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ABSTRACT

Smart Manufacturing (SM) system is facilitating new ways for humans and machines to work
together, empowering businesses to achieve greater insights, reduce the risk of error and make
better decisions. Complexity in manufacturing, increased global competition, radically changing
the demands of the customer and need of higher system security requires some pervasive
application of network and some real-time monitoring. SM System potentially addresses these
issues through highly automated system and advance enabling technologies. SM system is believed
to be one of the promising technologies that are associated with Al and real-time system making
the manufacturing practice more efficient. SM is often associated with Industry 4.0, the term
introduced in an exposition held in Germany, with an intension to promote 4™ phase of industrial
revolution. This revolution considers SM as its central element and generally the term is
interchangeably used by most researchers. SM is set to take root across the manufacturing
ecosystem. But only by understanding and harnessing the technologies driving Industry 4.0, will
enable manufacturers stay on the cutting edge of this new digital era. Therefore, to benefit India
with such revolutionary technological change, an attempt has been made through this study to
implement SM system in Indian manufacturing industries especially in Small and Medium
Enterprises (SMEs). The SME:s in India are emerging as potential entities boosting India economy,
supporting employment and fostering innovation specially through manufacturing sector. Hence,
the first objective of this research thesis is to understand the complexity of the SM implementation
and related issues using SSM. A focused group of experts from relevant areas were asked to share
opinions on SM implementation in Indian SMEs. Hence, with the help of the expert; issues were
mapped, a rich picture, CATWOE for root definition, an initial conceptual model, final

implementable model, and an implementation framework for SM system was created.



After, having an idea about the rich picture of SM system, it was necessary to study some of case
company which has undergone or seeking for transformation to aid SMEs for SM implementation.
Thus, the second objective presents the status of SM system implementation in Indian SMEs and
discusses the various initiatives undertaken by the Indian government and private players. In
addition, five case studies are conducted that either is seeking or have already implemented SM
system in their working environment. The case analysis was done using the SAP-LAP framework
to provide a methodological approach in understanding the benefits and challenges faced by these
companies in implementing the SM system. Furthermore, this objective discusses the various
initiatives undertaken by the Indian government and private players. The study also comprehends
a detail about challenges faced by SMEs in SM system implementation and finally elaborates on

the future scope of SM system-based research.

The findings of the preceding objectives show that Indian SMEs need SM system in their
production and SMEs and have the potential for Indian economic growth. However, it is important
to understand how ready SMEs are for this technological transformation. To this effect, the third
objective proposes a generic readiness assessment model with 5 stages, 6 building blocks and 22
dimensions. Additionally, the dimensions are ranked using “Stepwise Weight Assessment Ratio
Analysis (SWARA)” to understand their influence on overall readiness attainment. The practical
viability of the proposed readiness assessment model is tested on five Indian SMEs. Based on the
readiness level of each organization, recommendations are made to further improve their
preparedness for transformation. Other SMEs can utilize this tool as a self-assessment
methodology to check their status and subsequently strategize their policies for future

transformation.



Furthermore, to prepare more SMEs for transformation it is very necessary to investigate and
analyse those success factors that can possible SM implementation. To cater this need, the
investigation of 31 Critical Success Factors (CSFs) for SM system implementation in SMEs is
done in the fourth objective. The work is benefited from six cases of Indian SMEs, surveyed by
interviewing experts in the area of SM. The identified CSFs are categorized using an extended
“Technology-Organization-Environment (TOE)” framework. The identified CSFs are modeled
using an integrated TISM Fuzzy-DEMATEL (“Total Interpretive Structural Modelling Fuzzy-
Decision-Making Trial and Evaluation Laboratory”) approach which provides hierarchy and
shows the intensity of interrelationship among the factors. Fuzzy-MICMAC analysis is also
applied to understand the dependency/driving power and mutual influences among the identified
CSFs. Theoretical contribution, justifications and managerial implications of this research are
discussed elaborately which can provide valuable insights to researchers, academicians and

decision-makers of the related organizations.

In addition to this, to have a holistic approach on SM system implementation in Indian SMEs this
thesis also analyzed the impact of SM implementation, so that managers or policymakers can think
wisely before the transformation. Hence, the last objective aims to analyze the impact of SM in
SMEs considering the Indian context. A theory-based approach “The Theory of Change (ToC)” is
applied to understand the intervention and impact of a complex system like an SM system in Indian
SMEs. From the literature survey, eight impact aspects were identified with two moderators and
utilized to structure the questionnaire. A sample of 452 responses was collected from 80 SMEs
and the analysis was done in three phases: “Exploratory Factor Analysis (EFA), Confirmatory
Factor Analysis (CFA), and Structure Equation Modelling (SEM)”. A total of 22 hypotheses were

tested based on the association of the Implementation of SM (ISM) system and different aspects

Vi



of impact are presented, also the hypotheses related to the impact of these aspects on the Growth
of the Indian Economy (GIE) are presented. Along with the impact analysis of the eight impact
aspects, the moderating effect of two moderators i.e., Enabling technology and Government
support was also analyzed. The result suggested that ISM shows a positive impact on aspects like
Innovation, Organization resilience, Supply chain, Industry Ecosystem, and Sustainability. Only
Urbanization showed a negative impact on the implementation of the SM system in Indian SME:s.
Similar results are seen with the association of GIE and considered aspects, i.e., maximum aspects
have shown a positive impact on GIE only Urbanization was found with a negative impact. The

two moderators are seen as showing a significant moderating effect on relevant associations.

This research work contributes to the current literature on the SM implementation in Indian SMEs,
gives management implications to practitioners and policy suggestions to the government and
policymakers, and advances the field. The thesis could serve as a road map for practitioners
seeking for SM implementation in Indian SMEs, allowing decision-makers to take wise decision
on status, readiness, success factors and impact of SM implementation in Indian industries. The

research study's shortcomings and potential future research paths are also discussed in this work.
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ES1RY

TATC HAgtheraRaT (THUH) YOTell HJsAt 3R AT &l Teh ATY HIH Hilel o AT cRlehi
hr gaET vereT H T §, Faa@rdl @l 3 defce e w1, e & S wF F7
el IR dER AU ot & fAT Hererd &= W@ &1 AT 7 Siferar, daRge wicedsl
# gefs, g H AEN H Y IR IR ITT YUl FRET H IaThcl &

foT dcadh & Fo ATS IHAT IR Fo aEdide AT B FIRET ST Taeghar
gl &1 vHuH %A H@fdd &9 & 31 Heal & Hcaftes Fadriad Jomel 3R 3eetal
HETH dhoilohl & ATEIH A HAITIT AT &l AT ST ¢ T vauH BEed 3 gligR
deheiiehl H & U § S T3NS 3N Rucl-csa fea @ 1 &, o @#Tor g
3R JfF FAS TATH &1 THUH HFER 31T 8.0 F ST @I g, STl A IS
T el H qer fhar = ereg, 3@ wifa & IiY TROT # g & & WS

d| T Hifd TATHA & YT HhalT ded AT § 3R 3mT d W 37 Uqsg F1 gIT
JTRRTer QNErhell GaNT Teh GER & foIv fohar Siiar 1 vavs Aegtharaiier ghifaeeH
H IS A & fov IR | Afehel had 36T 8.0 HT Tollel aTell deheilehl I THST

3R 3R ITHET A &, AT 56 AT Bl o1 & HcAqyfas 5o wel A qeH
gl 3T, 39 dRg & HIfdPRI dobeilhl IRAdT ¥ $IRd HI oliedd sl & folv,
SH YA & ATEIH ¥ WRAT [AHAATT Segen # Y §9 @ oy 3R #ALGH 3cAt
(THUAS) # THUH YUTE &1 9] e &l 9ar8 fRam -1 §1 R # THUAS #Rd
HI 31ITIEUT FT ToTdT ot aTell AT TEATH & FT H 3 [ &, IR T FHAT
N @ & 3N [99Y &7 @ REATT &7 & AIHA @ FAdr=R H 9¢6ar & @ &1 s,

38 Y NfAF &1 dgell 3652 TATHUA Feadsd HI SAfcelar AR wawaua &
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39T HA §U TG Feal P TASA &1 Tk &7 & AATA & Uh hfod T7g
B HRAT TOUAS H THUH HAaded R I T8 Fel & TolT gl 13T AT| AT,
faQwer & #ee @; Heal 1 AT & 7S, T FHCY dER, T SN & fav
CATWOE, T&h 9Rfe duiieh Alsel, 3idd ddlcadst q9g Alsel iR vavA eeA
& AT RIS FTRET AR T TS|

THTH YUl T FHCY TR & TR # T fGuR g & dlg, o T Hd SHuer H1
YT AT AT AT, S THUH FRAedTdsd & [T TIUHS ST AT & foIw
aRads ¥ oY § AT AT F W@l &1 58 YR, GO 366 AR THUAS H oA
goTTell Frfleadel H U Tedd AT & 3R 9Rd TR 3R Al enfsat eanrr

&1 35 AT ggall T TaT AT gl b 3TATdl, Uid AH Hl FEIIA fohar m=r §
S A7 dr 39 A & ARGl H THUH YUTTell T AT & & ¢ AT Tgel & o] &
I | THUA FAECH &Y o] F3al H 5o huferdl & WA el arel omet 3R et
I FHSA H T Geufdard TfSehior vered aia & U TEudl-velvd ™l T 3ugler
e ATAC HI [RATT fhar 3T UT| 3HE 3(elTdl, I§ 366 ARG THR 3R A
faenfzat earr & 718 Affie ugall W 7T war &1 rega=T & vaud e Feads
# THUAS SaRT HHAT T S dTell Ioiliardl & aR A A& @ gamr aar § 3R 3
# varH AEA-3mRT U & 6fasT & g W AER & garn @ g

qdadl 3egedl & sy gara § & "R THTAg F 30e 3cuies 3R vHuAS H
THUA YUTell &1 ATl § 3N ARAY 3« G &1 am\ar g1 g, I8
HHSTAT AgcaquT ¢ foh THUHAS 5 Teheliehl dgelld & fav fhdel TRIR §1 36 3 &
fore, e 382 9 W, & fSfeger safed 3R R AT & Y Th AT IR
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Hedidhel HAlSS &I JEAT HAT g1 3HF HTARF, AT Tc_l Ied W 3o JHT

HI FHAS & fIT JAFHAT I "TCUABST de FATAC AT TATTIraT (SWARA)" &1

39T ek Yo AT arar B SETfdd deRdl Hedishel AlSe Sl SATagie cqagiidl

FT WU 9T AR THTAS 9T R /T &1 9% 96 & Joldl & TR &
MR W, INGTA F fav 3aH daRat @ 3R gk s & for R{wier & s
gl 3T THUAS SH YUl & 39T 391 Tufa & g &« & or e -
Hodiehel Uetfd & &7 H & Fohd § 3N a1g A #fasy & aRadsr & fov 3moel sAifaat
&I IUTeideh dal Fhd ¢ |

g% 3olaT, 3% tauAs & gRadd & v IR & AT 37 Aholdl FRehl dhr
S 3R [0V e g AT g S THUA SRTeadd S GHT §oT hd 2
$H SN H QU A & AU, tauas # vaeA @A sRivaad & v 3¢ hieswd
TFad theed (Avauw) f ST A Ieged A f S & vava K & F FAvAT
& &R GaRT Fd&T0T fhT T $IRCAT THUHAS & O AHd § Ig S odifead
g3 &1 Tgdl a0 HTHUS & T AR "ded farhr-aorea-gaiaor (a31g)" e
T 3T Fh Jefichcd fohaT AT &1 Tgdlel T WTHUE HT Teh Thihd TISM Fuzzy-

DEMATEL ("$el SOICAcHS EITAlcHS HISTAIT  Holl-fA0Tg-odieor  adigor 3R

Hodlohel YANRITCT") TISCHIUT HT 39T Flah AR fohaT 97T § Sl Gelfshd el
FAT & 3R FRAT F N qday H Ngar A gAar g1 ggare fFu v dvaes &
dra ARA/RE afFd IR IRTINE gHar F TAS & v woll-uAsmsHvATH
faecmor o aep fFer Srar €1 59 e & deuifae Aeee, e 3R veuds



fAfgaredf w faeqa ==t & 715 § o F@afT Hareal & Muhdrsd, Renfagh 3
fAoTIeRdT3i @l HedarT Hdese e H{ Hhd &

SHG AN, ARAIT THUAS H THUH YUl & hAedded W Teh THIT TOCHI0T W
& T 59 MBI o v FATTaTT & THIT &1 8 [Gewor fhar, arfe gaees ar
A TAATAT IRac & ggel EfOART & WY Feh| SAIAT, HTAHA 36T HT 38T
ﬂﬂ?ﬂ'ﬂﬁaﬁa#wmﬁwﬁngvﬂéﬁwm?%qmw%@wm%l
IRAT TauHEs & tgud {Qeed IO Jfed gomel & g&deig 3R 9 # gHse &
fovw & faquid-3maRa ftesior "aRads &1 Rguia (&3 @y fFar arar 2
qifgcd HIGTOT &, TS THIE Uge3il i & HEIEAU & AT Ggar=ll 37 AR Aol
I G & AU 3uder fRar arar| <0 TauAS § 9 GiAfhAnsi &1 U e v
fFar s/ a1 3R favewer die o & fFar s O "Ee FRE AT (STHU),
qiScehiul &R fageivor (divhu), AR a<wen g Asfdr (vasuA)"| vHeA
(3MSTHTH) YOl & FRAleadel & I & HUR W ol R IRebedaA13 I Glaror
foram aram 3R wsra & Aot ggef3it o TEdd fohar I, HRART dcgaedr & faemg
(SN3MTSS) TN 3T TgeI3ilt & T | T IRFeIA F o g&qa fhar arm| yera
% 3G Ugel3il & TeTd fARAINTT & WIY-AIY &l Al & AT Td Il HaTe
stefer R TRl TS #1 o favewor fohar | aRume 7 gene far &
HETHTH FdleAY, HISe ordtende], 3Mqfel s@el, 3eaer qiRfeafad a7 ik fFurar
S TEe[3T TR FhRIcHS T fe@Tel &1 shael AGAMOT o HRAT THUAS H THUH
JUTTell & SATeade] W APRIcHS AT fG@rm| g8 @Rg & aRUm Si3mes & FgaeT
3R faaRa ugel3il & @y & a1¢ §, I JHhaH g3l A SIS W HSRIcHS
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g @RI & Shddl ABHIOT ThRIcHS THTT & T YTAT I-AT| & Alsiey & Jrafas
HEl @ U Hgcaqul RIS verra @ gu @ St g

g AT HA RAT TIAUAS H THUH FRwadd R AT ey H A9 T g,
RIfehcael 3R TR 3R AT AT @ Afderd gerat & foav yate @fgard aar
g 3R &7 & 3T gerar §1 N "RAT vaTAS A TAUA ST i ART Fe
arel RAfhcasl & T T U3 A9 & T & FH I Tohdl ¢, @ @G0T o arer

& fEufd, dcaidr, ¥hedl & &R AR AR 3¢ # tauA Hiledds & gHT
R gefaeh @ Ao o & segafa @ad 81 50 F& § iy sregye fr HiAagd
IR wfesy & ganfaa aver AEl w o T=y i TS g
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