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Objectives Reference
Analyze CPS and DT to highlight their relations and differences 3]
Overview on Industry 4.0 and smart manufacturing (SM) programs 9]

Compare cloud manufacturing and Industry 4.0 from different perspectives
Review intelligent manufacturing (IM) in the context of Industry 4.0

Compare big data and DT

—BrBr, BTG, AT RN SRR ARG )E
MR, HE—ERE ENH 7R RERS: 2000
FZIERNE B, BISMBT B, EXAE, Tt
)3 10 I B A L R P X 8% SRS . ) A4S B
BTER 20209 2 RN S B, BE — AR BE
R B (NGIMD, fEHLE%>] (ML), REHHE. )
I DX B G M S I A ML R G &5 . Thoben%%[9]1A SM
HIMAEA Ly o BAR B SCHHIE], (H 2 A T2 28
&, IMB Z M E THOR, 1 SMEE 2 581 43 # il
filo Yao [16]M1Zhang [17]55K SME 1EIM B HTiRAS,
FIMCARI BN 58-I A%, =ihE. KR
SRR ROR AIAE Tk 4.0 N AT RE

IXLERTE 5T S it O T SM A5 IM 2 ] 56 R 1) — e L 44
WA, AR IF AR BEHR & SM 5 IM 2 [A] & 75 B IE 17 7F 2%
Ft, R B RN 51 2 [8] Gk = 74 38 A1 H: R 5
PIARVE Z 7. tbAh, FESMEIMBIKES, &0kt
XSMEIMFIE X BRSPS R K Rk = & E .
“Smart” Fll “Intelligent” AN AHIT TR 2518 45 4
T RIS RN, T $rpot) “Intelligence” FY5E X
TERREREE F AT “Smartness”s fEIEHIEEZK, SM
HIMZ 5 W BB N F — AN, SRR R AN B 0 & St
AT Re 2 BORE . Bltn, e E, SM5IM#EEH#
PR A —N1A] “ R ReiliE .

KT SM5IM 2 [8] 5% 2 1 HoAth ] 60, -

* SM5IMIEIES AR ERE LA A2

o BT HAb AR PRI/ YE N CRLAE R MG A = o)

W) FIRRRMTA?
o BATHIK RGO A FTANE, Hpnl & S BEEOR |
HEZR LR S5 T7 THI 2

« SMEIMIK @i 2 & IE AR ?

T X PIRRARTEBEATHENT, T B e BORAE IAR
VA — 2R, AL RGHLILE. T SMEIM
T SR EORFNEEN, SR T % HRHIE, JFdk
—HEH T SM 5 IMAR G K R A KR 1E

2. ARTTE

AR SO FT N Z5ELHE T % SM A5 IMAM & s S 11 Ak
ATEEEL, X P FH 0T FE N E SR B 8. BTt o
(B D %8 NP R EIT.

(1) 3%} Web of Science (WoS) Core Collection Fll
Scopus FUHE FE 1) SCE AR 9 2L R O B AR HEAT STk T
BT, AR JE IR X 2% g3 A x4 AR G B 1R 4T E
BT

(2) DA s i) el ,  ASCHER o (=] e 7 ik
&, FHiESMEIMPRIE. K. REHER &g
PSS BE I . 52 SM/IM R RIS [ I 5 522 2k 20 Bt 5
DLE S REES R

(3) PHESM. IM R HAlE A/ Ja 2 A5G &, IF
HAF SMATIM AH SE R B ME 22 I LI o0 R AT B AL

(4) JEITHE OCHER I 2 R A OB R IR LR R
AHIRZA

(5) [a]JETS M AN TM F S5 B A 2R [ 5/ 1 X1 K e
o, TR MR s AR

3. XEkitEF 0

SCERTE RS RE o BT VP AL AT SC R B A S, R
4L A A 5T PR AE 42 445 A A0 R SR ATE 9 R 8 52 07 B A B AL
[18,19]. i ¥ “intelligent manufactur*” & “smart
manufactur®” {E AR S50 AR 2RSS A] iEAT
KrE, MWoSAHIScopus H1 it HE 4k 22 20194F B SCHk i1 &
FHAE. X, FRATELEL 7 SMATIM Y SR &
HIE . B KHIX R SEE . TRZUH T A2 5 A
FH O 1] 1R L A

3.1. BELHARE
MEEHEWoS (E2) FiScopus (FE3) HFSMEIM
MR 3% 50T DL B HH 24 B AT TR 70 %R . 70 508 2



RII)EE— A % SM I L & J2 Schaffer [20] 7 1986 4
i, SCh R N TR AR REHE (SMD [ —
P LE”. M19854E 220084, & T IM [y 3L ik 4 &
KNS, M WoS K Scopus #1175 41 N 1991 4F |
2012 4FIM 3 34 K K 7 K4 1E20~60% . 1E20084F,
Scopus 14 K SM IR SCEE HIL T — AN/ NIgfl, &
B T 1005, SERRAbATT 32 ZEOR IR T 2 4 (14 e 1 B
FE R (ICSMA), {HIX S0 H A Hl /> B I Hy
PP SM. BEI2AE3ER 2R K249 2013 4EHF 46, 223
MIATESMEIM EFEN T B 2 163, 7E20154F 1 4R
AF T

3.2, E K/ X S TN 53 BT
FR2NTEWoSE ¥ 2 v AN [F] Hb [X 1 STk e R &=

Section 3

Section 4 origin and development
Section 5 related paradigms/concepts
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RFSMAH K ke 2 M HE K2 EE, HxghE, &
FE. o [0 [ b EIMAE 06 Sk R R SR B
Jo, HUOREE. EE. MEAMEE. SRR, 3
E. hE. E A T SMAIM S 2 54 BR A
53%, X =ANE K SLER B 240K SM S IMAE N E K
R B SR A% 00 [21-23]. Atk [ 57 B Hb X AL,
AT AR A RE . B, HARL SRR gk,
VG TE 2 FH A 4 8 S TR SR U 7E 9 AR B o B ) T IM,
RERTIMMSMISCEHHELGZ2 @ 1, PRI,
Wiy AR s 58 7 B A& OF R R AR R IM. AH
T R R s ] B A ) 1 SML, - R 3R KT SMATIM 1)
XEHBHEGEL6 ¢ 1, WMEARI. BEHF. FHh
ERZF LR NEHSM, JEE . EPRE. i SR P
FHPRRRARTE 0 SCHREL B B A, Al 22 AN 15%.

bibliometric

analysis

— Who published?
— From where?
— What keywords?
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summary and
conclusions
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+R2  RARSM/IM AH I ST B H 44 FE 1 i [ 5/ X

Topic Country/region Count Topic Country/region Count Topic Country/region Count

SM United States 239 SM Finland 10 M Slovakia 21
China 194 Portugal 9 Mexico 20
Germany 67 Scotland 9 Brazil 19
Republic of Korea 57 IM China 455 Hungary 19
England 56 United States 142 Sweden 18
Italy 51 England 55 Poland 18
France 33 Canada 54 SMorIM China 649
Japan 32 Germany 52 United States 381
Sweden 21 Japan 50 Germany 119
India 21 France 48 England 111
Spain 17 Italy 37 Italy 88
Australia 17 Spain 37 Republic of Korea 87
Brazil 16 Republic of Korea 30 Japan 82
Canada 14 Romania 28 France 81
Austria 11 India 25 Canada 68
New Zealand 11 Portugal 23 Spain 54

K4 1 E S IX R SRR R SRR DL AR
HARMERE RIS AR, 2 AR 7
A SR B DX TA) R S VR o T o H B PR A DA 35 T T
FICE KR EEEIL 100 . EE4 (@) R L 2,
FEL . JEE A SMAURN S ERZ, [FR,
SRR FERD R S CnE KA B P AN KO
HEmZE MR A . EE4 (o) el LER], fE., £E.,
JEE N RAEEAEIM LS ERE, FR, SMiH
WD B E 28 Cisgn v 22035 220, WA B m & 1E

R3AEWoS i dli i b LR R 5 SMATIM AT X8 3L
MR TR DL 5 B B bR e 5 HoRBF S (NIST)
CRRSMAM KRR TR R L, KARZHEA2~6 L
FHRBREHAR6~TM . KERTIMIRSCEH 52 HIHR
Fe e, Hrh A RO S A I SO R R A 18 S
e H NS HATR 1 1.6~1.865% . 7ESM 5 IMAH K &
RABRMM R, JESRI S AR 1) R A h i S A
.

3.3, HEA4 SE AT B9 RIEHI T

FAFEAE WoS E s P Wi 5 SMANIM 3 % i 22 1) 39 1)
H|F. IEEE Access W RSMAM R L HEHERE, K
e /& Journal of Manufacturing Systems FlInternational
Journal of Advanced Manufacturing Technology, 4Tl
BHIEEA TIPS SMAR S B #1055 . Journal of

Intelligent Manufacturing PUGRIMAH R L B KB R Z
#H T IFAC-PapersOnLine W5, HEA 1+ BT
SEIMAHC SC B H BT 1055 . fEX L a) £+,
IEEFE Access International Journal of Advanced Manu-
facturing Technology M1 IFAC-PapersOnLine [F #ULSE T
SM 5 IMAH RS # .

3.4, CHER LI AR A

VOSviewer & — M 2 A8 15 BT AL TR [24],
AIAFHVOSviewer FEAT 7 OCHERIILIARZ 3 H . JEId
ST RILTAL4.0. CPS. Beit. REHE. MK, HELL
FARLHY 7 SM [ LB 1A] (1 29 50% .. HoAhHE 2 5 7T A%
SR itk HEC., EEAEEET) . L TIMHS
A 50% B3I A FE . CRIREfIE ) REE. Wit 3840,
AL Tok4.0,. g, St REVERO . HALHEA
SERT MRS B HE: AR, REHE (Ordr) A0 (24D
22

JE k2 A SM 5 IM 1) 2L 3 18] B B 18] i) A2 4k, BT BA
WLEEAE ) AR g %, WESHIE 6 (Y fRiE & A
TEWTRE, KA LI L8R LA b ) 44 R A BILAE X 4%
) FEMZE T, R BB B R FEARER T U R K
IF [R]NE 20 . 5 TMORH G (149 5 8 44 3] HH B0 AE 2000 4 A2
H, ALEXRG. BMEZE., haema, R,
filiE Rg. THENVLAERHE (CIMD FH S LA B %
it (CAD) %§; 5 SMAHICHH- A4 7l H I /E 201048 /2



Republic of Korea Japan

Sloliakia

Belgium

Hungary
Romania

R3  KESMIMAARILE D KN

(b)
El4.SM (a) FIIM (b) EErEVERF 7ML .
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Topic Institution Count Topic Institution Count

SM NIST 65 ™M Chinese Academy of Sciences 15
South China University of Technology 13 University of Calgary 14
Beihang University 12 Tsing Hua University 14
University of California, Los Angeles 12 Georgia Institute of Technology 12
Shanghai Jiao Tong University 12 Xi’an Jiaotong University 12
The University of Texas at Austin 10 Shanghai Jiao Tong University 12
Sungkyunkwan University 10 Tsinghua University 11
The University of Auckland 9 Wauhan University of Technology 11
Korea Institute of Industrial Technology 8 Hungarian Academy of Sciences 11
Polytechnic University of Milan 7 Polytechnic University of Valencia 10
Case Western Reserve University 6 SM or IM NIST 65
George Mason University 6 Beihang University 36
Pennsylvania State University 6 South China University of Technology 29
Texas A&M University 6 HUST 26

M HUST 26 Shanghai Jiao Tong University 24
Beihang University 24 Politehnica University of Bucharest 15
South China University of Technology 16 Chinese Academy of Sciences 15
Politehnica University of Bucharest 15 University of Calgary 14

NIST: US National Institute of Standards and Technology; HUST: Huazhong University of Science and Technology.
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=4 S SMFIIM AH OGS 7 e % 13T

Topic Journal Count
SM IEEE Access 25
Journal of Manufacturing Systems 22
International Journal of Advanced Manufacturing Technology 21
International Journal of Production Research 19
IFAC-PapersOnLine 17
Manufacturing Engineering 13
Journal of Ambient Intelligence and Humanized Computing 10
Sensors 8
International Journal of Computer Integrated Manufacturing 8
Journal of Industrial Information Integration 8
M Journal of Intelligent Manufacturing 73
IFAC-PapersOnLine 30
Robotics and Computer-Integrated Manufacturing 28
International Journal of Production Research 27
Computers in Industry 26
International Journal of Advanced Manufacturing Technology 22
1IEEE Access 19
Engineering 15
Computers & Industry Engineering 13
IEEE Transactions on Industrial Informatics 12
SM or IM Journal of Intelligent Manufacturing 73
1FAC-PapersOnLine 47
International Journal of Production Research 46
IEEE Access 44
International Journal of Advanced Manufacturing Technology 43
Robotics and Computer-Integrated Manufacturing 28
Computers in Industry 26
Journal of Manufacturing Systems 22
Engineering 15
Computers & Industry Engineering 13

i, A TA4.0F Hshtk, XATREHE R T 5 IR
(PR B8 2 0T RIS A FISM 5 IM (1) R ks 2= 7
AT VELHIR . 5 IMAT O B DB 1] 2 Tk FLE
M. Fae L) . =it EAEE-UE RS (F5. 52
FAARIIE, 5 SMA KM EHT R 5 E-MEL RS,
FRe L) =ibsE. REdE. BN (El6). Tk4.0
N A0 S B PR 0 5 S R AR P Re HE SN T SML5 TMURH DG oG
] R A8 A

B R AR AR IR T SM S IM S [ f HE S R B
K, BFETA40. (EE-VHE ARG WM. KEIE.
Bk, mibEMAN TR GE. 2863 & o fiis
WX R AR, HEZE. ZEHHH 2 SMATIM [ 3 [7] 5 8 il ,
BT R A K N Z

4. BEEHIGERERS X &

AER Ay R A A S SMATIM AT . 2 X, I
BeAnvEI

4.1. SM Al IM f#E I

AR A SM R L H BLZE 20 1H 48 BO4EAR A, 4
AT, XA ART LA B B N T RE S SMUER
FRALR I S ——Artificial intelligence: a tool for smart
manufacturing [20]1 BT iE B, K B2 & & 19874 ik 19
Smart manufacturing with artificial intelligence [25], [
7N TR B an A 52 i AR 7 AN AR P e R v R R
AR ERE-M: NTEE. EXREN I EIH
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BTt P AN RRE.. FHflE RS &
AL FEdEd] . ST 20FE R Z B IR E, HRSMK
BURH & Z 3 fEpEE TAV4.0T B B, S RAET
SM (A% 0o W 5 2 36 T NIST [26,27] #1£ [#l Smart Manu-
facturing Leadership Coalition (SMLC) [28,29]1H]5%E X
MmHE .

A ATAHASE IM S W] B2 VR >R 3N 8 Re AL 2% &
REAII[30]. HHHSC T IMI SC FAE 19884E[30]. 19904F
[31]. 19954k K £ [32]. FE20HHZ904EAR, HAXIIM
AT TR RIE TR REIE R (IMS) I H [33].
52 7E201H 20904 A, 36 (B Al Rk B2 T 46 1 IMIK) B 5%
[34,35], FHAHAKIMSINH EIF&1E. JLE, IMM
IMS 1E5% 77 [v) B8 1 1) & Be AL AR FE R e

4.2.SM 5 IM KyAHEE X
RV, SRR T SMAFE 1) 5E X
o WTIERIAAER[29], SM g et & B A
N, AT DA R A R R AT SR M, X
AN )7 i T SR R B, R B X A R A
B P 28 BEAT AL R B . SMOF & R LS BT
FENhS 1B RS ERER L A, T A
AN RE R 7 55 R Gt
o NZR I A [36], SMAEE BB RS, Yt
WA TR (T T) AN AT, AT DL A 8
A5 R A 5 AR SR AEAN A P R AN 2R H
BE & I 4R, SMaARfS A RE, A Kot
s BRI PR R R TR B 2 b
o WIRSERIAMAEEE[37], SMAI W] i i K X 45
K S B By 2 77 A b B G O R 4 R A
524, FREEMR, BT RIS, SM
SR A S S R, AL
WIS W RS TR A o
21048, ZFEEMWRE TR TIMA R E L.
 MREBENKBENMES, IMA EH3L A
VERAR AR TAEPATAE 55— FE[38,39]. IM RGLH]
FAN T3 B R AR e KPR BE> T N RAEA =i 3))
R RGN
« NRGERMMAES, IMAE A FZS i HL 25
RN~ R R G, BN TR RECRE RSt
N LEREE R ARG MR RERG[39].
o WEBERI R M EEE (2], IME fEil 4 5 5 it
s BEoR . THERE /AN TR RE, @ or 4 akik
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BRI XA P T S PR AR PR AR TR R R G B
REACIRMMAIER, IMARKRET SCm PR SR, 2L
SRR SR AN HLES LR BEA . T A
HEAN P57 i A= iy JE A I R e ) S R

o MA-15 B -3 2 G (HCPS) [ 1 EEE [1,4,40,41],
IMA2E—ANSEIAE P BAR A N MRS, &
BAGMES RS . IMZ—MENERGZER -
Vit ZEA RIS FHHCPSHIHA R 4. Seiifz B
FR CARHEIM MBS AN T B 45
fhfilid, I IEE AR e .

4.3. SM/IM FAJARFALE ¥ U]

FEANOEPEH 7R TSMBFFAE. P GE A 7

[13,28,42,43], NISTXf H OC B M g 1) B &5 /2. i e
B AR A AT R [44].

o AR TEAS W AR AR 7R e IR R,
A R AR S B A B 7 SR I s v AR
%%, LA IR REIR KIS T RE JT o BOARNHEEE
PERISCI G 2, QAR AR . fE AR
AN 3 A R B

o OB SO AT 4 A T RV AR B 1 T B i )
. FENHSMEITE M T, iSRG ™ il
BT AR A e AR .

o fEgiE X b, AP R AR RN R B,
AAEHER H] . A 573071, MBI RE R R
XFSMR UL, A= Iy I 5 5 A5 A8 GG X2 P 75
SRR L, X SRR 1 AR IR B

o ATRESEMEME B ORMIEN X IR BE . e K L TR
AL, DA A AT . SITE . AR
IRBhfE g R = AR B, Al Rt e AR 1S
INEE. AR, FERTITRWE LA, RIS tIE
ANaE oy

Kusiak [38]. Oztemel [39] F1Rzevski [45]#EH IM &

GNZA LU RHIE :

o EMNVER R EENREL —, BEAEWHIRGS
SR L I8 AN W AR A PR 52 1 e

o HYEd R MO Ny U AT Il R 5 2
ITREIERIRE 7T, IM RS0 n] R AR AR b AT B8
B & .

o ORI H IR R IM KRG — AN EERRE, wTLL
T8 I AN W B R R EE I X A R AT e
VPl R RE R T R R S .
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« HEWRR MBI, KAE, Batax

2 PR o
s EEE AR S TSI RIS T T R
G I &1

o TR RE 72 — P IIAR Ak DA KOz AR AN R i e
FTr= A R 52 i 1
o HARE T — MRS RS0 1 RS FE 55 1) 5
PEIGATH H AR RE
o QS REATEIM R 40T LLANE B B . B s &
TROAE . XANRE ) TR S R H AT Z T, A
R H EMERE, XA Y ETIM RS A
ISEIIRR
EIM ARG A, ANKEEE o JEMAE
F, DLy AT LA AS W R A4 A e i) R, A
N AT DA SR A2 = o A2 gy i, (5 H AT 3 AL E
JE U] ) e VE R N B = [40,41]. 520122 904E AR I IMAS
[F 2, FGELATF EMA[46] 55 EN-15 B - R 5%
(HCPS) HEZRIEEAE b, W B2 A0 8 ek ilis 2
SO AR RERE (NGIM). 32 AI2.0 [8,47-51111 )8
Ko B Be G R T o A TR Re R AR S Je
ERARMRER G . B — A BeiiE 5 Gk A RFAE
PR PSSt R DN ANV E B o P N T
BARGFG IRH AR

®6 IR BT i AR SMYIML Y A Ji

4.4. SM/IM ). J@ b

B 343 ek 45 1) STk - S AT DAR Sk o b A AR
SMAIM FAS A J, AT UM S BT K g ik o] DL
U ER A AT AR S TE AN — S . B2 R B OR AR 4E
EREE IS KAE LG, SM/IM KK & a] DL 2r 4By
Bt: 1990—20004F A5 —Kr By, 2001—20104F A5 — [
B, 2011—20154 2| 28 = [ B, 20164F $]20204F5H
(CCFHARE D A DUBT B, W36 [11,28,52-58], K~
B AR 5 T AR AT R, AHE IRATARAS X AP R
43 77 1% AT DA B Gy A B 2R SMUFIIMOAH SC i 7t 1) % @
TE 0o

HE—PME& (1990—2000%F): XM ERETH
27058 3CH . HBLIRBUR 2 0 S BER LT 7 02 IM
(R, HEmMe/ N LT8G, TX RS, Ha U,
THENLAERHIE . IRAT TRE . AR i A St i R4t
TEX BB, SMAMBEEINFHERYE T ERXRR. F
PEFIRRZ 2SN o FEIX AP B, S 2 BRI RIE
RIM. TSN RHE . AT TR SR i

B E (2001—20104F) : XM B L3275
LEW R X A 5 2 O R S IM
(R0, () Bk, () KRB, &t @8/

ARG NTRRE SR FRL BURIZ . pp

2P, SRR A FE R (RFID). SM2%, iX — i B

Phase I
1990-2000

Phase 1T

Topic
P 2001-2010

Phase IIT
2011-2015

Phase IV
2016-May 2020

Primary features Expert systems, flexibility, and

neural network

Keywords (from IM (system), neural network,

Agent application, integration,
and knowledge engineering

IM (system), architecture/

Optimization, networking, and Big data, IoT, and ML
management

IM (system), SM, optimization, =~ SM (system), Industry 4.0,

high to low

frequency)

Most related

paradigms

Paper number in
WoS

High citation papers

Al expert system, autonomous
agents, manufacturing system,
architecture, CIM, design,
concurrent engineering,

fuzzy control, and flexible
manufacturing systems

IM, CIM, concurrent
engineering, and flexible

manufacturing

270 papers

Tomiyama [52]
Zhang and Huang [53]

framework, design, (genetic)
algorithm, (multi-) agents,
optimization, model/simulation,
holonic manufacturing, Al,
integration, knowledge, fuzzy
logic, neural networks, RFID,
and SM

IM and holonic manufacturing

327 papers

Shen et al. [54]
Leitao [55]

design, architecture, model/
simulation, multi-agent,
management, Industry 4.0,
framework, RFID, big data,
Internet, and sustainable

manufacturing

M, SM,
and Industry 4.0

276 papers

Davis et al. [28]

Jardim-Goncalves et al. [56]

IM(system), design, big data
(analytics), model, Internet, CPS,
framework, optimization, [0T,
management, DT, smart factory,
(genetic) algorithm, ML, cloud
computing, deep learning, I1oT,
and Industrial Internet

SM, Industry 4.0,

and IM

1570 papers
Kang et al. [57]

Zhong et al. [11]
Hofmann and Riisch [58]




B R AE R AR N . AR AR TR . FEIXA
B B B2 21 5 2 M ARTEIZ 0T 4 02 IM, & FRiili,
— /NS SCEEHRE] T SM.

FE=PE (2011—2015%F) : fEX NP B LH276
T SCFEE R AR . EIX Be ST B S S 2 11 DG B iR AL 4
IM (R4 SM. flifh. @/ FE. ZA0H., &R,
Tolk4.0. HEZE. BPAGRAEAR . KEHE. THEC AT
PR, fEIX—BrB, SM/IM S Rfili iR AE 35 . AR
oo PR RVE B FEIXAMBT B, i B 1 AR 415
ForiE: IM. SMAITL4.0.

EMEE (2016FEFE2020F58) : EX A BK
L5 15705 LM R F, R 7% SM/IM (B 78 b i 1
KRG, X el & iR gl A 22 1 DG B A 0 45 SM
(R, Tok4.0. IM (RG0. REHE i) BB,
SRR RS mif PN B R
GEfE) Bk, MLEsiEs. mibE. WES¥E. Ty
IR DR Tl X 2% o AEIXANBT Bt SM/IM 3= BERFE AL EE : 4)
B REE . TP EALE 5 2] B B f RS
T3 Al : SM. Tlk4.0F11IM.

B SM/IM & R S BEAT SCk T A i, R
i1 IR BE 25 52 AR 0 AR A B A, ORI R AR T
G NS A TTE 5 N 1L 4 L L R i = S = WA
KBRS e Dok . BOBTAH S FU 0 dE: £
SM/IM 5 SCR 45 BB #2[59]. N 2RI A ([1,60]. il
& RGER61]. B AERFF[2]. FVkE ST [62] Mk s
#[63]. iEIEXTSMAIIM & it 47 404, ] BAA3 tH—>
WAL SM/IMUR JE /K P AHRH BRI AV AT X, AT PAAE
DAAE STk Rk BITE R . 5 R SRR . kAl
FAR L PPl SO E I B R R

5. BRERIS S EMthAERT0 / SERRIX R

ESM S5 IM R R HIIFI, A T ¥F 22 HoAth A4 7=
BER/JE R, REFENLE SR SNE. B, =
it MgAiE. SR -EAE SRR LRSS, KT
[6,64—84] K iX L A5t A DL S EATTIIAH R FE AR AT T &L 4h o
— MR UL, XA R AR, HA 1 G T R R SR
Font it GEIR AR AR B0 H AR EESR, Bk A, EATHE
HE AR Z o2z 7M.

T L AR T H R S wln, ey
A S 325 A5 FH T E SRR v 2 7 20 IRl b A s 2 il 3
P B T L X 4 Ak i) e AR 45 B 28 (SOAD; {5 -
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YR E R G TAk4.0h i3 7 AN EER . fE
R DX ERE S T, 3P AR T T EAT TS, AR
PR ORI T e BE A

XA SM/AIMAR R L 7 — A sl 22 AL [R] BRI,
NEASMANIM 4 57 FE At i Y 7 ik O 1 #5 B BE A
SMATIM [T L I8 i, FRATAR I8 Wo S He 4l 22 v 3C = b
AL ik AN O B 1R B R I T T SMUERIME [ SE B A] %
WART [6,64-84]. Fr T SGathl&sh, 5SMILTH H B
IR E PRGN BE-WEHGE RS, ofliE. BT
il A Rk i . AR, S5 IMIL R A A
FIDIAARIE S RPERIE . S FfliE. THREPUE RS G
AL, SMAIMA AR RO SebniE, EAEHF =
HI BB O BOR, XEHE B, oA, i, A 55 AT
REALHEAT Be R TH . Hp ol R H AU, iz, B/
ol o M e X e e AP g B . R — ),
B2 2 Hh A SMATIM LR A

6. HME KRBT K

SMEIM P LM H R A H T k4.0, 5 B-¥HE R
G, MECM. T E B, K. mitHE 5%
. NTREBEMPLEY ), £—ERE L, XEEAR
Al PLE N 2 — AE B H R (New-1T) [85]. K8
[2,9,11,36,46,61,62,86-96] 41| i | 1@ L i Fibr il . 4 2L BY
B TR [ SR AT R A5 HY 1 5 SMATIM AT 5% ) Sk SG B By
Ao FESCHR B 3 2] 1) HAth OB 2 AR B4 T AL SR 2SI
4 (WSN). HaRIlse (AR). 3L S FACKE &
MZEFAR (5G) [97-99].

6.1. Tolk 4.0 555 - WHL RS

TV A4.0 2 48 FE 52 th i — BB, 2R AL St iE &R
4t 508 — AT R 40 1Y 4 1 4 %[22,100], 514 T SM
AIM A 7E N B eiE . Dok 4.0 55 3 38 1 41 9 2%
HEATRE BRI O\ 1) B BRI B 27 T A I B 1 ity B it 4
. E5SM. IM., {5 B-WHE RGAE @G AR
4] % 22[9,66,101-103]. ThobenZ5[91%F Tl 4.0FISM
HAT TR, I H AT TE B - RGNS,
AR BT AFE . Wit 4E R R . Zheng 25 [36]
XN 4.0H ISM R GEHEAT 1 40 #1, BIESM RS HIAE
BRI VLR, SRR AN . WF T Tk4.07S
s FIMWZEHRER-MERSG. BN, =i ERE
T L) AFARBBEOR[11]. Cheng 45 [104] %] Tk 4.0 KK
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RT 5 SMFIIM AH I A i 3 452 =

Manufacturing paradigm Enabling technologies Co-SM Co-IM Reference
Advanced manufacturing The production of advanced products and the adoption of advanced information and 28 16 [64,65]
communication technologies-based production processes
Cyber—physical production Acquisition and process data, self-control tasks, and interact with humans via 26 10 [66,67]
interfaces
Cloud manufacturing Cloud computing, loT, virtualization, service-oriented technologies, and advanced 24 18 [6, 68]
data analytics
Digital manufacturing Three-dimensional (3D) modeling, model based engineering, and product lifecycle 24 14 [69,70]
management
Sustainable manufacturing Advanced materials, sustainable process metrics and measurement, and monitoring 13 15 [71]
and control
Flexible manufacturing Modularized design, interoperability, and service oriented architecture 10 65 [72]
Holonic manufacturing Multi-agent systems, model based reasoning and planning, and decentralized control 1 44 [73]
CIM Flexible manufacturing, automated guided vehicle, robotics, and automated storage 4 29 [74]
and retrieval system
Agile manufacturing Collaborative engineering, supply chain management, and product life cycle 0 19 [75,76]
management
Reconfigurable manufacturing Measurement and control, process and tooling, design and configuration, and sensor 3 11 [77]
Networked manufacturing Network, data analysis, control, and optimization 1 7 [78]
IoT-based manufacturing Resource modeling, information encoding, information interaction, and data fusion ~ 2 4 [79,80]
and optimization
E-manufacturing Transformation, synchronization, prediction, and optimization of information and 1 3 [81]
data
Lean manufacturing Process leveling, workflow optimization, and real-time monitoring and visualization 4 2 [82]
Social manufacturing CPS, social networking, cloud computing, XaaS, and big data 3 1 [83.,84]
Co-SM: co-occurrence frequency with SM; co-IM: co-occurrence frequency with IM. Source: WoS database; timespan: 1998-2018.
&/ HSMAIMA KA A
Topic Technology Co-oceurrence Description Reference
frequency
SM Industry 4.0 235 SM systems for Industry 4.0 were examined to advance research on Industry ~ [36]
4.0 implementation
IoT 192 10T technologies and systems were as drivers of data-driven innovations in [86]
SM
CPS 151 Application potential of CPS were analyzed in context of SM [9]
Big data 89 SM must embrace big data [61, 87]
Al and ML 82 Deep learning for SM was reviewed based on the overview of evolution of [62]
data-driven Al
Cloud computing 49 A hierarchy architecture for SM based on cloud, fog, and edge computing was [88]
introduced
DT 33 DT shop-floor towards SM was defined with its four key components [89]
Additive manufacturing and 3D 21 An SM based on 3D printing provided 3D objects of interest to customer [90,91]
printing
™M Al and ML 98 IM depends extensively on Al; human-robot collaboration and brain robotics  [2]
are two examples of Al contributing to IM
Industry 4.0 95 The application of Industry 4.0 in IM through digital factory to intelligent [11]
factory was discussed
IoT 70 1IoT in the context of IM was investigated [92]
Big data 65 Big data processing methods for IM were introduced [93, 94]
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(83

Co-occurrence

Topic Technology Description Reference
frequency
CPS 54 Key technologies used in IM were investigated, including CPS [11, 46]
Cloud computing 26 Cloud computing application in IM was reviewed [11]

Additive manufacturing and 3D 7
printing

DT 4

Application of Industry 4.0 technologies with additive manufacturing in IM in  [95]

food processing sector was discussed

Framework for DT manufacturing cell towards IM was proposed [96]

Source: WoS database; timespan: 1998-30 September2019.

RIETTFARBEAT 1704, AIMEIR R | —E 2%,
SIMA KK A FIE B N-E B -WE RS, ANAEH
15 B - B R GG B - W B - 41 2 R G5 [1,105-109].

6.2. WX RN K ks 23 M

PRI & — AT AL ML A EAE — i i
2%, AT DAR R I AT B 3L 52 [7,80,110,111]. K& #fE
FEFEHT I B AL B Y 5 B A TR AR e MR S T SR B Y
O i EE A, AR O B 1 S AR G =k i d T
PE R AR . PIBEFI K HE 73 (BDA) 2 SMATIM
HR TS . Yang [86] % Bl 1 45k W 52 AR 7E SM
RIS ERGHT, FEREH T HBEE LB (ToMT).
Kusiak [87] 42 Hi SM 2l 5 KA AHRL A, 48 tHSM )]
B W EEANN S O RS IR . B O A S S ) T
P BRI, T Mg ASRE RSl Tao [611%5 %4
PR R B AN KB fE SM A E kAT T e, IR
ORI B ILLE B AR P DS R A A I SMAR . Bai
[90]XFIM o {1 TV A B I 52 ARG AT 1 WF 58, e 1)
FEmh vt AUE B A B & AT T IR . ZhuFE[112]90
JIM ) DS T~ B Bf BRI S 73 Be AN A K a2 s
Xiao FLiu [93]K K HH Ab 5 FH7E IM ML R AL T
B ZhongZE[941 40 T R LM FITG LR H A 1 IM 4=
RPN &7 T

63. nitEEZIIHE

AU EREE TR R W R AT ENLIRE, A
PEAEAE A TH R RE 77, P AT DL i 9 26 3E 47 2 2 U 10
[10,68,113-115]c 2T it 5 n] ASEEE 2= il i, 1X 02—
AR 25 B s AR X, P osk b BEURIR 9, HE e SR
FZ[114,116]. Fit R ML LT H & —F 5 22 M
&, oA B R BN ARk & b, AISCRE
TN FH AR 25 [117]. Park Al Tran [118]8F 57 | —Fh %t
FTaHARBUSMAS, ZRGMHEH T dnE EHAR,
WHIAHIE RE . =T EAEA R BE. Qi Tao [88] A SM 5]

NT —MZERMESHLN), i IhREE 2 =~
H1ih% . ZhongZE[11] I | =it EEIMPHINE, 5
JAGE[A WS B Bt EEEIM R AR .

6.4. Tk H IR

oMb H R R A A 18 40 eb i ) oMb 3 iy DA R
201 28 S0AEAR[ST1 vH B ML 5 fiw 2 5 R 3 Tl o i 1) 4
B 77. T H R B A SRAR KAR BE kTS k45 2
EERARIEAAG TN, GAREFIRAHA . 12
MIZ% . B, (S EMBERS. mitf. KEGEMAT
o Tl T BE IR AH % SM/IM A& — Fol 55 2 L 0 7 (1)
o SR ) T ELIBG X A B0 e ST SM/IM A 42 [119]
FEAR T B . ZhouZk [4]HE H Ml IR WK AR AL 2
DL BE 2. T & 22 4 RGN SCRRE N &R, Wang
ZE[120] IR T Tolk FLIE I P 5 AT 3d I 4 )3 15 4% oK
TR E TS, X LIMSME — g R, thab,
5T 4.0 FNCPS B FH 1) 2% 2 56F T BB Y ) B it
AN UTHA,  2EE ARG T HBE R A4 B 1 [98,121]
gk, IR T THBE, A SO A T

Wit

%Ell:l
?Hi

6.5. H7ar g

Hep AR AR — P 2 B IR A P I R B R G
PRI T BFARAAET B3R — A AT DL ST I
B, A, M. dREEHS REEA[122-127] 04
RAGE. BARE X SMAIM K E bR B A, HE2
B R B 22 1 SCEE A A B AR AR S SMBX R TE—
Tao flZhang [89] 55K £ 742 AE 78 8] 52 SN SMAR ) —
oy, v TR RS RGPS AL
FARE AT R . QIEE[128] 05T LU T SMIR$s 5%
TR A G MARA BBt AR A AR
AR, Luf (12910016 T s 22 AR KB I SMAR AL .
FAAIBEFE I . Zheng 55 [130] 92 H BE A RSSO A HE
REFH AR R FE, B 224 B H O IM — ok
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WHFC. ZhouZE[96] 2 1 — b Hhy KRB B) (1) K522 A il
EHITIMAES, HEE S AAB R, (i, ik, Tl
DA A Ay SEEL A Bh Ak i .

6.6. N LR e fIpL#As5: >

N TR RE R —Fod it B 24 if-then B, £
RGP AL 5 S ST ENL TR R e
ARE N AR[8,131,132]. A T8 he B 1AM 87
S FAREEAE A . AR I R A LB TE, &
FEGTEAR, (FHBRIESR SO TS . RN
AR, e A R R E K E s 5
AFNZ E A M4 92 . Schaffer [20]4F ATHE Y SM 1]
—FhE R T E, WangZE[62][0])i T SM i HdE 9K 5)
N 2 e AL IR BE 2% 20 348, Pl 1 SMirp i Y
REES I HIMEE, BIEERRRA L. B 3 gm B
PR 2% . Ozteme [39] F)IR | SEL it |G Aeft,
W 2 N TR e, T H e A s H &
S HEFERN PSR H]E ORFIE . Wang [2] W RERF A1 £
FE & tHIM B R SRAEAR 22 07 4 2 O T N T8 e fih
et 7 AMUIMEFR AL & NIX AN EIMABE AR AL
R R B S B

SR, 4 ISMATIM #4s ] 1 KB 3%
ARFNFEL, R, SMATMZHR T 2 5 AR kg T e
IR ZR J7 IR A SE 7 ik A B A . filan, N fe
FINLES 7 T4 58 2 B N FH B IMASE 7 b, [R]I Tk 4.0 40
a2 2 N B SMBF R . Ak, BEESM
FIIM A FAR Z AH LI SR B AR, e ATl ST 4R AR 15
A o

7. B RERIE S Z SN SLhE

SMAFITM Hh £ 3% B IR P AN O B 3] R HEZE (frame-
work) FIZLH] Carchitecture), 1% B I PR A1) X 24 B il
MG E S RESER AR M B iz N HAE B 2k R G,
FH TR 8 HAESE S R &R o HEZERGR T RGiHh
FEAH R AIHRAEANE B A2 T ARG TRe Bl
- Z Gt lal4% T FITE[133,134]

7.1 et i ) 22 SRR AR
TE T3 e AR 1 2R Gt s B 5 A o 11 STk
A UM S AL 5 SMATIM AH OC FIHESE B4 R 2844 [135]:
o 36 H E bR AEHORAE 7T H I SME . (B Rl i

25 [26,27]:

o PEIE T 4055 1A 22 4201 & 4 H 1 Tk4.0

S BRI IETL[136];

o PEEZAAEREREZ RS (SAC) ZHIMSA

ZERI[137];

o 35 [ [ FARHEB AR 70 BT 3 1) — Fhifi] & B e &

GiBEK) (ISAM) [134],

BI72 0 PO Fh g 7Y HE 28 B 2 25 38 0 1 o = B
[27,134,136,137]. F Al $2 tH A HE B2/ 344 34 6 45 CPSs
(F-CPSs) HEZE[138]. LAVUMEBEZSHE IR R L5 (IVRA)
[139]. Tk H BN Z %4k R 458 (IIRAD [119] R ¥ 5k
Wik REEMI ST (JoT-ARM) [140]1%5. RE&H £
SMAH K I 2 26 QR 52 tH[135,141,142], {HAEA /NS
i, HXFSMEFIRAMI 4.0 AT, [FFE, X
IM )& 25k R0 O HE H1[11,45,134,143], (HIEA
B> R E TR IMSA FIISAM,

20164, NIST AAHSM RSt SLHbr#EfLiR tH T SME
[26,27]. SMEH ™ i A= RZg Ml (B R4t
PRI & I8 a5 (7. 3R29). NIST 3T #%
ISR T —Fh R G, R T SMIFTA 4
3. 7E Current standards landscape for smart manufactur-
ing systems [26]# 5, MAEFEIRR A A7 R 400
WL AR A e ) R M P R < e U e A X )
FE 5y M T SME R SGeAn . 77 i A= i B 3 (R b v P 2%
AFERE RIS (WNISO/TC2I3 A EREM R G ). EF=fi
RURIHE AZ 3 Candlas B A #eoiyE . B ARAE #uds 0
SRR RS (AN1SO 14649), 70 H 8l (in1so
13584) A1 ity A= iy J SO &7 B Cln ™ ot A= i TR A
B RRARICIE T ). il AR iy A HH ) PN S bR v A
AP RGNS (UNTEC 62832). A2/ R 48 TR (4
RGNS T MR A7 Ay B IR E B (IS0
10303-239) FAEF=RGi4Ed" (GEIA 927). i@l 4
RIBRAEF FAE2) K (RN TR B EAERSE
Gt F A A8, AP N EERIEZS% (SCOR). JF
RN TR A RITE (OAGIS) Flshilit i i v 77 &
P2 B2MML. JETISA 95K 4E Ak AR, Tl il
GBS NS Y. (IEC 61784, MT Connect). SCADA
2 (Modbus, ISA 88), E/=#fEEH 2 (ISO 22400)
kgL (ISO 19440, OAGIS). 25T SM R GibritE 114y
BT 25 TR 2 BT 1 HE AR AE R A B LSS A LR SM R 4t
HI[27], BFEM L L4, =3GRSS . (N R4
FCRNEE 2 AT 45 7 T AR v . ek, 384T AN DX 2K BR il



Business |

Product DFSCM

SME

HMI/DCS

Field device
Mfg pyramid
Deliver and return

igpovation

Production

(@)

835

RAMI 4.0
."v
g e
4 T=-= o
T 2 S
© Cycle apd - PSP\
Layers Valug §irsgs - e N 00 b
. C 62890 am (44

\Q/Q

Productiy Mag B
tion Mainten . "Oqy,
Usage ce "oy ~<

lﬂs(anCe

(b)

System
hierarchy

elements

System
integration
Inter-
connection
Information
fusion

New
business
pattern

Workstation map

i crete operations

-----
AN

Shop ma EE
o
SP[wm

<
e x|

Cell map

L

S Machine Plans for next 20 s
<1<
R

Objects

‘Operator interface

Intelligent
functions

Sensors and actuators |

IMSA

(©)

ISAM
(@)

B 7. SMIPJSLIUAESL/ 4084 (a) SME [27]; (b) RAMIA.0 [136]; IM [ BUAELL/ 2044 (¢) IMSA[137]; (d) ISAM [134], CAE: THEAUAHEL THE;
CAM: HHHUHBHIE,; CCX: ESLHW; CPl: 4Ll fickidk; DCS: /pHidEsl 245, DFMA: (i A $]3E A2 AR 77 i it; DFSCM: 77 5
PRTF R A EE VT ERP: AL JETFRI: FMS: FeikhiliE £245: HMI: AMLIE; MFG: $li&; MOM: /=288, O&M: fii ] fi4E
#1; PLM: A AIAE E; QMS: R RS SCM: A X /REH: BG: 17 N4 SP: AL, WM: {HFAHAL,

R EEHENSM ARG MM SM [27]

Dimension Content Note
Manufacturing Pyramid =~ The vertical integration of machines, plants, and enterprise systems Manufacturing Pyramid is the core of the SM Ecosystem
Product Design—process planning—production engineering Product lifecycle data management, modeling practice,

—manufacturing—use and service—End of Life and recycling

Production system Design—build—commission—operation and

maitenance—decommission and recycling

Business Plan—source—make—deliver—return

product model and data exchange, and product catalog data
Production system model data, production system
engineering, production lifecycle data management, and
production system maintenance

Suppliers, competitor, customers, supply channels, and
strategic partners and distributors

TSMAGHIRIE, 5 BlIE Sk Z bR SR B SEPrfi
FAFRHER B Z RIbRdE 2 B I E S TR Rk, ArifER e
H L7 Ta] R R A A L 1T

TAk4.0Z %558 (RAMI 4.0) dr5E AT 0035
THEZE. A B EEERZ RGN, VEILEIR (b) [144]

210 [136]. RAMI 4.0/ Hbr A& MERIE. 5 TR
o5 HASMA 48EHE . B UL, AR 2000 i SM 4
M # AT PAFEIX = 2 Z8 R Hh R 3 3 L E 2. RAMI 4.0
— UG E B bR AL S OC T AR A A A S DL TEC 62890,
Al 42 1) 22 S8 55 B TS O/TEC 62264 Ftt 4% il fU TEC
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61512, HABA RMFR LB FEIEC 62541, 1EC61784.
VDMA 24582, IEC 61987 FIISO/IEC20140.

SCHR[134,143]58 L HI R G ZETTENIM R Gi 11 2
R, WS (d) [144]. "B NAS[F il 3 454 i TM A
A T RESE SO AR THESE . ISAMUK & e R A5
HLU— AN AT [H 5% 2 B IR . IMSAHN
IMARGE TR, RAE . BRI PP A5 A R AR E[137], AL
K8 (c) [144]1 A1 11 [137]. BEAh, IMSAFEHIEfELR
I . RGZ M Re e T & — BUMAH G H;
REFEHE . JFGEbRME, IMSAIRME T — AN IMARHE &R
SR ZE, WES [144]. IMFRHEE 2 11 457 18 4,
i AERREOR: BOCHEEIR; C.LMNH, EAf1Kk
BT AN RR AR R Z A8 R MR 20184E11H,
[ & Bl e B 7 R Z300 0 IM brvfE, 32 78 25 RSk
LIPS 5% N,

I, AL AR SMAIM Z [ 5 &R, — M
B S 2R FTHCPS B A g 4 . B THCPSH &
SCHAH R YERE, RIEHCPSARIE A T HoX Fh EL 4 #r
[1]. 12 [1,135]8u 0 7 A FISM 5IM ARy, 45 H
PLR &8

(1) SME. RAMI 4.0F1IMSA MAS[E] £ £ % (& R 48
SRR B . IR BE L5 R o3 AR 1 AR A
EE. SR, FTA B SRR T4 ET N T R/ ML A
W EHOR, BRI MBS AR RSk = 255 15 R,
TG i 1) 3 P — DR ON SR TR Y

(2) TEFHRZERI R, XF NI R 35 1 A B R Al

K10 FEELLH K TAV4.0 25 40 [136]

AR D3 SR IR T TAEE 1. B, RAMI 4.0
H, T4.0FIZ 400 . Ak ST AT N ) % I 2 AR B
AR HRHEL E, TIk4.0/ R ETEE[63]1 A1 H
A SM/IM 22 SRR [ 1391 AR IX B8 N 25

(3) SME M ZEANRE 5 Al A Mb SE Rk B0t K
I EL EEME RS REARFAE S R EE R,
B, EREHLEE N 3DITEL. MBI 2% (L
MEEEARKD WA ESM P E HiR . RAMI 4.0tH7%
HIH—ASMEIL AT %, BN ERA & EISM
AT S I B BT A ARt

(4) S BRI RIR R A B BE R . b 75 ZAR R
BB 13 P R R I 1) A R AR R T 25 BREBEAEAT
AL, AR 2 R E K ) Tl AT A T2 B S B B TR
Hr A BN 25 AL IR B, Bt DARR IR 25 FR 31 Tl
(ap =P/ S CW

7.2, % B F AR R A SRR ZE A

FESM/IMEL THE4.0/) K &= F, W2 EKEES)
THEF %R, W13 [4,11,28,64,145,146]. N[5 Hr
X g R TR T H R B S e R R R HEBEK
L RAEE N, DRI R K B AR AL 2 A B X ) -

H20114E LR, EEESES) 7 — RAHiELE xR
PEVHRIRI 2S4S, ALFE S 32 i3 Ok Rk H -l At OR 5 [ 45
JIH Sk i R . Sk i]iE T 5 SM/AM A SV 2 B
FAILUH CEEF), Pl ek ms e |k sMm/
IMAIE A k6% . ESM/IM TR, 25 E 2% & miHIT

Dimension Content

Note

Layers
integration, and asset

Life cycle and value chain

Hierarchy levels
and enterprise and connected world

Business, functional, information, communication,

Development, production, and maintenance/usage

Product, field device, control device, station, work centers,

Including asset layer representing the physical world and also
a virtual map

Defined by IEC 62890
Defined by ISO/IEC 62264 and IEC 61512

FR11  PEEHIMSAKZL[137]

Dimension Content Note

Lifecycle Design—production—logistics—sales—service All activities in lifecycle are associated and influenced
mutually

System hierarchy Equipment level—control level—>workshop level—enterprise Representing the intelligence and internet protocol of

level—cooperation level

Intelligent functions
information fusion, and new business pattern

equipment as well as network flattening

Resources elements, system integration, interconnection, —
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B8, IMAriE R R 45 IR [144]. HMI: ANLEEL; A~EfEIMSA [RfE,
R12 WU FIHCPS 1 SM/IM £ 444 [1,135]
Architectures
Dimension Factor Content M SM
IMSA ISAM SME RAMI 4.0
Humans Organization scope Individual, department, enterprise, and enterprise alliance and networks v \
Human talent level General staff, professional and technical personal, knowledge and skills
personal, versatile talent, and innovative talent
Cyber Sensing Acoustic, thermal, electric current, magnetic, vibration, optical, imaging, v
system force, pressure, speed, etc.
Communication Telegram, phone, optical fiber, wireless, and mobile N v \
Network Local area network, wide area network, Internet, mobile Internet, and IoT N v v
Storage Print, micro, magnetic medium, laser, and semi-conductor
Database Local, distributed, online, cloud, and big data N v \
IT infrastructure Terminal, C/S, B/S, SOA, and cloud-computing v v
Computer-aided Computer-aided design, computer-aided engineering, computer-aided v \
simulation manufacturing, computer aided process planning, and digital mock-up
Control Open-loop and close-loop; proportional-integral—derivative controller, v \

proportional-sum—derivative controller, adaptive and intelligent control, etc.

AI/ML Fuzzy logic, expert system, neural network, and deep learning
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Architectures
Dimension Factor Content ™M SM
IMSA ISAM SME RAMI 4.0
Physical Energy Hydraulic power, coal, oil and gas, electricity, nuclear energy, and clean
system energy
Materials Wood, metal, composite, semi-conductor, nano-materials, and smart
materials
Process technique Mechanical engineering, electro-processing, numerical control, machining v v
center, robots, and 3D printing
Equipment Handcraft, machine tool, numerical control, machining center, robots, and v N v
smart factory
System System hierarchy Field equipment, shop floor, plant, and enterprise and global business N N v \
integration network
Product life cycle Product design, process design, production engineering, manufacturing, use v v \
and service, and recycling
Business life cycle Plan, source, make, deliver, and return v Y N
Production life cycle Design, build, commission, operation and maintenance, and decommission N Y N

and recycling

Manufacturing
paradigm sustainable, smart, and intelligent

development

Handcraft, lean, flexible, agile, reconfigurable, digital, networked,

MTREALE, WREIE. =it RE% S KB
SEFIREVR AR . 25— MG Th BEVR & Bl 1 B & FISMLC
(28] g, At ATToE Ik VR A B A oo B, ) R ARk
RE VR VH AE AN PR BT vl RELRPE ) A . 55— AN 2 s
A Predix - & A T B ECM[11].

20124F 00 5, EEW G T 5% ek A A R RS
FE 5 1k g o 4 [ Tk 4.0 3% ASM/IM IR AR 1 . 4
B R T R GEE R/ T FAH a7, % Refk
L TELEM S FE B RS, Tk4.0E ikl —
A HBRHAE 2 ik T B % R I AR IR 55 1 & 2 AR AL
Bi4n, PEI15-4 9 Sinalytics” (I3 F AL = IR G 11].

FE20H Z0904EAR, H A F Kk 7% T IMAY [ br
WH. Tk, HAIE 7 ETSM/AIMP)#2:5.051 T
MEAME AR (IVD.  H ARy 58 R 25 5 A0 T ) il
s BEA = KGRI SN LRI, TR 7
YAt 22 WA . — AT R AR R T IR T TR, AR
FIsBAR S A2 NIRF R AN o 55— A S AT TR
A A PR RS I RN B B TR RN, X R R H AR
R il id R e B S ) DR BRE R 3R [145]

20154%, FEHG 17— RF0CT 8 ReHE ) E K %
Tt H Al B A e TS IM. T R R A
SR B IS, A ] S T ) S T 2 R S AT
A RARKBAT CAECE 02 N 240 7 28 ge k). R

I Be & 5 — MFER A 7 Fm AL, Flin, =—38
TR T 4471 £ R 7R [ CosmoPlat - 5 [4,146] .

SR, B REE (SM/IM) £ BER. Tk
HE B E R AR (OT) FA B B A A A3 1 k2
RBEMGER, 515 THiEARBIRELRE. R, SM/
IMAAY & — A SEEL G ML 20 B AR T B, & HA
RPN P m T AR DA Tl
DN e A R A R4S AL RN gk 2 TR 2 (14 [ B 38 560 T e 45
PE,  DASGEE FRAR . R BN i i R A R G R
Yefrsa gl A [64].

AFTJE AT, AN E S HBIX B A 2 TG AN [ (4 1)
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B, — S S H AR Al Ay B i 40 2T AR R AN
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LR ABATT B AN PR GLE T ANME . @I XS LL A B AN TR
] 5% 1 5% A L AR SMY/IML ) SEBR 2451, AT LAAS H Ik 1)
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Country/region SM or IM policy/program Investment level Content/focus Typical cases

United Stated Advanced Manufacturing Public investment of 240 Related institutes: Digital Manufacturing and SMLC [28] and GE’s
Partnership, SMLC, and million USD, matched by 460  Design Innovation Institute (DMDII), Clean Predix [11]
Strategy for American million USD from nonfederal  Energy Smart Manufacturing Institute, and
Leadership in Advanced sources across related institutes America Makes (additive manufacturing)
Manufacturing

China Implementation Plan for the Specific funding line is Accelerating the adoption of digital technologies Haier CosmoPlat
2016 Intelligent Manufacturing unavailable and advanced production approaches, and Sany predictive
Pilots Special Project and integration of information technologies and maintenance [4, 146]
China Manufacturing 2025 operation of technologies

Germany Industry 4.0 Approximately 550 million Refers to SM by the term Industry 4.0, focusing  Siemens’ digital cloud

USD on smart/intelligent workshop/factory and service platform [11]
integration in various levels
Japan Society 5.0 and IVI — To design a new society by combining Service robots and lean

manufacturing and information technologies production [145]
and to create a space in which enterprises can

collaborate

WSS ERARE, XFTAFES DO i
TE H B R EARIE I, XL BT AT BEH S5 A .

8. /g5

SMAIMX -3 Tk Ay (Lk4.0) SR & B 22
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FAEREEESN, WEAFA T s BABEHEA
KL TNIE AR E . AT lIE R FIBUR A
XESMANIM 7R 1 s ZL ) %58,  INSMAITIM B $ Hi 1) 55
— KL, ENMIEE—BEERE. M, 7ECEkH T
(5 X B IRAT AR K J & 75 DX BRAR AL AR
MW RER] . NIRANX AN IR, A I 2 A A TR
i O LB 2R T SMAIM, M 45 7E R 14[1,2,4,11,26—
28,30,31,33,38,39,42,83,90,93,134,136,137,141,147-150].
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K14 SMAIMIIZ AE LR SR

Item SM M References

Origin First coined in 1980s, but fully presented by Jim  Coined by Wright, Yoshikawa, and Andrew in 1980s [27,30,31, 147]
Davis around 2012

Focus Respond in real time to meet changing demands ~ Minimize human involvement in manufacturing, arrange [4,26,27, 39]
and conditions in factories, supply network, and ~ material and production compositions automatically, and control
customer needs production processes

Development Not much attention paid to SM until 2014 Consistent developing about 30 years [148]

Category Predicted as Industry 4.0 or the next industrial In industrial engineering and management, new-generation IM is [38,87]
revolution predicted as the core driving force of next industrial revolution

Components Physical, smart interconnection and Robot, personal computer, vision system, and voice system [4,42]
communication, and application levels Human, cyber system, and physical system

Core concepts CPS, 10T, and big data Expert system, intelligent agent, neural network, knowledge [2,11,92]

Hierarchy Three perspectives: products, manufacturing
systems, and business

Geographic United States and Europe

Reference SMS and RAMI4.0

architecture

Related standards

Related concepts

ISA-95 and ISO 6983

A

engineering, and Al

One architecture proposed by Andrew Kusiak and James S. Albus

[1,26,31,134]

One three-level architecture including unit, system, and system-

of-system (SoS) levels

Japan, USA, Europe, and China
ISAM, IMSA, and HCPS

[4,28,33]
[27,134, 136,137]

ISO/TR 10623-1992, IEC 61987, GZNCPZT0114-2016, and [141,149]
GZNCPZT0117-2016
A [83,150]

A : Flexible manufacturing, CIM, intelligent design, intelligent products, intelligent production, industrial internet; Industry 4.0, CPPS, smart factory, etc.
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