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AT e PRI AN B IR BOTH FE,  SCILTS R FHE AR B3R
53[3-71.

BRI 1E OO IR T L B S S AR DR,
AN L% (Artificial intelligence, AD i AR 2 A il il
KIEWEEES . Flan, 8H N TR R R IE B &
F 15 2% Tl 7 55 v 5992 W R0 T i) #2891, A -8 e
AR 7R B i 1) K RE[10-13]. & Re il it 1 K fE i
FE 1 FTR[14]

AR A A Sy il P 2K PROMLRT s B U 2 1 tH B 51
TER Dy, B AT AR H R H H
BEIR T 5 R DA, v gmfR@ B4EH 4 (Program-
mable logic controller, PLC) FEEHIE M RS (Distributed
control system, DCS) WJH LG K& T2 =k Tk #ar. M
EEU s ar o AR, R B SR e IR A B
AR AR Tl A = 7 A iy D55 o0 . 780%
FTHL A REVRINT, 2PN i FR B A 3t 00 200 {58 FH 428 i 5%
Gto SO HHRATATUE E E AT DL ] 2018 S b g%
ZINUIRIIH T, T e A il B A R I8 A 4 o3 A A A 42
Fgt Al A | o sh g S ikl AR e e 47 . i EL
PRI 1) 5 AR ) B8 %5 45 5 1T K W PLC I DCS 0K
ORI R 1 AR AR = 261 B B A2 B

T, BEE N LR B HEMN. =itE. Tk
PG DX S5 s A () R i e, FRATT IR AL T 585 DY Ok Tl B i B
Mo RIEE oSt DAL g, nsslE . eEr, LLE %
&M T TG AR EA . — ek [ SR A D PR R
W&, BS54 W58 /1w, DAEH—5r e
Grrp KA RIHAL[7,15)0 KB E ZRH HAE(E B A

Second Industrial
Revolution

-

First Industrial
Revolution

Control system based
on electrical technology

Feedback speed governor based
on mechanical technology

Mechanical facilities based
on water and steam power

Mass production based on
the division of labor and
electrical energy

End of the 18th century Start of 20th century

B BRIt L ek i, 2016 4F 10
H, REEZRFFREARZE RHER (ERN TR K
SREE TR FEH, AN TR DUH T BB HiGEmms, e
B S E R RIGTE[16]. 201845 H, EEAE
270 T RETI A TERES, o NRKRIER TR
I, 2= 7 AT A s A5 N T3 Re b R 1 5
EH 5 E SRS TE[17]. EEERR RS S
(National Science Foundation, NSF) t0%/~, AN L& GEH
TS e IR A E S a1 WS o7 v i | b=l | AU b e
18], 20204F8 H, EEEZRFIFEHEES N THEEEV
B kA T —AH R BINLS, ESOE /AR, HHda)
BRGNLEGEM AR —. 38 RGN L Rt
FUPTSCHREEAN N T8 Re . MLER57 I3t 8%, DLACSER
R B3] PSRRI B AE O¢ TR AR =R A A
PAGIAZE A ATEE. Ak N TR RE R E[19]. 35 2020
Vo AN 2021 W0 4 BB R TR AR, SR T R 56 [ AR B
HARRDANGIHAL T RERWE, NARSEH R s i
i, U A X HLAS 2 SR T BE S I R G [20—
21]. fETN4.02 )5, 201749, MEE)ET “*¥3 R
Gu7 BIFRFIRLFH, DA R AR SR A A0 A= 7= 58 fip 3R 3% e
B[22]. 2018 4F 11 H, MEEBOIRBUNFEA 7 A L& AE
W%, SRIEN TR AE R IR T PR RE e 4% . B BT 2
(14 S BE A GRS AT D IR B 2, AT Lk 4.0
PRI T —AKI[23]0 MeAk, FEEAA (FEE T 2050
GBS, HAR$RH (i-Japan fH% 2015), & EHEH (HiliE
AT 3.0 M E Y o TR SR Y Uk Tl A iy SR A K e b 5
GrfET AR, R E TR OB — AN TR ARSI O R e

Fourth Industrial
Revolution

K al‘:ul

Smart control system based
on computing, communication,
and control

Third Industrial
Revolution

Control system based on
computer technology

Further automation based on
electronic and information
technology

Cyber—physical systems

Start of 1970s Today
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Fo) BRI T AR IR E R R G g N
B (2025—2035) T AR BE G 2 A [ Y R e
) 35 i AN FH AP A 7 SR 51 [24-25]

e 38 A BT AR SE A O BER . B
R 1) 32 2 ] S 300 1) e 5t T ) 2 U 1 [7,26)0 S T SEIRL
W Tk sk i (B VBRI A K BRI B s
MR AT, AR B AR oK), 72 R Re s S
FE TV FIRE U0 B ARAR S G5 e 0 R KB, 1 N T
RE. BANEECM . U8, e, ). RS E REAR
AR TR R IRIR G TF RS FhH TR R LI
A il 1 1 H AR [13,27-30]. 9 18 Tl A T8 REAI Tolk .
R ZE SRR Dol Re il i R FEAS AT AR R, ik
E flE . Ma, R R R HERE, AR
FE TP BE G A P2 A R N N S 5, TR T 0 e il i
SRR TV R S, BT BT L7 I R 78 07

2. g TAVEF 2RI RR IEH GB1TEEN
R

PURE TP AE P~ i AR R R SR L F I A AT B BELIR D
B2 (13175 PR A b i R H e Ak B 5 Center-
prise resource planning, ERP) . fil|i& #4417 2 4t (manufac-
turing execution system, MES) FliL F2 45 ] R4t (process
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control system, PCS) 4 1) = J= &5 14 . £k 28 28 R H
ERP RG34 S &S H, RERIEE SR
LIRRIANR, XF7Pe A AT e G2, feFef
FRASSED ) H AR ARG BB 5 e o AR R T 4 B
MES B 8|45 5, RJEEd A O RNE XKLL Kk
pea SN kb 1% < SV =X B K Y (£ B[N S I oo = E 2
T2 LRI PCS RIS AT 264, I E (RIRLE
Wron ANfli) SR EAG R, TR A O R AR
W e, DL BSERR AR 2 i R A e TR BRAE AR
LT TRAR R BAMATS L, SRS EEN R B C &
B AR TR E PCS % i 2o PCS 8 45 i1l 4 A il id& F
AR AR, A2 AR e PR A, DA S
(RIEATFE PR I B ORUERE S5 A 7 2R AR = HR AR 2 TR 1Y H A
HYEFE M [31-32].

BRI A& HE T =E 5 R 48 MES Al
PCS W22 R4, (HIXEE R4 3 B2 AR SEOlE B4
FANE BT RE[32]. Ak HAx CHRRNE . RS |
VEERI S 11T febR. AR fe 4. RS, 1)
A AR TAE S ARYE AR AN & 06 v s . AR, SR TR
TEESLIANY H AR A= ok 5 0 B — R AR A 3R
B IEIESBLERP 5 MES I B4R i S ifb. B3 [13]35%
TR T A = R AR R R SR . RIS T B, AT LUK
HMWAN-EE-YH A5 (human-cyber-physical system)
[33]. #AE RUE(EE REPAFEE R, Hmid N
B T AL SRS 2 UR R A AR S R R K )

Comprehensive
production indices

Enterprise resource
planning (ERP)

Manufacturing
execution system

(MES)

Production orders
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Process parameters
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//\\ Control //\\ Control /M) Control

‘ 'I“command
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system (PCS) 1

4~ command
L]

L

Process control
system (PCS)
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materials Manufacturing
—
process 1

- idcommand

Process control
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o0 L b, RIERES, A B S IMAKRARIR,
WHEG AT RN BN HE RAE P R AR PR R AR BRAE
Tabr s KGR AT

F1 T N TGV B i HE R B 3 S AR A 8 AT 464, T
AP AR e i A 2 A o1 3ot R A S R I A R AR [34]. T L,
NEAT N E & o G TR R S [35]. AR,
AT R E AR T ) E R RVE T DM & Rk A
1B S A AE R S AT A AL A B S Bk T
A0 B E AR T AFTE R 1 2 ) R AR L2t B
R AP AR AT B T, 6 AR AR B B A
REALIER = 1 ¢

BB HEEM. 25 it EAE A EhiEE A
(5G) MR FEMEAE T ol N T8 A8 A T b B 366 R 1) B
Tl N TR e A 2N TR AR 55w 1) Tk 5
ML, SBRERE . BEEAE A R . SR ALAD
BEQHNA. TR ATERR T T RGHBRM. 3%
v BPAT. HYSR. BEMIIEES, (EILARNEIE R A Ak
ZAR ) TAVIREE IR 58 BRE B Tolk BARFIT S5, 2842
EAR TR PR R R A VERE[36]. Tl FLERIN g 4
AL T SRECTM R BHE bL 2, 3l Tl N TR R
()% F2 U S RHFASE R0 T v (1 AZ # (371 EL 4 CPS (cyber
physical system) <z S 7055 5 77 5 1 H L [38], {1 T
Tl R & B T LA REAL . 2B DU Tk A
i SR MV AR AR B 34 1R REAK[4,13,19,33].

3. BRERIGEX M T E X AR

PR TV e g i — M DASE B Al . i
FERVE BRI GRSRE,  LRR BEOCALAN R BE B 4z B RFAE A 1
R RS F AR ARG AR “axtafl” A

Operators and
knowledge workers

.
Decision

Information system

ik, A= RCR. Wl 4 [131FTR, BERESE PR
WTAEER B, KEh REME G SRR NG e
FIEHI RS, AL R P HEE A AR AR B
k. ERP FI MES #42 A WL& 1F I8 Ge i B UK R4t
BV JEA Y ERP. MES. PCS = 2548 )y \WLEAE
MR E B LR RAME R A FIEH R AW E S, W
51317, 6 [13]0f7r, K HE A A AR =k R )
Ho BH BT E BN CPS, HORA PG EE R DL
JHTR TAEE I AR TAEAR1S A Zh LI B fk. CPSH (1)
MR TARF iR . LS AR R4 34].

AHUEAE B R B3R R 40 3 B B e AL TR 3
MG R TS B IR =A 7 KRG H K
[14,34]. ZFRREBLLR RGN BUHThREW T

(D BamigE R, Ao f s 17
AR 5

(2 U mstb 5at ety Bir, SLBlhgr &4
FEFERR THRIRERR AR G A e AR AR P F R bR BT
fabr. A dRbR. EHITE 2 MR A AR

(3) SRR RS RE T R B T A I 42 5

(4) @k H 2R E AR, SEI A S8 Re bk
KRG IR IE, AF R R AE A AP B rh
KRS

HEEH EBH AL T EH AT RAGA R BT
b =R ReEd]. BATRE R AR H]. 1%
HREE I H RN TR

(1D B RRIR AN = A 1 B AL

(2) DMRAIEITHRAR N H AR, SR G000 B (i
1T GNP 5

(3) ®AREEEY R R e EN RN RA mshA T
e, BFPRIZ AT HRARIESIZE HARE T A

Physical system

I IR

results | Manufacturing process
Analytic | ! , ‘ e
o~ d;et::rl:;g)ns Herealicicny Enterprise resource planning .
) information | 1 ] jMaterial flow - 3.
| Cognitive A I ] ]
learning ™ 1 |
(brain) Manufacturing execution system ! !
(MES) 1 !
Perception I E |
Le! (sight, hearing, ' | e
touch, etc.) . ] oo
Process control system ] ] Npmduct
T ———
(PCS) H ]
3 : :
"""""""""""""""" Production ~~"""T"TTTTTomomofoosmmammsmsmmans A
information
3. N-ERE-EE RS G E SCER[13]D .
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Enterprise resource
planning (ERP)

Manufacturing
execution system

Intelligent management
and decision-making
system of human—machine

70

Raw
materials

(MES)

cooperation

e

Control
I command

Process control
system (PCS) 1

P |

Manufacturing
process 1

s

Control
command

R

Process control
system (PCS)

P |

Manufacturing
process

ﬁ Control

I command

Process control
system (PCS) N

r |

Manufacturing
process N

Intelligent and autonomous
control syrstem 1

Intelligent and autonomous
control syrstem

Intelligent and autonomous
control syrstem N

B 4. FRemiE el m QR E SCER13D .

s

Products

Planners, managers,

decision-makers

Market  Production

information conditions
Planners,

managers,
decision-makers

it

Intelligent management and decision-making
system of human-machine cooperation

A

A4 A l

Intelligent
autonomous
control system

Intelligent
autonomous
control system N

Intelligent
autonomous
control system 1

B 5. g e i = R S5 A N B RERT PN Z 454 GIEE STRR[13])

(4) SEPLSER IR AR MR B, FUANHERR 5
BAT T, RS Z4e. JUistT;

(5) oA Ah) AN A I R ) oAt b AR 1 8 RE H
EEHRG, LB TR 2RI

4. BIFPE S KRR

PR Dok ZE 7 it AR B B REAL X B s RS2 Bk h 2k
THEARA B RIR B O B S AL e SR I T Pk
Tl N T EA Tk FIB I A iRE Tl g fit 7 SEal A4
PR R BEAL BB VAR .

AR T N TR RE 1 5 S AN Bt LBt 2 P 1) PO HE RS

MR A, AR TN TR 78 2 H S A% 0 H broa
SEPE A HT AR AE PGS AR AR B sh A setl, A
MR ERESET AW a . X LG AR AL P M R %
i BATEEMRSE R, GRS B s —
H AT T NRERA AT, T skRe Jo. &Il kil
HINE S o

Tk N T8 R 3 2R A T RE s, R T T
Wl PO LA R SR N LR e RN TR B RS I
Wt H TR B JSEAE BeAL B KRG8, DA e Aiie
AR TAEZ AR = M B i ee . thsh, A TH
RESRVE . 1B HRE ST ANLAE BAB R AN AL 1] [39].

TAPEB I, REHE. CPS. HBCMSE(E B+
RITR R, LARO e ik i) 38 A1 Be i Y B KRR K. 2012
10 H, EEEMHHBSAEEN “Industrial Internet: Push-
ing the Boundaries of Minds and Machines” H %15+ 3¢ H
T EHBM B . 2011 4F 1 H, 8 E TR0 T
BGEH TAk 4.0 k0% . 201145 11 5, Tk 4.0 Sg B 51IA
€2020 4F mp RHEE RIS Y o AT, 3 AR [E #R e T4
A N TR BEBOR KR TOl H I M 8% . 2019410 H 18
H, 5K F 0 230 w7 A4 PO BE T 2847 (1) Dol LI
LRI RAEUE, IR PEETRR: 4T, 2K
Br—Re AR a AR A N g, T BRI R AR A
Wik, A& ESGeIET R RN T Hishee, oA 4e
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Intelligent system
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Physical system

workers : :
i // ~ /% ]
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: High-performance : ETHEERITIE [FTEEES
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—np{ | knowledge : : .
! base ' Material flow, »
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i ] Energy
Perception ] _ ; : flow
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touch, etc.) ! learning - and operating !
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6. Hlig A S REME BWBLAR S QR E SCHR[13D .

BRPEVRRE A SR AL TOBALE . o [ v R B Tl IR
QFT A, BIREER S8, SR Tl B
AET, HEBSD DML 515 SAAESE ) VE R BIRFEEE . B
K b SCHR S R R[40]. X — R IFR ] T A [ Ak B
PP e o B R SR PR T o AR b ELIR I s Ay A ) R i
b i S B R FR IR 5 KB 775 T T LB A ey o e A e 11
PRI T E R,

A RERAE T A RIVIR, Hrth. MZAL.
TR SR BA R Tl N T e A0 ol B & e H s, Bl
B2t 5 R R DL A ) L

(D) TS RGERGREEIME SRR T
W5 R ) 5

(2) HEFHLEL M5 Tk KEE 7 AR 4G A 3 Ry
Py 1847 PRSRAIIRTZ I 5

(3) FETH . SRBAGRM: SIS S AP FIR
RIS

(4) ZPREMR. LR, ZRERE IR
R R R

N T R LR 2 ] L, A A6 EOR T CPS A2 SRt
FUHIEAR[37] 2 BEWTTUIE — il LA A BX 3 R AL R B 4
W FEIE R AE )T 30 2 R FUME DRI 17 LA PRl
(RIRE 2B T IR R B Bt 2 TR I AR, 5 s i )
HIETEDTTT. N T iR POX R IR ), 7 A 2 R AT
X2, OEEIS AR R QR OHHESE . R Rl 75
LA RS AR R R R R R B A S . B BAR 2 1E
FE SN — P B SR (g F Fe A K [41-42]. DBk, FRATTIR
A iR AR A R AR R BREOA

(D BRI T TR 2 RIEZHEGE B HE

B

RERE 5 103 5
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FEE RO 5

(3) REHHREWRE A IME G T ARG e
ML, M AR SRR
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(5) BT ARG GEH FIEHIHAR
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