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Abstract: Intelligent manufacturing is crucial for constructing a powerful manufacturing country. As China’s intelligent
manufacturing enters a comprehensive promotion stage, the scientific evaluation of intelligent manufacturing becomes a
practical demand. This paper provides a systematic survey on the intelligent manufacturing evaluation theories in recent years.
The evaluation index systems of intelligent manufacturing are classified and summarized from three perspectives, that is, key
technology, overall system, and specific sector. Furthermore, the methods commonly used in intelligent manufacturing evaluation
are compared and analyzed. This paper also investigates the major problems regarding intelligent manufacturing evaluation and
discusses the future research directions of the field. Currently, there are deficiencies in the standards, processes, index system, and
application of intelligent manufacturing evaluation. It is necessary to improve the evaluation paradigm, evaluation system, and new
technology integration, so as to promote the research of intelligent manufacturing evaluation theories and guide the development
of intelligent manufacturing. Specifically, China should improve the standards design to establish an intelligent manufacturing
evaluation paradigm, optimize the index system to enrich the key evaluation content, strengthen the integration of new technologies,
and promote the synergy of theory and practice.

Keywords: intelligent manufacturing; evaluation theory; index system; evaluation paradigm; new technology integration

WA B 2021-08-26; &l HI: 2021-12-03

WIRER: Uk, AL RHCR AT E B B, W7 o EdE R 5 E P Email: wusen@manage.ustb.edu.cn
JEAIH . ER ARG TIH BT UREE S S i 4R S R Al A R R R SR T” (71971025)

ATIRIHE: www.engineering.org.cn/ch/journal/sscae

056



PETIEMEF 2022 F $24% H2H)

N -

B R IE TR T A A% O IR Bl g,
)3 b 0y B B A R g ] R e i RS )
BT, HOR KT 3 503 il 3 b (1 Ak B B e
1 [12]. Gl FRess ), REEREHIEMEY D
M I RAURTEESLZ G, BB T IR
RVRI G4 B Beo RUVE R BE G AE — L KRR bt
Al AT T PR A R R R, RN — Al
JEHAR ANV, 5INE REH & 75 2R T Wi 5 Ak
MIBkik [31. 2 Hdb ok e B REfE AL TP i B
A A ERATIAAAE A0 R M SEBR R X, R BE T 7E 4
MbAE R eI TR AR i AR AL, DL B R e i
RIS BR A . 3K LT T A A 3 R e o 4 T 41
At R B B AR A R P ]

Ak Xt B B e 1 iE P AR B B AT A 2R B
& W R REAL R R B AR AT S . M S R e Ml 3 P
A 22 LUK HEAT 2 Al 10 B REAL KT, AMUAT N
R AT M 2 L BOR SR B, B REGE 75 B 4k [
IS R R S o o R ) A i A, T A 21 Ay B
EHREEM. AT, B RE G Y BT AR 2
TR TR Z KT, AR fe ]G
W BORIE T RCRAR AR L. SN TT A SR 4 e i i T
M WEFRCR I A 73 FER A, BHE SRR S
ARKKIETTH, WALE. BEEED, AR
IR E R L RIE R REH IS S HE SR [4.5]. ¢
ARBERE [6,7], B IT R REMIE VPN BIF 7E ) 3t Jie
WESLZR. Fxr Tk, A SO R A B fe
)3 P BV AT T R A SOk, AT A A
PP 753 1 7 T S 0 AT B L U AT
s JIRIRANGRVT %W T T A A7 AE 1) 7] T g 22
KRR IE,  CAIION B R i i AR i MLk 2 AT 7T
HRMEMSE .

= BREEHETFNAERRIIR

FERTIY, B REHIE PPN I 7E B G R — K
HARBORGUIS T o B A7 R REfIE VIR IIZ D
IR FH SRV R R R A BUERAR L
—HZ TR AR E. TR, R RRHIE TN A
FEAERBBOR . RGE)R. A7 ATy i dar
BTV R AR R

(—) EEEFL. MEL, BEEHAIXERAITN

BRehE R T 2RO E AL ER . K
P mibEL T EBRM. N TR (AD &%
SRBARMEEL. RERMMNA, #s3)7T &E
BTG b, B AL R R HERE [8].

A i vT RO B — AR BRI, RN
DK Ak 32 R AE 15 R B AR B Tl [9].
ALY B 32 BP0 92 2 Ak R E s i B e
71 BEJIRCAE R R Tk —, B
F A [ AT SN B I A B RS R A A
(DMMD. 4l & HRE S B (DCAMD, FR[E
TF 1) ) 500 A L R ) B (DCMIMD 465 £
MEHE SRS S E B, BRI E S 2 4e. P55
LEENTF, BRI EHEM4ERE . HET DL
A AR NZ OB — ARG, B8y
Pt AU R R ol s e S = B W
038 77 AR IR AR I R o 0 B A e 2 (1)
PP AR EREF R, B 2 FHA W)
ERES . N WRESEEER [10].

LI AR I R S LN, S T )
BeEAh . AR I R e sk . FRIE Tl SR
e FLE R R LIS, B T HEC . =it
S MR T . T A B AL & A )
CM B I & PR 75920 (2018 42), A T
b ELIE RSP 5 PR 5 ik TAR IR TIRIE . Tk
HRP T & @R S REZL AL T B AR 4R
PR RFIVEN 735, TEEAEME ERAMRE (1], =
i3 & — T H R e G R, BRI
IR T L EARE RS [12]; KT
)38 Al 55 VP A R BRI ST K IR 55 o = VAN [13]
MRS EAEITAN [14] RS LA TN [15] 5.

B ReiE A E M BTA . M. B REL
Hilid, BE AR AEHE . EHEL, AT ARE
SR RE R Re i, G KRG EA ¥R, E£H
HriHAR K5 A 2017 2B & AT (AL Index ), (2018
rRE N TR REFR ) WA 2017 5 (AT Index) 11
etk 2ok R E AL LA, (E 50—
RN TR REFRAER R BEFRFE) (2020 4E) B,
REF 2023 FEYE ST ALFRHER R, NG B
Hlit R KPR BHKYE . CF R ARTE K Z x0T
Al B 8RB, A0 AR G H13E 4 11
N HEAT IR [16], SR AT £ ARTE il i b 3 F

057



i

REFIEIF N IR IR R IR AR R R E

TRV P 5 T /b 2R G BE T

(Z) EEEEEHEEENREE BTN

B ot S BEERE AR IR VT AR 2 S5 4 6 1) 3 VP 1) SR 3
W, TR RedliE R — N ERIENE RG, AEE
P A $ AT R G0 0 VP 1R 2R B RIS B I S 7 3K
FHICHIE I8 32 B T R A B VP4 . T
NV R G E R T AL R PR

RE 7 R P R R AN ASCRT T DA BHE i B R
71, WER TR ARG RS 2RI, RE KA
(R RERE RE TR BAEAL ALY (GB/T 39116—2020),
N REHIE R VPR IR L TR S R N E RS H
FE., EE SR T CH G A SR T
(2012 5), “ Tk 4.0 R R (2015 4E).
S e 3 RE T A O E B A Z . X
WEm . EAER, BT Ak,
HilIE Al A 5, A Al HARL i
FEERE B R RS AR L R Gt R . A
XPTE ,  DXCIEZ T VP 25 R B VT4 4E R 5 N 5 W
WA TN B BHEEME. B, 15 EiEW
J& 4 AST7TH 20 At T BR 2R A% 18 ) 3 b Aol St “ Tl
4.07 BIRLEEFREE [17]s fE— @R BIRSS T 2 WE
T2, 1A [ DX % -5 B85t R AT 7 3
IV Y A7 E 22 5 1

il 3 £l 28 Gt J2 2 %o R e 3 BE 1 VPAN 1K 5
—AMNINS [18]. RG240 5 VA =53 AH
RIHRGSEMMERR 7y, 7o k&R BoE.
RZE E. BEJZ [19]. f&H kA4 =4 21
2K oy R pt i R R b IE VAN TR bR R &R, 2 —Fh
v E A RS s B — PR A B A R R
M, FETEEEDNELRI 5 R Reblis RPN
AL T EAM . B, AR TS S SR
TR LT VEAAESE, K ERE BRI 4 A AR R
R EREEES . I E R [20]; HA s E
LT F R T A PR B 2 R gy, B Al g
T % HLEE3NEH.

BEehEHES T P R AR AR, Wik
25 R i S e b s U B, A AR T T Tk
FERSCRFNE RN ), X LSRR A IE A
TER [21]0 XAl sk 2 1 VP4 A2 A B0 2 e il i i
PRI R CRRERDE AN Fa 5 (FESR = L
FaD) (2020 ) #E, B AeHliE FIEHESL A HE T

058

PRI SRR R 1T B8 Al AR S it
B BE G L AR A Atk DR P 5 M S UK, TR
LA 7 5 A M AE S R RE A 3 i 7 AR PR R R R
2 Bt FEAE X A Ml 8 PP A A DR 28 5 A i 4
by, THESE BAE—LEHRAT S, SR
RSN RIS TR AR I TE A
SRkt ATRREEVE 0 A BT R RE MG T [22,23],
P TR REIE bR Y I A B K

(=) EmEFEE S 2H9 1Tl G TN

MR AL P~ R FH IR RS 2 5, fillidlk
T EP B EOR . AR [24]. SR B i L
AU i M. RS, SRR AR
EWE AT, e B BRI,

DL Tl 4.07 AR 1 B R RE il 2 47k
AP A S FEAR T T A B i b )l
FBERE VRN AR R, QB B i Al Tk 4.0
BOAFEVEAS IR [25] B8 TR B BE . B
Ao G, T, BEL S, BT 9 AMNERE, AT
4ANYERE RT3 A RE I R VEAS, 5 5 ANYEREN
N HRZHMNVEAG R R EF oA RER
AT AT, CInpLmHE . 25 s ) 1B e g
PR T, W W TP SR T S R B
i, MR U AR PN D, B R
“XUE Re717 BACTVPU FE AR 5 k0 B ML 1) 1
AT VR [26].

BB Y DU A2 P o E TR, TR
FEAIHE R FE W R R R B N, T A
% HEM IR [27]; Jife R bk Az 7= b A2 1o
e, AR SER RITA B AT R . XL
FRBRER MRS B — e, B
Mk Z RGBT A D& SCRRIT B YIE I AL,
W AR B A B R G R 1R R R R B
REA 7, BRERIH =2K 28], MEBEEER, kg
LR T e B A M, PTORIRAR B Al 3 B |
VPN RS AR S, WA TR T B SOT
M2 JegE i A T ik [29]. 45 G e Dol
RN 1S022400 H e 1 (1) 34 AN KB GRLFE bR kAT B
BECAFETHFE bR 28 R Tolkad M i 5925 301

FEAT ML AT A0 1R S i T T, [ R AE R
A RIS NIRRT & ReliE 7 48 br ik
R, RAGERREHAVEAN . Ak E PF A



PETIEMEF 2022 F $24% H2H)

gh4 1 7 SUHEHE Al 8 e ol R AKCE PR TAE,
RNBURESRAT I DXk 2 BE il & R R KPRt
TR [31],

= BEEBIETN AR R IR

PR RPN 45 SR T, RN
AR E B A R EERER . B B B
i, BEARTIRRHEE PN R, P 4
RTEES T ENE. BN RERLZEE MR
S0ER I, NG e i S B R (1) 1 R
POE T B E

SFok B E AN (CNKD Bl . Rk 22
Web of Science 1% /0 & 52 2035 2 (1) AH 5 SCHREAT 4t
T, 49 30 BUIK R AT 10 A7 (1 85 BE il vE A
FEAAEN OLE D. IR SRt RS SH
FEMAER, TEVENIIER S 3 2 © eV
Jik, IR AE (Delphi %), FEFHLEN
R, W EUm AT IF . PR EUREL @ EE
YN i, R F o MriE. MEmgiE. i ek
S HTIE(DEA) . A A HAVPA % (LCA) .\ TOPSIS %,
F BT G vE B AT B A B R AT R VAN 2
B @ wtfE R A, W TR
HI7VE EIRNTE (AHP) . RIZ8 041 (ANP),
A T eV B ETIER . BRI T
FREHE VRO, I8 T BRI 7R A SEBRIA
AT PR 5 50

M REHIE PN A iE R SRS, BT
BIES%. ERIEEVE. BIRONTEEONE .
WEZ A —E M MR, BRERSFIHE

BEFBOMBE 4 5 1%
LRPWAD
BT
A
L 2535

FZIFENIR, EXE RS2 B AW s 1%
WA W 25k B L 2% o AT iR S B BRI T I
REfE I NN R, (HE AR 2t . Bk, &
FREAN 7 18R 5% A M BB . B K LG FH Y 1 25 5
ANAFAE W 2 1R 8 F B ASE AR 3

BRI, BRI —PN 7,
MAEEIRAF 5T SEBRR R 2 R “4E7 BB,
BV 255 BP0 TV AR AR AR B« AN 1
R B, RATFIHEZEEERREEE, Eid
BRI e TR EAE [11]; &6 BRI HTIE
TBGE AL A R A AUEE, BT RO
BT A VPN R [15]. 4L & VR T IR RE S AE
—EFRRE L i — VRN B T, B SRV 45 R
fafdtt; ZERNE. TR REIEESRAE T
o AT e v o IXFBERBA, A ARG VAN BT 5
FE L — 2 AR S IR BB NI I SE R

AR S, 4T RewIE VN VARG T E
e s R, HESE N REVLEEG P
. AN TTEZ AT, TSk B
il VE O I FE R BN A KR IR, A BN B i
R GAT A [ B 1 0 B R R Je /K 3R AT S B AV
flio ETHFABEHRMAGEN S E, e
SEHL Y RE )i R G0 R ) B S A S B AR R ) e
ARG AZ B [22,32], N RE ) IE B A PEAN 4 A
TR I

M. EREHIEITFN R R E) R

(=) WFNSERE LB
PR E 2R B BE G VN B IR R AR HEAT AT ST

B AL Bk [l Web of Science
B CNKT
At R TAR I
TOPSIS{:
TR
%553 BT
0 10 20 30 40 50 60 70 80 90 100 110 120
1 BESIEITFN T EFERSURAE 10 LRE S

059



i

REFIEIF N IR IR R IR AR R R E

I T8 ST A ARHE SR SR G il B HLAT & A
LR e PR Y SR O R RE G VAN I B PR A
PR FERAN S B AR . AT, B R IE PR AT T
3T BERCR, B bRHEA— TR,
FEVH L AR R T AT A 2 2 Ak

— RV PR EAN SE R P A v R T R e
13 VAl e L S A R v, RSP T H
f—Fh AR U BB, EA SN EE BRI E T
AN RERIE PPN HEZ, (BRI e IE I B
e —ERIERTNARME. TR, £ 708 he
HiEx — A SR RE MM SR A S —.
AN IR . &% T0olk oK AR R e il AL Dok e
MIocHE, $EH “ Tk 4.07 “SeHilig” “ BTk
SRS AL, B SN A I, TR WA
JMHFEL. WERHUHCR A “ FoREDA” 7=, Mok
RS BOFIMEA T A L E. ERE, HAT
B R IE bR A A A, BETURE B
HE I3 A LRI R AN ELTE I, - BUR RE i o7
MARAEA IR . A AK

RVHREEANE . BHEEA R TR 2
PR IS SNIBAIT 1) B BRI . DA AT AR T —
PRV RO RE I PR TR, AR W PRAY RN
SEVETYESE . BT PR A SSIEESER o i s
P ZWREE S T VRSSO A, (HAE SR
SEOD BRI BT 5 Sy A AR — 2 ) R R .
an,  FR oW UL S A PR TR R B, S 2
i T PPN R AL BN I IR H B, 38K
B 2 VT 45 RO 28 S WTHI PR H s s A T
VRO R 1 75 QTR I B VP 4R, X PR 7 1%
WA G b, MR ERAEIEA R, Z2HWE T
RGP 45 BIX — 2, T A 5 AL 10 52 i B F
TV, AR BRI R BE MG VA AR 55 1
SEEAI N A -

=RV INERER . PPOE R AT RE
EVFESI BN, 685 EART AR AT
WrbrdEmfi g SIEIRAE BT . BAR B MR BE it PF
W IT MR AR BRI A PR A i 5K
AR Z TR TSR AE LR LA R0 77 AR ST+ R e il i
k. BUARIBE A AN B R AL, ik, X
REMIE RGME. BARTERIRILGE IOy es, wELL
FEARFIN I 52 WERE N - AR KRG, /D
REFIE PF UM B A O TR AR R s —LE B 7T

060

FLHENE DA VP 216 15 73 VB8 Bl A
SRR 00 (5 BRI R S B, (AT
RS AT

(2 PR ZRI i)

PRAT 1 BR AR 2 ORI IR O X B R G
Yo BhA2 I KPP FE bR R R BE AT R B A& 1T
PrioRsE, oA PO 4l SR N B USRI
BREHIE R — AN MRS, W FUE N RE
HE M EPEA R S EFER PN TE bRk R A
R, MISCHE T EBL “ AT A, R
IR LE PP SR AR AR R0 RE G AR R B T et
YER, (EHAMEERE 2 A, #1203 & sefil g vr
Wik FERITRAE S5 B o

—RAEARIE AT . BRIV R A 2
BEAT B RERIE VAT A, R BEAT A ROFO AT
fE. ECARTTUH, ZHEET N RIRIR B Z 5K
S AR I LN e LA R DE =R AN Y e SO
FAEFIREMJRIR . B K AEABLHISE R, (E 45 7F
WERAFAE TN SRZBIFTIE: B2 F8AR 1L
PSR . MELLRAL, SRR AT e 7 R
WR G WA /L KT 17 AR bR S, e B
PRAE VPN B0 () B SE RN B, 45 5 2RV AR
IS QU

TRV R AT . BREHIE RSA S AA
BORME, MR md RFE. &t 24
LA HR (4], BT 4R 2 MEAN 2 R
Pho BUA TR bR AR F0 B BE A& PN 38R 1Y) A TR AL g
AR, A RMEE VRN R A R G SO
AR HEANG . GUFREIHFLERL, oh =X RE G
PR, IR ST ORI Ah, WER
B PROT R ITHIAN & BN AR R . VR 4E LI
ZFt. HUE BRGNS R RERE, SHUR
ChiiligE ok, B RET) SRR R R N, Xt
B, Xk 48 /77 45 2 MR B R FE AT %5 0T &5
JEFAEA R A A REERIPE I 7T, (H RUBESRHK
FUBETRI R (R RIEAT e o o A 8 RE Al 3 PP 4 ¥ e
EANGI=REE 2 Fie s e S syt i I DS
PR HE AR R R R R e R SR T, XA R
ZIMIENAE BT RERZ .

ZRATBE FEANTETr o 3G M8 5 ) U
Feiz, AFERIA 3 HE 7 A IS AME, T



PETIEMEF 2022 F $24% H2H)

H AT Be % 1) PP A 70K 22 X A 3 ol g 3
PERFERETT . S B ST S, BRI 53 il 5 i
AN ZE R, HAERRAIR B2 20, a0 E ek
b FRERE AL AR PR S AR AR, [FJE IR
FEBE Y R . AR 77 ROl S ARt A X .
—ZE T [ i SV R B AR VTN AR R, AR AR X L
AFAE B B A 14 1) 48 4 ) 36 7 1) 30 AT B 27 4 1D ) K
Wro DRI 08 B & AT AN PR AR O VPAN 7 A
XTHRZ

(=) #FHBARRE B

B RE RIAE VF T WF TR A R e 3 P AR A Y
Boo L€ B e G A R THRISE SR AL T B RYE, H
Btk L A EAR AT SR B, RO BRI SE P
T W 7] e e JJ MR 55 o K PRAN BB A RN T
B BE G B B S R (E AR OSTE I ), JEH AT %
F S BOR M HBURTA e B RE G VA B AE [ 52
BN ISR A TR B, H X 8 T T I — L
P

B KHE N RE AR g5 . G R G E
8 IE e P E B, KBRS A DO IR
THiliE “EAE” WL ER, WNEHES R REHE
PR N AT BT B BT VAR A 5 K B
XHENIREIAFAE ML RAE, OV E RERIEPE O B e
e DLV I N R S B — 5, o i Al
B RAG . BdlaREATE D, AT PRI
e CLORIE SR AR B W SR 0 e R A SE Rt e 55— 7
T, A== RO SRR B e 42, ik S
PO TR SRS R AME R, IR E A
N7 5507 AR BGE b, ki KRR S
ARIWARFFIN R (=t a4 €1 N 7N NN W VP 6
OB M LAAE PP IR TR A5 2 78 0 AR B

TR RS TSR RAAEANA L. B REHIETE
W AR 557 G R HESD PR BEVR AE [ SR A 250
R, N BRSO SN T R T G 5%, B
i, EN AT R TR sEREE I kST A
e L SRR HE AL IIE T e S A R BRI VA
P ARG TG, ARG AR A B i W55 s
(EAE T & -5 N 5 T 73 T e BASR T 65 1) R
PEA I 2 2 ORI PP R K, =T B I
RETE LI R VP AR R SES L A2 EL BYE. A
SEEOR, A RAHERE T RRBE T 6 B A AR

FRIRAT o IX LA A ORI 1) A — 5 R B 2%
B RERIE PO IR JZ K

I BeEFEITN R RRE

(=) EEfmERTt, BIgaEHETNER

1. 583 B RERIE VF A AR AR R

PR AR BEAT B s . RRE . BORRE, AR
R SR AT A A - [ 1 0 RE I PR A v il R
5, B 5 el IE bR e iR R AR )
BB RE ARG MOBE S IR, S IR & 77k R
R R R G AR A R AR BT B B
PR S S EAFALA AR R 0 fe il i pr
hsiER R CUNE AR IE . AT AL ARIESED,
N RGP TE SIS It — AR EREZE .

2. Bt I LA BE & PR AR

R LA T FEY, REVES IS HLAN
H K, i VAl OIS R 9T 0 (AT F P FHJAD
APPSR CHVF S ABPPAE) 5 BEXEAS R PEAl
FbR, e AR A VAN 4P R R BT 1%
ZERM AT R VPR TP ORIE VR X B PR
B R H AR OL, TG T RPN R A
BB RAEVPO 5 R e B S O R
RISCHE SCHEAR T, ARHE PP 45 R L R it
RIELLBR I, BRI T SIS, 1R 3 SLEK
R BE G TEAN AR o

3. LR RGO AR R

R REHIE PPN R R E R, SEB I
WM FRAE. PP EH I P ST E . RN
JiiEs VRO R . UCRIEBUR TR BETHE T,
Hy 17 S R B 3 D 3 S BB HE 2 A
BRACE BERE PR B AR TR T AL IR S
BN AL, A4 AR SR VP S B HE S
HREEARERE. HETIR g E, W e
G VFOVE A LAY A EIRHEZR S AR
Kb, IR RGN, R RE
TG VA V1 3 ) 20 25 B AT e i

(Z) HtEiRE R, FEXBZOITFNAS

1. AR SR 28 A s

EF X RERIE VRN TR bR R R E0ME. &
FRNRHOME &, MR E R B RellE A

061



BEEFIEITN IR RIR B AR K RE

AEBRKE, EUEEBARNEIF B ENEREK
AT TS e th B R I RN, TR R RERIE PRAN
FOARME ; A HlE AL W B B, USRI
BHAFRLE . Zo4ER VI R rEAR, TR
RE fi 3 PP lod . B R BE i A SR SR,
SCRFECE VAN B A S L LS.

2. M Z LEVN TR ARIA R

Eese o B2 T PR REIRE- 2 P A8
B R, PRIEPPTEARAOSE &, froxh B pe il ig
AV EE AT VNI, PR SR AR R R LR 4
ey B AR FB AR BEXTAS R e IS AR
AANTEAEAC SRR, W0t i 55 B A3 AT VRO I
i QTR e G A ST LA, O REAR 55 KT
BN T ER 2. M. E R KR
TR RES . BEAh, SRR B IS P A R s RUE
MIIZ48: — R B IUE BN 5] ST 20 2 H R
FE R BERNE TN IT, ASHESCRFBORAE ;. 2
FRAE I R RUEE LB V-, HESH R REfiE A ek
FRIEHA T =W FEANFR R Z 18 PR 4R b i)
ZE S PEAAR AL, SR SCELE REMIE P 45 R A
Wl Pk B 5 T  [F 2 T

3. sk 3V 40 53 5 1] AT AT

gL A T TR, A G BN BARYE
ANTR) 4 53 77 16] B SRR A SR 1 5 22 S A 0 7 Ll K e
BUK, 5@ BT FrT e 3t T il ik AT Mk %)
KB RERIE PR AT 7. (E 2 BL “ Tk 4.0” AR
R EHRE ML AR X SR PR T S Rl NI 1
NS TERFAE,  BIF FCUR AR 3 b ) B e A O A
TP, TERCAEECHGE ML . RAEHIE L  ERTPTR
REBEHRIG VAR 2D 9 NMTARFAE, F
PrHEZR N FH B YE R & Mk 4l 23 5 1], T R g
il VA BOAT M0 7 i R 7 5

(Z) SRS, R SSCBhEFHE

L A 445 B HOR AL & REF&E 1A

) 365 A1 b V7 v A M KB o B i
B, i aWIRM . B REAR ISE BOR S Tk Hodis 1
Wt FFfif ABE, DSt REfIE PP SR A &
HIRERE R o A KB A VPO R B EME,
LGB AR ROR I v R B VR 2 R, SEE
PO IR i A A Sh AR AR . PN PAI ] SR B
IREAR . VPO ECRE A M AR S A IR R . S

062

ALARSREIAR, TR AN TR REAC TP R RS
RY, VLECSEI . AZH.. BBV R 2K .

2. FBIFFEH MM IR ST &

BT g Ak B B Re G R KT 2 08
PP TR, RS G BN R A 2028 e AT % ok
HIPPAS LR I T L VAR LA, 4 A E %
FRZOTNL S R, BREEER. R
MR BERIG N IR 55T &5, vl b SR 4E Mk
. BEHAL PR S . sibdliE L2 5 BIEA
MEZD, RGP FIE W, SCERAIT A 3%
o FGE B HPEA AR 55T & BB s L3
I M SR A DS R AR I R R AR L,
SE AN ML BUR AT ], 512l ReR, miE
b BE G -

SE

(1] . 2aghliG o [ 1382025 7 BT 1) (7], o E ALK
T#%, 2015, 26(17): 2273-2284.
Zhou J. Intelligent manufacturing: Main direction of “Made in
China 2025” [J]. China Mechanical Engineering, 2015, 26(17):
2273-2284.

[21  BhaEse, JE A, AR, S5 R RE e ) I H i 2 i 61
B (1], I TRERNE, 2020, 22(6): 136-142.
Zhong Z H, Zang J Y, Yan J L, et al. Intelligent manufacturing

promotes the comprehensive upgrading and innovative growth of
China’s manufacturing industry [J]. Strategic Study of CAE, 2020,
22(6): 136-142.

[3] Rauch E, Dallasega P, Unterhofer M. Requirements and barriers
for introducing smart manufacturing in small and medium-sized

enterprises [J]. IEEE Engineering Managemant Review, 2019,

47(3): 87-94.
(4] ulam. 68 H G E e M R AL AT [J]. R E LA TR, 2020,
31(1): 24-36.

Liu Q. Study on architecture of intelligent manufacturing theory [J].
China Mechanical Engineering, 2020, 31(1): 24-36.

[5] Wang B C, Tao F, Fang X D, et al. Smart manufacturing and
intelligent manufacturing: A comparative review [J]. Engineering,
2021, 7(6): 738-757.

[6] Zheng T, Ardolino M, Bacchetti A, et al. The applications of
Industry 4.0 technologies in manufacturing context: A systematic
literature review [J]. International Journal of Production Research,
2021, 59(6): 1922-1954.

[71  Alcacer V, Cruz-Machadoab V. Scanning the Industry 4.0: A
literature review on technologies for manufacturing systems [J].
Engineering Science and Technology, an International Journal,
2019, 22(3): 899-919.

[8] ZhoulJ,LiP G, Zhou Y H, et al. Toward new-generation intelligent
manufacturing [J]. Engineering, 2018, 4(1): 11-20.

[9] Chen D F, Heyer S, Ibbotson S, et al. Direct digital manufacturing:

definition, evolution, and sustainability implications [J]. Journal of



PETIEMEF 2022 F $24% H2H)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21

Cleaner Production, 2015, 107: 615-625.

Gokalp E, Martinez V. Digital transformation capability maturity
model enabling the assessment of industrial manufacturers [J].
Computers in Industry, 2021, 132: 1-12.

LiJ, QiulJJ, Zhou Y, et al. Study on the reference architecture and
assessment framework of industrial Internet platform [J]. IEEE
Access, 2020, 8: 164950-164971.

FAAPE, KRR, TR, 55, 2 i —i 1n) Rk 55 1 W 25 A4 il i
Wi (0], THEEHLE IS R 4, 2010, 16(1): 1-7.

Li B H, Zhang L, Wang S L, et al. Cloud manufacturing: A new
service-oriented networked manufacturing model [J]. Computer
Integrated Manufacturing Systems, 2010, 16(1): 1-7.

PR, KRBz, m SRS RO (1] THE LR s R
45,2018, 24(1): 53-62.

He K T, Zhu D Y. Quality evaluation of cloud manufacturing

service [J]. Computer Integrated Manufacturing Systems, 2018,
24(1): 53-62.

Yang X X, Wang S L, Yang B, et al. A service satisfaction-based
trust evaluation model for cloud manufacturing [J]. International
Journal of Computer Integrated Manufacturing, 2019, 32(6):
533-545.

Hu Y J, Wu L Z, Pan X Q, et al. Comprehensive evaluation
of cloud manufacturing service based on fuzzy theory [J].
International Journal of Fuzzy Systems, 2021, 23: 1755-1764.

Li B H, Hou B C, Wen T Y, et al. Applications of artificial
intelligence in intelligent manufacturing: a review [J]. Frontiers of
Information Technology & Electronic Engineering, 2017, 18(1):
86-96.

Castelo-Branco I, Cruz-Jesus F, Oliveira T. Assessing Industry 4.0
readiness in manufacturing: Evidence for the European Union [J].
Computers in Industry, 2019, 107: 22-32.

BRI, R, TOHES, 45 5T X [ HtPromethee 1) & AL
HEJIVEANAIE AT (7], BARHIE TR, 2021 (3): 1-9.

Han Y T, Wu J Q, Ma J L, et al. Evaluation on intelligent
manufacturing capability based on interval number Promethee
method [J]. Modern Manufacturing Engineering, 2021 (3): 1-9.
ZEIH, B, RS, . BREME IR RO 2B A L bt
PHELLIRSE []. THEEHLAE R E 2R 5, 2018, 24(3): 539-549.
LiQ, Tang Q L, Chen Y T, et al. Smart manufacturing standardization:
Reference model and standards framework [J]. Computer Integrated
Manufacturing Systems, 2018, 24(3): 539-549.

Lee J, Jun S, Chang T W, et al. A smartness assessment framework for
smart factories using analytic network process [J]. Sustainability, 2017,
9(5): 1-15.

W, R, arez-F. e ds B hl g st o i 58 A0 3 e i 5 5k
UERF 98 ——5E T YL I5200 5 i3 A M 308 [9]. & 3L, 2014,
26(3): 89-99.

Yang H, Song H M, Yu A P. Theoretical analysis and empirical

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1

[32]

study on competitive advantages of service-oriented manufacturing:
Based on the data of 200 manufacturers in Jiangsu Province [J].
Management Review, 2014, 26(3): 89-99.

Li L, Mao C, Sun H, et al. Digital twin driven green performance
evaluation methodology of intelligent manufacturing: Hybrid
model based on fuzzy rough-sets AHP, multistage weight
synthesis, and Promethee II [J]. Complexity, 2020 (6): 1-24.
LiLH, QuT, Liu Y, et al. Sustainability assessment of intelligent
manufacturing supported by digital twin [J]. IEEE Access, 2020, 8:
174988-175008.

FEHGSE, IR, EHIUE, S T R 203 50K SR ) il B RE AL
H Ar 5 AE R A2 s A AT (9], R B R REA, 2020, 22(3):
148-156.

Yuan Q T, Yin R Y, Cao X H, et al. Strategic research on the
goals, characteristics, and paths of intelligentization of process
manufacturing industry for 2035 [J]. Strategic Study of CAE,
2020, 22(03): 148-156.

Schumacher A, Erol S, Sihn W. A maturity model for assessing
Industry 4.0 readiness and maturity of manufacturing enterprises
[J]. Procedia CIRP, 2016, 52: 161-166.

TklE, R, S, E R N URHE VAN SR BT AT (D).
P EHLE T RE, 2020, 31(4): 451-458.

Zhang J L, Wu S, Gong Y M. Research on evaluation and
development of intelligent machinery manufacturing in China [J].
China Mechanical Engineering, 2020, 31(4): 451-458.

Qian F, Zhong W M, Du W L. Fundamental theories and key
technologies for smart and optimal manufacturing in the process
industry [J]. Engineering, 2017, 3(2): 154-160.

TR FURE R Al BE 3 BE 71 0 A AP ST (D). Ak
LT HL R 22 (- 22 A8 50), 2020.

Guo Z L. Research on intelligent manufacturing capability analysis
and evaluation of process enterprises [D]. Beijing: Beijing University
of Posts and Telecommunications(Master’s thesis), 2020.

Yin S, Liu L, Hou J. A multivariate statistical combination
forecasting method for product quality evaluation [J]. Information
Sciences, 2016, 355-356: 229-236.

Zhu L, Johnsson C , Varisco M, et al. Key performance indicators
for manufacturing operations management: Gap analysis between
process industrial needs and ISO 22400 standard [J]. Procedia
Manufacturing, 2018, 25: 82—88.

BT E SR L AR AL R U AT [R]. bR ERER
i, 2018.

Shan Z G. Research on intelligent strategy of national manufacturing
industry [R]. Beijing: State Information Center, 2018.

Leng J W, Zhang H, Yan D X, et al. Digital twin-driven
manufacturing cyber-physical system for parallel controlling
of smart workshop [J]. Journal of Ambient Intelligence and
Humanized Computing, 2019, 10: 1155-1166.

063



