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Abstract:

In light of the fact that artificial intelligence is currently regarded as a major revolution in the information
and technology sector all over the world, the purpose of this study is to illustrate how it is used in Industry
4.0 while also identifying the most significant future opportunities and challenges that it presents.

The study came to the conclusion that Al is becoming more and more integrated with cutting-edge industrial
applications, as the benefits of industrial Al allow industrial enterprises to boost flexibility and creativity while
simultaneously improving operational and business performance. Indeed, many worldwide industrial
institutions have started using industrial artificial intelligence, indicating that the global industrial artificial
intelligence market will expand in the future. However, widespread adoption necessitates a complete and
integrated approach, in addition to striving to bring about the required organizational, technical, and
technological improvements that are regarded the foundation for successful industrial artificial intelligence
implementation.

Keywords: Artificial intelligence, Industrial artificial intelligence, Industry 4.0, Smart manufacturing

guechimeriem10@yahoo fr : 5y SV w23 aupa : boodl gl



alce
...... — P Lhita) Slasdly ol 4.0 2elial) b elbo ST —

s .1
Bygelod) 23 M1y Sy IV ol oo B3date OB aan ol mllaas sag liasl Ol ST ol W eV ST e
O ellaoV S Sy ((SPIRE, 2019, p. 02) sler of (35 St ccolinhadl J] oS Canias ) pmnal) Aall) Bdlany
ot Slegall Jolod LoV ST Slble iyt OF wigradl oy cololinall o ddall b Wb 2y Sined) SISCal o
(CAGR) Syl (ssedt sodl Jaae o0 Y0 52.59 oo b 585 « 2025 3 Vo5 Ll 31.2 512018 & Vss ke 1.62
dondlasy (oldlall mogy 2adl sl e L ((Igbal, Anwarul Islam, Zayed, Haque Beg, & Khan Shahi, 2021, p. 46)
(Leblmly dharmadl Slbtgdl seal) AV el Slongaed) pltsuanly (gl Blaally <GPS drdlal) wilsall sttt 2alaily ¢ 2,0l S UL
B jshdl o) Aadgrad) gl Sl plasizad SV e el e AL Al 3me il slgadl Ralaily ¢ ST ool
g N Y0270 sy 315 8 lelladl) ilsn b ooVl (ST plasiaal O J] SlilamY) 25 o, plilaoV) ST
Aol )Yl
s3le) e Slngod) Al 508l Adgall oyl 3] ¢ all B3datey Slins hoe B o) e Asliall bl 2l
A ) SUL B ab e aalle 300 0V bass Al 4.0 2ebial) mlsan e W By Ly 2ol z Y1 Slles Sy S
Sl ol e lopr el Ol el il Releal) 88l Cao) pasiay mllaas g2 4.0 sl (Dagnaw, 2020, p. 01)
ooV Sy ((CPS) aslpad 2! 2udasVly ((10T) sldY cis] oo Sl dogamall odn 3 mpdedl Sl a9
Ol Jax J) 4.0 asliall 55ls 45l ool &) .( Banitaan, Al-refai, Almatarneh, & Alquran, 2023, p. 23) (Al)
cleball ety e .( SILVA PERES, et al., 2020, p. 01) gtnkes 13ies 5T Ual LSy oty aSalis 5T wanadl
S ) by el (sl Olygg bl ol Cogliuny adstsally elsWy ¢V frzdly (IS plis) oo 8,587 Lo 20l
(Leea, Singha, Azamfara, & Pandharea, June Sl mead) s 4o Sleliall Joms (bladll ods mo foladl Jrl a9
L Fllao VI ST Gl 3 Ly kel Jsboly SLadd) g Lmgie ez 401 2020, p. 01)
Sllly (0,4 oal a Loy 84,0 asliall 3 ellao¥) ST Glilss 25 02 G 0 b oS Bt ) AN 2 Sy G Lan
Cels e sl dlzane)
S 05 OF sl e 3 4.0 aebiall B ellao¥) ST plasizal o ahals Bovad i g8 Zuhlll sda a e )l Sl O
Sl O S e 5 L 0 Ll OF o St ST sl g 858 i 1 dnl ) sl 3081 &) Lo oY)
el e ) O] a9 Ll Al Slagadl 3 2lao¥) ST Godas Sligang Slllaze Bpme O] ¢l Jpl) U3

PR eale . sl sllasl oSH) 2

(Sl SllaoI oS Cayps 1.2

253 Bale ot 1 pleadl st o 50l sanaS malail pshasy 2"l ellao¥) ST Bl V) AL 3045 esals e
S by by colalsdly (VY1 518 s sl ST 03) ((Agrawal, Gans, & Goldfarb, 2019, p. 03)" .=
(He & Ding, 2022, 55 Jsh o JT 553 5500 3 Jomng «Slidly 2ibolly ISa)l 6 S ool Sl s e el
.p. 02)

JICaly i mY) 8ad g laced) pliseaVly oSO LESYI fads g i) Bndls Jolse fads Lige ol o¥) oSTUI Jlores jglas 3]
Beod )l Sl JL W GG 3 ol g sl GISS oSl ol (Jgemall JlgmndlST o3 JLai¥) e 29I
SSTUL Aol gLVl Sl Sl b Aae 3L ) Skl ods sl ¢ Emnst, Merola, & Samaan, 2018, p. 03)
el Slnially Sladsdl e 4 Blg Y 3 b U Bemy WJl) el e B ki) Sl (SSG e sl

[\



84S 1955 @il 20 dnslr /) ghog dyploeadly Ap3LasdY) pglall 44 - — el a gl auid

LIS FRUNCE SRV N[ SV I TR D RCH W DN | PR E SV G VU WSS S S PR YOS 0N R E SV TR T S
(Charrington, 2017, p. \&lsly LessliS” e 4 oSondl ol atos of 2alaiVly lhesl) odn Sk 230 3 A gl aslns
.05)
LISCal) sl La iy Lein gimedlly ol V1 oS ol slas o S5 mgin ol 6l Ll bl sllaoV) (ST B LS
ST OF Jedh Sy 03)( SILVA PERES, et al., 2020, p. 220122). slizesd) bV ol dsliall Slighd (asgal)
L)l Jomall Slann . ollao W ST Slajlssg UL psle 3o didr £35ad 58 sliall eldaoY)
& SUaslly mesVly el Alades Blly gty Wladl A dilaadl Slikd) Jlal fow o sliall ollaoW) ST Loty
oV S Sl ol e 55wl gn bV S o 62V gl e plial) olaoV) ST e Lo galy it
Jolsal) o epe IS o Bsele B Gl Jo plal) oLV ST S (s ) Blo) e Al s e oS e ST
.(SILVA PERES, et al., 2020, p. 220122) i gall ¢ls] iy 3352) 3315 o
:( Capgemini, 2019, p. 03) &)l wluidl Js jsmas sluall pllooV) s8I plasin) oYl (axs O]
S Lgmap 093 Bl Lgblas o LA (el DL plasil e dmad) Sladdadlly loajlpsd) 5,06 0 U odadt =
e
csebedll bling jsaall sy Ll Aol oV dnanl) ) pdsiy S v.\,.mw(mﬁ (gl adl —
Togall mo ol oSy 1= oSl 4315 Agmged) SAS) o Bigled) g )l e ielias) Jolys tiliraedl plurdl -
Lasias L) alS5al)
ko) Lo oS (UL LSS 1SS Ll )l I35 g 509 253 Aslins Ralail i sliall ooV ST Sy
Badizadl SUgally el wilglly ¢ oY) madl oo daslid) Sl 0S5 OF Sy LS leall Ll oSSy cobandl Lrd o5
.( Lee, Singh, & Azamfar, 2019, p. 30)4.0 zeluall s 31 e Gl

Sl Sllasll S oSt s 101 o) IS

Control Op & Design Feedback

g «  Parameter tuning for extended machine life and $j*

better product quality ~ Operation Technology

Design improvement

o
and Risk A =
» Risk assessment-based maintenance s =
decision making ‘

- Time Machine and Fleet-sourced m ! @

Prognostics - % —
*  Adaptive clusteri 1
- Floot 4 Y= H! m!

Fleet-level prognostics

~ Analytic Technology

+ Feature to Information
+  Machine leamning tools

« DataAcquisition and 7
it ,;efaggiig J— Data Technology

A J

Platform Technology

Source: ( Lee, Singh, & Azamfar, 2019, p. 32)



alce
...... — P Lhita) Slasdly ol 4.0 2elial) b elbo ST —

SVl Bt 83L) e glondly aidl eV o e Bslial) Slangll S S sl ollaoW ST Ll s
:(Charrington, 2017, p. 10) Ll wla feiss canss &3l
ol oW S ey o Blinadl el aY) il Slawgoll Fledl D e gy o e ®
bl iy Ogead) 3Ls iy el s Cabsdl g Ly 535l B35 ol gald
) S Y aSalus ol & bl Slabdl Al s e Sl gall Baelos I3 e LA 351 Jasl Laoss  ®
(AL 83Lj5 (J3o V) pltsinl ey (el 3:US 535 e Slagall pliall bVl S deliy o (g
inall LoV )15l aoenad ey
S eop b sV IS e Wi ) il 8 Slagall sl ellaoV ST i 3 ST Rl 3clis”

cobladl LlE g sleadl gaal plisly fasl) 55le)s las ) Jelisg sl IS il ézz,‘d\ 834> 33lyj9 CL:;}[\ 85l

%16 Loy o SN B Isass IS B by LoV S ptsiad I Slasoll wags (MeKinsey i s,
Sl Juxl b Y%10-6 1y 334 Y18 aes by (IS 3 Y%19-10 2y Loliss) g 3ara¥l glot us
Pl ez b 99 (Y020-10 2y prad) § 3l 85 ey OF slilao¥) ST Sy el 1L L (Mckinsey, 2020)
. (Chui, Henke, & Miremadi, 2018)=isl,¥1 3 Y03-2 t 53455 095l SIS 3 Y05 dr
Y014 dess 5345 J @38 8 olilaoV oS 3wzl morgdl OF 3] ¢ ol olilaoV) oS G3lasl dilgs s (3T b e
(s . 2030 ple 3 V93 0sky 114 U 2 le) Sl Bl  Jlar Y Jowad) bl Lulie ¢ Il (3Ll sy 3
:(PWC, 2020, p. 09) L L s 055 atlsill s 0 Ladli) Vg3 05y 15.7 sy i
Sl e Al £l plisialy Al Al (sdl) fas 53Lj5 Sllaall 2l e Jond A Slagad) oo 2 ls] (ol @
L FllesYl S
B3l Ale bl elSTUL Bj5mng ued) Slatsg Sl b5 oo ) (o Slgaand) b 3L ®
[ Sdl  SUlawl oS Oliglas 2.2
P o o lapdy Azl 2adasVly 2SI ezl Bienl slazel IO o 253 8T Slebiall el 4.0 dsliall 358
e e &Y i L) ollao¥1 oIS sy UL o 88T Sl 0ds o e balaslly 331 e UL g0 828 2008
& oredly gadly aaadl 1 s gllly  sllaoW) LS s ez SULY e OB B350 SI maadl pdszey 3] SO
Soar padl Gow b ooV (ST s wds (of 09 . (Vantage market research, 2022)xuad) dles b Jadll =34
ST Of i Lot A A2 0%0 93 wizes (aiadl b slawo¥) oS sleze) S5 Deloitte wrl ¢ Moz Udgy (3,8
(Deloitte, Sl oshlosy of cllow¥ STl fpazel Yo B7 Lusy cplladl s 3 S Vlg god) ) dyygmen 55 08w LoV
.2019, p. 01)
ik WS asliall wlawgadl b auly Blai e sliall slloV) (SI slasl o
DA 3y Bdeog 3l (55 3l 1 b Ry 3l O Sling (pgd) drdel) C5ls allaas ga gl VGl W
spy oY IV el Slajlssg sl sSI) plasuanl o e o Sharabov & Tsochev, 2020, p. 22)
Slalt (@Bl Ilgal (Jlam V) s (Y dkas § gd) 123 Jgm gl of il 539 S e wtadl) DUy e
e Bgndd)



84S 1955 @il 20 dnslr /) ghog dyploeadly Ap3LasdY) pglall 44 - — el a gl auid

ieliall Slawall o) Lo B35l YVl jlazaza¥l sgat o UL Lo iV ST pusiny a8 Dl
el oY) Olea) Ao LAl ey 3lgall 35 e uSTTN JWLy JlasYl gt fermadl p 209 (S 0 Jrl e
T os B andy S g o) e LBl 23y e B ST S 5l S 24T 2U e (Marr, 2023)
B denll o B 88 g b e Al b Sl sY) G b o 88 g sl s e WL,
oYl b g 5 e adl) b Sl V55 20000 Jig iy sl e g aele 15 20350l miad) S las
.( Plathottam, Rzonca, Lakhnori, & Ilogje, 2023, p. 08) 5 .l oLl @il

Geliall Slgg )l 3 ollao¥I ST oo 01 3] cuiod) o] 2wl alesll sl gy ) s i linall Sligyg )
(Plathottam, Rzonca, Lakhnori, <sislls il Jlaall o Splail) 3 gyl il Jogerd o 30800 ) 21
G Hogp o 2 Uadll QiS5 3350l Glava zUY) de ju Ja0a3 ) g2 Lo a5 ¢« & llogje, 2023, p. 11)
2028 ple sk V55 Lke 814 1 L 0F w3sadl ag . 2021 ple 3 Vs Wl 41,7 Jism ) eliall Sy
sVl e sle i gy, (Uzzaman, 2023) 20285 2022 sle o Y%11.8 s (S i sa3 Jiae 1
S cdoy e 2018 ple 5 Lals ) asliall ags )l 301 r Bl Sl o ¢ (IFR) U550 5l
LS camzedl LVslls LU L (%035 ) Gsw ST o)) @olS 83 st Gt )l o) o 109, 309 384000
G asliall a5 ) g3 ke Ga ST Slig SVl Shld) ia sty el 3 sl Sl Olls el
. (market prospects, 2023)asliall slsally Shxudly O3laed) o 62V Sloliall o Jel 989 760 Jls> oo
Gy blo) bl Jomad) 3 slilao¥1 ST aypulodl 501 Slis Jagy tasnadl (b S hasdly dygulod! 43 01
Lol et @ sl B3 s o (AceIa, 2023)i e jaxb Slles et L WLy disliall wlgy
Geluall wilsdly mlaall f2o) olodl Ul o 25,00l sl 1gdy Loy LU LeSay elilaoW) ST B3Il fons
WLes « (Ahramovich, 2023)adsall syl Slhes 3 vgideboey dmliadl Slel Y1 301 Jo o il (5231
Sl oo 3] cellas Y1 oF 10 sy ¢ Sl Aoy ¢ B35mlly el jamd) aiadl B duselodl 230 plisizal 0z
) ) e Bl ST 0SS 0T S 800 s 8 L Woilbntin s wliaoll

e g oall sl Wi S sasled) ST T Al clas) eliall cllaoW) (ST oty pliined! aied!
3 S ST L s o celasdl Bl las b jlazmaV of (sl s o] BaleaYl sl lans (A, 25yl
EOW e s o A e UL sy il 2350 3 330 K Ll e s (Acerta, 2023)
BUSS lsall Jarass Jully cbjaall Als¥1 ol ) sag May sl ke Slles Loy Ogped) 8)13] 509
(Gupta, 2023).5)l5l) Laalt gzl o (Wl 2l S s,

S 0% 7 dsle b 1as Vss 05y T Joes ol Ggpeadl 3 JU) ) n 8,08 2aST a 020 10950l 8y13)
e Bl SIS e WEIS B Yol cllaoV) ST pui ¢ (Acerta, 2023)sumal SLYo Jla Y1 o)
& el By Al 53Ljg colessiandl fas ety GbUall e sladlly LA 3B dkas e (O35l
Sl S Jol 3 %040.1 5 clesgaal il 5 Jeidll @pemal 1520 p %0451 = (2020 (e
(2021 «Kirianova)

Jeo) B Gl sas] res olniad) Lo penad A Al ok o sV ST fany t0bitally Olchosd! nond
obn el Al oda 3] liy) (sllao¥l s8I dapyles b M5 daS Osmdigally Oganmaall o3doy fade jorse
o ) Adigly it Sl e e 136 s sllaoV (ST 05K ¢ (Kushmaro, 2018)("adsdl e



als
...... — PP Al Ohasdly o4l 4.0 1ol & g;o\.ﬂa.w\ﬂ ST —

A o "l p Y e S e Sy ayeaar (S Y At 055 08 S el Jol elis) DO
5T 2alSayy BT iy sdleddl Sl ! b Skt iy 5.0y Sl Slnste slis] e dataod) SIS LargsSHlg
(AMFG, 2018)

o O s V1aas plead) ST g 3algg el Blas 3 pleall oal n sty sl Al 5)15) s iyygd) ks S13)
Al ot Joud A Slibd) § el ST plisial Sy iadaze DBy Ol )z OF (S a9
(ZWY) ddossy Oyl Slgtme 33 ad) 3§ UL oy 25 oMol e 33l Y) an gty
.Plathottam, Rzonca, Lakhnori, & llogje, 2023, p. 09)

hsdl oleliall (o) thelis olellad wyf $ e miae 300 Jo> 2019 oo Capgemini as Lo culs du)s 3
ey Gl e 555 Al wile 2ol sl ellaoVl S Sliks O wuary bl sladlly (@SSlena) Sl
@3l a3l b ooV ST 2l plisnaly ST seail) S0 ST oLl aslis 55 sy J027 35dly %029 5Ll
(aspdly S o o adlad ST o sl Y1 o) 550 i Sl il 3508 s Yitn cpoiadlly cloniiall skt

.Chopra, Singh, Sharma, & Mahto, 2021, p. 02)

2019 dncaadt OS2 68 B Slall il oS Slidas 102 03y (S5

B Maintenance g Product development/
R&D

B Quality B Supply chain
management

B Production

Source: ( Capgemini, 2019, p. 18)

(oWl sl gc«\.da..a‘ﬂ\ LS Bgw .3

e O Bl ey 2022 ple b Sl Vgs 0ske 224375 g mrad) Gpw $ LoVl S e 8
Do i oo Gy god Jdaar bl olbaoW) ST say OF wzdl 0 2030 ple Jolos Sl Vs 05ke 61941.48
2030 — 2021 523 JM=%51.40



T

84S 1955 @il 20 dnslr /) ghog dyploeadly Ap3LasdY) pglall 44 - — el a gl auid

53 s sl 2030 - 2022 giad) Gpu B £llas¥) I g :03 3, IS

CAGR: 51.4%

1
61941.48

2023 2024 2025 2026 2027 2028 2029 2030

Source: (vantage market research, 2022)

S Bood o n gud 0 o Ll LS sliall bVl ST Slinks 8 s B 19 i it cuel a3
B Slles cluy ol o Bl Ale 3,08 ) Gl Lol isliall Slawgal) Sl il (W sl eliasYl
Sl sds cus I 1520 0F MeKinsey 25 ey « JU dadly olilao W ST s I35 0 8815 )8 LT
- (Saxena, 2020)lky &ylie Y07ty SISV B sa 8o il cgd Ko 23y

pidlly o)) Bolial) Wplols o 3y (W) plial slloV) ST Ggw e Wl Lgyly el Sl g
o Ll Lenstieg (88 A Buaomy S0V ) Bubonzed) LY Lokt O Sldis wigzadl ag ceslll alasd) bYly o oSl
8 00 el oy A il Lgyal Joe oW1 plaadl 3 g e i) 3 ol W) ST Jol e (Al el ) R Com
(Transparency Market 23,0l Lyl & auly Blas Jo ooV olST slaze) o Zeodlad) Bondl Jo o8 (00 Lyl
.Research, 2022)

oV Sl slazel 83bjs mpdl miadl o sl B 0S50 L (o)l Jamaly LT ikaie a5 OF migzadl po
« (Maximize Market Research, June 2023)wlsliall Calises 3 slilaoV) SN dis amis ) e Sl ol palall
Sy dibaall § oY) ST Sl Gudes o Jleall ) o pshadlly Gl b ar J oSN ollad) OB (U3 e 89dle
. (Data Bridge Market Research, 2022) slua)l sllaoV) oS gai e

dab) Conr ‘;G\maj\ gww <\STI Ogw 04 (.3) Ji:&

¥ North America ¥ Europe
Asia Middle East & Africa
M Latin America




alce
...... — P Lhita) Slasdly ol 4.0 2elial) b elbo ST —

Source: (Maximize Market Research, June 2023)
Intel 1z oo &S soadl SLYY o Lkl cliall cllaoW) ST Gom 6 Aleld) S22l oaY 2l
General « Microsoft Corporation< IBM Corporation<Alphabet Inc <Nvidia Corporatio <Corporation
« Cisco Systems« Rockwell Automation <Aibrain ¢« General Vision Inc< Datarpm <Electric Company
.Mitsubishi Electric Corporation :0uUl -» .SAP SE «Siemens AG :LlJi .. .Oracle Corporation

Sl SllaoV oS Ggu S Aeldl SISEN gl lnsie 101 3y Jour

Sl llao¥l S Ol HgA]

S gadly dsliall sls 3 aayl Bl s el Siemens AG
ey ooV ST s BLaSanl S0 p a3l
S DUl By delial) ¥l Jo o) aaly . )
Ol Jo dew isliall Slawgell comsl (U G,
w5y (e o LY ey (VY IS 2 e

ey Jol) o L2l 3y UL

SV ladly e oY1 ST gy e it 1520 IBM Corporation
IBM s Ly o2l ISy 2sY) byl s S
P Sy (eI S Jlodl 0 5 gee Watson
Slowgdl comeol L S fradl atlasy gl STUL
By b bl ddoy llased) blall a5 e 3,56 0V delinall

iz A eal

Sl Loy s e 85D B dsliall Slewsa)l ) i Intel Corporation
Gl asliall e ellao W) STy fatdly Slagles]
Lo o Sad DUl clisY  slilao) ST A8 sl
Blaally Y 45 My Sl ol WS is iy Ladl
o FliloVl S olgsY plaaa¥l cVbes e Ualf 250

&

ST pltszal s e " ST el dens W A2 g5 Rockwell Automation
A Cilgmly Sl oY1 oltsy 1) e el oY)
FactoryTalk Analytics mue piscins . aeadl dles
Ahoredl SLSL gill 455 )58 352200 o) LogixAl

el B2 s Blisly a3lanNl il menils
Slewgoll ) i § sllaoY ST 55 el General Electric Company
Joted i gy Sty 5 LS gV sllos] s dniaal)
(Usally FeenaSl B3y Y S S L clellad) Lz
o pp dizacal Sl Il alasl s gganl o wils o] il




84S 1955 @il 20 dnslr /) ghog dyploeadly Ap3LasdY) pglall 44 - — el a gl auid

sy 2Vl wo drls] ST fedd) (SUT s 1y (2]
.gcka ST
Source: (Daley, 2023)

@ Lo (Bsndl B Lo s 5ol Adses Slaedlanl Wl sliall sllo¥ ST Gow B dlla) Gt )l SAS2) pisnas
Mo ¢ slaall pllao¥l S S Slomtie BBl 2 ) DLl a2l myyLindly ST 00l Blgomrn¥lg meadl lles 2UI5
Wy WV 3 Sl gy 2oV STl ol ) g U 35k 1S a 2e 4575 8y ¢« Xaba cdesT 2023 g a8 3
o dess I rad) lles ) ¢ Whiteshell Group Inc o 2lew s Hazelview Ventures zie,; ¢ Js¥ Lzl

.(BlueWeave Consulting, 2023) Gsl J) dhizenedl 25T ©Usglly  ellao¥l oS

(Sl Sl s8I Sluouy Sz 4
7 A 3000 0 5V 20l ¥ Sl s o W (3Ll szl Gl e ogl] 5 alle g Mzl ) bz
G (oW ST Jlrs b Lo liS e Jasd) 89,0 Bislial)l Slossal a Wlize sie S ]l by oleliall
:(World Economic Forum, December 2022, p. 04)

s i Wy of sllaoW1 ST Sy G St 0 %70 8,0y m

Aike plbol (5 il il %59 ®

LoV S 5 ol gt 258 vl O %057 asy

sloezadl LY 3 LU Ll casadl Sldas b ooV ST okt oS Asliall Jgl e 83LE Lgygl 348
Wlawie o Y009 dis e (gl LT e ¢ ollaoV1 el Jolo 08 290V Gegomeal) Crai e ST 0] (2S5 0Y)
o Y033 ey sl Sl o Y047 w L s s (el bV S plasany B e susy Wl aelial)
& Bl Sl sl DL e SlagSodl o ptiad) el il ) ¢ sliao¥) oS Blad ylizadl sy dsle OF eyl
ST ogar sl ooV IS slazel

Aot/ o — Sl Sl ST Liael) Eadlal) Esliadt Sl jall Juiadl 105 43y |SCs

9



&3

...... — P Lhita) Slasdly ol 4.0 2elial) b elbo ST —
Europe ﬁ-— 51%
sepen [@] | 30%
United states = | 25%
Korea @ _ 25%
china [l 11%

Source: ( Capgemini, 2019, p. 08)

Aedy Bylnd Sl S| o Jeally dhences DA Lade slhall  pl oV ST Sl a5 B Rslial) bl #w 0
LoV ST W) ki) ol iz 2y )9S5

Sdl St (S gl #lows Sz 102 (3 Jgur
(i) ST gds amlzn WY1 Al wls e 83dos aldsuiwl SYl-g Al &) sl Yol

S Lgaldsaze) olslsl i aslia)l wlewsdl e
oo Al Oy gl ) ey Rkt Wy la oY)
skl ol Lozl ol eadl) (o) e udad) OSL 13 e
ol blse e Srad) ALy 31 plasan ) oY A
oo B oV ST slazel el e e Y el
s §a) Lo

Gebd Gulal Fal aa3ily Bgsall Sl Jo Jgamdl Ay R W [ TPV W
gl Sles e o (i elloV) ST Slaj s
G ) SUL) Lasl 5 oy ol Bslial) Sl e catay
SUL olany Slnzially ©VVy Y1 3 e (g Aol
S adle Lgilioly Wilesmy UL plnsl il gy 3oy ol)
SN il UL B3 eslie ot pgide et (IS
O e 8 3 o b gy clgmnly o)) 3l g
UV ST dkid 1,87 G

B pad) 2l pliiza) el 2ebiall lawsadl Jo G Lided! Lo gl $S1 110G
UL o) gl L ims ) gVl s 1 i bl
gl ol ool ) BLoYL clemmllany Loy L

10



84S 1955 @il 20 dnslr /) ghog dyploeadly Ap3LasdY) pglall 44 - — el a gl auid

PO JPOL IS TRT JPOTCOURYE SN 1 I U I P L
oY) Aoy SISy Bl B Al Regde ) i
FSA o B Lgalasinal 3 05 ) Radl aly )
SO PN UC, WP PRCH W S PO CH LA R R P (N
el o SUL ol e il e el i)

Y A @ eiaay
Osiayy cpbse Sl Sladdly SUL e sl ey peladly doa gl :la)y
Slowgedl o madl Jbns § B3k A Oljlen
sl Gimd Cnliodl el (Sl e el 2clial
creigadl Shler il ) sl Shled! wilyd Jladll
slole o ()l oo oW1 ST 33 il OF Gy i)

Johodl gdigey ULl Bimy S wdigny ULl
e )

Job> Jorid dewl 3,05 s F3bedly SUL S s SV U Clles WSh sl
Slowidl sl anadl § e Ko elbaoV) (ST
Ja by Ll Jsoglly SULS aSle s ) Gesliall
LoVl S 2390 ol plas me o J| G s
koW Sl 5008 e Ol gl amny (25 s 390
aally LY Blele ) BLAYL sy k) 31,
o) Slaplssdly SULY B aa) el dslia)) Slawsdl e (Sl I 2 A8 sl slesle
By oV S Sy dolall (55l Caiis JDs o Lo
B3] e ot ks M) S 020y o bline Ly s caaddy
ot Jedl Ogladl dmiie a3, sLiily pgud Abelall (odll Bglss
PV S o OF a Oglinad) agarlsad A¥ly LY
el b sl GV o

(PWC, 2020, pp. 24-25-26)Sourc:

S s mnad) Sles Ak 98 S (ritadl B ol ST slazsl i olni¥1 Olabily Olondy OSle Slia O ol S
Ll Yl Las 2l 13 Wnal rmpall 8 n o Lo iontl Rl e 3)le Lgn 8,08 2y 28009 5,87 Ol ptszs
(Leea, Singha, 4o i Lehaw o A 2aksl¥ly Slleadl 3 sadr olass JsY Wl 51 Roglie 58 W1 Lolal)
(Flaall slloV (KW o iy b b asliall olewgal ¢85 Lags (Azamfara, & Pandharea, June 2020, p. 28)
‘Lgonl el b masdly olilaoV) ST slazel 0g3 Jon ety Sl a5

[ Sl ¥ oS LlaY dawasuedl sl 558 085 ®



alce
...... — P Lhita) Slasdly ol 4.0 2elial) b elbo ST —

iy )bl i) e lagly pedazadl il godl e izl ) plimin 1 B aadl e e e germs 2l (ST
Ll sda dad AW Shleadl Opmren pibss Jo el podl Reliall Slagll Bl anly 3B Sls (gilas
B s S Slelbdl) sl OF e yodl g o Bardl et Ly Alond) ALalall (55l g5 OV S n ol o el
.( Chopra, Singh, Sharma, & Mahto, 2021, p. 04) 2+ =3 St @,,,T SEEE

A3 UL e Jgweodl dysae @

Hadl] o ilao VI ST 3 g0 gy Lgaldsizanl | Bhned) Bodlaed) 0 115755 2ol n Lgrle gl o2 A UL (e
1oV ltod) Jaty Sy pLall w331 3l UL i) 2 8t s 1S5 5T ) UL 055ty . Y
ok Uy il HedaeV) seat G Lol Ggmos coldadl Jlasl e SNV aa oy aged) SUL Jany 3,05
ST Slaj s dexai 51 2 o (Plathottam, Rzonca, Lakhnori, & llogje, 2023, p. 12) <L.Ldl e ~sY)
Alazmed) SAISaa) @35 OF (Sog . S L3 35V 29,0 28341 WS SULS 0B Uy aediadl SULS Lo elasY)
(IEC, 2018, i)l puisis o ke ST omg L 2 ¥ 5 ) samsal) o3l o o UL B30 ins i
.p. 67)

o gasdly oY1 W

S oF Brleall Slagoll 15 n Lekdoss Lesiliveg iy Lemar o (I SUL &g ooy B Bl Mo el 0
O sl Jlaab e cbld) & oW o of oVl & e b (o 3 ol Bt S OF (S 3L Sl V)
Jlazm) ey @I 3las Cglsee ] oYL 5.8 0L S ) o 16 asliall M\ el s a5y SV Slanyl!
.( Plathottam, Rzonca, Lakhnori, & lloeje, 2023, p. 13) wlusal b 3k Jlasl &g

1 A\ S gy =

Aia. SlgsVly wagally 3l SUISy JLl fady Mag L jawses > clii] die 2ol (WS Bl cllao¥) ST i ey
ALl Slsadl o ol Mty cppskaally Wl cwdigey UL slale &3 B Ly slaoY) SIS Calgs B 2k
05K Jlazza¥1 dile 0T Y] 8™ Jle BLs] J| plime  plal) ollao¥) ST ks OF o o)) e ddiald 2001 28l
( Chopra, Singh, #ssdl aleadl &8T5V Js o S8 Lol akads GO Glugall axlg OF Sy 3] Sils
.Sharma, & Mahto, 2021, p. 02)

bl Slrlam Yy SllaoY) SN OB Plgdl pus @

bkl Jo W Je 5 SH) Yo sl aad) o, P L“,euwm s ayylies dsliall lawsgad) s L QL
Jsl 055 8 el gy Ko slilaoVl ST by Joall § Canidl) B o @153 Lol Wil o Y G 2yl
Sl BlaS e o Mg Slkeall B 55509 Bl 5 A o B it oSy 2dll B W) e dons oliasY) £ ST
.(World Economic Forum, December 2022, p. 09) pad) b awsl Gl e Laslazel Gynss

L S S 23 eSS e B

OB (U iy L aslio s SO Uaases Uanas eV ST 23l My (Bian Apwdia el e 3le sl o)
Sz ¢ Y sl s s JIp Vg B o (55T ) il plasenad B e ol oW1 ST Shles of 2305 Gokas
3ke oy oS Bxeige o ol odng gy S bty ¢ la oW1 oSTUI 300 L Wl gpeilly Rod) 2nllaadl o



S 1955 i 20 sl el sheg dyylondly slaBYN aglall A0S - — el agle and

a1 ST atlass joay Gl Ledl Sl (S gy Srel o sl 3 Bigns Buslial leapall arlys c2ll3 o
-(World Economic Forum, December 2022, p. 10) Lo sk (o o ¥ I 3500l

bly Slas 3y s

o o e it ooV ST skt S gl plasan Y1 saleY AW Slaasdly lgaYly lasdly 2 LY O
O] cpeinadl Lrd oSl aillas 13 o Granll el oLy jbaall Bogtin ol oS s Adasl o LIS s b
B gl Sledsly jsaadly k) Slgaly Skl 3Ly bVl ol a JolSIL samgally dylned) oUW (ST Aodast
(IEC, 2018, p. 67) clisd) el stms ) Jsosl) ) o Gz

sde Olal Jl s bl Gl Jo Sluasall 3 ooV ST Slidss 25 Slgas O SlilasYl @bl s di
alsra ¥ SV o dsne (Y018 UL 53 3 SLiw of SULY ai (Y019 @il ally wllead) dsgimes sl
ol (Y012 st 1) 2l loss (Yo 14 LI INCRVPEW R RPN ARG RN WY EF Y017 atad

Y06 JlsaV) Lliasy a4

A G o Sluwiall B Sl (S Slidss 5 SBge 106 43, S

3% 2%

Workforce reproducibility ( Efficient tuning of hyperparameters
o [+

Legal concerns, risks, \' Lack of skilled people or difficulty
or compliance issues hiring the required roles

O,
8%

Not applicable

12%

Technical 18%
infrastructure Lack of dat:
challenges 5 sl s

data quality issues

14%

Company culture doesn’t yet
recognize the need for Al

O,
17%
Difficulties in identifying appropriate
business use cases




alce
...... — P Lhita) Slasdly ol 4.0 2elial) b elbo ST —

Source: (Loukides, 2021)

Al 5
I @ ) sl 5 08 4.0 astiall § el oV ST plasianl Jo Alels 305 2ol 8,501 s s e

 Fao Y STy e sl sLa ) i m) e ol fisy (bl Jaliy aa) plasat J) 4.0 asliall a5 @

& ey sadlly miad) 15 ds slly  sllaoW) ST e deans UL e G 1555000 ST miad) pusany @
e s 3 Jadll 23

S el aness MASTU bl pehas ey BSIL VI ZY1 g ST ol e e ga sl plloV) ST W
L a5 N e ST LS e Lo (L] Doglas Asliall bl Ly 5 AV Al a5 e 5,0l sl
colniall Sy prenad) Jogudy el cB5l) B (53, sy iyl

S L JWly oYl Slles s e Lol Slasgall o oo ¥ bie slia)) o) oS asle, @
Sliolgall aa 33155 I Slsed) pranad B elodall saslis e 136 ooVl ST 058 (23 J) BLAYL Y 530,
el ST Y 2l

il prg deplial) SOlangd) b 2 Ol slexel 83Lp ke g8y patems ol S Wl cliall plloY) S Gy
colebiall Calises @ pllaoYI S s moeis ) e Sl Olpaladly (5,51

G5 Jof 3558y Lpanl e Sllaze Sl 3 Lem by loall el oV) oS Slild dsbiall Slugal o5 plomy ™
) 2N Lgbltal o SHead) sl ST ol

ot Anely Ao gazs Joddy oLVl ST e Szl SUGY Pzl b Ladle 50101 delial Slussall coms i)
Sl a LS L ctillally )lsadl 3)13) eyl fudlny oY) Adasy Blaally 8392l aadlly doeal) plasza V) oY
oY ST Sk i 3o I ) R pSly eardl Lo e el Sl S5 g (Gandl S Al 35
oty Sl e

Al L3l hleadl (593 il peibsdl e Cllall S5l ) dsliall ol gall Soumead) sl VI S ST Jol> (o050 @
L Pl S e i) wllaall 3))5)g ey polaty Ogasien -l

I Slosd) i S W) el 5 A Sl P
AT oV S plasianl g Ldgod Jud8 n Btond) Sl tally Slaslond) Lo 2ebiall Slosd) S5 > @

hlgalls ailad & Sl em S (ol S b o o> Sholay bisel OUWT g Comy s ufw,a Rt
) Joll 2 ol eaV) ARl 2500 1)
gd“j‘“”w ;L(..U\ ja;\nj 3,4).))\.5‘ Z\ML\A}\ C)\)J..EJ\ jﬁjj‘-ﬂ MJKS}\) L:>j5f§25\ 9‘}"‘) R.C«LMAS\ 858 O &jw C_@_: j’.’.j*: S99 L

Leolle mnad) 3 a3 Jlly



84S 1955 @il 20 dnslr /) ghog dyploeadly Ap3LasdY) pglall 44 - — el a gl auid

lawgall Glls 3 Ly sliall sl S pazzeay Jlail Jo clid) dols Shbseme 4 dsliall Clugad) Lo @
B3 Y A dsliall Sl (3,8 a5 OV i Loyl 5S 0y L aaps V) LLasY ol Lalle 551 aslial

25 5 OF 18 adlidl oyl Al Lok domtn L3 ooV e8I Jlons
Bkaanoll &zl el

Agrawal, A., Gans, J., & Goldfarb, A. (2019). The Economics of Artificial Intelligence: An Agenda. the
National Bureau. Retrieved from https://www.nber.org/books-and-chapters/economics-artificial-
intelligence-agenda

Banitaan, S., Al-refai, G., Almatarneh, S., & Alquran, H. (2023). A Review on Artificial Intelligence in the
Context of Industry 4.0. International Journal of Advanced Computer Science and Applications
(IJACSA), 14(02).

Capgemini. (2019). Scaling Al in Manufacturing Operations: A Practitioners’ Perspective. Capgemini.

Chopra, M., Singh, S., Sharma, S., & Mahto, D. (2021). Impact and Usability of Artificial Intelligence in
Manufacturing workflow to empower Industry 4.0. linternational Conference on Smart Systems
and Advanced Computing (Syscom-2021), December 25-26, 2021.

Chui, M., Henke, N., & Miremadi, M. (2018, July 20). Most of AI’s Business Uses Will Be in Two Areas.
Retrieved from Harvard Business Review: https://hbr.org/2018/07/most-of-ais-business-uses-will-
be-in-two-areas

Ernst, E., Merola, R., & Samaan, D. (2018). The economics of artificial intelligence: Implications for the
future of work. International Labour Organization.

He, Y., & Ding, H. (2022). Integrated Development of Artificial Intelligence and Economic Management.
Computational Intelligence and Neuroscience, 2023. doi:https://doi.org/10.1155/2023/9824520

Igbal, M., Anwarul Islam, K., Zayed, N., Haque Beg, T., & Khan Shahi, S. (2021, December). Impact of
Artificial Intelligence and Digital Economy on Industrial Revolution 4: Evidence from Bangladesh.
American Finance & Banking Review, 06(01).

Lee, J.,, Singh, J., & Azamfar, M. (2019). Industrial Artificial Intelligence. Manufacturing Leadership
Journal. Retrieved 07 12, 2023, from studylib:
file://IC:/Users/Dell/Desktop/industrial%20&%20ai/l AlManufacturing_Leadership_Journal.pdf

Leea, J., Singha, J., Azamfara, M., & Pandharea, V. (June 2020). Industrial Al and Predictive Analytics for
Smart Manufacturing Systems. In Smart Manufacturing- Concepts and Methods. Elsevier.

Plathottam, S., Rzonca, A., Lakhnori, R., & lloeje, C. (2023). A review of artificial intelligence applications
in manufacturing operations. Journal of Advanced Manufacturing and Processing -.

Sharabov, M., & Tsochev, G. (2020). The Use of Artificial Intelligence in Industry 4.0. PROBLEMS OF
ENGINEERING CYBERNETICS AND ROBOTICS, 73.

SILVA PERES, R., JIA, X., LEE, J., SUN, K., WALTER COLOMBO, A., & BARATA, J. (2020).
Industrial Artificial Intelligence in Industry 4.0 - Systematic Review, Challenges and Outlook. IEEE
Access, 8.

Acerta. (2023). Industry 4.0 & artificial intelligence: 8 manufacturing applications for Al. Retrieved from
Acerta: https://acerta.ai/blog/artificial-intelligence-industry-4-0-5-manufacturing-applications-for-
ai/

Ahramovich, A. (2023, May 23). Computer vision in manufacturing: 9 use cases, examples, and best
practices. Retrieved from itransition: https://www.itransition.com/computer-vision/manufacturing

AMFG. (2018, August 10). 7 Ways Artificial Intelligence is Positively Impacting Manufacturing. Retrieved
from AMFG autonomous manufacturing: https://amfg.ai/2018/08/10/artificial-intelligence-
manufacturing-impact/

Charrington, S. (2017). Artificial Intelligence for Industrial Applications. Cloud Pulse Strategies.



alce
...... — P Lhita) Slasdly ol 4.0 2elial) b elbo ST —

Dagnaw, G. (2020). Artificial Intelligence Towards Future Industrial Opportunities and Challenges. African
Conference on Information Systems and Technology, The 6th Annual ACIST Proceedings .
Kennesaw State University.

Daley, S. (2023, January 26). 11 Al in Manufacturing Examples to Know. Retrieved from builtin:
https://builtin.com/artificial-intelligence/ai-manufacturing-robots-automation

Data Bridge Market Research. (2022, January). Global Artificial Intelligence (Al) in Manufacturing Market
- Industry Trends and Forecast to 2029. Retrieved from
https://www.databridgemarketresearch.com/reports/global-artificial-intelligence-ai-in-
manufacturing-market

Deloitte. (2019). Al enablement on the way to smart manufacturing overview -Deloitte Survey on Al
Adoption in Manufacturing. Retrieved from Deloitte
https://www2.deloitte.com/cn/en/pages/consumer-industrial-products/articles/ai-manufacturing-
application-survey.html

Gupta, S. K. (2023, August 11). How Robot Use In Manufacturing Can Impact Environmental
Sustainability. Retrieved from Forbes:
https://www.forbes.com/sites/forbestechcouncil/2023/08/11/how-robot-use-in-manufacturing-can-
impact-environmental-sustainability/?sh=7cf8856a62ad

huihi. (45). jikji. iioio.

IEC. (2018). Artificial intelligence across industries. Switzerland: International Electrotechnical
Commission.

Kirianova, M. (2021, august 15). How to Use Al for Intelligent Inventory Management. Retrieved from data
science  central:  https://www.datasciencecentral.com/how-to-use-ai-for-intelligent-inventory-

management/
Kushmaro, P. (2018, September 27). 5 ways industrial Al is revolutionizing manufacturing. Retrieved from
CIO: https://www.cio.com/article/222332/5-ways-industrial-ai-is-revolutionizing-

manufacturing.html

Loukides, M. (2021, April 19). Al Adoption in the Enterprise 2021. Retrieved from Oreilly:
https://www.oreilly.com/radar/ai-adoption-in-the-enterprise-2021/

market prospects. (2023, march 09). How Will the Manufacturing Industry be Affected by Al Robots?
Retrieved from market prospects: https://www.market-prospects.com/articles/manufacturing-
industry-be-affected-by-ai-robots

Marr, B. (2023, july 07). Artificial Intelligence In Manufacturing: Four Use Cases You Need To Know In
2023. Retrieved from Forbes: https://www.forbes.com/sites/bernardmarr/2023/07/07/artificial-
intelligence-in-manufacturing-four-use-cases-you-need-to-know-in-2023/?sh=6¢96157e3bd8

Maximize Market Research. (June 2023). Industrial Artificial Intelligence Market Overview, Market
Dynamics, Market Trends, Segmentation, Competitive Analysis for 2023-2029. Maximize Market

Research. Retrieved from Maximize Market Research:
https://www.maximizemarketresearch.com/market-report/industrial-artificial-intelligence-
market/190965/

Mckinsey. (2020, November 17). The state of Al in 2020. Retrieved from Mockinsey:
https://www.mckinsey.com/capabilities/quantumblack/our-insights/global-survey-the-state-of-ai-
in-2020

PWC. (2020). An introduction to implementing Al in manufacturing. PWC - the Global Manufacturing and
Industrialisation Summit (GMIS).

Saxena, A. (2020, December). Intelligent manufacturing post COVID-19: The emergence of a new era.
Retrieved from Wipro: https://www.wipro.com/process-and-industrial-manufacturing/intelligent-
manufacturing-post-covid-19-the-emergence-of-a-new-era/

SPIRE. (2019). ARTIFICIAL INTELLIGENCE in EU PROCESS INDUSTRY A VIEW FROM THE SPIRE
cPPP. Belgium: SPIRE.

Transparency Market Research. (2022). Industrial artificial Intelligence Al market. USA. Retrieved from
https://www.transparencymarketresearch.com/industrial-artificial-intelligence-ai-market.html



84S 1955 @il 20 dnslr /) ghog dyploeadly Ap3LasdY) pglall 44 - — el a gl auid

Uzzaman, A. (2023, February 07). How Companies Can Apply Robotics To Their Work. Retrieved from
Forbes: https://www.forbes.com/sites/forbesfinancecouncil/2023/02/07/how-companies-can-
apply-robotics-to-their-work/?sh=f0fb5d14d80c

vantage market research. (2022, March). Al in manufacturing market - global industry assessment and
forecast. Retrieved from vantage market research:
https://www.vantagemarketresearch.com/industry-report/ai-in-manufacturing-market-1404

World Economic Forum. (December 2022). Unlocking Value from Artificial Intelligence in Manufacturing.



