed sidquf garse
3T A Siiwuarrd! ues i, diRe Hifsar uRe Sftl Sfehr Yy aRRe TR-TRed s
ST Afdafy 3 arao Ay ofme. B & Sifed, Yed THWT THSH SUariTe! Juged 3118, GeRids,
AT faRas T fAufg Suary <remT Suarra!, el AuaTe, T Scld’ a8l dhiad Hd.
S B! fahid s, JaUTIC IGQRT SATOT G THHAR!. Gl aATe AT SIHR=T 3fTed 3for
3qTeUl-

HThe fIRAWIT (Market Analysis): ATdbfer Ufdef@cigs fhudidia dea sl SR <8 aid
URI&01 e e fafRiy foarsta SaraHre skl &1 dred! Ird Saadr fa=Rdyul 6he Rdhdld.
I M (Medical Diagnosis): TARTRIIGST TRUTY 30T SH0T=dT SeTar STUTRT A&l SR
A Yot fafdbcdd Har faeyor qroRdrd.

2. fqsRq@® Sl favawur (Predictive Data Analysis)- Hfd®RE® Sl faxayor HiawTda
38 IfYr FuTew THET SigTe duarret BfaeiiRie Ser, wRfia affr onfor Al IR . Ui,
THWRER (exploratory) 3TN M fazdwundid sde dOR B, HidwRgas favawn SwiiHr deft
fiBEudrd, TEHET 3l S 3T SRR YURTaRTaS! 3t Wufes uR fHesfavamre!
ROl faHRId HRUAId Had HRATd. 8T TP Pl HRUIRNY STsc IUAs HRdl, Hifgdgul FHofa
YU AT Afehd Ao Wem $Ral. a9 ¢, g T+ fdhar fafRiy sriswar HR U S
HA. Jeid URUIS YeidR fohar fAufg 9o WY & Xdhdid. Hiawgad fazaun gy 3™
UgTTat Ui el aTRard. IR g &1 813 Ydhd?’ Hau™ Hiaswda gRumd= sfgrst
ATUANTS!, T MYTITATST HATFOT SHe fohaT arerean deft siiaauarrd! § Aied aTaRdrd. auHTES
fom1 ifaama. wiosgEs fazaw fhed sid T S Hrdrd, HiTsTd SidTgd ugdrd.

YiIeRE® faxawo @retayHmt #rf Sard (Predictive analytics works as follows):

UfSfdea sifafcry Miour Scica ARyl HRUGMETST 301 U gSuar] YUl Siardl
ATqUaTS! Hikeger g Hiafelw, ST AT dFf oftr A=iT a1 arRd. a1 UeRd Ser fazawr ang
fRIERT FHRugrr THAER Sl SeRical WEUER Jadgd 9. HiawE® fazawo dqra
HRUYMTST, Trel SITIRUN Il UTfgol S{RIT 8T U1 AU HTed:
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I AR {SHIgH HR0.

TTRT® T Hlgd CTH IS Selar Yd-Ufehar o,

qryg wrsfaT yidsgae dF Masyl. faRayura $igt = YR Y& gfames, feRem
mwmmwwmwﬁ?&ﬂ%ﬂ

5. ORI A, Tem i wra WicRewa darar amH BuR Aisd fawRia for uiRiféa o,

6. Hisd HdiH, 9 Uigdicdl Scrd fobddl Sghull faRANUl dRd I Heich-T HRUGIST Aroft
SeRiTaR qH=aT HRIH @i Aigerd! arauft 9.

P w DN PR

Y= gae® fa=awor 3eI8 vt (Predictive analytics examples)-

1. Sv@esl HaeIfe (Inventory management): TEHIT ANTUNGT 3Gl YOI 30T Fged] UIaed!
SITPHTSS R,

2. FfEe WPIAMTT (Credit scoring): AEHTT Shiscaad 30T FHol HUATAT THTHT Hedidh
H,

3. faspY 3igTeT (Sales forecasting): HfawTdd fash! HEYE SMTOT UTEH T ARTUNET SaTsl Arqul,

4. fe™@ fa=dwur (Diagnostic analytics)- e fazawor g1 fazavomen te weR oM o fafery
gy fdhar geAel @ HRU ST AFd Scrd GRIU Sxdl. WY Jadidd Jaid
SRuTTaHdTe Fegiar MY O34 301 WId HiRFD I Tgall arued, g fazavo SRy gui=t
dfedd foam BT HerH HRdld.

e fa=eyur 3180 (Diagnostic analytics examples)- e faRas o SRIAT TETd Wl Sfr
H.

1. ¥ IUAR HTPHZH HO (Optimizing patient treatments): TARIF dgeig aRkfyd fhar ITaR
URUMHAES GRIGH SUIR A 30T gedh SauariTe! S Aic) o fa=eoor &,

2. YI6P YRUM (Customer retention): AEH I IRl AMMA HRU N@uarid! UagiRie serd
TH&0T HR0T 10T RIS & AT o,

3. J99TSC TIfthds fARAWUT (Website traffic analysis): ITIRG AT dd Serd fARA0 B deTge
JEaERIY 3fAd U gIvaTd &b HRUT 31U,

ST faxa9uT &3 (Data analytics techniques):

1) OfeRTH fI=AWT (Regression analysis) ~ 2) A< dIal RIFGARM (Monte Carlo simulation)
3) Ucdh [dRAWUT (Factor analysis) 4) PIgIE fATATT (Cohort analysis)

5) FeRex faRAWUT (Cluster analysis) 6) dos HTfcren] fARAWUT (Time series analysis)

7) YIGAT fa=eIS0T (Sentiment analysis)

1) U= fa=@wor (Regression analysis)-
g fa=auor 81 U TiRaa i Ugd 3ile. |Rudcqddia e g daquarre! auRet Sid. &
fdar sifi Wdd I (@ch). § Al e ST 3o Hfdwrdie S sl ArquaRiat
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IUYd 38, Iarexund, Th S-HAY Hu-l AR Hifsar T i1 faw! Hege gi=nda ey
JURITITST SR fI=evor auF ¥hd. G RRUTEHe IRERASY 318 &1 A6l ¢ Mufika axd.
Ui fa=aoor Tee 3fieg hd, Tg o HRU-3M-HHTE e wifid wa gl 8 Iee T
U, A AUl fAufg 8% wedrd 3foT Tuieg TR sigTel g Kb drd.

U T faReiyuIe SgI8 T (Example of Regression Analysis):

IR ¢ Heid- (Market Trend Assessment): 3 IAERuNdd §cd (341, SATNGR)
T fohHell aR BT URUMH HRdTd rd Gedich=T HRul,

ufsfaeeg fmda (Predictive Pricing): T SSIRIdA TaRiTedar sema yigwrdie feHd=n

2) Ui HTal RIFGARM (Monte Carlo simulation)-

Hi HIal o 8 Ue A Ueihd oF ofe of JUT IR Hied ST e JuTed
faaRUmETdt aURA Srd. SRt A=AVt 8 U et i 3ffg, of Sl favadveir dured
REaze TErREn ARy smeeye @RusaR ifAfdd RRusw= gHERt UM #Rd. 8
oo U A I HRd SNf0T Td W1y URome $1fdT i SHiead Aied daR HRUGRITS!
3% UM IIAad. § oF, SR SR o e HRudr AT0T i aRkfRyct sfor &iear ge=an
HUTHD Hedidh B Scl-dTferd (01 Juar Had HRd.

3) Waex faRAYUT (Factor Analysis) - ThaeR =yl €1 T dF 38 off HisdT W |RTa HHT
GG Sidfgd Hhacx fdhal Xa e HH! HRUIRITS! aTURa offd. § GRUSTAed T ST Jguay
ST d, T 3T GCHTY Tedg DR of AU Yo IUS HRUYd Hgd He Yhdld. 1 Ugd
A U0 iU gid. § SfdfAfed gcdh digd, AU 3Tsc g Ydhard SNfor Ser-wnfad fofa 83
T,

e [ARAYUIT SGI830T (Example of Factor Analysis):

[aT JYUROM (Service Improvement): Udi& 9o, HHATI dd- 30T S0 FHIUMER UROTH
PHRUMR TR TRUTH IRIRE Y@ U< g,

TATYH 91’ (Resource Allocation): S¥UTeAT FHTYHIER A&UN URUMM $HRUMRT &5 JURUIMTS! a1
et a1 aTR g,

4) 9Yg fazawur (Cohort Analysis)- aTR&AAT aa-Kia AP oy fazawor safdr e
FROGST VTGRS STral JHIART 3118 M1 R A YeHhiag STl Ugd ¢ HRdd. 8 o gHl
YDA Bl 43 Jdbd HTON Veebiz [dbRid TRET dfedd B dbd. ATATIRS, Dlal Uedh
TetaR fauum Mifeden gura Fuffa sxoamard! gl Tig faxawumr arR & Wbl Iarerony, et
3H UHRAT SHd HifgH HeoHTO- HROGNITS! g faRayr damt afkned an] &% Iddl-amH=ie:
A/B TTEUT WU, HIAaR-SMT0T HrAedd=ar e9H HIord! fisar ufourerers Sifor gurdt 3« 8
S ddr dd.

g faxawum 3q18%r (Example of Cohort Analysis):
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YTed YRUM (Customer Retention): didec! WRIMHHY HIgUl 9 ddedl UHIAT Ja4d HdH
SR U fardll BT WG] HRA 3Med I HISTHIY HRUL.

HTIHHTET YUTG (Program Impact): Aidec! TR TRl TGl ST Ui Te! TRRRT Watar JHd
STl BT AT B § Feid HR.

5) FAveX fARAWOT (Cluster Analysis)-

e fawdwor g Sere quie axd Sfdr WM T Sfiewd. Sl Serdl e Wy daw fdar
TIsC TG 3 fdhar srgy Juft raara degT o W9 aruRa S, a1 Ufshaned que Adtem
ol T Ty TIR HRUAMS! T Ued TTeas HRUI GHIAY 38, aram 37 A1 fgad ool
3AOT T aEffeur HRO1. greafaled, 3 dF Scegueid THHdr S s/mFar Siie@uard for
FRCHD UGRIM HRUITITS! S Wie fogog SIAeIRIan W= fae ST,

FeTee faAwuIma I8 (Example of Cluster Analysis):

Hrche WIHRE: WEHHT 3% eRle HIGTAS THM ad- AT e uelRid HRum=n Teimes
faymTo.

FWT HECATSIRA: UAdsd 3 FURU TRid SRd HROANIG!T Tdd Fawedra! g
faquuE 4RO fEgmega Ho.

6) d HIferdT fA=RAWOT (Time Series Analysis)-

DHROGETSI Rl AT Uil dIUR $es eball, TUNMU, § o haes [AiRIY dobaAl SicdRM Sl el
HROGNTS! TR Tl MBI TTHUR dTed? YeaHa- AeiaeAe] ®Ruad dgad & ], Tdd
RRUTA HY 3aae 3Mg AT fafRry Uerrat ufkoms s v gimen & Fuffka sxvamré § o et
3R, ArAfaRad, Rl Bl JoRIA ¢8 3o T Fuffid exvamrd! 9 ArfereT fazayoma
AT g YHdl. Blal el STsc UTRT HiTHTdd e sigrl Juare! Tl & Ugd aus
.

9 IferdT faxeyuITd IGI8uT (Example of Time Series Analysis):

f&His BREIRET: Tw Hraadida Ve Om! Screm STUR Yeid giHNTa! fash = JaTorman
3{aTs g,

Rarert wifT: sroféra armoft gof svarard} Sdre deTEs Sfdl s)ext urdes! THrifd o,

7) SHe AR (Sentiment Analysis)-

Sigl Il Sl fadR &, degl Ud T4 dHalfad 3MaIsy 3idbe 301 WeSRiear Siid. ST Hu=1
UG Sl HTdhe gae HAld, TR TeTd, did (faRiva: 7ed) Jraesd S fafgard Sfor
BT WU JTaRe ST SATsC WKl HRUI SHTaRIS 316, <R, MUVl Hold S faxayu &y
B2 Th fAd IuGad UMHAD o Ul HTaHT [aRa], Ueh o o Holgprean fawgd Jufielt defa
ST ad Boed e rdean 3 Araur o e FifeRur Sl § O S8, U™l 8B, §
YT I 58, Iare fhar Ja=a fafdy Ydaed muedr U =T HY dled § quruary S«
ad.
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Hqhaatamdia fon Ser fazdwumd ST (Applications of Big Data analytics in

Manufacturing):

1) Ufd TS U (Preventive maintenance)-

UfSfdea e 81 U Aiehd eI 318 S Hgthaaiimdid ATifoid S13-ergd &t HrugRId!
foT Ser Sfferfea 3fdr 10T S=iar ary o, UgTRie HrIUeRH, uafaruia aRfRUd onftr Saura
YP180g fafdy Wdidh g Sl THiAd &, WTd faRayor 31for I=fi= a1 arar ar] &d S1s, [evd:
U IUBROY UTR SesdT T TaRad @I FeffRd wd.

JUHRONAT YR 3MeRA SRS Farad de Afdd He.

O AISauary Tl QOIS SUBRUITAT SUTRI b HIRUI SIS,

g1 TP IAGHHT U dBIYAd DAY HRUIN, IATGAdId AT HH HIUGR 0T
JUDHRUM S dT[dUIR &H HRdl. =R sel, UdgiiRie <8 3Ifir argl uehid favayur &,
HITOYI® GEHT IATGH T Had HRd:

Wi GO TN ST3-TeTSH T,

YN § VAT dBTUAD HIPATSY HRUL.

T SUASAl AT T SRR B JURO.

HAad @A Sdcd B, SdGH URUTRG dedTuAD-JHTUIRG G@HTUR [Rcil-3emd
TYHTHPS T BN, STSCIZH HH! B AdHald TN THUT ST JURE JhTd.

2) I f&7S (Product Design)-

foT Ser Sffarfeas SdgHmHT HIkie TS, U6d Bigsd Sl Aidhe ¢ 8 AR f[afay dibg
Ser fazdlyur B UTesh-biad Idie fegmz 3fll TR HRvUd Had Hd. g F=Asc-dlad
BB IATGHT Y& FHRaY. UTeh T TR AT TTeT=d JHSH a1 AdTd.3MbYd Ide darR ol
Id1d, fasp! AT Heqa dTe HRdT Ud.Hoigd UTed Ta TaR HRdl Id ST sfe F8T JuRdr ad. TaH
HE IATG AU Dbl HH! HRAGH ST fIRATuTr dH o3+, Idedh Ide AN ™ia
TR YoIafYd H& YhdId. Jet 30T THIT JHET gauor i@l ey ufshadia fafay Jameda
ST faRIVUT HRUIGT SCT-aTferd E¥1eh I YRG! STG dli-d BIvdrd! eRIdl dled, Xebal 301 FIEd
G AT & bl

3) SIS FARITY ATeH=M (Production Management Automation)-

T S B0 AT IATGA I[UIaRT YR § SfeF 397 IcdTe Uiohar Geareyd ST Wiaferd
FHROTMTS! AT ITOR B0 JATAY TR,

IATGATI ST A=Y UHR (Types of Automation in Production)-

1. flhas 3ATEH=IA (Fixed Automation): TheRs SiicHRMHE fORIY TFAMRT S10T IUHRO aToRY!
JHIAY 318 o Ide Ufhad ARy &1 HrRugrdt fegmea Faa 38, e “frRs” Rurdd SR
RN i1 IuehRor At fAfdd et Siara S fid 1 Sxuaridt Teoluul 3%d dhal oS,
Yhd 1. RS JHCAHL dIiRdd! 3UDHRU! JHH Gl S-S IATGAN3! {28
Fad 3R, Y IdreT ufshar st ffia onfdr gRigst g, Im=e:, sifamifee favar
AR IPARBT HiGdT JHUG Ide- dfdwomed Rfga sficizq aRd Sra. fAfga

Mabharashtra State Board of Technical Education 30



Emerging Trends in Mechanical Engineering (315363) AN ¢ &Y 39 A B d SIHANRT (315363)

HHTAR BIdl.

2. UIITH $HRUGMERg 3TeARA (Programmable Automation): TITH HRUGRNT AR WU
TFATEAt ST IuHRl S IdATeH Ufshdd fafdy s wruaradt uRmH delt o Xiwdrd. fAfda
iR faudta, T HRUARI SR dafdd 0T dgadl SdTGRN Sesde Huararat

3. FAfRgad SMTEIARM (Flexible Automation): TRifaRIEd S{TCTHRET ATOR 3R URIbI-aHed el
STl 1Y I Uithdd 3dhal SIag 96d Bidrd 0T o S TRAdRIS SR, T UhRY HTCHRH
IACHH BRI gid SRicied JoRIdad AN, IdTed f32me dga sfir Idrerar aikomd
Adifcd 3 AR Heik Rieq quifdy oed, o fafdy fhar sifgdia g grarevardt
HESYUl g1 HIbTR Pl 13, b,

FIXED PROGRAMMABLE FLEXIBLE
AUTOMATION AUTOMATION AUTOMATION

Fig. 2.2 Production Management Automation

4) TTg® 3T (Customer Experience): 3P 8D 3Hd YD JaIMME Th H[AAdH U
AT 3MTe. Falap® i Ser shifafeay A== fafdy Widid g UTed Sl dledld. @ -Ha Headad)
ST WISRAY Uhd Pled Sld oY F@Id Sl faRdyul Y& HRugMd! Scl FdRildhd ol Safd
&l TS Uhdl. JIaEH, gHd HIS ST e ¢d TP AehMIS! sy ' Riva O Iudasy
cgUIScHar JUUT agfaddhd HUAN godTd Sl Rl Aedhid! W, WXl o8 ST ufdegan
UTaa! 3fesyg ehvll.

5) W A9 WA (Supply Chain Improvement): foi Se1 SfIfafea SdGHMTE! TRAST
JEdHIORId HIGdT YA S faRayu ed, Sdlad i JRas] IRaed! SRRl Hieda
SITRC g Jadrd. § T GUROITA! &3 Seauar, Td Sl HRUIRT 30T SRIGHdT aleiquary
T&H PR, foTT Ser SIiferiyg, Idiad JiAl Idig=dl e Rl JRdl 93 dhdld,
I RAST TG RId-czd THAA M, Ided e aia-mgdyul fofa o3
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Yhdld, RASERIRIT I FaY dleq Adbdrd 0T Agdhid JHYM JURS Wehdid. [ddl, foiT Sar
SfTferfeeRTer BT Uded IdTEH T Idd SEaUN=il SSRUST WD Jg0ATY Hed Bid.

6. T B JATPHRZRE (Supply Chain Optimization)- 3TYfRd RaaT Tra! HABIAS Sfed
B 3R, T o ST FAZewur SUr a1 ST Afeiie HRUATEIS! Hiedd uTse Suaisy R,
T e Y 99, RIBIER HRIVERH, SETET UG ST IR CTEHASTEE TR GRIST
TeSt AfgdiAe aur Red-csd exauHal fieq veard. fa Ser siffea aede Ant
DAY HRUGNTS!T HIdgdd, §aTHM 30T ¥l URRUdar Rera-ergd < & &,
MYTIRIGA. § SATGHH Afgigel FAofa SRy, RasT IReat SHriemdr URUaR ST U

BTG (Benefits):

1) TS WRIGT (Competitive Advantage): {ToTedT WY& TSwhUHe, HU-T A1fa-aqul, Teuf
AT Ao PR FRUINIS!T Scl-dIfad SR @y °9d 3fied. Hisdl S/l URMNG sfadddmd
TaH e HTOT HTIHRIS TSl Aledd 3Ted. Ser-e b [T (IoT) FRALTT ST Uexurse RieH
0T UTeh e UHAd Hd, IdTGPh —di- Gt 301 TPl 3cii D& Qdbdld. gl ThIAD
B HUTHT ST URUIRG R TR Udiidhs Suar el odl, e ifa=agut
ST GfcraTeTed ary Hls e Mg adl of dGad sToRTl ArTofiRll e 93 b,

2) I (Innovation): foiT Je7 SfTfAea WiedsR HUHT d &Y H1Y HRdId, d JEH 3T
RAGERIAT HY B HRAd A0 & Aega A 989 dedt w2 sfewa aeed Tam
HROGId Hed B Ydbdld. MIT T Haeie Ragg g faié sifafeame fagma s Wia
BUM, 68% WfaIGH A TgHd! I &I AT el Hu-Ten AaiHdl ®oay Had bt
YT IR HRUGN FHdld dhall 3Tg. T diTel 38R0l BUN JHicHifee 2N, Hdcs HR SO0
Pridcs URHIA AeINIE, HR IAUGH HR IAGHISID T AUCAIR HUAT 3HTed. Hicb T gardrd
3 T STt 3178 & TNTe FAaciogcNTe! HR H& IGAVIN Sagd Aehid! G Ul quid gue
EISIEIH

3) S @ (Lower Costs): foT SeT vfagiagfes Teg 2017 Aed, YA&0T dhaiedl 49% HU=gi-T Fifrda
DI, i AGAT ST YdhedTea URUMH Wd IIRATRGT HH dal 3fg. Teursel-aamd fam Ser fazawor
wehid T Siigl HH HRogNE! UiaeuTds G@Hd GRS SEdd Td HH B R,
S HRUGMTS! Waferd fdhdl Adifcd UiehdT HICTHRM HRUARIS! e dbvll.

4) GUTIRE AT AT (Improved Customer Service): foiT SeT ST HU=AHT U8 Sel, AR
HifEar 3nfdr saR Wb g HieudM STRe UK HRUANY e H& Id1eT SN shid! gsad 31Ts.
® SUTGHHT MEHIT HIGHT TN THR THoH 9var, Rera-ergaaed ufawre Suam il qafdas
UEHHT fhal IR fUTTHT IAGH TIR FROAN 3JHd! od. HiGaT Scl faiyumar amy o3,
JdTGH IdTe fSEH, Tural Y, A1 YrRaed! FaRITY 0T SR Heich YRS Rdballd. faiT
ST SAfeIfea Ui Hifgdigul ST dosar U Yoo e $Rd, ST Jqaur a1 3fol
YR BId. 3ol Wyfdd aIdIaRud, Sdled Hiddl Scrdl It Iwdn YidwR@s o
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fiferioe fofa dvarws, @ik s oiftuRs HxvaMe! ot Wea ge Aguaried! & Y.
ST 4.0 AU ST AT IS (loT) AT Scr= Uidid dleg, Idled Il Serar a0
fHesfauarard} snfor Idrewmar arequarardt sifor FAofgemar arefavamrdt arg aiitdiued) waw
HIUGTS! IS ST faRawur d-1d v 3MTga.

2.3 UGl fAEF0r SeT faRawur: (Data Analytics in Quality Control)- ™Ml 3el T[urax
TSaR e8I GHIAE 315, T SqUIST ARY SHTed ATl Wil BRI Aelgd Scl difac! Hoie hiad
fohar d=rom A, SR gvguf fdhar fexmya som=n Afgdiar TR fFofg Suamer gt gean,
T HHERRT 1T WefdAmaard! GHed Haa URUmA gIdTd. uradT Ha=ndia ser fazayumes
IdTe Uishdr DAY FRUTMIS, Idle-Td! Uadl dlefquarra! ST FHwr giuargdl Juie
IR SSQUIRTSt el favawu dafen He gl § vl Svam, 997 Jue guar Sfr

TUTEIT UGRITY URUATT faRAWomr YT (The Role of Analytics in Improving Quality
Management)-

1. Ser-difera fufg 99 (Data-Driven Decision-Making) — T0TaT SaRITOAHE  fa=awor
ORI U Hewdral Bl U o Afgdgyl, Ser-daferd fofa dvarh emar <d. fazawor
(Analytics) TRITT T fAufg Serd-crgn ey Heded Hiedd Sfaediar UG S0 Wem
HRd. Ul JH, f$hde e, g Wisdd 3101 Idre- UishaiRl de&fdd (Quality Management
System) TIAERAT IO AU ST fARAWUl e, TRIT Hos HRUI 3iedxg AevdTd ST Fishauu! Iid
FRIEARU He YT, Iareruny, HiwREe faRayor JuTe urac=T THAT SGavadd gl arg.
2. TA9d ®<Iud AT (Enable Continuous Improvement)-H-g3d TOMGRIT qUTUI SfOT
=01 Ufehar Ao, SMfor YH-chigd 3Ry Fevdrd. Ty, fefored Areman araR we- Tura-Hefed
JURUNTST & 3y dbald 301 Fdd YR JAY H& Ydbdld. GIY HH HIUIRIST IdTG
gk SfPARS FHROI, UeHi YRR MR Idled fSos IRWpd HR0! fhar Hriemdl
JTEfAUTNTS! qRAST YIB! ORI JUafRyd HR0l 3], fa=eiyul Trelell Jad JURUT IUhd
UfITE &3 YhdTd ST A THIU dT6[quarTe! 1 H b,

3. &€ IS TR (Root Cause Analysis)- TG THIH He6 HRU B@U g1 THTAT
JYRTES Foll HRO 30T TARIGTT IR0 g1 U Al Ul 36, QMS (Quality Management
System) W3R SIS RUIMCT &N, AU STl fegog ARG T AT Taief Dy,
A TN Hes HRUT [ARAVUIY UIeTE &3> Yahdld. 3G, TRASIER HIARRY, TafaRoiy afefRucdt
A, wra fawdwor 3, S Pt wRiE afin onftr HHw i, smaiemg T onfr ewEy qiy
YHAId s HGIEl g dd % UPhd, WP I HRU ARAYNR rgewhdr 3nfor
RS RS 3.
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4. G@ER 9 HAoHe (Supplier Quality Management)- ST AT IdIGHTT 30T Jai=an
oGl Uy Ad! degT TR GRAGIGR 31T HRfiGRI=T Yfiidds gae o Robd Aleid. oradl gl
frufg offonsy FHRuad Hed Hed RAGIGR UG HGIOAHE Hegw@yul YS! Foldad.
QRABIGRTE! T[UraT, fadR0r de, fhodid ¢e 31for srure AfcaRit Fafdd Scrae) Uaxl s, TR
RAGIER (a8, HRR dreTerd SMftT Tradey AR Jed Hifgayul Aufg 83 Ydhdrd. I e,
fIZwol YY1 YU qRAST URged! qddidl 3G, falS dauary Had & dbdld. § il
haUo! SHETE B HRUAN, Uihd SRS ST AT dle Gi18d HRUAN SH o,

5. 3 SIIRGIH TGRITYT (Better Risk Management)- ASigd RReH WAtedsRAL WId fa=ewor
Ul dfRrediied 3ie it T[uraw HaITa-T=AT SRR guare! fafay uftraine Serd-crgd Se=
HUH 1M1 3fgaled dld, S &1 Wic ARMY fhdl IdTGT GIUaSIDhRUl. a1 YUlel Jare-rel
UIadaR URUMH e HUT fafdy Idig fdbdar sifavma ufsbaimdta Sy sfor sif=afiraarn
Tfohauor =My TdHard. Iererond, Rew Ide ufhadia Siudme! JUTe JRfdddan dieiaga
T TN YT Insdcied] SR B! HIUARIST SIRID YTl Idc] b,

6. TRIIS AEP JAHIYT (Enhanced Customer Satisfaction)- Ugd =l YRUMH! Tl Alfg!
fHesfquarardl 3ol YURUTS! &3 N EuarTdl gayr fafde Treae Uredhian v, Rfgua
SIS FHITSH BV S{THc Gdld. UTgdhieal GHIYHTAT Afidaad Hod fRI&0 S 310 d3ar
SRR H H&, gl s Aoigd U6 It a0 & AHhdar 0T [oedagd aaagdl
USRI F e,

7. Famms SIUTe (Regulatory Compliance)- SRITYT, q@‘lﬂ@w 30T 31 IAUTG RSN
fafay Seiaed, o AFe S FaE uTee Sxul IR-arerdTd! oig. favawur-anfad TquraTn
HIRIUA YUTTelt YaH dHeed (A Ui gRigd Hruard qad dHRdid. =1 JbR, TR IS0
Standardization fARINUMER AT Ulcham ST AHGIRI YaR Hie- & 3T fob 16l g fa=eiwor
H&- UG MEATd dIR B e,

TR =M TP SFTfedT 3 Prelic! dera: (Application of Analytics in Quality Control)-
Afgiguf fofa duaren snfdr sifReHa Iapvawra! fafqy Yterdsm ofor Tquf Igmmes Set Turawn
=0 Hew@yul 78w 3@® FHRURT Hla! 3GTEXU,

HTHTeT fA=AWUr (Marketing Analytics)- TTE® AIHIARIRG SHe 3dhdl ST FETadr
YT FRoarTST ST e duUIITiEl sfdssault HRol, dfedd fauue Hifewr enfor qafdada
TG H&H P,

3R |aT Ut (Healthcare Compliance)- 3¢l MU HaHR A= AT Hruame!
31T ot QR arefavarardt Fame aFe oftr fafea Arfedfe awifdss 01 S
YU U,

wraATREe R (Financial Reporting)-Fame srue sifr fdaumerian oy IRgd
foita foaRonadia et onfor foiedt HHt FHruamS ofifes FagR ST Sfgarel Yumciar Sef Juradn
JUrolt AR PR, 3MTorar e Alberd) IdeTr! AyREd, Uedid Tt 3o
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IACHT SeI-aTfad SHdes! aTIRTANIS!T el He- a1 @A) URad- & oM. &l U fazawor
iR eH, fIRva: TS8R Idre el 3 ueRid wdd grr ey 9.

1. HfaSREE® Turasr fA=ewor (Predictive Quality Analytics)- leRewa S@NRGH 0T A=A
Affrar IR Hed, HfawREe Tored faRewo WU Uil ST TeUaTgdl gl ArauaTITat
fafaey Widaihg araufl Scrd fa=eyu HRdrd. 81 Hichd TPIhH IATGH AT HSYS TN I AddhR X
HROGN SIAC Gdll, ST3CZH A& UiTaic B dal ST ITGT uraxT dredal.

3JaIeRUL: il Hghaadid Hidwas Alsed U fqursidn Sl dlddid, daddr GEHTd
FHROAR TOT BT TR HH! HRUINT STHT ST,

2. UGl quUTEYTET 97 aréaul (Accelerating Quality Checks)-fa=aor Toraxtt quryoft wfosar
aaferd BRq, JUTUiter derofa et Sa S ArEt I HH B, Tghaai ATRegHde Ser
fazaivor e, g1 A1 kA faga MYy Adhard 30 JURTAS Hdl G B Adbdld, 3R TR
JF-T[UTaid! HiFoh HId RIdTd.

3. PIGA® Ued 3M@ul (Identifying Risky Elements)-fa<eivor Treqieg Idd q@R® dedH
M duHH fdbdar gid dreF IR S™ER T MY GUT Uik is@dl ddid, S bl
JUHRU fIU1S. BT ISR bl SW&T HENTST SR3CSH TIoadl TN SRR HIdd I,

4. BTG TUradl YR (Prescriptive Quality Improvement)-SHT JS@UIUd S,
fazaur Ui Serar SuRd JURTES Hal of RIBRY &= Ydbdld [aeyor. fawesomr g1 i
JATGHIHT IO 0T Ufehar 3T THUl IdTe- HrREHAT PHISH B Faid YHTd! geaadi
Hifgdl al.

5. Y& PHRUT fARAWUT (Root Cause Analysis)-UTTd [ARAT0! T[UTa=AT GG SR AU BRI,
3 BRI FMYvgraTa! fafdy gy o Aisfei Hrara. 8t amd Sfed Iare Afcwmed sHw 37
S 3% Tcdh IATGATAT UIAdaR UHTd 2ldhdrd.

6. aftfd IdTG®HAT (Enhanced Productivity)- fazas0 s Araman arR, wRiF sriveR sfor
TREAT IR, SATEH ATGAUaN SIHd HRA. 3aexuNy, Scl-difad Sfdes! 3ud 9™
QISY[CHT ST A=A AR AY HRATd, O] ART 7 HRT ST SR 3T3CYe Gd.

7) Sifeimifes® STNT (Automotive Industry)- HiowRE® faxawor @fsfaea sAmfafeady) smommr
CTBUTA] SHfAfee Yesmie FARI& 6q, e B Repiet A 3= are Ay gha.

8) FAGCI-ad H-gWaRINT (Electronics Manufacturing)- fARawumgR seRiae® @HidhedR)
JATGAHY AGHR Gl YU dXe HH! HRd HTOT JdTe dledd.

9) BTHIRfeH & (Pharmaceuticals)- BHRGeHA Hghaaimd, fazewor Mk terfiedd e
He 3 Rerd cgraed uithar JHRING S Jraayul Sdie- Juradl HYd $HRdrd. Joradr
o e faRaut! T e Hde IdTe Wihdl Yoaaid gId ATeId a) Jdid HR1d Sad S1for
I AFSHE Ul <lid gid. UiAiharRid d Aihd Tual TGS gIUIR AHHU I A
SATOT Mg T TP THTUT AT B,

IS UG fARAWUIT BTaS (Benefits of Quality Analytics in Manufacturing)-
1) HRI&HET 14T (Increased Efficiency)-
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W I I SR APASS 0 JHafyd Hdl Id. SAGT des, ARA-dT aiiR 31flT IR U@
Aeagadia e IV B, HUAT Sy 3N YURUAIET & 3iiesg bl & 3ides
IATCH T AT UihdT SIHd HRUANIT! Hifgdqul fAufg 90ar Aed &% Xdhd, S Bt Idle
JBUAGTT dad HRUl, IUBRU Tl BIBTR B0 hal gt Tsoiedc HR0l. RO, qolgR
fIReIVUIT S HRIEGHAT aTg Xhd, Tie CIS HHT gIaTd ST GeRd WqUl, § §d e ITGd AT
BRCRIR HTRIFAH TN <drd.

2)f¥eg¥s ae (Reduced Waste) — §gd® SdGH HUIMS! d HH HR0! § Th Hew@qul 3ey
3], HRUT M Taid A& g9d 818 Ydhd. TUET A=yl HU=ai-T Herl FHfur gomt e
3eEgudrd 301 @ HH BRGNS JURTHD hell AT MUV Had H Adbdld. vy o,
fSthded 301 SR T[uraT AfdTasid S faRATU H¥ed, HU=AT ST Hob HRUY 3y Abvdld
IMOT § CTSUANITS! Sed A H& Wdhdd. Iaeony, ARy Iae ag-mdd gy siagugme!
ST T G HRUAIIS! §Gd SHATd SHTUvgrTe! FHHfdr Jores faRawor arus =il afRome
HRT HH BIdl, SIS Watd Said gId 3M1f0T 7T area.

3) JUTRRT IeTe T[uradr (Improved Product Quality)-3dgd Sgdd Sdia HU=aiarad! Iura
& gare TrifiendT 3MTg, HRUT T A< TR Jedh T JHTYMER ST sie<dn Ufagar gid. Joradn
IRV U= i IS THRT S0 QY R3fd-crgATe 3eswudld Had H dhdld,
W IdTe- AEHUId U ruargdl i1 URIHS HRATs HRUAR &l HRTd. QY &3, T el
HRUI 3cs¥g Aveld MO IATGAT UMl YYRUINTS! Sad A e Kebdld. I Il Ulhad
gy Tgorel U IdTg TUral, S ATgehid FHIUM 3101 (8T a1g dhd. araAfaiad, 3=-
PRUY(T Hed D= b,

4) 3P ATeP THIUT (Greater Customer Satisfaction)- I faRANU IdTGdH HUHT Al
JdE TTeh T 3Ue Yol rdld fhaT ATie SIRd SHTed ardl WE dved TTedhid THIHT JURUI™
TGd D& Qhdld. Agh YU, IR GId 3101 GRTdT ST f[aReAWUl e, HU=aT GURUT & 3y
IHAT MU URTHS HRATS P& [bdld. 3Iaeond, Jaen warn FHofamr oty 3dea
AReATET AEH T BRI U BT, 3= I1, d THRY b HRUN HSQUarTa! orad fazasor
JIURE Yehdld AT AT ARIHIUT BRGNS Tadd ] he Ychdld. TMed ATgehid JHIYUM, dTgaiat
7 S S Aot UfAsT YuRe Xhd. RIam, ATgdwi=an THMTT WU o1 su=ard! fag!
5) Tefd® WTaer (Competitive Advantage)- TUadd fIRAN0N IdGH HUHT TOIRM ¢S
EErar U T @Rd Ufaee SN 9e S WUdd BRal 3 Jdhd. fawEr ¢,
YTEHiT WU SATOT SITSIRIE HFTOR I fa=eiwor e, 69-a1 Wil I AgUaIa! el Sale
Ufhar GHAIRTG e Wehdld. Iareund, IER e o8 Heguard! Fafdr aoler
IR0 AT Tl 30T AT BRG] 90T el SdTe Uishdd Sad & Jdbdl. 3 HedM, o
SR HUIET WyTdd BrIGT g S o Halad U fddl Uic™Te Uk Adid. e Afo1
TEHIT TS W QUM $Hu-rdl 58 UiasT e Aoigd 3d, St T aeiRysd T
Te<aqul R 31 Y. Wefdd BRI SoRIA (W, Hgd dTe 30T 7T aTg bl
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6) JUTRA IeUTGT IUIG™T (Improved product quality)-IHST, TEMG HUAl SdaciHdb IUDHRUl
A9 3T e THRYS WA IAd a6 et A&Td 3d 316, a1 Ja”d FRIH0
HRUYMTS!, HUH! AT IUHRUMHY ITIRAT S0 desiasld Scl MT He Wqhd, S DI IdIG
7) fYsgws f&Wae ¥e (Reduced defect rates) - ffcAlfce UIET™ TG HRUMAT UHT IUGH
U QTHY a6 HTedrd d&lld 3T 310 oo HRU SHSQUIRIST Sl [aRAVU=l aruR ahel.
$Held) (SPC) AR Hee, il ARy TrT QMY Hleed], oY o1 AR YN TIR SRR =0 fbar
FHH HHART HOM SHReR. a1 Fswpuiar R, Hu- A=ie TsoRede, sffavex ufRremr ofdr
ToreT fg= ool e GURIHD Bl bedl, AT Sel-ATerd SD IS HUiel G <R HHT B,
I IOl GURY!, HH Wd HR0), Ughd JHTYH dreau! Tl SR UfdST aTedul e
T, ST faAWOmaT Ay 83, SO Hifgdigu! HUfg e ST Turar YUROT TS ST, Riact
e dT HIIH IRGT.

8) TG PRI&WdT aredl (Increased production efficiency)- Ue® Udbdl dHaledl awAl
IdGHM I ey @ e fade gIdl ool yge wHt gidl. ard AR
HRUYMTS!, i A=A, SuRex Tfor Srita’ial Sal Meal el 3M1for Sl fazayur d i ot ufsbar
TT, dos TOT T 3T AL Sl T faATU oo SR IUS dbait, o I TR faagul fbar
e faarur facia. a1 fFAsewufe SMUR, HU-H IUHRO) TS, IdTET ASIERId AT3C dad fdar
ST JHRISH A8 GURTEHD Pl dbedl. STl [ARANUITE ATH o3, HU-H g0l GURd, T HHt
B ST U Wl Ut gure, e 3w %! 311 Aedh FHIYM dred. a1 Sel-aifad
TG hU-Ta SBRIHdT es@ul T gR HR0I, AT dTG HTIOT GO HRUAT H&H dal.

9) @Tdla T (Increased Profitability)- Tt T WHAT Hd S/ adr SN IR0 -1 Tor
TR THI0 HH Bd SR, TG deiTe! Sel fawayum amy dar. faw!, Iaes @d Sifor
Tz TiaRw! & AR det. a1 fawavom fhudt sfPHS S SHRuame!, Wd HH SRS ST
BRI IdGAHE daud HRugral It Iu8 Hedl. a1 Sfdesi &l YR, HUAH ATl R0y
qrefquarg 3T i Weufdd Rt Aogd HRUA™ el odl. Jad], T Sel-afed UeadH 3= -l
ST TSRS R aTead, e Hu-ial Wefdd SRUSd Yo JgUaN Hed e,
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Exercise
TLO 2.1:
[1] Big data is a term used for the ------ of data generated in production environments
Massive volumes
B) Quality
C) Both of the above
D) None of them

[2] -------- is not the characteristic of big data generated in manufacturing.
A) 10T

B) High velocity

C) Widely varied type

D) Unpredictable veracity

[3] The various types of data being generated, which can largely be grouped into three
categories--------

A) Structured data

B) Semi-structured data,

C) Unstructured data

D) All of the above

[4] Big Data is used for -------- maintenance to reduce hardware downtime, one of the most
common issues in manufacturing.

A) Predictive

B) Data

C) Both of the above

D) None of the above

[5] Variety refers to the ----- types of data generated by today’s systems and applications.
A) Different

B) Same

C) Common

D) None of the above

TLO 2.2:
[1] Big data in manufacturing is often measured by the ------
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A) Terabytes

B) Petabytes

C) Even zettabytes
D) None of the above

[2] The ----- provides scalable, secure storage that allows companies to store, access, and
analyze big data without capital-intensive on-premise servers.

A) Cloud

B) Computer

C) Both

D) None of the above

[3] -------- is the first step in Data Analytics.
A) Define the Problem

B) Data Collection

C) Data Cleaning

D) Analyzing the Data

[4] -------- is the last step in Data Analytics.
A) Define the Problem

B) Data Collection

C) Data Cleaning

D) None of the above

[5] ------- analysis is used to estimate the relationship between a set of variables.
A) Regression

B) Time Series Analysis

C) Cohort Analysis

D) None of the above

TLO 2.3:

[1] Production Management Automation involvesusing technology to streamline and
automate manufacturing processes, aiming to ------

A) Increase efficiency

B) Reduce costs and improve product quality

C) Improve product quality

D) None of the above

[2] ------ quality inspection and control processes can be time-consuming and labor-intensive.
A) Manual

B) Computer

C) Both (A) & (B)

D) None of the above
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[3] By analyzing customer------- , companies can identify improvement areas and take
corrective action.

A) Feedback

B) Warranty claims

C) Returns data

D) All of the above

[4] Early defect detection in semiconductor manufacturing through --- reduces waste and
increases yield.

A) Analytics

B) Politics

C) Both (A) & (B)

D) None of the above

[5] The following are the benefits of data analytics in quality control
A) Improved product quality

B) Reduced defect rates

C) Both (A) & (B)

D) None of the above.
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Unit 3 ST 9184
Autonomous Vehicles

fawa fAw=ft (Course Outcome):
CO 3-fafay mifcrfierdT yomer wefid (Mobility System) WA=l deeed (Levels) 3.

Identify the levels of autonomy in various mobility systems.

e fISI=iT (Theory Learning Outcomes):

TLO 3.1: Tfa=fierdr vumeldia (Mobility System) WaRIdd W (Levels) T§ &I,

TLO 3.2: WTd SR 3HRie~g RIE™ (ADAS) 30 Gdt Jeth-gRifee?T (FSD) T ARSI WA
JrerAed aMRedT STu=aT Yol 9 guf &=,

TLO 3.3: fade fa=iiedr yumedi=rdt (Mobility System) TR dTg-Tid SUTRT HiTol,

3.1 Taggferd arg R (Autonomy in Mobility Systems):

3.1.1 9181 ATAqUaTAT Waga-Td dad (Levels of Driving Automation):

T 3 siferifess ST (Society of Automotive Engineers-SAE) = SAf&T HTCA=H I1at 6
dgd gRYINT (define) el 3fTed. &1 UTdedl SAE J 3016 Levels of Driving Automation TUH
NTICICSIRTIGI )

a0 - WgaH ATE (Level 0: No Automation):

1 UIdBIaR A4 Trad quigo! a1+ araauared HaFund srdl. el Sfd RN (Driving tasks)
THE! Addhd Bl IaTEU: T S8 (Standard) A8 SUTd HIUie! Tadaferd ARred TIdrd. a1 WRIaR
g 0 7 U SIIdTd, HRUT AT R A2 9181 IIaauard A0l Od Argid: JHIcHice SHRG-AT sabl 11
(Automatic Emergency Braking), aidciiiies ¥fafeid! dcla (Electronic Stability Control-ESC),
3t sa! TRIREH (Antilock Braking System-ABS).

iR i ded -1: ara® Jerd (Level 1 in automation: Driver Assistance):

TSR A dd -1 T8 3 BiaN [did of AFd! Iradbial $le! R Agd Hdld, 3al.
UeIiP® o dcld (Adaptive cruise control) 3101 o fati T34R%e (Lane-keeping assist). IT UTASBIR,
e weft Resifi R weft Toaer= Sfftn ez ate! te Ty Wa: FEfa o Adhd. a0 thE
I3 agl MBTR T Sad Al a1 REEH=1 2 US| AFd! IddbTal Agd B0 318, U0 aig
IAGUITH JUf SR 4! ATeeTaRd g,

Tsa=Ts SR SiRRe~T RIEaHS & -1 (Level 1 in Advanced Driver Assistance Systems -
ADAS):

ADAS T®d -1 Tl i afreed U Y1 %3 deid (Adaptive cruise control). g R TR
-7 (radar sensors) T ATUR H¥e- GEId AT-TARTD 3R Hold U1 TROIAR sfde T fobar Gaqenes
B AN AT AT FGad. a1 RIS Sel URIRRC HE T4 ATcbTal USe ae Ul HIadl
AdId, & Sl Yebar B BRd MM JAT aead. ADAS o T IR aeR ST BH! B0
T G 3T gTUch <Tesul B 3Med. ADAS A URieg 3nftr Ufdes At Rifewy o 3l U
HIdTd.
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AR -1 A1 3D d&] “T] 19 /R3S Held HRRET (hands-on /shared control assistance)” g
iEd SId. § 9 Tl YRATd 39T MSIHY IUds 3Te. Plol daad -1 ADAS 3rcid HRa™
dTe Yeid YHT 3Ted: Mahindra XUV700, MG Hector, Hyundai Venue 3110 Honda City e: HEV. &
TR ST QReM A1 SR dread, Uul adig! Al ade qul 9o SHfTar @ér 3aul ada
CIRRICNERENECL R CEI LT

A -2 SATeRME- srdRayaad (Level 2 Automation: Partial Automation):

AR -2 AL d18- Wd:gd RS q8a ToqeRy= 3ol fSdieRA Udhra dedl Aafid o= Tavd. a1
TSI aTe A fpdl 11 Teiie st cheid, Sffir soeft el aife) wifdhT wRwe SR i 3q 2.
qUT TE AT TAeT SRR YUl des Tef 39U 3T STIRIB AR XY HRUTNIST TUR g0
ARG 3. el alal ReH — RS a9 TRTeRzA 3o fedfienrzq afAd o= qdhd, uur
AT Iadh el SadaR] HUedl A9d. HI0le! SMachTe- TR e JAHdl I aid drgH
=g gaa wiks,

d%d 2 ADAS i afdrees:

A. TSI FF deid: aTe- AT ofl HHI-STRd He R8I 3R I,

B. A fHdl marRive: IE-Ta MU a-He dhigd SauarNTe! Aad Hd.

C. SfTeHfe® SHTCI-AT Sd] 1T YU YSH HIBWd ST TRST AN HTYISY i AT,

D. ¢fthed WTH SIRIRE (Traffic Jam Assist): CIhdHHAE JRAR YU 0T Gg S0l JMHED qTg-Td
o=, sfdh 3for Resifan wivmed.

E. 3ffel wifdh iR &t Sr3ar 3ye (Resif, Youarem snfdr sfdm Hed arga wifd et Hed
HXd, IS T8+ Wd:g- Ul gidl.

dBd 2 ADAS U a8 3Hd SRfe bR Wd: gIdI Xdhd, YUl dlisl HHd! Ilcd &l ¢ul

TR 3. RIET SO YRMTET 3eiedl W dAMEes dagd 2 ISR YRAd HuredH digd

3{T8. HT! ded 2 ADAS 3Reidl YR aTg- GaTd THT0 3Med: THel TaReR, THeT SR, BYals oo,

BISIRIE 3 Ta ! (BRfSS), AlesT TRIGE! 700, TRICT BTN,

g -3 3ATeRH- 3l ggwaaugaH (Level 3 Automation: Conditional Automation):

AR -3 SHSATE Y agd Flel Sfadh IR AED Id SAfeT 1 Wd: He dhd. Iareony,

wemr! fdhar v o el AFE! AT e HIvdTe! YEHRTIRIGR digd Iiad, Udhd. a1 Uldeiar

T ATYFH T, HEAA FSA (Artificial Intelligence) T 3Hd SRR TeTd Y R

(Driver Assistance Functions) aTIRedT STTdTd, S aTg-Tel Wd: Ui Suarrdt Hel dard, ST anges

A ATd® SR BT SO g Al UUT dliel, SiegT R A 801 IRd Svgrimat i, degl Aat

ATeADTH AchTed (AT YU TR AN HTTD 3,

d%d -3 ADAS 9l dftree:

A. 3Meles a--BIfUT RIET (Automated Lane-Keeping System): SHiadrara IR JOR

B. Cfth SITH UrIde (Traffic Jam Pilot): T T ATAUMRT ATEd- @RI (acceleration), ST, SfOT
Wt Fafd ad.

c. uRkaR fAY&mr (Driving Environmental Monitoring): $RH gfawar ofr fafay I= @
TASR- LiDAR, I8R-radar, HHRIS] -cameras) AT STSlSTo[AT dlg-id! (R 3o,

Mabharashtra State Board of Technical Education 42



Emerging Trends in Mechanical Engineering (315363) AN ¢ &Y 39 A B d SIHANRT (315363)

D. SHEY Iudsudl Y& (Driver Availability Monitoring): 8 JRf3d ®rd &t T4l dlcid
IS AT AT {01 TSt R 3118,

d®d -3 ADAS UM dred falkm ukfRyda ad: wafad 81d, Tur aigl AFd! e Jddb g

TROITHTO BXA&Y HRUIN TR GV HTTRID 378,

AR -3 ADAS e Hlat g+ Jard THT0 3Ted: ARISIS-dg S5 Uride, 3Tl Usd (Cfhd oH

URIere), gisTais ([T Tere)

dEd -4 I TR W@agaH (High Automation):

AEd - 4 A 969 99 SAET ST YUyl Wa: B Uhd, YUT Hacd SN TR (SIS SH

(Operational Design Domains) A& — U, & dlg- A1y &Fiaed fdhar 31 ged Wayul dreld, 3al.

frascd e & fdhar TemE. desd 3 Ual aves T8Ur, degd 4 dlg- UNdidld [ouTs G@ld gl

ehdld, 0T SR} AT ATdb SI&Y al ATgl, A< dlgd YRISAUU Yidd. Ml aiddbies Fg=o

U U S, 0T T SHTa=gehdl Je4d1 HIgd ATl

d%d - 4 ADAS it afree:

A feib-as o aed goiuwt W@ sEf@ T (Fully Autonomous Driving in Geofenced
Areas): Tad Jd-F3d daiedt A - AT $YC Riar arg- guiue! wd: e,

B. fofa Sumet AW gfETTT (Decision-Making Al): W $HH ST ae-rar afea gafa
Ryt redgi fAufg Suary ged wa.

c. sifafvaa JRe&m R (Redundant Safety Systems): gTedsR fdral WitedsRAY fyars Smeary
RIAUT! aTe ITddd Sed, ATTAT e JRem R srard.

D. e AifqefaT 3mfor §eR®e=E (Remote Monitoring & Intervention): &gl RIEAHS TR

d®d 4 ADAS WU dlgd dgail IRRUdTaed gl wdafed Uad 9iq Qdhd. Tur g &

IEEIFS]

(geofenced) 3RTd — TEUIS dTE-TH W-SMTRT (self-driving) &HdT I &ATYRT Faffed 3.

AEd 4 ADAS 31l HTa! aTg- /a1 G&Td JHT0l fTad: aH! 9 (Waymo One) (WaTaT 138 -gIeiT ),

B (STHT W Carit Ha)

A 5 uia: Taaga (Full Automation):

AEd 5 A e PRl URRAU, PR AR, 9 SHfET 1 Wd: $& Ubd — JHd!

THAUT TR TSd Tel. Iareund: Jyuiol W a6+ (had dieud fdhdl Uieiegd Weurd qe

SHI@ATd 31g). T Uldesiar drg—He R iy, Ueed fdhdl SR Pivrdl! H-g3fd A0l Fqard -

PHRU ATG ATAGUITIIS TFA! 39YC AP d 4l TaRN Iddihgd Whad Uhd B SUfed S/ d —

T ”IM (destination) Ufdy &I,

d%d 5 ADAS i afdrees:

A. oo ¥gaferd argq (Fully self-driving vehicles): s &t fdhar s T9ae ag- - ol
qufutr graTg =0 fRam IRt arge.

B. Tl dle- 3IRM UHR SIS aiell 3dd Bi- f91Y ford Uep Aa! araidh a1 arerq, Tdhal =1 9d
DUl ot ATe] [bard

c. g g Yo $HY fSHT, USSR, ISR, HERIS, M1 ST AT (deep learning) AT
Do TR g fofg gard.
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D. T fSIRA- i1 aTe+ araiad Ad ATe! fhaT S{UT el 31=1T qara! Iugad Mg

d®d 5 ADAS UM dlg- el AFar a0t TRl 7 dad1 YUl Wd:gd H HRd. ded 5
Taaferd dre (AdhenH SfYT TA): ARISIS-dS T 015 daRR! 39 HIRM, AT (Waymo’s) Hiasrdia
Ui R dTH, e (SESHal WA ed)

3.1.2 TqUdferd g™ ¥ed (Autonomous Vehicle Components):

daferd e (Autonomous Vehicles) UM TEferd (self-driving) aTgd, of TS@IS T4 HIgfeT

30T Al SIETRYH AU Fl: dTg- dTeiq, b, W JH DHRUGNIST AP el gchiHe

refte MY AT 3TR:

1. URR A &teror R (Perception Systems):

A. @ISR (LIDAR): § 3R HISoame! Widd TR TS (pulsed laser light) aToRd ST WRrafda
AT WeATaR AR 96111 (3-D map) TR &R S0 a¥d! 3 3 B,

B. Y8R (RADAR): g I&dl 3Mftr ol sfies ovd. T4 ga uRfRudid & xa. WS g
(Radio waves) dier=dT 301 STqa<1 a3 Aeiid SR SicsadTd.

C. DHIRIY (Cameras): & o, WD T, UIGARY, 30T IgaR] fad (traffic lights) 3fiewdd. Rard-
TRAAY SSYBT WY (obstacle detection) YaM @Rd, WM A fSURR (Lane departure) 37for
AT Hifgd! (Roadway information) b HRUT Had Bld.

D. 3{eerie I (Ultrasonic Sensors): 8 Slacsedl 3fcRTaRId 3fSYss RMYTIMTS! (short-range
detection) TTST ATURT SITCTd, ST @1 UTIh T STIUT 3fSUSS TSNS, F-aRARdT &1 dgt (High-
frequency sound waves) AT+ 30T TRTAfdd Rgdae 3faR HIeTd S,

2. gfewar R (Cognitive Systems): W fGHTT (Artificial Intelligence-Al), TR @
(Machine learning), 3101 Uad R3d-C8H UG AUEdSR (real-time computing software) aTae
AT R IR g7 U AT Sl WY HRdld, a%], fie@drd, AN 3Rguft (paths plan)
HRATd, AT FrafeET g A= fHofa gar.

3. fra=ror enfor feparaa=t Rt (Control and Actuation Systems): SiegT Tife UFTE (mechanical
parts) T TIRTH AT TId degT a1 Perd ey (ECUs), STses §TF IRR oIS (drive-by-wire
technology) 30T YamUed aToRe SifdhTT, @RUT (acceleration), 3T WA Saaeie Ugdiq fafa
&l S,

4. Tuds 3(TIOT Harg RIS (Connectivity and Communication Systems): &t € T (V2X-Vehicle
to Everything)-Rerd-cred ST eiirre!, fordfiug-sEe AfetRmwrs!, Sifir arRay daiH-3uecy
3{Tfor R AHERITardl aToRe wird.

5. Sell SATT UTaR R (Energy and Power Systems): Wafd 3afdcd arg-iHed (EVs) Iafacd
UfaRed Heddl JURUINTS!, sl HMART (battery performance) SiPHISS HRUTMIS!, 30T
IH 3T Uiar gR Hgdra! B (critical functions) I HRoarTST SHuif SftT tiar REH w1t Fa.
WO A, 90, HEAA FGHT, HI0H (computing), ST Tudh aiel THIGR 3R, S JiTavTe
WAl Ude! A SRUGRITS! HTH HAN, Saes RIS, HRaeHdT, T srgs Tfa=fterdr gHfda
CANINSIG
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Light Detection and Ranging Radar (LIDAR)

Global Posttioning Systems /

Prebuailt Maps

Dedicated Short-Fange Communication
(DSRC)

Infrared Sensor

Inertia Navigation System (INS)

Fig. 3.1: Components of Autonomous Vehicles
(Courtesy:https://css.umich.edu/publications/factsheets/mobility/autonomous-vehicles-factsheet)

3.1.3 I@ETE WUITell 9Wre (Benefits of Autonomy in Mobility Systems):

THTCH Saa! 31Tg. T WIS O fAYTITE Uarra AnTids eldhad & U HIS UTehd 38,

1. R&T (Safety): Tafed (Self-driving) B & 3% PRI I-adrd, HRUT d J04 01 HHA
ST aTRe U4l bl HH! Hald, Ul <reddrd, 101 A1 IgaR! IR T8 ddhr Ufadg
G,

2. JBId AEq® (Smoother Traffic): WA gl fRR-ITH a8~ dr@aul ofoT ¥¢ Ant
RIS Sftheh YRBIA 3rd, Tl HHt Bid, I T, S0 S HHT TR Sirdl,

3. 9afdTd} Uary HUT 01 (Easier Travel for Everyone): IWdfeid dTg- Gafqra! yarg 3Hfde I
99410, 7 g SNf0T SUT WG YN Wid <dld, Wasi-d dlgdd JURAId, ded A0 YRTd
RgH I S g <ara.

4. TgTaRoT Rl (Environment): Iafeid B UIIGRUTY Had HAMd. o HH! S8 ORI, Saiaed
qTe TR WIS GTd, 30T YRedId a8 Araidednde UGNl HHl Hrdrd.

5. @ 3MTfO1 98 ar=aul (Cost and Time Savings): Idferd T U¥ AT des araddid. o AT Te!
BN Td HH BRI, SEHTA HH BT, 3N Y- JaIRaTel 3R HRUTRE fbdl B
FHRugrE! et ard.
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3.2 Taugied arg-TiHed aruRdl SIum RIE| (Systems Used in Autonomous Vehicles):

Jegs R 3Ry AT (Advanced Driver Assistance Systems-ADAS) 301 Td Heth-
SrfET (Full Self-driving-FSD)

3.2.1 Tfdes (Active) RidIH fawss Ui (Passive) R

ST SRR ey R (ADAS) #8 ¢H T UHR 3(ydld: Ufdew Jege ShEr
3R RREAT (Active ADAS) 31101 URIE iege Shiwr 3R RRET (Passive ADAS).
Jamd To1 TR dd YfHHT S HriuGd ameR uTRd 3ie. tfdee siegs SHER ke
(Active ADAS) Rt &1 Ifehd g¥dau rdrd Sfor 1R grafe uRfRydi a8 gad erdrd. 71 Ridia
el 4 (sensors), HUR (cameras) AT SEifereie SI@NRYUA (intelligent algorithms) T ATUR H&A
YT eih fidd SAld. & b i3, 81 R SR 4d, 3101 HIglded] MUISTY YYRTHED Dt
ST HRd. IaTEX0!: 3UYTd eTsURT RREH (Collision Avoidance System-CAS)- 3{UHTd CISUATTa!
AT HURT Ry, o foodl 7 9grae R (Lane Keep Assist-LKA)- dTg= dig d-He 8T
qrTSl Had PRUNT RS, Suahlcdia sfdbm RRET (Automatic Emergency Braking-AEB)-
YD T GRTRITIT STANSTY sich ARy REta,

Artificial
Lane Intelligence
Assistance

Mavigation

Collision
Avoidance Va2x
e Connectivity

Automatic
Parking

Speed
Control

Fig. 3.2: ADAS Applications at a glance
(Courtesy: https://www.synopsys.com/glossary/what-is-adas.html)

a9, URIE (Passive ADAS) Rt 41 3e ¥, Shife e d¢ gXI&U = HRdl thad Hlfgdl d IR <01 &l
3. 1 RIETHHE I (sensors) 30T HHR (cameras) T ATUR B AT-TeAT SMS[ETSE fARIE0T dat
ST, ST SrreeRer fegSierd (visual) fodbaT &=t (auditory) I (alerts) 3G gR HAifed! faeht S,
JATERU: e Wic AT (Blind Spot Monitoring-BSM)- aTdesTdT ES1&UTd AUM=dT dTgqidsaied
SRT QUIRT R, R3R §Y HER (Rear-view Cameras)— dTg- AR 91 ReR &g GRAGUIRAT HH=ITT
IR, 94 fEurR a1 RIET (Lane Departure Warning-LDW)— a8+ SR A=A dTex od 3¥d o
Al el SRR QUK R, <fihes a4 sl R (Traffic Sign Recognition-TSR) —
A queRi® fog (Traffic signs) 3T FOAMOR SraeRar Al ot R, tfdee sfeme
SRR R RRET (Active ADAS) I1 SR A& Fibda (proactive) TgHTT gidTd SHf0r 3{udrd
TIBUYIST Wd: fohdl dHrdld. URieg e SRIEY HRIC-T (Passive ADAS) §Td, SRl YgiA
TEUH, ATfgd! SUds He faell ord, URg, o Sffdr Felt SR SR1am arTdid. &1 el ReH
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THATYU T8 ArAqul 3Hieeh JRI&T a YT sHadrd. Sege ShER e~ R (ADAS) BUS
Wwwmwwwmww&n@ g1 Rdtw yoladaferd g
(Autonomous Vehicles) Sehididl T Hgw@El TW 3gd. WA dlgqHe) JH=Id: dToRed] SITon=l

tfdeeg sfeme SR iRre=1 R (ADAS) dRreeaiar quzita WreliauH 313,

Table 3.1: ADAS Features in Autonomous Vehicles

E dIuR (Application) quiFq (Description)

1 | TS= @ ®eid (Adaptive | & [A2Nd: BHHAR I 3M1R, fo1Y Areipi1 Fad Tt d
Cruise Control) R e FRI&U HRO HAI0 Id. 8 RREIH Jerd

Ire-Td SR T T S, MUY 97 dlead / HHT
ITABI Yhdl HH! BIdl.

2 | o fEurkk i< R (Lane | R 9 39 aT0e -1 Aie] 3N SiidTd. SR
Departure  Warning-  LDW) T8 S]IRT A <l AETeR ofid 3Rd R Sraexdl a1
aftr &9 fPd T WerH® | el o, LKA & e areeren Wa:gd aHe Sauar
R (Lane Keeping Assist- | Tad &4,

LKA)

3 | W s v Rdw | § R gakia areArn gsdscy o1 U Sffor
(Glare-Free High Beam) 3fIfoT | Hiadicredl USRIl SYRMGER  3Uedl  dle-red]
e @de (Pixel Light) TSARCHA U 33cYe MAHHYY Feed SHUel

TP FaEd axd (dynamically changes light intensity),
SOh GHREAT dTg TP 8l feuad ATgld. (No
Glaring)

4 | TSP dIse Held (Adaptive | I THITATAA UHRITAR gedZcal USRI
Light Control) o, fe=m sfor fhruamen & dadd.

5 | vauafera wifdm  (Automatic | aEARE $IR 7 I AMIEA  ATcbTal GRIGIT0
Parking) UIfHTTST Hed odl ofid. Plel RIKH dgd Wd: Ui

P& IHAN.

6 |z RREAT (Navigation | AT IFT AFT GRAGUIRT TUMRT: ®hH 9 ATASTGR
System) T e SIrara. ! Tdfer Ant .

7 | e TR R (Night | T SURME! a% WP Uedl UoAd A6 A
Vision System) fgom R arRelt 9. Ufdes (Active) A vaifta

3T Wrafdd gIPRS THIR TR, dR URIE (Passive)
Ry aduyd Auffelkar Ifid TR I3RS
ST (IWAT) AR,

8 |=aEs Wic AIMERT (Blind | 9138 I9Y aIURed dTddr=al e818Ud 90 (S S
Spot Monitoring-BSM) Wic) are-id! Aie Ud- gadd IRT e ST,

9 | Toudfad SMuepred ST | IR FAflemn sRvardt enfor argq, ureart fdar
(Automatic Emergency Braking) | a¥qRit T cadhr 3Ncs@uariel g1 R ISR, HER

30T LiDAR ¥R dTURd. of €9, €t fdhdr du-re
SMIINIE ATADTA Jddb HRd. SR AT dsaR Ufdferar
Td TG, W YSH cBugdl fbar wHt HRugraT
I SIS § ddd. U Creuaé! die dee
YT PHRU] HTOT TSR THIIT B0 ARG RI&AT
UI9d odid Sderd.
10 | wigids WIAATISIE | I Yuciidiel 9-9R a8 IrdddT aig-aR JUIRT Jr=aT=
(Crosswind Stabilization) TN 3iBg WHAd S pdeds UHIfad St
et faRT ITABTTIR IGAvIrIST Heifed ArhiaR ddb
SICGIGH
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11 | gsaR  AifHerw Rifew | sueR Afei T R (DMs) R S11ftT IR araed
(Driver  Monitoring ~ System- | JTqid @& Sd 318 &I ATel § dURId. d ITBTd Slod, Sib
DMS) 0T & HY ArAadId TR A& 3dd. SR Aad ghgadn
a1 foafea aread /@, R d faa, smae fdar die
HUAIIE IIRT ¢d. THR UHUHE, 9T e UgrTa!

DR Yigq Tehd.
12 | Sthep WIS IBRRME (Traffic | HHR SO WHEAIR IO XA TR9I89 (341,
Sign Recognition-TSR) e forfre, 1 1) sfiaqd o SR ¥hiFar qraad
SIGIGH

Blind Surround view Traffic sign
spot recognition
detection
Crc#ss
traffic
Park = alert . Radar/LIDAR
it i Emergency braking Adaptive . Camera
[ i : i cruise
Gy " } ! Collision avoidance control . Ultrasound
view - - ;

collision

warning Lane departure

warning

Fig. 3.3: Block Diagram of ADAS
(Courtesy: https://lwww.synopsys.com/glossary/what-is-adas.html)

Bd AP SATGT (Full Self-Driving-FSD):

g1 Rt URURes a1ces TeT (Driver Assistance) RIS e 31fie WTd &1 UeH HRuame! fSgmg
JRGATTIT SIS "TH" Wik aiuRol =T AR JHEN 318, Td Yeb-gdT (FSD)
Tl HAX (cameras), Y8R (Radar), TSR (Lidar) TRAREAT AT 4T AR el Sicll. a1 Yo
FHRATGfSHAT (Al-Artificial Intelligence) 30T RAfFIRMT FUGMET ITUR B ST TR
fteror, fofa gfdsan, onftr argar = o Sd. g1 da R sremy ool fasRid siielt Al
fafay o= foen erigmad ATdam™ YR $HRd S84,

JHiCURIde gl b WId SR JRRe R 318 St drg draddi JRigaar sifor 9 dredd.
AT AR, JTCIuRde SRIER S ARG THUT HIHTE dT0] HHT HRd. -Tdi ol (Tesla)
e 3 HHR A0 fdd=men ePufghar (Vision Processing) I SHaciel 3¥d. cXdl-[agoi
(Tesla Vision) =raredr RIET= IR & sffeurgae REA &1 &a, St 3l ISR Ugelt (Radar)
Had HEATAR SUTRA 38, SHfeIaride i Fa-deth S™fT (Supervised) § Gl fthad guiutl e a
I AN (ST HRUAM 3 3fed. TeaT &l RIS arg-ren guia: wadafad (Autonomous)
CRECEIGE
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3.2.6 Siferurgae 31 Fd Aeh-gHfeT (TUREISSS) Uuldi! afkea:;

-

A 4

(Traffic-Aware Cruise Control) (Autosteer)
& ftheR aTg-redT dTTell STSTSAT ¢ JdR | 8 ftheR dTg-Ial o-Ae $qudry Had Pd. §

THER a8 Wie arequl fhar wHl dur | 3f0T Sfthdh- 3otk S Helawg BRI B,
Yres I Bld.

3.3 gax Tfaxitaar yommelt afier(Mobility Systems) SffelFTae SUART;

3.3.1 W@ggtad (Autonomous) S:

W ¢ Th 30 Yed 38 St HIUNTAT A FE=unRiar ared. g1 ¢ e i gigaar (Al-
Artificial Intelligence), ¥=T (sensors), Taigd TfIFAT RIEWT (GPS), Wdafaa o R
(Automatic Control Systems) JFIRM WA T3 ATORA SITd. 3R ¢HHED HH HHAR! ANTAN, ST
P, JRIAAd], d U9 ardquard Hed gid. Wadierd ¢d SHicH=M Ulde! (Automation Level) §
3T IS (Grade of Automation-GoA) TIR 3ad ST, 8 GoA 0 d GoA 4 Tfd 3

TyEferd ¢ (Autonomous Train) A ATURE! STUTRT dHFT:

a. ¥qadferd e+ fARIE0T (Automatic Train Control-ATC) — ¢=dT T, 9, 3101 TRITIRRH deld Pl
b. TFETfAd e+ STURRM (Automatic Train Operation-ATO) — GXATS IUSUI-§G BRI, T¢ RIAIRM
B,

c. Tadferd - W&l (Automatic Train Protection-ATP) — R 3t &S& (Collision)
TS UGTNITST YRET T,

d. Taad NIRRT (GPS) o1 -8R (Sensors) — 3% AIGTIRM, HSYS 3E@Ul HTOT
QA& SR I,

e. GBUGBUI-ATYTIRT 1 fA@70T (Communication-Based Train Control-CBTC) — aRRaEA ¢
30T el Yer el R3rd-crg Aifgdl SR delt Sifd.

ATEATTUS (GoA) deq:

1. GOA 0 — qufqut Wgarer STuR=H: (Fully Manual Operation) STA&R Ui ¢ arddd). & ¢aqe
PIUda! WA (automation) ATe!. 3&TERUI URUR® Yed Rifkew.

2. GoA 1 - 3refegaeafia (Semi-Automated) (agaferd 39 WREUT (ATP) dIU=): IAEX A
TTcrad!, YUl ATP & ST Rifked ot 3M1for cdahr (collision) ST UaRIHGA®Rd. JGI6RUI 3 FH= Yed
e,
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3. GOA 2 — 3fRTa-¥audferd (Partially Automated) (FIETIASTTIRRA-ATO, UUI SUER @A
Fdl): o7, 8§D, GATS] § WATAACHSIIRRA (ATO) = Fafd giard. I fiet At (URa) dAdfa
BRI AT GOA 2 3R, TS SIS (Gb) Hellel BIel A~ GoA 2 AR

4. GoA 3 — SR T, UUT W RTA ¢--Uddfaa Tariar (Supervised Autonomy): TiTes!
TR I (automated) 3T, Ao AT IYSAId-s¢ sldld. U HHAR! Tarriardt
Y. IeTeRUr: IR THSRE A1 S argH, IRy Hel a4 1.

5. GoA 4 - UUIqul Igudferd (3M-3SUSUE ¢ SHTURRH-Unattended Train Operation):
SR fhar SIS HHAR! ATEId. aars], I 3T MUkl BIdIesuiag Id SRy REHgR
fafa e SIdTd. |Td R 6% (Control Centre) =0T AT WUl ¢ @) @& fodl ord @ fd=or

TyEferd ¢ (Autonomous Train) d WRIG:

1. & YR (Improved Safety): A4l It HHT gIATd, STLTAHT 35T S,

2. TR HRIGHAT (Operational Efficiency): STacyu! ST aaa=ik a1 AT Hd.

3. Solt BII&HT (Energy Efficiency): a7 3ATOT ST SifPHISS HRd, IorT aTuR HHT 6.

4. T ATIRFET BIRE (Lower Operating Costs): STIEI! TIIHT T, 4H G Td HHT B,

5. & &WddT aTWR (Higher Capacity Utilization): 9&T0idh 30T aRART (Frequency) JuRd, Tl
HH B,

3.3.2 WI/qadferd sigTet (Autonomous ships):

W/Aadafid STl WUl 3% SigTSl of w1 fdhar quitn) Arorfaar arad, $iftr ammdt siféfhRra
Seforel=T (T3, =R (sensors), SHUTTH (GPS), RHle deia RREH, IRRe Wid da9 = aluRd Sl
TS o AR oRd JRférd, drfem oo w1t wafd g, Woafea Siert dmavmen
SHTEIA=H UIaedt (automation level) TR a¥ffpd dHelt ST,

WA SeTeii affevor (Classification of Autonomous Ships):

SHARIF FFRT FaeAT (International Maritime Organization-IMO) 30T TR WK gEHFTERI
8IS (Maritime Autonomous Surface Ships-MASS) TFHdd THT0 &1 Qg W ayHT0r 3.

W SgTelid d@d (Levels of Autonomous Ships):

g 1-fvfa auds yorrell- g9 39 € U (Level 1 — Decision Support System-Human-in-the-
Loop): 3R SeTelidR HHART WTd fAvfg wu= RRET (Advanced Decision Support Systems) aTuRdrd,
STd AfRNIE, TIHR TTB (3TETd), I8 Sel TR Wrdt Aed 84, IeTeRun: YRe 1 Sigrsl
519 sffeiureie (autopilot) ATORET ST,

A%d 2 - P Si9Ieag NHle-dela dad o8 (Level 2 — Remote-Controlled with Crew
Onboard)

TR RftegR a0 da o, TR /RS § Aad SeTolar 3-drd. TS (Al) Afeiemye
Aed dRd, TR Rl TSN AMd g8 SUas 3dl. ITEx0T: el - ATAarg (semi-
autonomous cargo) 3Tfor JRMe SgTol.

Mabharashtra State Board of Technical Education 50



Emerging Trends in Mechanical Engineering (315363) AN ¢ &Y 39 A B d SIHANRT (315363)

ded 3 - B SaISREg fHle-Heid Faa g™ (Level 3 — Remote-Controlled without Crew
Onboard):

B eIl SIgTSIaRIal-BiRIard dTeld 0T fh-=aTasicl WRHa=H (shore station) gR®UU AT bl Sa.
T3 (Al) 30T = (sensors) AfEINRM, ISy MY 3107 AFT YU garedrd. I IR
Fhars (A1d)- Te oot 3aifaees, ReyU0! Ffd (Remote-Controlled) ATAATE STETST.

Agd 4 - @hﬁﬁmﬂﬂﬂ?‘%ﬂm (Level 4 — Fully Autonomous (Unmanned Ship):

? WgISl Hdl FEAunfREE Wdau g, T (Al), $exde 3T R (10T) 3nfdr Wi Afeswm
Ry 9d TR SIaRId FHRAd. 38R0 ARdaR feHmd 1T (MAS) @Traes fren)- s
HRNYRITST IR SV TSHI-AT I W8T,

Image 3.1: Mayflower Autonomous Ship
(Courtesy: https://www.offshore-energy.biz/mayflower-autonomous-ship-set-to-be-launched-next-week/)

RIS, HRieHAT 0T YT YURE WA S8l (Autonomous Ships) TFRT SENA URad g8qd
STUTT TR, ST d IUgad 31 axl, TreR YR&T, Fame S0 (regulatory issues) 0T 3= T 3=t
TEM 3. &1 AT AIHYU WPHRe TG AN BTGl TID 318, AT W18, gofoor
T Rt yidsrdiel 9gdl argde i U gl YN S-0aTl S{UEl 31Tg.

3.3.3 Wqaaferd/AMafaRfgdiad™ (Autonomous Aircraft / Unmanned Aircraft Systems — UAS)

BT fauHHAT 3FHAS UsRPIHe R (UAS) fdhdl e Thad mede (UAVS) 3! I8Urdrd. &l
3Rl UM Sied St AFd! UdeREa™ dredd. @ faum AfeiRE, uresd d9ur Sfor digiH
SraeeauiiTet FHT gfguar (Al), Taea niRHT Rifken (GPS), I onfdr sifeumee s

g faumR aEffewor enfor &t (Classification and Working of Autonomous Aircraft (UAS):
WO fqAm, ST AHaRfEd gars R (UAS) TUHg! Siiedd SiTd, I TSR, Juft SfoT waraaa=n
TG R a¥iiepRul et ST,

TR 3T iR Fffe=or (By size and range):

g&H (Micro) HTafaRfgd M @Y (Mini) §aTs a8+ (UAVS): @& ST (drones) dafddds, T=e Sfor
IS HHS! IR AN, cfaehd JUa! HeaH HHRIE AdId AT dgddal I-a1d uredd
SAUINTST aTURA SfdTd. AEH-3d1 § did-Uewdrd guaa! (Medium-Altitude Long-Endurance-MALE
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UAVs) I Td IR < Aifgriare! amRar i, R S=-3dt 9 4id-Uewdr gua! (High-Altitude
Long-Endurance-HALE UAVs) 39 3g X dId 30T §dd STRd I g Wdhdrd. BT 10T Jart Jua!
RGPS fEIe FHad 3imed 3T Hidwwdia gars Ta=iadded d W3t YHHT Soadia =i Sraem
3Mme

WA J9R (By Autonomy) TTHRUT: gRUUl ffd (Remotely Piloted): HIUY deleR arqe+
U areadl. sref-wrd $H Wa:g IS0 e [dhdld U dRie! Hewaredl HIAMTST Tal Agdret
ATTIH T 3. YUl W UAS HIUTTe! JFdT SYCRIa IS0 eruame! ST fHufg duarardt
P Fiaradr TR HRd. WA fTAH Al, GPS, T4, ffeiuride Tl dedse HRgHHRH arIRe
dRTET U aTR e HTH BRI, Al SHAT STag Ui S0, 378Ye TBUaN ST Jarad
Arf faSUary Aed Hxd. Sy ST Afeizq RdH SHar IFg AFTiar dadrd. ffeluride JRaeid
ISIUMTST o, St SNfYT fE=m aRAfid HRard. =, SR 30T LIDAR faAMET sreyss ievany,
IRIETU IaRUTM 3101 gIHMIA daeli=l 9IS GUAN Had $HRdld. did Ueedredl Hifgaiael gid
e anfor Ao HRUgME Wedse RS aiRd Sd. a1 REH THHATun HW HRdd
fia.

g fauTiE IR AU gE Ta-yudt (quay), wHeg-y R (quan) Snfor §ig e fime
(sifeeern).

Taygtad fau™ (Autonomous Aircraft) @ WTag:

ipTerId TR dHH@®Td TRl HHI B G A4l EihT HH! HRAld. did B [HHATRIR T8,
PRI d IR T HH HAG 30T HEAEGH IS0 AFNGR U drIadd. dibead IR
G TR HH B g1 HHA! T HH! HRATd. did BB [HHRIARIR 3T, BRI d IR
T B BT 0T Hrfer I ANTIER S4- Iradard. TSl Aed, S 3 AT, 3/
3{TFOT W& TNEVITE BTH B Ybdld. o Tad d 7 Uhdl HTH & bdld, S d Add (YT T,
S §g TR T8 d SHTIOT o Teh, AU, SRITHAT {07 fad=or Jar 3= fafde &=1d araRel .

Table 3.2: Comparison of Autonomous Mobility Systems
UTHP (Aspect) TayEfad HicR TgyEferd ¢4 (Autonomous Tayerd SgTe
(Autonomous Automobile) Train) (Autonomous Ship)
SAE J3016 (Level 0 d | GOA (Grade of Automation | IMO -  Maritime

WA dgd | dgd 5): 0 Gl 4): | Autonomous  Surface

(Level of Autonomy) | @@ 0 - Yof Hgsra | GoA 0 - ot g3t | Ships (MASS):

dgd 5 - gl T, %;M{awwm , % - Mg

SIAGRR A 7Y HIUde] HHAR

qu?ﬂa U®d 4 - gUI WGgdferd,
LIREIREIR

d®gd 2: Hfgal XUV700, GOA2:§ﬂ§$ a d@d 2; MYHP HIaTg
B‘d‘lg?l?r MG Astor GoA 4 Alﬁ@:ﬁ c gl
(Examples) gg 3 ot AsL, dre| ded 3 TN shae

(1)
ded 5 ([dhed): P, ded 4 AWIGR
JA TR ey g
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- T, UHUW, 99 |- MG dhaRk  ded | - GPS, RADAR, SONAR

(@ISR, Y8R, HHR) - ATC, ATO, ATP JFUr | AUET JHI
e IR R B
(Characteristics) | - ofd-Todaferd o gof | - Fdfa yoneige effdes | - HFd gferd Rte-
waafed svcr%n ICEIRIE fafaa farar aeRfgd
- faRw a@a 3 R, i
CIRGGARIGI] - Al IR AR fgeH
SUGRTASY ToRaTd. B SAT0T 3SYS TSd
- ADAS (Level 1-2) @1 |- @I HHA IREGN |- qQRaed  HAEd
oM YaoNd diWR | SHceSaui EICIEGED EEE]
WTAT - Level 3 A@RRI A | - R3fA-ced &R | - UE-3uiRa IRt
(Advancements) | JUdIsY Re™ aTRa Sd 3Med | AR SiPHESRA

qof WEEfd Safdcd |- GoA 4 T GES, | - HMGRISd SRIe ST
?ﬂ%ﬁﬁﬁﬁlﬁiﬁﬁ&n%?r DTS BRI HTTaTg STgTSli g

& TR
WREdY Be | - UT/gsard! MaRiiadr | faysmiaar Jread Wﬂwmﬁmﬁ.
(Autonomy qIead - HWIR WA ®UC | -GFRT GReT SfIfor
Benefits) - b onfor  gud | - WS UNTIT dTed® &HdT | BrUeMdT dlead.
FHTIerTI U ared wq?mfa?ﬂﬂ gfom
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AVB2-0312.pdf

S

Exercise
TLO 3.1: Remember Level:
[1] SAE defined ............... number of levels of driving automation.
A) 4
B)5
C)6
D)3

[2] Level 1 Automation in autonomous vehicles is characterized by;

A) Full driver control with no automation features.

B) The ability to control both steering and acceleration/deceleration simultaneously.
C) Control over either steering or acceleration/deceleration, but not both at the same time.
D) Complete autonomous driving under specific conditions without driver input.
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[3]........ Grade of Automation (GoA) represents fully autonomous trains with no onboard staff.

[4] oo sensor creates a 3D map by using laser pulses.
A) Radar

B) Camera

C) LiDAR

D) Ultrasonic

] is the feature of Level 0 automation.
A) Auto lane-keeping

B) No automation; all tasks are done by a driver
C) Automatic braking

D) Steering assist

TLO 3.1 Understand Level

[1] The following is the main difference between Level 2 and Level 3 automation.

A) Level 3 allows full self-driving without driver control.

B) Level 2 controls both steering and speed; Level 3 takes full control under certain conditions.
C) Level 2 uses Al, Level 3 doesn’t.

D) Level 3 allows driving only in city areas.

[2] ............ sensor works effectively in all weather conditions and detects speed and object
distance.

A) LiDAR

B) Radar

C) Camera

D) Ultrasonic

[3] The role does cognitive systems play in AVs is;
A) Power steering control

B) Creating road maps

C) Processing sensor data for decision-making

D) Parking assistance only

[4] ..ccooen is the function of V2X in autonomous vehicles.
A) Battery optimization
B) Remote braking
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C) Real-time data sharing
D) Sensor fusion

[5] Level 5 automation is considered fully autonomous because .........

A) It can only drive on highways.

B) It needs a human to monitor the system.

C) It requires a steering wheel and pedals for manual control.

D) It performs all driving tasks in all conditions without human intervention.

TLO 3.1: Apply Level

[1] If a vehicle can drive on its own in a geofenced area, but allows remote human intervention.
This is an exampleof ............. level of automation.

A) Level 2

B) Level 3

C) Level 4

D) Level 5

[2] A driver is stuck in traffic and allows the car to control speed and steering, but must be ready
to take over if needed. Thisisanexampleof................. level of ADAS.

A) Level 1

B) Level 2

C) Level 4

D) Level 5

[3] You are developing a vehicle system that detects obstacles using ultrasonic waves for parking.
Which component are you applying?

A) LIiDAR system

B) Radar system

C) Ultrasonic sensor system

D) Cognitive Al system

[4] A car helps a disabled person navigate through rural areas using GPS and autonomous
controls. This reflects which benefit of AVs?

A) Environmental benefit

B) Traffic congestion control

C) Travel inclusivity

D) Redundant power system

[5] If you are designing a system that controls steering, braking, and acceleration in traffic jams,
which ADAS feature are you most likely implementing?

A) Lane Departure Warning

B) Adaptive Headlights
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C) Traffic Jam Assist (TJA)
D) Reverse Camera System

TLO 3.2: Remember Level

[1] Following is an example of an active ADAS system.............
A) Blind Spot Monitoring (BSM)

B) Rearview Camera

C) Lane Keep Assist (LKA)

D) Traffic Sign Recognition (TSR)

[2] ..................... IS @n example of an active ADAS system.
A) Blind Spot Monitoring (BSM)

B) Traffic Sign Recognition (TSR)

C) Collision Avoidance System (CAS)

D) Rearview Camera

[3] Following Indian cars has Level 1 ADAS.............
A) MG Gloster

B) Honda City e: HEV

C) Mercedes-Benz A8SL

D) Zoox

[4] .o, sensor type is commonly used in Adaptive Cruise Control.
A) Sonar

B) Radar or LIDAR

C) Ultrasonic

D) Thermal

[5] The abbreviation ADAS stands for.................
A) Automatic Driving Assistance System

B) Advanced Driving Automation Software

C) Autonomous Driver Assist Setup

D) Advanced Driver Assistance System

TLO 3.2: Understand Level

[1] The following is the key difference between active and passive ADAS systems.
A) Active systems rely solely on GPS, while passive systems use LiDAR.

B) Active systems intervene in driving, while passive systems only provide alerts.
C) Passive systems control the vehicle, while active systems do not.

D) Passive systems use more advanced technology than active systems.

[2] Full Self-Driving (FSD) systems are not considered fully autonomous yet, because;
A) They use radar instead of cameras.
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B) They require a constant internet connection.
C) They still need a fully attentive driver ready to take control.
D) They cannot detect road signs.

[3] Night Vision System helps the driver as;

A) It enhances tire grip in dark conditions.

B) It adjusts headlight strength during night drives.

C) It allows the driver to detect objects not visible in low light.
D) It replaces rearview mirrors with thermal sensors.

[4] The main role of the Driver Monitoring System (DMS) is;
A) To track the driver's speed and fuel consumption

B) To alert the driver of maintenance issues

C) To ensure the driver is alert and paying attention

D) To control the car’s acceleration based on traffic

[5] Adaptive Cruise Control is especially useful on highways due to;
A) It detects road signs and reroutes the vehicle.

B) It automatically parks the vehicle at high speed.

C) It maintains a safe distance and reduces fatigue during long drives.
D) It adjusts headlights based on crosswind conditions.

TLO 3.2: Apply Level

[1] A car system detects strong lateral pressure during high wind and automatically applies
brakes to stabilize the vehicle. The following ADAS feature is in action in this situation.

A) Automatic Parking

B) Traffic Sign Recognition

C) Crosswind Stabilization

D) Lane Departure Warning

[2]A driver wants to maintain a set speed and safe following distance on the highway without
continuously adjusting the throttle. The following ADAS feature should be used in that situation;
A) Lane Keep Assist

B) Adaptive Cruise Control

C) Traffic Sign Recognition

D) Night Vision System

[3] Select ADAS features responsible for vehicle safety in the given situation. A driver is feeling
drowsy while driving at night.

A) Adaptive Light Control and TSR

B) Driver Monitoring System and Night Vision System

C) Automatic Parking and Rear-view Camera

D) Lane Departure Warning and Glare-Free High Beam
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[4]A driver enters a narrow parking space, and the car parks itself using inputs from multiple
sensors. The highlighted ADAS feature is;

A) Night Vision System

B) Adaptive Cruise Control

C) Automatic Parking

D) Crosswind Stabilization

[5] A vehicle detects strong side winds and automatically adjusts braking on certain wheels to
maintain stability. The ADAS feature functioning here is;

A) Lane Keep Assist

B) Glare-Free High Beam

C) Crosswind Stabilization

D) Adaptive Light Control

TLO 3.3: Remember Level

[1] GoA stands for in the context of autonomous trains.
A) Grade of Automation

B) General Operating Area

C) Ground of Authority

D) Global Operations Algorithm

24 [T, level in the MASS framework represents a fully autonomous ship.
A) Level 1
B) Level 2
C) Level 3
D) Level 4

[3] The following component ensures safety by monitoring signals in autonomous trains.
A) ATC

B) ATP

C)CBTC

D) ATO

[4] ............... metro system is cited as an example of GoA 4 operation.
A) Delhi Metro

B) London Underground

C) Dubai Metro

D) Paris Metro Line 1

] technology do autonomous ships use for obstacle detection.
A) Bluetooth

B) Radio Antennas

C) GPS and Sensors
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D) Manual Control Systems

TLO 3.3: Understand Level

[1] Identify the role of Al in fully autonomous ships and aircraft because (U)
A) It helps reduce the number of passengers

B) It allows remote piloting from space

C) It enables independent navigation and decision-making

D) It is used only for landing procedures

[2] Which of the following best describes the role of the Automatic Train Protection (ATP)
system? (U)

A) Supervises crew activities

B) Prevents signal override and collisions

C) Opens and closes doors automatically

D) Monitors fuel efficiency

[3] GoA 3 differs from GoA 2 in train automation as;

A) GoA 3 requires more manual input

B) GoA 3 has no staff onboard

C) GoA 3 is driverless but has staff onboard for emergencies
D) GoA 3 is fully autonomous with no human presence

[4] The primary function of Communication-Based Train Control (CBTC) is;
A) To detect and avoid obstacles

B) To operate train doors

C) To provide real-time communication between trains and control centers
D) To manage the onboard air conditioning

[5] In which scenario would a Level 2 autonomous ship be most useful?
A) Unmanned long-distance missions

B) Passenger ferries without crew

C) Ships with a remote control and crew onboard

D) Fully automated port cranes

TLO 3.3 Apply Level

[1] A metro system is being designed to run with full automation, including automatic doors,
speed regulation, and no onboard staff. .......... GoA level should be implemented. (A)

A) GoA 1l

B) GoA 2

C) GoA3

D) GoA 4
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[2] A city wants to implement a metro system that doesn't require onboard drivers but still has
attendants for emergencies. Choose the GoA level for the same.

A) GoA 1l

B) GoA 2

C) GoA3

D) GoA 4

[3] A logistics company wants to reduce crew costs and increase shipping efficiency. Which
MASS level ship should it ideally aim for?

A) Level 1

B) Level 2

C) Level 3

D) Level 4

[4] An engineer is designing a new UAYV for delivery that must operate independently. Which
autonomy level is suitable?

A) Remote-controlled with a pilot

B) Semi-autonomous with human intervention

C) Fully autonomous UAV

D) Remotely piloted by humans only

[5] A transport planner is comparing vehicle types for minimal human involvement and
complete autonomy. Which example best fits their goal?

A) Delhi Metro

B) Mahindra XUV700

C) Sydney Metro

D) Audi A8SL
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Unit 4 A=~ G ¢gd

Recent Trends in Maintenance

fawa fAw=ft (Course Outcome) —
CO 4- Sc {1ty daid IuANT He IdTa UichaT SHTIOr YuITelt YURUATHIS Had B,

Use data analytics techniques to improve manufacturing processes and systems.

¥ed fISIRil (Theory Learning Outcomes)

TLO 4.1 3CHIAY 338 A9 (IRGd) AT Yo AT 0, T <led Wisfaee HeTg
T JoTTcile G WY JHGIqU,

TLO 4.2 Y 38 JeAad (AMGd) Hre--1 it Ufehar FiTor Sfor wrae FHeg i,

TLO 4.3 ST fifcifeeren arR Ufsfaces Hc=- I Sl §id! & fa%id ®rul.

TLO 4.4 U1 d Bre-H HIRIT JUTTcl! Tl Hehed=11 TY Hul,

4.0 A== 3ff®d (Introduction to maintenance) - A, SATA diA® He-- gl WU,
TUS TR, ITER0 10T HAAEd SR Wie RS 0T HRieH SquaTe! ddide! dhal
SR T8 9 Ugal, et Bved-9 YuMTell S0 Tgw@id 3d HRUT AT g1 Y SRd Hhls fddhdrd,
e~ ST Ugd! TAd: IR UHRId [AURT™T Sare:
1. foaTsHaRA (Breakdown) far faars giduda areom a===1
1 UGdd 93 qUol feusedrard ! god! fdhal HIT Sead SIdId. diodd d aud aToRe S,
2. WfdEYUTE® (Preventive) fdhar dsTE@ AR =1
T YhRTd d3A1 fdbal T3 aroRT=AT YR BRI dBIFABTIR Be-=d bl SId, Suidhes
DIUCTG! STV JUATSTET GO et oilcl.
3. Wfsfaes (Predictive) fihar RUdaR smenfya a<-=
T Ugdlid AT (Rl T&fTd ddelt SiTd S0 had TRel SRR He=g dhall SiTd, ATHos
STaRGD DY <ladl Ud.
4. |fepa (Proactive) ST yfdeeTeT® A9
1 YhRId I3 fousdd &1, Ird b HRUI MYH o HRIHED g HRugTaR WR faar Sirdl. g
gfaderds Sfor UfSfdceg Be=-a qlvel dAid ITANT dal Sl S0 g faare fa=ayur (RCFA)
HE- TG GOt d UTey SaaTiTe! aToRedT SiTdTd.

Breakdown or run to Preventive or time-

failure maintenance ﬁb

& based maintenance

Maintenance

philosophies

Proactive or prevention Predictive or condition-

maintenance based maintenance

Fig. 4.1 Maintenance Philosophies
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4.1 ST A=e-1=d (Autonomous Maintenance)

Waafrd A g T TUuf AT ool 3118, Al I WU Taraeitel driemar SRdid sa
qTeaul. I7 Ugdge 7 e fyrae sa, B9 @ SHl gidl 3M1for s 3l JRidddae! are
BId. I Ugdld TR} ({RH ARUIR HITR) ¥d: Hlel AT B~ S HRdld. WAfd Brety
8l dlcd Uisfdee A9 (TPM) IT TUTTeii=n Agaral YT 318, TTd AR 3ifReR et I unfis
B0 Wl HRAM. A HreA-q [AURTIARE Sfacia-Tdl HHl gid 0T JE-T AR sl Adid. 8t
UGd 3R A0 HRuar! Hafid 999 sxard o sifaRex il A0 HHAR] Thd HH Hed I
fars qufuot e ewmdrd il wrferdd ae H& dhdr.

4.1.1 EHHT A=e=-9 JHUAT (Concept of Autonomous Maintenance)

T Ggdid TR 3iTRex ORiie Aaffid A<= - S ! Wwsdl, W¥/dd arqo Jfor quryoft - 9a:
HRATd. JTaT BT Ie g0 U3 WRIE 813 14, TEl HEH auR gIaT 11 TR0 SdTadhdd dle giot
BT 3MTe.

AUtONOMmMOUsS EmpO\_Ner Improve equl_pment reliability,
Maintenance ‘ Machine » Reduce maintenance costs,
Operators and Enhance safety

I
Fig.4.2 Concept of Autonomous Maintenance

AESHITH o9 AT

Taaferd A9 gt 3= T Ugd 3R U 3iToRe=AT (WeiH Areiqun=ai-n) I3 fafig d<--g W
HRUGE HYDR fam Sl 8 S d WdAT0 HRdld.

ST A= =941 3fE® (Objectives of Autonomous Maintenance)

AT AeA-ad! U9 3P 3mea;

1. HRIF/Ius o fAyTaTear arequt (Reliability improvement of Machine/equipment): 3ffoReR
T CEHTETT TeHFT BlaTd, degT A=A SR 96 IR dTeld d a1 St gral.

2. A= W HH HO (Reduce costs of maintenance): S8 difde® Had YUgR TR HHT 8,
IS T 9 Y9 HH gIdId.

3. S{TU¥eAT HTT d1edut (Increase operator involvement): 3O SicgT Ac--d SITEGR! U,
AT A TGUTT, ATHATIYRT T BRI GRAJUAT IR FTeal.

4. & aredul (Enhance safety): 3TdRex I3 RUGEE A ST 8dld, IS 3UHTd gIudral
&1 T BIal.

4.1.2 lcd Uisfaee A=e—=ad WY (Pillars of Total Productive Maintenance (TPM)

AUy (cled Ulsfacag Ae-4) WU SMIGANI! UHHATTU dardl He=d. 81 UGd SUSBRU 30T Al
IR & digd DHRd 301 IdTGATE! UM YRGS 101 Y dicdid a0 Iied HRugra!
JdGHdl dledd. 1971 A SUF SfRea]e 3% wic HeA=d (IPM) 7 Faid GRNYT S gl Ugd
TAlfdd ohell. goardidl, o Ugd Med Sdfdchd Sieudcy @udl [dics (@&l DENSO
CORPORATION) H&l ] HRUTTd ST,

afre:
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1. B Ugd IUGRUIAT HHEHAA STV HIUR AT AAbied] HRieHd fSAuR die BT
HIUATAR HTH Hd.

2. 81U 32f AT I 3i1e off thae fhal hu-itear 9d srafaed IHIfay Feit oird.

3. JUHROI AT AD S die HH Hed IdTe HRIGHAT 301 I A3t 1% ged FHafo

ddied (@led Ulsfdeg A<a-0) 9 o6 G-I WY 3fed, S0 fHMEY A<= (Autonomous
Maintenance) 81 GaRT &Y 3Te:
1. @& Higd GURUT (Focused Improvement - Kobetsu Kaizen) — SU&x0l 30T Hfchaiasd
HIa YR,
2. SfeF™MI  H=e"=d (Autonomous Maintenance - Jishu Hozen) — 3{fq¥ex fafird g@uTei=
EEIEHNRGIGH
3. gieME% dwe-=d (Planned Maintenance) - Heg3R(GIY) CTSTARNITS! BRacia Hre-4.
4. TUTEET A== (Quality Maintenance) - ARIFHe Gy fAHf0T 813> 78 Tl HTeol 9ol
5. URFYS IUHIU sqaRITY (Early Equipment Management) — SUBRU! 31 [SZTST H0I B
ot FIYT A9 s e,
6. Wfkreor 3mfor A& (Training & Education) - SHTHRET SftT A< ol DI
BSCINEL
7. 3iifted &died (Office TPM) - TRINIM® HRAHL AHUH dwaiem TR oL,
8. R&T, ARG ATV yafarur (SHE - Safety, Health & Environment) — Rfard 31foT fewra,
FHRIRI@ AT HIO.

1. FgdTed YR (Focused Improvement)

&Y higd JURUN WY § Gad: BRI (Kaizen) Jiad Heifeid 3M18, O SIU! HocHIdES dw@iyi 38 S
T8l UCH-ax-Uch YURUM HRUAEGR 3d. BT ARATTHI0, IR J&fid ¥d HHara
YR YAGUITHIST, ATR A& GUITTST IO AMATST el T Faduarara! MergH fao Siid. a1 URuar
(TPM) T ST IR HRuarrdt fafdy faurtidia S qar &ell o, St a@=ii= 3for Iuaonsh
eI THRT SR Weadl Adid IR Tdial HRd. T AT HASH Socy [dhal Hrg f&icey
Bed W,

2. A =19 (Autonomous Maintenance)

Y AT TR off ST HRUAMET & Sd STt A Hed-d HHAR! Hd 3drd. I
ThedTg- STHTRIAT Jied ARITe! TaTaeR! H0ar WidTied a siTd AT o fafid Saviee &1 s
D YIHHTs, Tt 30T FRFT (CIL - Cleaning, Inspection, Lubrication) = XhdTd.

BT WY {TaRexT it wRiF=f shear snfdr siftda siftr A1 SHar &1 SRfaR & digd HRugrt
THT Sl S 3% aeal SMaRgdHdl S, MY A= SiUReXT Y dddx SS@uaN Had
TR, ST AT AL hed Il Ufshdar WMol GHTd TS,
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Fig.4.3 Pillars of TPM
(Source: https://mww.linkedin.com/pulse/tpm-total-productive-maintenance-8-pillars-total-digital-elearning)

3. UG A=e-=d (Quality Maintenance): 8T <IUITH Y UG Q1Y HH! HRUTMET 30T AR
Il ITe=AT G8T BTHT (rework) THIUT ! HRUGTET IEIT . T 3ifaH ded It priemar
q1eaul, T8l BTl T HH BRI S0 UTgehiea] THIUHIT YR 60T 3115, QoY HaRITIT HS
PHRUT fIRATUT (RCAs) HTfOT Ufdderddd IUM, S o1 fSfoied It URYH ddhieRe, d] H- bd Sl
RIC

4. fAafSra 99=9 (Planned Maintenance): TRI=AT IdTG d@TUFAGYEl Hred &1 YT Hed
AT SEHTETRN Tfd Sraadr 81 WY TR Ae--d B HR0AN HdT <dl, SIS Aeag
3{1for it Saadt st des fivesan.

5. dBYdl AT (Early Management): 8T WY TdH IUHR0 3101 dxamfih rfgd sfor
WA traaeault AT ). IR WHigR M IE=T TR Hed (3arerond, sfeHmg
=), UFASTUA ST YR 9 ®Hl dhell SIS, Udhvd, 301 SR A YhR e dbait
EIRRICTN

6. UfRreror 3for fRA&or (Training and Education): TR, 3ifavex 3foT raemg=rear gaq femma
AU hedTdes HYFHSH FFAIRI dled Sicddd TaITa- ®Rdl Ad. BT el WY ATRIIHRI
7. R&T, UaiaRur ST 3R (SHE - Safety, Health, Environment): 81 WY ®IUAe! Sia0iaRd
STFOT R&T TR Had SRR A0 HR0AT IEIP $adl. 8 oKl HRUM AT fdaeTdd alal
Y Thd: oKl fohdl gSaied] Y fFARIHI0T dHRd, R Ufdeerdsd fobdn Jurer sRRfaa okt
UTg- T S{UHTd g0aTgard HH HRuarl Tad HRd. HIARIS! SUHd e UareRiend, g TH IRING
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DM HR, U Ayl 3ATE! Heaior dgf gl urigo.
8. URME® e (Administrative TPM): Riaedl, UuT RfgdUor Agamr, RN TPM dHEeE
FRIRBTERIT FgeT Sr6 JHIAY 3MTed, S8 P AffviResd 3o e, aren Iy BN TPM

AT AR 3R Wbl Sl U, ST SUBRUIIREG, HUHd HH Hie- Gaid HuTd dbal
SIS, Xhd.

SASHTHT Ave-I=ad! SHATSTauil UfshaT (Implementation Steps of Autonomous Maintenance)

1.

2.

WS =31 (Primary Cleaning) — 43, U 10T ATl dhTel SATHes AU Iyl NY Bl
BER

IUPHUI AT HRT/HUT ATUATIRIA G0} ATIOT HeA=1 |IST |IY BRI (Eliminate Causes of
Contamination and Improve Accessibility) — Hfd®Td Yes 31O ATcfl SHT BIvaTURg sard 1
STFOT Tt Be0 PRUANITS! fSSe T Sad &,

TS AT SATT YA d T SSaUR HR0 (Create Cleaning and Lubrication Standards)
SR JUrol, BRI 1T A THETSHS! W a9 31ftr Anfexie dw Je o S
AT K SSUG TUL STIRUI B,

3Toe¥a fRA&ur (Conduct Training of Operators) — 3TReRAT A== HTG, AT
Tfcha, T 350! U7 SRS Bre g BrRaed TiRI&or a1,

TURTR 3Mfor fA&oT (Inspection and Monitoring) — AT A=A TURIUR GOR &7 {07
FHIT TADhR MU SURIIISTT BRI,

ST AT~ Hafd AH®IHT (Standardize Autonomous Maintenance Tasks)
STREATA! Faffd o7 ICRH Bre-g HNTS! dhiiRe Sl d&T0Hd qaR B,

ARG STOT Fdd YR (Sustaining and Continuous Improvement) — {fHuTI gidfad
DR, YlchaT SHITPHTSST BT TN o FRIbugT Wil B,

AT Ae"-9d B¢ (Benefits of Autonomous Maintenance)

1.

IUFHIVMEAT STSHAeTsHTE °e (Reduces Equipment Downtime) - 3ifiRex faffrauo
JUDHRUNH TURIUT HRdrd 301 HIUrATs! FaRT fdbar fid=i @ifgdt dard. dae) qa=gian My
eI HIGAT GINTUN Tleadl d.

IUHIVMET TS aread! (Increases Equipment Life) - 3ifRex Faffd awsdr Sfor
PTARGBTT GRET JURT (Improves Workplace Safety) — Ww 31O Tl Are-=d dbalai
=i SgaTdieaT SiRaH! A1 SH Hxd. Fafid A Sriare! Wy ot AFeied uihard ured
& ST,

SHTIREITAT HIETd dTé (Enhances Operator Skills) — 3{Ta¥ex 31t afera s Arfgdiguf
BT 30T STl = SRt Witare Jid S JURC.

AT Wd S Hal (Reduces Maintenance Costs) — 3{TIReR TgH He-=d S Hawd, S
D1 I N SV, e HgRTSA [qure 101 goen <resd ddrd.

I dTe (Boosts Productivity) — ARIF 3icdid SrieMd S ddld, Suies aad
HH gId ATIOT ITG &l dTad.
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Benefits of Autonomous Maintenance

Reduces Equipment Downtime Increases Equipment Life
Improves Workplace Safety Enhances Operator Skills
Reduces Maintenance Costs Boosts Productivity

Fig.4.4 Benefits of Autonomous maintenance

4.2.1 gRATH A== (Sustainable Maintenance) — HHUT:

TEATA Ao Ta: Jamul St Iuavi SRl die $auaraR ST THiaRume TRer
HROGIR A Hiad . B Aea0 TalaRuRe ST dure-wriem ggd -1 Wil <d, of
UTY HH HROGNIS!, TaRUIg UUTd HH SRUGNIS], S SHre e [
HROGNITS HE@r 3Me, dud AHIfoIdh M e Ty GUROG! 8d. 38, UaTaRumeT €9, Te-ad
B ST HHI Hee Xabvdl, ! TG JURE vl TN IoH HH! B b, ARG, Sl Gd
HUI PR T USRI SIS dTead. IaTexuY, Hiaeyed Ae- Hel Al alRId k0% HaTd
HE Yd AT A S 30% HH B Yhd. WeAdd TeA-ad JMTH Be cuid Hgward
3Ted. 3 ARIAT AN 3101 YGWUITAT SHHUR=AT AR IV FDHRIAD URUTHHT Bl H& b,
T HHArAE ST SR SR SO JRaT JURY G B, TR, TReAad HeT-a=it
Gaftrd i wrae Sied, HRUI 7 SFIUTe YURUIN, SUINT & ATefquam, it Ave-—y <Iaudny,

TRATA AT ARSI TG Ao &l T 3= A= Ugd 3fe Sit onfdfes, e onfor
iR adfd dgem e, o Rere fasm arvamet oiftr gafaronar faodia afvoma &t
PHRUYMTS] HTH B,

4.2.2 IRATH A=e"=99 g (Importance of Sustainable Maintenance):

1. UGTaRUg UHTT HHY HR01: TREATA e~ BT 3ol dToR, TTof aToR S1for srae fAffdt
FHH HIUAR IEIY Sad.

2. HHTYRET IUGNT ATPHISS B0 JRATd Ue-g JqreHran e IiTar SugiT HRugrar
el Digd DR, ST SUBRVIT SREHA dTedu], SRS Are-d HH B0, T Jrpfi =1
THATR 30T G-I RO UieTe - ¢ Ul aidT SHTaT 318,

3. IS YT AR 801 ScHad He-0 SR YR&T, THG™ didl BRIGl, ST gguor
ST ST HH! HRUAN ¢WId Hew qd.

4, GITd TG B0 JRATA AT SISz HHI B, Foll IR HHI B, 30T SuHRUT=
IR dTeq Wd araq T,
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Importance of Sustainable
Maintenance

Minimize

, Economic

Environmental
Benefits

Foot print Resource

Social Impact

Efficiency

Fig.4.5 Importance of Sustainable maintenance

TeeHTd Hwe--9d axd (Principles of Sustainable Maintenance):

1. figfe® A== (Preventive Maintenance): SUSRUIAT [TUTSHT CTSTANITS! 30T 3T
DHH! HIUGMIST Hafid A4,

2. WiSfdem @19 (Predictive Maintenance): ScT 301 faRAVUTET AR HEA ITHROMAT
feeTSTaT 3iaTel AUl IO QAT STYRTAR Be-1-g Ve HRUl.

3. faygfraar-smurRa A=9=9 (Reliability-Centered Maintenance): fayg-Taar 3for erferan
TR & Diad HRUI, SUBEA U A= dl HHI Bracl.

4. SHolt STAeHAT (Energy Efficiency): Soll aTdR PHISH HROI 30T Soll ardT GTcaor ol
caut

5. 3 HHI BV (Waste Reduction): cqd FAHT0T Ht =0T S1f0T gaORmTaS! Uiedme <.

6. fe®Ta AT aTUR (Use of Sustainable Materials): TaTaRUTR® ATt 31101 GRAST aTuROL.

3Ta¥e UMRAEUT (Operator Training): 31O fCHhTS SEHTTAT Ul Sed [RITed BRI,

~

4.2.3 AT A0 HASSIgui @ (Sustainable Maintenance Implementation Steps):

1. geaiew ATioT IS (Assessment and Planning):
o TiaRulig 3t Hrfemdr siffee &
o P T AT T (IaTeRUNY, IS HH! B0, FHILHET IR HH HRO).
2. fufesg anfor dfsfaeeg A=<= W®RT (Adopt Preventive and Predictive Maintenance):
o TR smeia AT T CBM) 31U Ufsfaees fa=eivomar aTaR &
o 10T 3707 Al-3TTRT A<~ HRIGHT AGqUarITS! AR I,
o 3O foaTs SHHl oI, SHTYH! 9T gTeraul Bt B,
3. fe@Ta AT Snfor SATYHTET 9TUR BRI (Use Sustainable Materials and Resources):
o Sfamesedt [que=id fdhar gralmRmng gisded il Hacy fHasT,
o YIDIGRID HHUIR Sfaciied HH! B,
o Sl HRIGH TSR UICH SHTOT TAARRR AR .
4. el PTG SUTT (Energy Efficiency Measures):
e LED QST 3o St e Hies aroRT,
e HVAC 311 qrult gurret SifPHTSs 1.
o I TN I Sl AIdiam TR B,
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5. MUY HaRIUA mwfq? (Waste Management and Recycling):
o ARG IHUTITS! TaTR HRihH TaR 6.
o  YIBPIGRID HAUME SHERYU TR .
o YN QAATOT 31O gaTtR HRUa WiedTeH i,
6. HHAR! URI&UT AT TFHTT (Employee Training & Engagement):
o DHUARIM BT Ul 3Nf01 i Hga Ripan,
o TS dean Tepditell UrTe T &1 3107 STaR] dred.
o RHRS IUHHNE REBR HRIHH .
GAF THATHIT (Technology Integration):
e CMMS [@HCRET e TR YUITET) a1 aT0R SIehiaTa! B,
o TGl 9T HH HRUATS SHTCTHRM TR T AT HRITATg HiDHTR H1.
. fewrs Mofa duamrdt Set favavurma amR &,
8. fraw 3rgurer= 3Mfor UHTUTYR (Regulatory Compliance and Certification):
e 1SO 14001 YR UGIaRUIG AFH D UTAH B,
o WHRI CwTadl Rudid ure gAfdd o,
o fayr 3nfor IuPRUIATST W YATOT fiYosar.
Ted JURI STOT ¢@¥E (Continuous Improvement and Monitoring):
o RBFHAAS B BT Efehed (KPIs) TT H.
o AU G0 YIRUMET §-RIaeh B TN 3{UST .
o A GYRUT BRGNS L hgIeaswd I JATAS HI,

4.2.4 AT A9 WIS (Benefits of Sustainable Maintenance):
1. TafaRuita yuTd HH HI0 (Reduced Environmental Impact): 3{Ueqd, 3ol dTR, 31101 Tg8oT
HET HR.
2. @A 99 (Cost Savings): Ae==g W, Solf AR, 11 39aqy fAyeRT W &4l o),
3. JUHIUNdt fayeradar JURUT (Improved Equipment Reliability): SUSBRUIE 3UCEH
JTEaU! 30T STSHCTRH HH! B,
4. WfA8d YR (Enhanced Reputation): fe@Tadara! 3l e SeEeRNe! aadgdd
EEREERU]
5. fAuwied U@ (Compliance with Regulations): TafaRoia fad sifdr AF®E uiaH
BSEIERETU
4.3 WfSfaeeg === a1 SeT ATfafedTdr aruR (Data Analytics in Predictive Maintenance):
4.3.1 Uf=I4 (Introduction): SeT Iffea UfSfaes U Sidd HewW@yUl YA golldd, BRI O
JUGUAT S U ST SHMa MY Y00 Had Hd, Saie Wifdee A= &l dd
U7 faurs cres bl Wfsface A= siifefes fafdy IMHel aaRel S1d 3ile, S &1 IdTaH,
ST Siffeaadl WiSfaeg A=A=w I YWPHT (Role of Data Analytics in Predictive

Maintenance):

1. 3T HHE (Data Collection): HfSfdce A0 8 ST YHT-IEaR AT 3, ST A=, TToi,
3T HiegR M Hal SiTdl. § USRI T ARTET UdTd, S &1 {T1aTe], aT9qH, fdhar &y
e g&H dgd.

~

©
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2. ST famawur (Data Analysis): FdR, a1 Seren fagayor #=iiF @ snfor gifest srenfer=
Hed Pl O], e Yoy 3fieadr did AT HidsaTdia eriueRHrE! Hiawrarh Feit
STd. AT RIHT G Y I§ed diTe YaIdD dad (insights) flaadr ddrd.

3. faarsi=ht ydg=FT (Predicting Failures): gafe Hifedt onfor Rera-crzn Serr fawdwor &,
Ufsfaees e siifafea SusRum= farerl Yaadr Hidld & Xdhd. IS UNfdee
AT T B 3T STSHCTSH HH BIdl.

Failure to be avoided
b, 4
Detection of incipient failure
4 b 4

Forecast of likely Forecast timing of
consequence functional failure

h . 4

Recommended corrective action

Corrective action taken

Fig. 4.6 Predictive maintenance
(https:/imww.assetivity.com.au/articles/maintenance-management/big-data-predictive-analytics-and-maintenance/)

T4 Ufsfaeeg S@UTATST 3Ma=a® °9ed (Elements for Successful Predictive Maintenance):
I 3Te:
1. Sel H@®ad (Data Collection):
o TR SeT (Sensor Data): ITHUNAR RTUT RGN ST MBT I, TS HIIVGHAER
q& SadT Azl SATIOT THTH TN =My T I3,
o T WA (Log Files): SUHRUNET aTUR AT HRVGRHTGR i<l STUaMTS! @nT wrae a1
dIuUR .
. UfdgTRRe A=A=9 3eT (Historical Maintenance Data): SUGRUN fqursn Tg-=ain
SIS YdDTBITS Are-I-d 1G] a1 [qRTAToT 1.
2. e 3feURM (Data Integration):
o 32T J3RTIHY (Data Warehouse): d ST THT {310l Tafd H1, S fazawor Hor
Y gsd.
« e faafr anfor @art (Data Cleaning and Preparation): ScTdl W@ &I, I o
3 3T Iy s a.
o 3T IUEHT A1efaul (Data Enrichment): S¢T A&l Tgy Siig T T[oraT TG,
3. Sis SfATferfed™d (Advanced Analytics):
o "=iF affT (Machine Learning): 3e1 At te=d ofor <59 xievarmdt w=iia afm
qIORT ST0T UfSfaeeg AISe daR &,
. it fawawer (Statistical Analysis): fafdy gcopmdia day Mevarard! Fiksre!
UGdl AR DR,
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o 321 fRSYIAIIRE (Data Visualization): FSHEHT 230 WU Wex &, SAHS
STl Aifecl THeTaT A grad.
4. vfsfeess AISAT (Predictive Modeling):
o WISd fd®H™ (Model Development): TfagTRi® 3nfoT Rara-egH Ser aroe
JUHUNAT [TETSTE Yaga-T SUIR Aled daR $e.
o HISE YHIUIHRUT (Model Validation): AT 3/ ST faya-ia srfedren @t
HROGTATS! o ATIRUATYE JHTOfiuT &,
. Hisd f¥wiase (Model Deployment): SdIGATd R3d-CIgH Y@l UIRITS
Hied HAf-ad B,
5. WA SATPHTISIRMA (Maintenance Optimization):
o A=A dBTUA® (Maintenance Scheduling): Ufsfdes Afewdl AR &
T A1 359 B, IS SIS-ICIeH HH! gad SO I I aTR gls .
o W3R UIEH FHTRITYA (Spare Parts Management): TR TIcHal 13T APASH
HRI, S T HHI gisdl SN0 ST HET gisa.
o Had YR (Continuous Improvement): Ufsfdeeg A<= Ufshaigsd guron
R 6T, O FRAR Hfmmg 3nfor srdfemar FAReomgR <e 31me.
6. WP 3ATfOT Harg (Collaboration and Communication):
o HIY-HEREd T (Cross-Functional Teams): A IR, ST aq-id, Mfor
SR Yefd U TieTd THTd! Teord gHfyd o.
YT} "aTe (Effective Communication): SeT et sy afdr fRrereh wd
e el A1 WYU0 YaTfead &, S0ide- o Al Sel R B H= Ydbdid.
4.3.2 EIUMBIpd A0 HGRITYT Wumelt (CMMS) ot J&ed=T (Concept of Computerized
Maintenance Management System - CMMS):
HUBIPd He-H FARIAA JUlTell (CMMS) § T JIGCdSR e o HeA-g B baldul HRd ST
Uil Soh RN AT Sepesl HARIUT HRUI YR gld. CMMS JUMTel! A= Hlfgdll batd drd Sor
B0 SHTORRGT Ufdsar Yoy .
WU@BIPd Ared=d ARG YoIrdl (CMMS) &t YfiI®dT, CMMS a1 381 3Tl &1 IRING
JUSRUTET dT0R 3101 IUAT SHIPHSY B, S ! dlg+, IAAHA, HRFABI, Wi STHREHR
STIOT SR TTEH. § TP WIeH 318 o c@HTRi Hate Sgdhdl S HRieHdd YR SN Hqad
Hd.
WUDIpd Ao AGRITYT YOIl (CMMS) IT aT0R: A UGIpd HeA~l TaITa- Yol
(CMMS) Yurelt fafay IEmTHed Hewyol YfHeT Soiad. I IdeH, dd 31 19 Idied, Sl
IACH, TTUPHTH, AEID SN SAR ITNT JHIAY 3MTed, Tord i STREaER AW 3Ts.
UIDIpd A0 STaRITIA YUITell (CMMS) df H8T Hed: WG gHd He~ aeiTd- Yulte!
(CMMS) = T WAl AT S 3lg. dld 3™ Udh sl Aisd 3¥d o 1 Jqre=idt Arfgat
WIU@BIPd Ae-= TARITYA YuTelt (CMMS) ot A&, CMMS U U6 WU Idhd Hre=d
IRIYT YUl off Ae=g Hrardl dion, Afferr, Rafém snfir sifamasiRe HRuar ded &,
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BId. CMMS JlHedeR TaT dald, Red-ersd HumeigR A0 JTRR-ura! ¥d gfaer S arfgdia
Tehd Hid UaH $d.

_ Computerized Software that centralizes Streamline maitenance
maintenance management mp| maintenance information |mm tasks. enhance operational
system (CMMS) (Databasc) efficiency

Fig.4.7 Concept of CMMS

TV Ipd A= UG YUTTel (CMMS) d Ted HTiT 1

1. % 3ATST IGRITIA (Work Order Management):

? A= Prafe fAmfor, fAgedt, fb snfor gofar aramdt arara s

2. HUI ARITY (Asset Management):

3. figfe® @219 (Preventive Maintenance):

CIECRIRIENH

4. SR ITRITYH (Inventory Management):

W3R UTEH, Arh S0 Rasuid! <o, Siided SaRadhaIaR < SUas 3R,

5. feaifém amfdr famawor (Reporting and Analytics):

6. iaTgd 3T AT (Mobile App Support):

HIe UMD IHd Hed-0 IR YUITel! AR d e SUds 3ed, S Ao HHaR! Al
OTg dTd T 1 gUf e T,

7. G¥AUES SYARITI (Document Management):

Hewdld GXauds S &1 T3, IhUTCRT TIOT YRE Ui TIRS 3101 TIRITYH.

8. THTY 30T HTHTR AT (Resource and Labor Management):

9. Ufsfees A== (Predictive Maintenance):

ST 3107 faRaIyoTaT aToR BT SUSHRUMAT SudTdidl Hfawraroft el 3T fre—g B g Josd
G Saul.

10. fRYf fA¥&101 (Condition Monitoring):

11. FUTHUR WERITYA (Inspection Management):

AURUT dehfere daR BN HTfOT <ob BRI,

12. faghar Sfor RESIGR SAARITYA (Vendor and Supplier Management):

W3R I ATFOT Jarara! faseaareh St RaseRih Hee srawitid &,

TV I d A= SUGRITI YUTTel (CMMS)dT HIIUaTe (Work Flow of CMMS):

UMb I d He-d TaRITI YUlTel! (CMMS) Seraemdia mifee fafay st s ey gHd= S
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1. T ATOT HTHIR STGRITYA (Resource and Labor Management):

IUAS HHAR SO SUHRUTTAT YHTOITET AT 9oy, fafdry &t fAgad o 3t gyes dar &,
TRt SIS B0} SITOT I &R ARG B,

2. HU=it A gull (Asset Registry):

3. HTH TSN FGRITYT (Work Order Management):

DT SR AR, SR B STGRT HHID, TUM, ST UTUTI, HTHTAT UHRTD ai[hRUT (G, Fad,
o), SR Frgat afon arRee are.

4. Qafufa A=-T=T (Preventive Maintenance):

5. AR 31O §vg et AR (Materials and Inventory Management):

greaaidl! AR TRR ST g e TR, YUl ST Rasd <0l HaITI-E.

6. feaifé, famawor amfor siif$e (Reporting, Analysis and Auditing):

ufsfees (Ufdwrga®) snurfea A=e-1—0 g SeT faxeyummaT aruR (Steps to Implement Data
Analytics for Predictive Maintenance):

R 1: TV IHd Ae-T-0 HGRITIT YUTTEH (CMMS) 0= Ui Agwd fa=awur 7 (Conduct
an Asset Criticality Analysis): S0ciial WUHddl SRAUIATETST T ATURTaR TR i1 hHaR] 21,
WY 2: Ugdc UNIMHETS! Huwr 8fies@r  (Identify Assets for a Pilot Program):
3TYfD Scl faYuIard! Ueh TS HRUGRI YUl U fHaer.

T 3: THITH Y= BT 0T Feld FURUM BT (Launch and Continuously Improve the Program):
T 3= R ST AT RO T, T ATed] HRIGHAR qef 3.

WY 4: UTgde WHITHET ARG &7 (Review the Pilot Program’s Results):

UrIde TR el e, dl Wi Rig &1 3101 ATl favariRd wrugr wWigdl e,

Y 5: ST fazAwor yimHEr fadR &7 (Scale Data Analytics Program):

TUMDIpd A=A AGRIYA WUl (CMMS) SHAdSTauid Wiae  (Benefits of CMMS
Implementation):
1. HHI 13184 (Reduced Downtime):
2. Y A=e9-9 @ (Lower Maintenance Costs):
UfehdT YaH Hedrges AT AT g [0 dhedies A= @d &Hl gl
3. GUTRA Tl fag==adr (Improved Asset Reliability):
gdfRuiRa A= 3M1for 3 SfhTHe Iuehol dHriera a1 Igdrd.
4. 3<H 3f-JUTel (Better Compliance):
UMD g d a0 TaRITI YUITel! (CMMS) TRIHT TaiaRufig i e HHesTd Ure SRuard Had
B
UMD P d Are-T=d TTRITY YUITE (CMMS) =0T Y31 BTaeided JHTAT 31Te:
. gAY PRIYAE
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o  PHH STSTCTZH 30T W

o JUTRT Uit HIRITIA

« QUi darg anfdr fofa Suareh emrar
o HRIGHAT 30T URERIGr

o  HRCRIR U JaH HRo!

o JUIRA S8 Sl

o JUDHRUET TS dTedu

o Sar-snutia fAvfg ggra

o SUGAEH dTgqul

References:

1.https://www.linkedin.com/pulse/tpm-total-productive-maintenance-8-pillars-total-digital-elearning
2.https://www.assetivity.com.au/articles/maintenance-management/big-data-predictive-analytics-and-maintenance/
3. https:/iww.ibm.com/think/topics/what-is-a-cmms

4. https://www.accruent.com/resources/knowledge-hub/what-is-a-cmms

5. https://www.emaint.com/what-is-a-cmms/

Exercise
TLO 4.1 Describe the concept of Autonomous and Sustainable Maintenance, including the pillars of
Total Productive Maintenance (TPM).
[1] The main goal of Autonomous Maintenance (AM) is (R)
A) To increase the level of maintenance personnel
B) To reduce equipment downtime by empowering operators to perform maintenance tasks
C) To replace operators with automated systems
D) To eliminate the need for preventive maintenance

[2] maintenance approach that empowers operators to take ownership of routine
maintenance tasks, allowing them to perform tasks freely (R)

A) Preventive

B) Predictive

C) Autonomous

D) Automated

[3] Continuous improvement in equipment and processes is covered under pillar
of TPM. (V)

A) Autonomous Maintenance (Jishu Hozen)

B) Focused Improvement (Kobetsu Kaizen)

C) Quality Maintenance

D) Preventive Maintenance

[4] The principles typically associated with Autonomous Maintenance include (U)
A) Task delegation to specialized technicians

B) Equipment breakdown as a key focus

C) Operator involvement in daily maintenance activities
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D) Minimizing the need for training and skill development

[5] The supervisor in gear section wishes to apply autonomous maintenance. He should focus
on ----- step (A)

A) Monitoring the equipment continuously

B) Defining roles and responsibilities

C) Training operators on equipment maintenance

D) Standardizing maintenance procedures

TLO 4.2 Explain the procedures of Autonomous and Sustainable Maintenance along with their
benefits.

[1] IS maintenance approach that equilibrium economic, social, and environmental
considerations to achieve sustainable development and minimize undesirable impacts on the
environment. (R)

A) Preventive Maintenance

B) Sustainable Maintenance

C) Autonomous Maintenance

D) Automated Maintenance

[2] of the following benefits does Autonomous Maintenance provide. (U)
A) Increased equipment failures

B) Reduced involvement of operators in machine-related issues

C) Improved equipment reliability and longer machine life

D) Greater dependency on external contractors

[3] Sustainable maintenance can lead to (V)
A) Cost savings through reduced downtime,

B) Lower energy consumption, and

C) Increased asset utilization

D) All of the above

[4] Select maintenance in which plant-based biodegradable or recyclable oils and coolants are
recommended (A)

A) Preventive Maintenance

B) Sustainable Maintenance

C) Autonomous Maintenance

D) Automated Maintenance

[5] Select the maintenance type having focuses on reliability and performance to minimize
maintenance needs (A)

A) Preventive Maintenance

B) Sustainable Maintenance

C) Autonomous Maintenance

D) Reliability-centered maintenance
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TLO 4.3 Describe the role of data analytics in Predictive Maintenance.

[1] Data analytics plays a crucial role in maintenance by enabling the
identification of patterns and anomalies in equipment data (R)

A) Preventive

B) Predictive

C) Autonomous

D) Automated

[2] This step involves data gathered from sensors, gauges, and meters that monitor equipment
conditions. (U)

A) Data Optimization

B) Data collection

C) Data Analysis

D) Prediction of failures

[3] The historical and real-time data for six months of the lathe machine are available,
suggesting maintenance actions that can forecast the likelihood of equipment failure (A)

A) Predictive maintenance analytics

B) Preventive maintenance analytics

C) Scheduled maintenance analytics

D) Periodic maintenance analytics

[4] In __ step of data analytics in the maintenance of a gear shop, data scientists,
maintenance experts of gear machines, and other stakeholders work together effectively. (A)
A) Maintenance experts

B) Maintenance team

C) Cross-Functional Teams

D) Multi-function teams

TLO 4.4 Explain the concept of Computerized Maintenance Management Systems (CMMS)

[1] Store, access, and share asset information such as: Manufacturer, model,
serial number, and equipment class and type (U)

A) Resource and labor management

B) Inventory Management

C) Asset registry

D) Performance and downtime statistics

[2] helps to manage relationships with ancillary units and suppliers for spare parts
and services. (A)

A) Resource and labor management

B) Inventory Management

C) Asset registry

D) Vendors and suppliers’ management

[3] The supervisor prepares the database of turners, welders, and equipment certifications.
(A) itis related to (A)
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A) Resource and labor management
B) Inventory Management

C) Asset registry

D) Performance and downtime statistics
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Unit 5 oW siftiBeadta 3

Recent Terends in Agricultural Engineering

fawa fAw=ft (Course Outcome):
CO-5: fafay Hut AN Wdaferd Sueul 3101 G dluR 6ROl

Utilize Automated Equipment and Technologies for Various Agricultural Applications.

e fISa=iT (Theory Learning Outcomes):

TLO 5.1: $YT @A TSR YfHehT T H0.

TLO 5.2: Tdaferd Bl SUHRUN=AT Braeid quiH o,

TLO 5.3: W caexd! dfre fiT wrie 3T Huft Ul drefauareR Jier THTa i auid $u,
TLO 5.4: HH &ATd ST (Drones) IR S{IFRRT SATFOT TG Iid qui o,

TLO 5.5: Ht &=1d S AR JHUYT SOM=AT TRBRT Aloiidt Hgwdygul AR TF HRI,

5.1 FY ST g (SATTaRH)

It BT AT SHa=TaT ST BT 3178, Sl dideReteal il HFe 317, dadl JId ST ASR Iy
S Sl I, STl aredt SrTfae AnTll, YqHeRT Haffed Iucsdr snfor =myd Rt (Sustainable
Farming) UGl TR AHed URUTRS UGl ATge YRRT AR, T SHTGHIGR HId HIUITHTS], T &l
SHTETARM I3 U TH-doR UM IedN 3Ta 38, & Hrieiidd JURUT HRUIR, T HHT HOMR HATIOT
5.1.1 FY & e TR

a) BIRIE! HHARAT, HH! AP A 51 A TV Fasd 3Hed, Sares Jitid Iurdiet qrTof fafor
BId 3T,

b) aT&d} 3 HRTYR: dTecn SFTfde dmarear ArTult guf eruardt eriem o IdTe UGl Sawad
3fTe.

c) BATHIE S SATOT RMYdT; Whferd UUlTel (Automated systems) UTUTTET ATOR S{PHTSY HRUAI,
ATcier g Fiterr suarg sftn Lt wafarufla guyg @t HRuard Aed .

d) M@ Tdl (Precision Farming): MY SMTCHRM AdHAA Wd, DlcHRIG A0 Ao 3EH
YU AR HRUGTY, ek HHI HRUIR HTI01 Uich RV GURUI Hed .

e) WA 31 9@ HHAHAT FAH HH HH! Hed, SR (Automation) THUT HRAGRT Td HHT
ETpiRma Sefereia (Al) 3 EexAe 3ifh R (1oT) =1 IR FHHId HH A4l gad™ Adrd! B
HlUiHdRd! UfehaT TRREAT HTHHE d Hegw@qul YHST Todd. TE dAHET i TS B,
SHTCTARM WYd F UG AT AT SATGH T dTG[qudTd Had .

5.1.1.1 HIRATd A FYI Adifead o sifeiz=

YR &1 TP FHTUH SR 318, ST CRITAT ST uHed Rdidr HIT alel 3T T didbaadl
ST YT AR Goll. TG, YR Qdiell HHl Idghdl, Bfed (Jheaiae) SHH 3o Arga’id
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5.1.1.2 HRAIT el Aaifeay snfor sifarA==i gefRydt

URA el Adifcad 31 HICHRHT Saad 3foa] ATl Yalaredl CWd 3le. iU, TRBRI
0T ARt & AT AT &HaT Sicswet 3e AU didl fadd HRUAN Wieg- quare! fafdy
] 3T SUHH L& ol 3MTed, ATUS! Ble! @Iad caa A faae sfied

Table 1: Examples of Agricultural Robotics and Automation Projects in India

UH e quiq TRT
fae gH SH-3TRA Uih FHRTefor 3{1for aruft TR WY

wId Al-3TTRT P10 i g WehrH B
T A JA&ifeds T TIRITIT YUIelt T A
fo IR R RIEI o ot IuHRur
BHIIRM | B IaqRIUE Toed3r B 3 RO
SRR P IATG Al-STHUTR T0TaIT el | SRS a7
H1T 39 Al TTH SIaRITIT Wi hiH 1Y 3 dIH

U Al-RdlaR ATAUIRT 3 U<t ToTTat U

YR g sH-onuRa fie Ffteor onftr Igamn | YRd Agd WREH
e ERICRIE|

godl g P G Al-SATHUTRA T[Ura Hedich godl g

5.1.2 IqAdferd Jidt SUHUT (Automated Farm Equipments)
SUINT 31 YU Hall 3118, Fald Wd gemie! A HHI-JAdicy, Hroull ey Sfor quroft sfor
W Sy 3R, & HHF A (AN), 7T a1 (ML), $exAe 3 R (1oT) Snfor Asfeamn
BRG] 93 3gHh ! PRI HAGd HRAMd. dT Aadhediged bl AoRidl HHRAI, dledl 3
TRTOYT 0T GATHHIC T dG ¢l JIARBAT TG JHER S0 Hed Bid.
5.1.3 PHI-IEIEH (Agri-Robots)

3fftNEIcy & WA T3 (autonomous machines) 3Ted St 3= @l 0T HrigmaTs fafay o
B HROGNTS! fSST FHad! 3HTed. § ITAMT HHH g (Al), TRIF afT (ML), Sexre it R
(loT) 30T T IR THHd BAT SUHe AdDbgi-T siorH, ARGS, dUT HIeUl, Hled Ha=u, R

5.1.4 PH-INdIeTd PR

5.1.4.1 STYUf Adle (Harvesting Robots)

HIYuft (Harvesting) 8 $S &ATIA Sfdd ATt UfshaiUew! Th 3], SATTS! 3T, Tl 3foT dHreseit
HTIRTD 3T SUIHe [UHHT B 7 Blsd. SaHed fUeid JHA CIBUaRITe! Sgdhdl, 3T 10T HIoi
HTIRTS 3T, URUIRG SN UGd! TGRSR Sadq SRIdId, ST HgNT 30T 3@ 3
G, e, UTSAT 1T 4T HRIGHT A0 JRIRTT HTH Tdaierd HUANIS, HHH FEHT (Al),
T TS (Computer Vision) 3TN Asifed MR AU Sl d5HMd T A1d-aqul SU™ UeH
HRAT.
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PIYUI Iqicd YPR
1. /&5 AISUIR Adle (Fruit-Picking Robots)
B Y Al-T&H HER 3110 aifed gIdiHt (Robotic Arms) I 3MTed of lUhdel Baid! v
B T gART BT JTAdId SUlhe d BeUR ATeld.
IaTER0: YWRdg, Wias), Wfl, wra
WA HoRidl Gd HH! gial AT Ao BTl JHTEd gid.
2. YT HIYUf Ji§le
T YA St g ST diges TRREAT Ui HeYH U= Sledrd, YT Bladid 30T 13T Hdrd. Iarevul: g,
dige, SR
W YRR GaISHIUET (Traditional Combines) 3TaT 10T 3fie Hrdem
3. YTeTuTar HTYUil JAdle
UriyTST fohdt YfERTd fdh i uul Rasuadl fegmg s faviy 4.
JaERUl: W, UTdidh, 7o, dcle
WS quius! aread fUda Fag fUwtar Her1 HH du
4. 18 HTYR J§e
S8 BIBSNYdeD HTIUIRITS! 10T MesT HRUATS! FT&ETTTHE ToRedT ST A JolTet.
EARURCIESEAL)
BRIG: I goltdl w1&f Has gRfd sd
HTqull e ST (Working of Harvesting Robots)
BTARST JaeT= drfHe Wdd Ko SHIa gl
i. R U (Detection) — Al-T&ITR ATAUMR HHR ST uRusar Afd eruarme! T HRdrd.
i. ool gut - 8 voeht wes fohar yrsaiET I, BRSO URTehdr g Hedic HRd
i. 3@ Hravlt (IR F1dRE) - AIfed BT (Arms) TBarU! Fa=H fdhar FAadf amues fie
g0t .
iv. e ST aEifHur — Bl Hod! b IEia Uihiare! deRued daa SiTdd.
P Idied TG
i, PIT SUS HH HRd
i.  Uidid HAM CTSUaIS! Ui gIdTes Ul o aToRd.
i,  HTHIR 3fdciidd HH HId
iv.  GITH SIETRIE TR HHT .
v. SdIGHdl dgdd
vi.  ©24/7 ST .
ix.  dosaR B1Yufl YA .
x.  Whdd URTS I HagH STl Uy dH! .
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S

Figure 5.1 Harvesting Robot

5.1.4.2 fAYeror 3foT SWRAATST T Idie (Inspection and Monitoring Agriculture Robots)
IR HRUFNTST Fd A& B0l 1aRTh 3MTe. S 0T Al-AKiIaR ATAUIR F=AR IR
ST 91 GHIAE Srdidl S B Adie, Yadb-ai-T Hifgdigul o Joar Agd Hruame! Red-esy e
UaH oRdid. & JAdic U, Arard uRfRa onfor Ries urada fazewor sruarndt wid safs,
quRTolt S1foT v Vdied UHR

1. 9% IRFY Fdtgomardt garg g

- REieg@e HaR 317 Al-3eTRd IqEaE oI SIH FEad! ardT0T, Uives dedie BHaRaT 3ol
Dl idl NigHd AYTIMTS! Hics el gaTs UiaHT H&ER S,

ICTER0Y: TG YHTUNA RdTd, GIeHes, BaaTT

B Sdg 3N duRiidar Ui SR fa=eyor

2. ASS-9ES AT TaieT

WA RAEIC (Autonomous robots) HERX 30T ATl Tdgdh (Soil sensors) daUF+ JAdiAed fhdrd,
I T Sdes qUIUR ehrdTd STfOr Refd-ergd St Medl HRdld.

JaIERUl: Udkdldiat fUdh | gRaTTe

B JURNEaR ATl 1T gl 3R ST UaH &d

3. I 3nfor Flew =My Adle

Al-RTEITAR TR @ RAaie I, §RRM fhar dieawi=an urgufaran gearden aeonare! fid garuargdf
1 DRI,

IETERUI: YT, YT, s T

B IS DHIcHARIGE ATAR ST FUBT THaH HHT HRO!

4. |t 3T g d@v@ el

2 Naie Rig 3Mfor Wdter aR 3G HRUARITS! Tl UTde!, TN teds SHOT HTcite! YT Ao,
I8l 3 Rall, ] Bat

PTG SR UTult Uy SH1f0T Uives ddian $Ueqd Sauay Uide e dxd
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quTIOft 3O S Jaied Frd
7 AeleqHed Weld LR A 38
i, ST HAR — Al-IKITAR ATAUR HE STIOT IR Ul S0 TafaRuiig ST R HRdw.
ii. IRy - T=iF T srEied A, Sies fha dive dait! HHaRdl RS gl e,
iii. Pt RIBRE - 8 yomet Ade=ir afed SdlTet 3w €51 UaH BRq.
iv. T WIMHT — T STl AR RigF, HIchRIS HaRul ST GdldHR0T Jqaaierd HRugRe! Bl
ST,
quryoft 3T TR Aeied wTae
i, Rord-crgn Hia Afef - A srrameq migd 2
i, DR I MYV - Ui US HAH Tredd.
iii.  PHIALT T TTRITY — TTO7 SO Gl AR SIHd HRd
iv. Bamfﬂa?r wmwﬁné&rﬁraﬂﬁ

Figure 5.2 Inspection and Monitoring Agriculture Robots

5.1.5 ¥Xqddferd dier 3MfoT @Tas #RAH (Automatic Seeding and Planting Machine)
diofaue 31 drTaS Fuida Jayd R Sed SATS! aiTedT Ui SATGANIST Sgdhddl Savaandl
A, SficHTed ST SAfr WifeT A=A 3 U I ciid JUBHRYT 38 o stoiiet ool AT gt
ARG HRUATH! UlehdT S SHTHdug Wadierd dd. a1 AR TSMT-H&H Jdadm, SIuey doe
SHITPHTIRIRA &t SiTdl,
Taferd St Sfor anmas a=ie ord
TITfeTd S 31101 dRTaS HRIH H=R-STUTRA TR, Al 31107 SR TR fSamor [idrd divTedr
THR Ak HRUTMIEt B Hrard. A Defld 78T <l JHIIY 3R d:
a) foamor feT: fomiet 7=l WRad S, & g SeaTd wread oifd. s THRIER, IiH
b) GPS 3MfOr Al-3meTRa AfEAe: T=i= GPs HithT aTue W0 AFTfae gald. Al I@ENREH
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Jataq aras Wiy Fufia oot A R, smdar uraedt snfor wies A
IEESLNERGIG]

c) Wadfad @iel =0T A0 Ardie 94T Med ST f9ar 9 @idiar 3dd, I8aH 39U
gAfgd &

d) THIdH {10l SfeR: 3igeh Rl dArEl dTR e, foamo I SfdRIaR ddd Srdrd, sarded
e 3for TameTea WU TRE0T B,

e) Rard-erzy AR Vdwd WwH tRieey fhar feiviead Syecgr HfET sifRe=T=
fARYeror 3MfoT FH™ISH S Yahdid.

5.1.5.1 TqIAferd dioT SATOT ANTGS T UHR
1. fOfRre fam WRUIR T3 (Precision Seed Drills)
i WRes i g faTr Arquarrdt Sidey 1for iR aroRd.
i.  THIHM Tl 10T 3R YA Hd, [9aT01 30y HHt hd.
iii.  FISAT THIONG U SO 4T IS TS
2. ]qHTe® URUTt @3 (Pneumatic Planters)
i, oo guE Ad faaia Hruarrdt gdd e R TR,
i. ool st B Sfor Il I YUR.
iii. g, HepT SO GHTel AIRWAT A8 YTATS! I,
3. Vgife® fagmol wRume a5
a) Al-YFdIR AIAUR &I S Al Tbd Hard A0 R cgade drdeldl Qe FHRodG
HRT.
b) A ISUIRIEN 24/7 BT H& YT,
c) U 31O Hhos ARIRSHT I=-a¥ UG et Fatd A,
4. g4 drsd
i, W S US-3YTRd | aroe- fafRiy 3ol fagm eradrd.
i.  SITRIES [dhal UIgie Xevd aaedl YUGRINTe! ey,
iii.  JA-IdRUl (Reforestation) 30T 0T fiasTedT (Cover Cropping) ANTIS TG
iv.  dc5 ST & W arada.
Taygted faamo sfor anTas W= wrae
i, RIS YO 3o HRIGH - Sdg aNas
i. YR el — ITes [SATugin Uy HHt i,
i.  39H Ul IATG — TH M dle YATHd dhrd
iv.  SETed YA - OTon ST @d drdema- aTRd
v. U HHIR G - § ATORITAT Ag-drd YHT0 S .
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5.1.6 TIT-3ITU¥e S " WoImelt (Al-Operated Irrigation Systems)

groft HERITI BT MY Adiar U Hew@rdl U, 3118, Al-Haferd R womelt urogrn aR siifpass
HROGNTST TS TR, R3ra-erzd S 3T Al S@REH aroRdrd, Ui avg 9edt ayvg JHTond aTof
firesa gl Wt . a1 YulTel! UTuaTe 30y SHH! dRdld, HHI T BT ST e SRIY YR,
M d A A3 T SHTa=geh 1Y F=Td.

TIY-3ifues Rig= yore sk

Al-SaTferd R yomelt srge arvft quard Fufg duardt Re-ersd Ser dadad ST faRayor aroRdrd.
(Real-Time Data Collection and Analysis) &1 WfehdT TT WTciid W 3IERUT

TG STl Ihar

i, O SIdd] =R Aldidid 9rogrd YHT Jiefd).

i, GO JR: dTOHM, e ST YT SeTsiian AaT 9uar 6T HRa.

iii.  ShIT oo T IIPIRS HHR ATU G HATUTUGTAT T UTdedt e,

iv.  Al-3eiRd fufa 9o gune M Hoedr Ser favayur s Sl Usidt smawad sRiced!
1o e JHTT FuffRd @vd. Al SIAReH 3MaRad Uiult it STeuae! gamMT=T 3igTeliar
Sy RiT dBUAS JHRISTT B,

v.  Tagdierd urul fdoRon SegT aRysh S degld gl Wumc fdedh RieH, fBider fdvar YforTd Riw
U Oihd . Al 8 AT Hd F1 arolt woE S faadia Fa oird, aruaren varg sifor A
Y0 Gd

vi.  Reie AeRar saftr Az e Aiese 3w fdhar a9 SxaegR RiT ol F&emor snfor
0T ¥ R dTd. Al TTUATAT ATIRTEAT HRIGHAEE Ja-T 30T 3gaTd Uréq R,

5.1.6.1 TATT-3ATIRCS SRR Rivedd UpR

1. WT¢ féa® R (Smart Drip Irrigation)

i, gl g AT urvlt RasT HRUAST Al-FERd fSud arRaa.

i, STSdYEH 0T UTudTE 3ueHyd dHH! dHRd.

iii. oy, YTSAT 30T gRATE JAATST SHTE,
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2. Al-ATTERiT Bipar R
i,  IHM-3I%d fBideR gamHEar URIRGER SMUTRd UTvarT Udig GHRATSTA dHRdTd.

i, O R crovarrd! IR UTSY ST 3irsar Q.

iii. TS A AAHE, Meth ST SO T el aTuRa ST,
3. fofrer gl s¥fzm

i. Al 3Tl Uroft faaRumaTet adeeR fEidmeR gradTa S%hd HRd.

i. g, B AT ATEH Ydara! Fatd ang.
4. Taggfeaa YfrTd e

i, ATceaT YT Wil grof fddiid SRd, srdtyad o St .

ii. Al UTUITT Te STT0T |l MU &R AR Hd.

iii.  ST&ISTTT S{TIO1 hosd T TFRARSAT Sod-Hed T dt aruRel e,
TII-3TRES SRR Rivewd wrag
1. TAHYROT (Water Conservation)

i, Al'S IR BRI D TR ST degTd UTuTaT AR &l ST, ST 3Ueqd 50% Tdd &t gid.
i, Sifa-Rig ufasfEa $rd, e Ysid urded! St 813 .

2. fie IUTGATd d18

i, Al 3T UTugTd YHTYT faa’id S, sarges R s 3o givedt swrooft gl

i. O adayt greeE fed, dumg Sfd v it giard Il W FRd.

3. HU FIIR STIOT TR @

i.  ORURG Riw guiare! 9t onftr Seq W HH! Hd.
4. gAMM 3P (Climate Adaptation)

i. Al BAMMI dadiaR YR RiT desusd Jamrifoid Hd.

i. RiTAH 9@ IR HE giple fdhal UTul AHUaIRA Ui TRET Hd.
5. WITE W THATHRr

i, TSI doeR, SIH S1TO1 AT 3R FRigor yumeii=il dhde el WS Wb,

i, I Rl HARITIATTST [icdeh] UTul dToRT=AT Sl AT 93, Jdbdld

f

Ll

Fig. 5.4 Al-Operated Irrigation Systems
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Widely Used Agricultural Robots in Current World

_______ 1
| Designed for picking fruits or vegetables, I Equipped with sensors, these robots * g
I these robots can operate autonomously or be I I monitor the health and behavior of I \
I zuided by remote control, streamlining the : I fivestock, allowing early detection of I ’ 2

‘harvesting process. i o=
Ll e e o

Crop Spraying ‘
[ = == == = e e e 1.

Robotic sprayers equipped with precision
Inwzzles and semsors can apply ferfilizers, I
pesticides, and herbicides with high accuracy.
They adjust application rates based on real-time
. I data, reducing chemical usage and msu:ingl

r~ Fruit Sorting Robot

Using computer vision and robotic
arms, these robots sort harvested fiuits
based on their size, color, or quality.
improving the efficiency of post- = |

even coverage while minimizing runoff and harvest processing
environmental contamination. I
—————————
Milking Robots —_—
‘ Soil Sampling Robot ‘ i
pois s = = = | L -
Aiteaiied miime, syslons ety v, Robotic Greenhouse These robots collect soil samples from
I clean udders, and perform milking processes, I 5 arte of the feld. bl
reducing the manual labor involved in dairy F. - e == = VRO pats U T DR, v
£ 2 A These robots use computer vision or other j precise  analysis and  targeted
_g ________ sensors to identify and remove weeds without application of fertilizers, leading to
I the need for chemical herbicides, promoting I better crop yields 1
< more sustainable and environmentally friendly gt
H Weeding Robots h ? e
————————— Pruning & Thinning

These robots use computer vision or other

sersors to identify and remove weeds without
. I the need for chemical herbicides, promoting I
more sustainable and environmentally friendly

Robots with robotic arms and
specialized end-effectors are used for |
precise pruning and thinning of plants.
They can remove excess branches.
flowers, or fruits to optimize yield and
improve fruit quality.

Fig. 5.5 Agricultural Revolution: Cutting-Edge Robot Design

5.2 W ¢ae: (Autonomous Tractors) Seh-STIT@T gaex, afkrsed ST wrag

WA Saex=al e $8 SN devig gikad- gid oe. & Jewh-srfet A= snféfthiRma

geferog (Al), Gps AfeieM, I 3fdr SfHTF=T IR HHId HH AHd sHauR Ad=h 3

5.2.1 ¥ATA ¢ae¥dl BRI aAuN

WA e’ W AT SSHIAR STETRA B BT of Wad-SAfaT &Hdl W& B, Jiedl drd

AU § AT 3Te.

a) GPs-3MYTiRd AMPIRM: daer GPS RE@ aueEs W-HU dHoledn AN 3ER0 &l Al
ARG ST faRawur Hard ST TR JTPHISS HRUARNT! AR TS HRdTd.

b) Al 3for w=fiF af 3fedmm: Al Red-cgm wie SerR ufshar @xd Sffol daex=n af
JHUR.,

c) TR ATFOT HRT WUIET: LIDAR, RADAR 30T ik 3r8yas Jyvard, QR gTerara gAfda
UG Had HRAld. Ardidid 3idrar I=R oAy Rig= onfor arasrdt e uaH

CRGIS
d) e wifefar snfor Fss wAfeef@d: Adwt diarsd i fhal T3 s-TURd WehHgR
S faRayur oret ST,
e) TaYTTd IUBR! 0T Hau® (Automated Implements and Attachments)
f) WA ¢aex ARl tRoft, wafafifdt sftr sovfiardt draten daveiae gaw ed o
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5.2.2 IaT9d Saeidl U afdred
1. GPS 3Tfor Al-3TeTRa A=
i, fooum I Te iyl e s grareTa YAfdd .
i. YR b aardl Rard-argy fh-Hied (Real-Time Kinematic (RTK) TIfRIfAT aroRa.
2. fyte wifvrefiar snfor fAeizror
i, YdH WIEHH fhar T aroReT Rl daear ArNaT 93 Yedid Sifor fRifg e
RIGI
i, STREAS U, ZeH uraedt onfor A== iR Rard-ergH /e (updates).
3. YT MY STIOT FI&T WUITe! (Obstacle Detection and Safety Systems)
i 1S, @ IO YTl TRY 3HSYS MYTIRITS! T ARUE .
i, SO YUIST 0T SUETdiAT U B STIOT JRIEFTT AT .
4. IR Tt SrfOT HTierHar TRPHRISRM (Variable Speed and Efficiency Optimization)
i, O R Sfor Rt SHiaR STuUtid 9T FHRITST .
i, S aradd TTOT ST aTOR STPHTSS 6.
5. Iagaferd q@HTa JTioT g
i, ALTYTRT HITSRE® SaHTd JAde=giHT THTH Fid JUgRIEgd Tddb Hd.
i. PSS GIUATgdl CEHTH Regd B SISCIRH HH! Hd
5.2.3 WA ¢de¥d PR
guiyut g gae’ (Fully Autonomous Tractors):
i,  ®IUATe! AFAl SRR B &,
i.  HiredsR iRy 3M1for ops RedgR Frifa.
31ef- TR ¢ (Semi-Autonomous Tractors)
i, A TaaT TR e TR fAfiy wrafare! wadaferdut s & e,
i.  SBHIHD YRR ~Adet Fe=0r g T,
gafae® 3MOT gRIfSS WA ¢aex: (Electric and Hybrid Autonomous Tractors)
i, SYATET AR S HRUAS! Skl fhdT grsiis 3ol ¥drd aTa,
i. P B SIHNE UHIaRUN 3I%d Uard.
5.2.4 WO ¢de¥d BRI
1. IATGHdT dTed
i, Yl A Il 24/7 AT, S ST dobd YD B Yol FHxa Ad,
i. AR, ARTES ST B ARIRS S BRI dTead.
2. HTR Td HH HId
i, Al A6 Sadfaa Bt dd, [aRvd: die Udl g
i, ORI HHARAET FTEAT HRUM=AT HI3AT YA AdiETat Sugdd.
3. Td-uHTdt SfoT $eF wrderm
i, SffPHES daid AN SUHTET aTUR HH! ST
i.  @d, fon Mfor Bleh-RIb T SUqy St gidl.
4. ygtazuiig fRRear
i, SHITPHISS doledl ANTY SRRl B AT fHe0r St o,
i,  TOTaRUTYRS Tl AT 4% DHICHAIRID 30T JfraT SRd aTuR HHT Hd.
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5. qgEferd q@HTa 1T g

QA=A HTHTI HIFd! gobT gR B

Fig. 5.6 Al Al-Operated Irrigation Systems

53 PYI S

P IH § AFARed a8 a8+ (Unmanned Avrial Vehicle) (UAVs) 3MTed. SIF daRIFM HYT

QA HifdDbR] dad gsad 3Hlgd. JigR Vdb=AAT AT Dbl TIRIUT 3Hferes YuTat 30T

FHriemc- Fxuar! At e ofg. ST AR fUei=an IR e exuarmdt dar S,

2 So-Reey= HR 301 SIhRS JRITE G 3RdTd, & Aadb=uiT febiean arere fRUdteR

o S0 gaw g1, a1fram, S=n AR His o T Hgzumardt ST FHer o). SHgR Qdrd

DR et e d, AT JdTGATe [Ura SHIfOT JHTUT dTed.

ST AR a8 30T YAl s9d Bl URUR® Ul Hed Qi< urgult ruardt 3 ar

AT, TR ST ATERAT § HIH et el gul sl Siig, b, TS ddh-=ai-T AredT 3ok

DGR A& Did BRI YUt fHesd. SH TS RAdDbJiT e T ST fehrs,; Hut

UGl SaAauaN Aed gid. Jies gaiaruliy gy HHt gidr s danedian o uuidt aR

TREUT FHR0I ARIRW 3 Bre [Hesard.

U AT aTR:

Tt ST Wieg RIRVUr: S Qo Ig Ihard ST Io-ReeqeH UM $ER S IHar,

S ATt 0T ST uRfRUd quRiidaRr &Rl TR SR0ATd Hed ®dld. 81 Sl Aae=ai-T

e ARG Hifgeigef fufa goard ved gid.

i, SPIT AIENT: 3IPRS fhaT yHid RS aTTaTe WaeHAENd UfaHl H&ER S [Udbia
RITER A& SITATS! SHaT AR Bl Sffdl. § AddaiA1 A0, lehidar uigHia foar
g Adte qumarh URMe IR Myt S 34, HIUETs! TR O FRIEBRT
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& s T WE B,

WieRM: S HiddT YT 9a1 URGT ANTdS =T Uihdd quld Had d& XHhdld. ol Usd
fadva: gd-ieeuna fbar w1 f3@rolt URURG ARTaS R0 B gisa o= fawof,
YfchAa il GUATHTST 3107 fdaRuT GRiEd SRSt Suge 3iTs.

Mo Barult: HaR HRUMH GO S MTEHATIR Wd, PlchRIe 0T JUHRID
SIS YUY AN HE= Yhdld, IR IHEA THIU HHT HRdld S0 30y J[dTd. §

5.3.1 et ATIOT Wics fa=wadwor (Soil and Field Analysis)

qHiT SA-Toradl, R3fd-ergH 3T UaH He- Ald AT & fazawumed 8 5 Hew@yut
YT Soladrd. Aldieal faavuraar uRuie Ugdl doswrs, 3101 HgRT 3 Rdhdld, g i
aaaamﬁra{fﬁa?ﬁ?qv‘rqa&ﬂ?mé—crﬁr d HY B HIA o T JHTO 3178

SA-Neiiegza AT S I=-Reiegz HHR o1ftr T (G &1 Hedklaed 3Afr
YU HHR) 7 FIT Med o T ATt HATOT fhiean duRiidar ufaer H@R ward. a1 ufadr
AT UId, s graes! Mo e ardlay URumd HRUR SR Agwld 9edh aviq,
BICI I

Bt TP TIR B SHGR DR Haed] WaHaR hiced 3T, TURNAAR AHRI TR
BRGNS FC AR dToReH Ufehdl il Sl Whd. & ABR! A=Y d& GUaTE! TRSl Saial!
& 3NBWTATd Hed HRANd. IETERuNY, BT HRTA SiH-Id! guiddl aiTell 3R Wdhd, @)
FeTETd MR A& AccUded IR 3R S AT JMd B /MY dbdrd
0T gl St AT SRR shedl SRS Whd. BRI Al 3&feied] YR Uhigs
quirard! forg fag TrevdTd. a1 =i faRavur sed, Rde! drard! Joradl Hid YURITH! 8
3G YHard, S &1 Afeg uerd Seo! fdhdr pH Urdes! Jemiforg &t

TaT 3o Mupgead FAdter SHad uffe $IR Qardid aUHMTdE R =Y
HAd, O SR M= Udeidid B GRIq Xhdld. 8 Jdb=giqT Jdrd HIod HIT
DR Hed Bid.

PTdeH YATYT arey (Efficient Resource Allocation): quRiiear HArdl 301 Bl STNE,
Qdd] AATST "TIRP R BRI TUR B Ydhvdld. g1 4D urofl, Td fbar dleh-res
JraRe ARy SaretE awadhdl $6 e & Yfad HRdl. 81 diéd el Adh=ai-
B AT fSHIolt de TRl @l HRdl, e a/l S0l SH gid HTfor
HTIEHAT Ted.
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Image collection
l;_:\,..

Soil nutrient map

¥

Laboratory analysi

Fig. 5.7 Soil Analysis

5.3.2 fa fAdteon: e Mte € o8t S U Hew@e S 36, g QAdebgi-T e fUdiar &
S U (AA&ITd Telle GhR Had DR

i, SE-ReeRE AT ST-RSIgRM Ui ga 3@dd g9 gddid [Udhid quRiiadR fmor
HRAd. ® o 3 WaeHued Udd STdrd, o &1 TRUHH UHRI, SRS MUl yid, S
RIdb=aiT fUBHT fdfdy BHGH AK1a0T HRugre ol Wil RIMTER 3ifed 3 Sl Medl
DRI Hed Bid.

i. I fIGRI® TAHRN TR S0 SH TGl Fe® S B THRIGT B g
fAd=1i@ (NDVI) (Normalized Difference Vegetation Index) HISTUTITS! Tdgdhial aluR BRI,
NDVI &I GRiqard &t U fordt SRIGRT sgd, araR SMenRd &1 o UHI B WRiafda
g fohaT UIVUT S{UTAMe) ST IIPRS UHIRT TRIafid dxdrd. NDVI &gd o1 &=l fiad
gead! STd ford fids s &Rd 3iTed, SUie Yddb il diahles SUdieHT 80y Hed gid.

ii. YT Uedid AaPH g (Early Detection of Stress Factors): SH-3fTuRa fUe Fiemman
Faid AT BRG] U T ddaR eEuar! &dl. 3 fUsmHed drom aamd! fas ey
AT, 1 IS ST f3ud ATeld, S &1 U d NS sed, FHor fhar skt .
TI dadhR M H&-, Vdb-ai-T A0S GudIgdl gwiad Hrudre et fiad, e 9@
qrardl 30T fUesi=ar Jeharid wHl ad.

iv.  XNT 3ATIOT Pled MY TIPS 30T Aec RUFEd YR A0, S T INT SO Dlewiar
TIgHTd JEHFTIR feuuamgedl 3oy Wehdid. § IR aeud Aed dIuHT 3Nfor Sédm saa =My
Yhdld, o Tgdd ded] Dl fdal ITSHDHHes IUMAT qUITdTe Yo ST, T AdhR MU
RAHHT BICHARID [hal SaR ITARIE AT ] & A& BT Ud, s ATID
HaRuf TR ST g 30T Faferumasia wHTa St gial.

v. Y Qe $F STaioRE fUshieT dréiear Widen JFMal U3, Udbdrd. Ui ashrel diaiTed
fIETC 3MTed 8 THSIUAN Had = Jbhdld. 81 Scl ~ah=gi-l Rig dedld=d, qivdh daidl diiR
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Vi,

30T SR HGRITY UGl JHINGIT DHRUATY Hed Bl WUl U ThHHM SHTI0T e
PEIIRGIERIGE
SUATT 3igroT: S YUl EHTd TRt Fraed, 3R ST areten UGl 3 e e s
U TpU SR Geldih- &% dhdid 0 YU ITATT SHersl g dbdrd. HIul
AfiRedmd e, fauur snfoT RaeT TrRaedt Sriemdr IR sxvamét g Hiedad mifgdt

3G
x
=
=
b
=
(U]
w ﬁ o
Dead Leaf Stressed Leaf Healthy Leaf
Fig.5.8 Crop Monitoring
5.3.3 WieXM;

FH 81 (Agricultural drones) 3 ARTASI UfehaT M e 3T gaH saa 38, faRivd:
HiedT THIUMER ANTaS HRuare! fdhar giid fewmmoft (g ed A6l 3= YITd). ArFds e
@Wwwwwﬁwqﬁw&mﬁﬁ&n@

s ST A5 SH ORIV foTol Sevaran dammH e 3Ted of diT Higdl YT
faT0 URugTE Rt ¢dTd. F RdraR Igdl 3101 3R1fdd SR faar disdl, gar faavu
AT Ball. f9a1 ThaR AT Crbed SITdTd fdbdl SR favgRedn Sirard oY o |l fdbar
UIaH Il SIS, Qhdld,

YAAIBRUT STOT MeaT YHIUEGR a9 aNTaS; $i-dl HIdl JHIUMER aHaxul Yahediae
IR hell S1dl, S A1 THI0Nd S S8 a0l SHavdd e, e Aquara] URUTRS
UGdl Y, y-dbiad S0 TGN 3Ry YUbdld. HYE, feuratiid HIddl JHIuNd e foa
TR SIS, Y dld, S TR0 Yad Side ST e fhwmrasik gam.

guTRa a0t 3iFRUT (Improved Seed Germination): S %ae fouT aef@dUU
(Randomly) fagRd rgld; foamor vy @i, Sfav 11 RYMER dad Srdid It @t
HRUGMTST o TR bl 1S Udbdld. e JRRA! TGN S0 Frshet FiTell are groardt
RIT dTed.
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5.3.4 i warvft:

YT AT I HA SR Hdid FHET SO g HTHUD! U Ui AR 318, S
GrtayET Ui HaRufTd! e aTuR &l Sird!

3P BARU: T AT 0T AISred= Yot S, Tl S0 BlehRIb 7Y Ha=ad 3MMed o) 5d
JTORUGRT e 3HTed. S fTals GPS 3T AR e Fafd snfir s/ ugd= JdmeR I
TGN AT 3dTd, ® IR Frad & B etk gaq §7 faada »a o, a1 srwa=n
UTeses aTT STOTRT AR & gid ST 3ifiies fbaT St W v st HHT gidl.

FHI IS IR URUIRSD Ulh BRI Ugell, S DI UGS WIR fohar TRIe doer amru),
TG STATR 13> Xobdll, S TITGRUMHIS! BT RE 3Y qebd ST RAchan @ a1g Thd. g
AT TS e AR U 9 Y0 IR A hd Jad dHRdld. d1 dfedd
HARUIGES AR U1 I THUT T HH gid, Saes Jdt e dbre, Sfon
IRk s 4.

PiegTd SUH BegYel: S HIadl diae AT Ig Jdbdld 0T S, SHRCT fdbal SRHM YU
3SHUTTH! fhar B0 YHFTRT Tas HRuaT BTl HRUTR TR e § S faQva: SR
YT fohaT TRIR ARIRISAT [dTd T DHR0l Ha 101 e hiesd1d] SUJad S-dd.,

P11 TR BaRUT SV & SR TN ABTH! 3R Jebd =T IRRYAT g
3HId aRd SIS, WHhdd. Iy, Uie ardien geariel Sield, URUIRG TSR TRe
FRUTIS] Bics QU 3t fhar Faea 3Ry wdhard. S, gad AT 37pa] e, fesir
IR 3MAIH IUAR @A I W e, 3= IR BRI e Iavara,

frera-ersw wifefar anfor Teoede: SH SR 31T A=A YOS 31Med of AdHHT HaRuil
HRAMT R3fd-ecZaie Adrd e HRoa™ A Sdld. 8§ BaRull THTET o &I ATg! fdhar
DIUATG! HRATI 3HfEeh A&l Ul TRl 38 BT & dep=di-1 UIgUarY Had BRd. gl BIgl HIT
D e fdval GRRM AR oell it A8 § B, TYUl Hogesl YIS PRI gH
ARSI el SIS b,
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5.3.5 S BTIC;

a) fPHEIdRIR: SF HENT IUHRO! 30T BT HIH HROMAT HRTTRIE! SIFT U3 B T
SHHI HRT.

b) PRI 30T T $F B @id Yol xard, desd! §ad HRdTd STl IdTehdl dleddrd.
c) SIHT 3T STHAT. §H I BTG, HTRT AT It HHI B B DR,

) UIGIIUarY H310T YRTId WA=l $I- Hgouul &alul fddl ehapiarad fanTuft Uigie rebdrd.

e) Rf&rddr 3oy SRdiA &t RO S AFAl HRFRIAT 4idTd 7 dad dibREd &
HRAT.

f) Rfd-crsd Ser doa: $9 gd fa=avur 10T Sl dt aiRd SeT &R HRdrd.
g) Ui dafadmdr. iHar arR fafdy SIS 3Md STRTHE bl SIS, b,
h) TATaRUTT gUTd HH HRO: SH Jdid IS AR SO UgH0T HH BRI Had
HRAT.

iy TR Se1 3for fazawor: i =iTen ol Svarrdt enfir erEtare! duriidar et Mat

Harvestmg
Drones

i Bybrid
(@}  Drones

o

Spraying
Drones

Mapping
and
Surveying
Drones

. '
i r e Fixed-Wings Ms“l':it:i"}l"i :’:“ il
£f NG Drones Dranes e ]
\ it T T %]
; - o

,g__\
Multi Rotor Livestock f,s
I )
Drones Mom‘omg ﬁ% %”I g l; g
’:' :;ﬁﬂ ? 2! v

Fig. 5.10 Diverse Drone Solutions: Transforming Agriculture

S ITRTETST ARBRY TS
foam g9 SaRrS! Wum, Sl 9a-fRM 3H SilideaRd AHIHRHE  Sub-Mission on
Agricultural Mechanization (SMAM) TU[g! 3i@d Sid, S TGS /ddb-=ai-T 6 Tgrd
UG HRd. §1 HRIHhH AdH=ardl YHR 30T ST HIeTd <aT YRR o Te YHINd Hed od:

i. DL, THUIST (Farmer Producer Organization) 31101 ITHI0T Sesidhid! e HRAT: S

GGt A 4 Ara ¥ fies dra
i. P TR S WRETST 5 TR $U e erdrd, & Wat 50% M8
iii. e ST WA, ST STd/SrIgfd ST, Afge SftT ST ST Qb gH

Mabharashtra State Board of Technical Education 92



Emerging Trends in Mechanical Engineering (315363) AN ¢ &Y 39 A B d SIHANRT (315363)

WETAT 5 AR ¥ e Wahard, S @atet 50% 38

iv. wﬁamm@qm4wmﬁaw S G 40% 318

v. B SR B aRm ST e T gfReege (FMTT), ICAR (Indian Council of
Agricultural Research) ST, $ fag g SO g o faemdisi= 10 ara Suiodd
fohar el St fhrdir 100% e SHd UeH &,

vi.  YRd WHRA AdHIIGTa! S daRIHe UifdaT UINITST €R0 dF] sl 3{Ted, STd NaMo
S It dIoar GHEY 3MTe, St 2024-2026 U AfA Wad-Had T (SHGs) 15,000
I Ua e,

5.3.6 §I9T ATIRTATS IRPRI FroT

1. g St Riw e (PMKSY):

I g yumet S11for HHt Idrgwdl GURTA ey,

ST aUR; SIET aTR ATal ST &7 favawor, die fAteor sftr Rig yonell sqqRimo=ramat

RAdb=giH1 YT dT0R 3 d HRUATd ST Ul TG YYRUIN Hed HRUATHIST Sl Sifd.

2. AT FH TR (e-NAM):

I VAL FH ASIRUS SIS U FaAH .

SIAT aIR: Uih IATGA 3Jhd HRUANIS! IOl SORUSHIA FaRl GURUIRST bl 30T

AT b Sl U HRUANIS! Uidh 3RIT A& 3101 Ulesd SuarATd! Sl aiaR el

ST,

3. e g Aot

I A ST AR WS SIS TRHRT SUh Y.

SHAl AR B AISHT RahaiAl Dlch-RIPb, Jd U qUFRIGE! HARUT HROGNST S

318,

4. TAFAHR YR FiemT:

I A 3O Taheu are fafay emmed srafaRar aread.

ST aToR; YT, TREUT 10T ATawIRie ggra! Si-edl dIuRIbg YRl g+l fasramy sfor

I THYT Gd. ST S SHIRRSH TIR HUATE] 1 Alod 318y 378,

5. f&forea W wew:

Je: HRAT S IR a0 .

S dTR: § WewhH $Yl, faarur Jar Sfdr uresd $au g fafay aaiasd S sifuReme

T OIS fS3s oheiet 318, YR §aTs &ATd ST YRIE SHTRRHET3! e thiad

1 BRI § I S 316,

6. §IF SUTGTNITS! THSIATT SRT:

Ie; SR AN I VRIS §F SdleAd ¢ faexlt Taaueiar (Foreign Direct

Investment) (FDI) TRaFT <.

S ATUR: BT ATSHT S Rl SHTIOT IcTGATHS TRARN aaue e UIigH od, SaTdes P, W&

3T AfSIRedred ATdi=a Sfor YuTiRd S ear fafor g,

7. I XraRit rorT:

I T AT UTHOT U ST ATIRT HieiTg 201 8 SRy Sime.

ST AR § Ul MRI&01, ATt ol S0 |haRult IR HHHE S dTRUgNe! /Iddbs)

ST it TTE- 9T MTTfer TeT 30T UicTg U Hdl.
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8. AR} fau aTgq® HATTAr™ S URT:

e fafay ATaaie Sfiftr TR-ATEaIRIS SRS ST AR a0 #xd.

S IR QREErddT Snfr Mutaar YR sxamr $N, fadavur, o dau enfir At wd
AT S TR Arfesfe o UeH #a.

9. YAWYT et AT AT AREX Wi (PM Gati Shakti National Master Plan)

I URATdTS YT JiaeT 101 Ie JURUA IE1.

S AWR; AfiRed ST aeg® ISl SIedl AR Wag od, favivd: giid fdhar diema™
HAI0T YT, SIaG [GaRuT 10T SRiem qRAST ARged! GAfd Hro,

References:
1) https://www.istockphoto.com/search/2/film?family=creative&phrase=smart%20farming
2) https://www.youtube.com/watch?v=loWPkppe4jw
3) https://howtorobot.com/expert-insight/harvesting-robots
4) https://www.agritecture.com/blog/exploring-the-future-of-agriculture-a-deep-dive-into-robots

Exercise

TLO5.1 Explain the role of automation in an agricultural field.

[1] The role of Al and machine learning tools in agriculture is -----
A) Predicting optimal planting times and detecting potential risks from pests.
B) Monitoring livestock health and managing crop logistics.

C) Analysing soil composition and irrigation requirements.

D) Enhancing weather forecasting for farming.

TLO 5.2 Describe the benefits of automated farm equipment.

[2] One of the following type of robots monitor crop conditions and independently applies
fertilizers in agriculture

A) Flying Robots

B) Fruit Picking Robots

C) Cattle Grazing Robots

D) Robot Drones

[3] These robots measure moisture levels, nutrient content, and soil composition to optimize
irrigation and fertilizer use.

A) Aerial Drones for Crop Health Monitoring

B) Ground-Based Monitoring Robots

C) Disease and Pest Detection Robots

D) Soil and Irrigation Monitoring Robots

[4] In remote monitoring and control, farmers can track and control tractors remotely using
A) Smartphones

B) Keyboard

C) Joystick

D) Radio

TLO 5.4 Describe the applications and advantages of using drones in the agriculture sector.

[1] One of the following technologies is used to analyze plant needs and administer the exact
amount of fertilizer or herbicides required
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A) GPS Technology

B) loT-based Sensors
C) Artificial Intelligence
D) Flying Robots

TLOS5.5 ----mmmmmee- is a significant features of government schemes supporting drone usage in
the agricultural field.

[1] Regarding the NAMO Drone Didi Scheme (Drone Shakti Scheme) consider the following
statements:

1. The scheme aims to establish India as a global leader in drone technology.

2. The scheme is primarily focused on providing financial assistance to women entrepreneurs.
Select the correct answer using the codes given below:

A) 1 only

B) 2 only

C) Both 1 &2

D) Neither 1 nor 2

[2] In SMAM scheme The Government of India will provide grants of -------- rupees or 100%
cost of agricultural drones, whichever is less.

A) 10 lakh

B) 20 lakh

C) 30 lakh

D) 50 lakh

[3] -------- of the following is not a function of a drone in agriculture
A) Harvesting

B) Pest control

C) Irrigation

D) Soil monitoring
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