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Summary of smart factory and its key technologies

JIAO Hong-shuo, LU Jian-sha
( College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Aiming at that the existing research lack of the overall development of smart factories, and in order to grasp the latest development
of future factory model, the concept, connotation, frame structure and key technologies of smart factory were reviewed. The definition of
smart factory was summarized based on the research status of smart factory and current instance construction. Combining the meaning of smart
factory and based on the digital factory, the main characteristics of smart factory was summarized. From the point of technology, three key
technologies of smart factory, the big data technology in data acquisition technology, transmission technology and analysis technology, virtual
simulation in MBD technology, the simulation system architecture and simulation model of technology and artificial intelligence in machine
learning, natural language processing and image processing were discoussed. The results indicate that big data technology, virtual simulation
technology and artificial intelligence are the key technologies of smart factory. At the same time, there is still a long way in that the key tech-
nologies are used on a large scale in the construction of the factory and the real factory intelligence is achieved.

Key words: smart factory; big data technology; virtual simulation technology; artificial intelligence

0 8 = TUHR A SO TR R T T 0 R TR | 4B S T B
H T BRI R A T RE 3 KGR A, I
BT RN RS B T EE SRR, BT B T BRI R
SER A G (A FHAR R A L R AR %
95[1
Bk TR, HA EAE S TR BT ik

G A, T BE T B R e R s = TEBT—4E Tolb Fidirrh, P07 & 3k E R B AR [
W PR H 2 SRy i A A il R o A

N T G EWERERE T LHOCHEOR M BURAE 2010 4 7 A A CEAE - A8 - R—1EE

RS HE#E 2018 —01 —08

ERTE HILH ARV H (LY1SG010009) s L4345 BF % 31 % B3 H (2018€01003)

PEB A B (1991 — ), 53, AR, 0P 92 , 2 BE M SRS R, 6 26247 4507 TS . E-mail:1414475191@ gq. com
EEBERA A, 5, 0% W S, E-mail: 1js@ zjut. edu. en



- 1250 - HL H

T fi $35 %

2020 =25 F AR SIS ) , A H AR SE P BT B R G (eyber-
physical system,CPS) 31 SATLER'™ % CPS #EH 8 X -
BRET J2& CPS py#fA . 7 IS ACF- A AR
K AT TAL 4.0 B ELSHIOEERT RE T Ao

2008 LT fE LIS, 56 [ Ay 1 4R A [ i 3 M 22 5%
Ritize i £ (AR S [ T b BORAE SR ) | 5 S il i
AR ) 85— R G S, S EIRRHE B R Tl A
IR PIER B (TIC) AT H A BE 22, f(e E 4y B 5 4K
FHEA ARG o AR ] 3 b T I g 1) L, S R A
S & e, v L S E i 2025 kT,

PR Tl 4. 0 36 5 o 4% i 3 ol | v ) i 2025
S5 P B A S R T2 A ERAE SRR AR S B
ARG IHEHLEE R = R B A i
ARG5S o 783 M SRl 4 5 1 1 R Y 1A
NEAE 4k + B0k + Baefb = /e 1)

TR R S Bm it i v [ A AR 43 S e i 38 Al
CL 2R USRS Un s 9 ] 7 L P, 26 5
HLA AR 2 ) A N N R 43 ) o = —
TR, EARBISE B 2R pE H T — i 1) R
SR T R s kB L R T RE T
& R 5 AR 2RI TR T R bR ) K
PEFHSE . B RE L) AT AT EALEOR (R%L
PEHAR AT AR S S = BOR T 1 B 3 [F)
(LR 7= R G0, AR B A 7 S It RO AR R e By e PR
Jo e f s 14 E A
1.1 I EX

HET, TR RE T A SR A 5 — 122 AR E
o EETT SRR d IBM R, A
MRS A AR B T fEA i B B N
A, XHEARN LB s fbid #5848, N TS
Tt AR AR RE T A P B B AR e, A H
IR TREE Y U RE T R RE LR B R A
AR A FR BN A2 TR A4 RE A A BE T, 5
E S RS R AR B A IRAS S 45, AR A1 BE 3

RE T TR B R I TR 58, lk f
FEINA R R T 2 ik o il Ao B van 25 7 Wl o B S B
BRI WP A EE R RE T S By 2 A
A R IR 55 s ik 25 B T s AR A0 ff B
PR e T A A R USR5 B A TR s
RSN E Sk I 55 9 U RE DT I ; 2R 5 M
oAl A R RE T B R & U A A Hr itk e
71 WRIRE ST R T JBIRE S A UG R

RS T & S EEXN R T
o SURFFRT

(D)FRETT g B A E T /ae” 1) 7,
EPE AR ;

(2)EFxE“ 2 He” HAtib A AR5, e &
BERRE S, T R IR B 2R FIRGEE = AN
K1) B A LUEIE WA TR, BEAR N —FE BN S
B FIWT B SCERL LS ]I 0 T Se BT B RB Ak Y
KR AF B A KEBAEHA BT EHA
CESHEEE o N F

(3) T & hn Tl soc g e, AR T 78
ISA95 F1 IEC62264 Fx iff i) LAl I R H PCS-MES-ERP
SER R JFRLC SR R R I R A R IR 55 4

25 LR AR SCH I BE T SR A Bk T
] LGl s AR B EEOR KRB AR R
FLREAR S5 R ARG BR JEr — A g S
Bt B Be A UM E) A B e IR R e A
P BT R Re A ] SRR BRI R A D HE 1Y LA i
BRI BT AR RS S A A A R Y R
TR Bk B REAR A i S IR B A R
1.2 HEET] WIERLEWH

TERHORFF T 5N, AR R T B #
SRS kM 55— AR R HE Al 2 1 iy 4 A A
JAE L, iR A - R A B Rl . e T S5&4%
T e g 1 st

F®1 BRI SEsEIT k&R

BT e 1)~
gt 7l + RS 7 i
MR SRR GE T T WE DR R R RS S RGBS AR BRI, (5 R AL I R B
ol TR+ A + BRI & S i s &S A A AN RE S BBk 1L 5 0 il i HOC A 34k
UNVNCPNGR RN | T REAIR
W SEBUEER AR A RIS O A AGI A S G S 3T AR TARR IR LTS8 AL
- M FOL005 ELAE AT DA™ B 80 A 7 o 1 B 4 1 5 R RE AT, M T T ™ T B B (LB R 5 5 A
T HYRBREA A A R, 5 SR A TR
o R IRZTTA 5 BHs 1 05 5 Bl 25 | A R B S I R 2 R A s Bl RN B R A O L 4

R b M

M )7 A




55 12 1]

FRULA, 55 R AE T MOHOCHEEOR IS BURER i

- 1251 -

BRETT BA R iR, AR e T
B ARRIE BT IRES . B R T
FRBAE A £ T M BORMESS ; 178 3 s b 2E
PR A 3 R RE T HE R R (1) 7ER
T 3 490, A P R AL B RE )5 (2) TEES
3 40U, D R G ST B R BE T 5 (3) 7EIH 3%
rn 3k, AN PEALE T B R T

CHAND ™' K s th | R mi L 3 2 B
T HESREE SR (1) B4 T 80, Se BB 4w
(2) 38 5t 475 2065 B HE AT 23T Ak B, S B i A
(3) MU AT R LB

FEGEAE N R T ERE T 2RI
TR L A AR R B R ARG T R A R e

T iEAS. U bsd DAFEMERN TR T
HE SHEDL

HET, AR F e T fEAE S | A2 AR R
B e T HESR AR G 1 s,
[ IR |

!

PLM, SCM, CRM, QMS
HIERPHR %5

BReT —
e

S L
APPF & APP &

{5 S A= R

1
| I |

neprE

APP TRy

(ERAZHE SR T A 1) TR R RE RS FORE SR . A
SFHIET PCS-MES-ERP 23 R T A HE 2L 454
PEAT T O AR AR B B SE. 2E M IR 4R T PCS-
MES&ERP 47 i5 J8 5 il i) £ 74k VB BE ) 104 4%
V-, FET gl e R A MBSE {A % 5 sk 45 BL45
W 55 58 AV 15 - i 52 HL V- 15 R8sl B 15 B
ARG B - P s - B R RE T S E R R
20t PEE T 4.0 SEEE IRl il 2025
S5 i 5 O B RE T RO A O BOR R A CPS, BT SC
PEPPER TERE T RS BB A RS B E
TR M4 )2 G E RSS2 s SAILER 45 i CPS
BOREREA ™ BT REIES S B 19 A SR AR 0 A
], LR B S i 2 R KA B SR A L A BOR il SR
SR CPS RYEM B AE T I 3ERE, (HJ2 CPS
ARFETRERE B PEROR, TR — 258 T N 2438
FRHOR REAEHAR A BERHOR GE 2 ORI
B s ek A2 B R TR 1) 2 R0 1 4 A 1S i
T HESR A 1) B AR A T A v A A5 A Bt
FYEE, I SR OB AR A MR Z T 1T R G kAT
B

ARSCH AT 7 25 F WE T HEAT AN, B i 1 3
TREAEHOR U HEOR KB E R R T
JHESE, i 2 R

Tm"%%m": T e e bk s ORWE cmmi [ e

: B IR R AL MAK MR% MRL GRR% ., | a7

: 2 | AN 8 L I RN

;P LEE 8o T oo omn i e “'.fi‘“ 8 D

D orEm| & e JECSRE TV ol &

: Gsili (I - P g -

B P PRSI VEIRRCE B A TR BRSO L S SR g
ok [ g N 5o gn | 9 | BEER @
Dy | fEGE =R o B W_:“ S LWl T
et P2 ke *e® & ,:;9’: I
H ) H HE = [ -V

; o IR R I B TT

Do lagm | PP 2 | S =

: - ABVTH AGV  HLEEA RS BEbUR ER ki

: g 4 g i 2

) B ﬁ & ! PCS N & <:> -

H -/ AN Sl 0 i o m@-.
< N I 1 & o N A

& (-

H =

A \ /. S \\ /
R i
(« ‘)) (t

T B

K2 HReT) AR



- 1252 - HL H

T fi $35 %

BT AU ISR T R T W2 . 52
T FBIIT) s — ARG, LR T R
AT $EASERE B | AL T 30 s oM By
OB BB B SR T, SR T it A A
AL, REIRH AR B 28 TR e 1) AR g il
KR, KBAEEAR R £ B 0 B R 4 o B Ll 55
PRt TR TR
1.3 BRI 2

BT B2—1MEENAS TR, A% P A
PEALHIE IR SS . 23 T R £ A R B
T 2R ae T st a2 etk T &5
T — DR 2R 187 S s th R Re T 41 H 3l
b B AT AR AL B RAE 5 ANRRAE 5 4R IS
INAERE T R e IR BIE R g AT fllpe s . B 3R
ZIWIRE T, RETEFIR L A5 205 5K 8 MBI AL A4 e 4L
XA EE &, DO BE T A Bk & i LA [ FR R
R B SCERRE T, IR B R T e

AR SCHRYR R RE T A S SO AR ZR 454, 45
BT HA W TR

(DEAE T FE . Ashik Bea e Tk,
L RAL KAk UL

(2) Bieth. PLas MRS BS BA BRI A
FF2) ARG RE S RES RIS E R A BE R

) mtE, R4 wAEFETHAKMEELAA
TR | H FRTIRE A7, 7E R A A A A J b
W B[] 5

(4) Rk, E = A5

2 EREL) SRR LA EUR

I A Ah B i AR RE T RO RO R M
CPS, i 5545 1 CPS AR e Iis i i &l MRy FoR
MR AR T A S HAR KRB HOR LA
REEZ AR A HLA, CHAND f5 i1 TR RET
AR 3 ANB B (1) 38 R o B AR S B 2 i
RO IR L 5 (2) 7E5— Bl Bkl T SCsl s 704,
7 TR W A P A SR AL REROAR ; (3) i@ T A
IR A S, S S A B B R L

B EAEPEN T 45 B B SEH R S A < 25— B
BB R AR R B BOAR i AR AR BOR , 8 SO B
i SRR 2 T BOCHEBOR R R BB 4y
PR AR BoR 38 = BOCHRB AR L aitE . =
FEA#E P28 R 2% 2 R R o

SR RIS L R RE TR — A LUK RRE

AR B B L

FOAR 5 EAOAR 9 265 38 15 R 35 g ZERl A i 1 CPS
RGOSR R REALAE A B
i b RTIR, BRE T REAEHOAR R HAOAR |

bR R | o
JE—— T \@ —

i itk
| ZHET Ak ER A |
o P s s | [ e
st | | et | | e | | s TN

B3 SR REAEHAR R AR R K

B STIE S e S e = -3 W ¥ 3| e S L U
PG I AR BESE 2O R BE AR R T L R
FEE ey T S R | S e 1T N R G P O =10
T B REAEEA R B RN T8 RE A
G
2.1 KEUHEHEHAR

Bae L) fEHsiTd B 2= RiE g5 il
Pghrgfe ARG R AL 0 A A T AR A e PR . RER
PEFARTI G THAEEE T B REHRIEIR R, B AAR
Her B R AT Al AR TR T &

2.1.1 HEREHK

il 3 MY A 1E AR A e A TR B2 R, —
TR AL HE T TSI SR AR 1) sh A B, 55— o 35 6k
AAAEEE P RS B . FBTRE T B 2k 2
Ve

£2 BREISMES%E

FLIRBOR Bk

TR Ta—

ket ey WESB
R DT SB A BSH 5 iﬁzmﬂ‘

ISR AT A

B A RS B R A

L RO L R ‘

B TE AR SR

B RSB GE T WSS —, HoCHm X}
SABIR R . B AT A R B AR AR

a2




124

FRULA, 55 R AE T MOHOCHEEOR IS BURER i

- 1253 -

AR R FUNHEOR WL P B R A | ik 2 5
PR B BN T B IEAR RS B REHURFIHLAS NS5

1L IREAS A B T B AN R T R AR A Y Ltk
Ho B RAs M2l it KIE OLRSG2
PO ARG ERFNE  Z , RLJE H RGPS T I 5
PR IIRE R — B A RESEDHRE, Ky
W RE T R AL K AL I HAT A FR I
FI RS BE J 19 07 1] ¢ Ji& o 3 2o 52 IR A% a5 1) 0 g
b AL IRAR REAE A 2l 7 e 2R AR RO BE , R I REAS X R
B BN A BRI THI AL N T B2 e B0 £ e 1 R AR AT
J A B AR G0 5 R REAL AR TR A A i R T L RE A
S FIT B B IS ARG, AL TE]

LIRS e ¥ 492 07 3T o3 o A e R Rk 2
SRAR AR TCRAL IR R R AL TR I 2 R I SR
P T AL A I T AL 2R A % (wireless sensor
network , WSN) ; 5K 5™ M4 1K 190 5 JG 2% 42 ek 2 19
2% TCLAL BT R AR T IO L AL AT R 9 e S
T3 T £33 1 T [ T EEK I ) Ok 2 St I 245

FIAT, B e AL Bt i B (5 AR (T L) IEEEL451 5
SUbRHER T, SCHR[35-36 ] BE T Zig-Bee AR BLIHH T
fRIRERTCIE D 7 58 . H TR Be AL ks i S 4 45
AR 2T, R A% SRR R R SEURE A A U 1) 2
i LIAMERU B AR B REfE s ok .
TERRE T R REHIE A8 N A2 R AR 0 =R
AR A A AL RS DT R R

HAEHUA RO T A 2k 58 etk iy eal . 78
REAEIAEE T BEEHUR B EOR SR ] = A 2 A1
W R R, HE &3 A TR e fer . ERERK
FRAER AR TE B DR BEHLIR R LA LA R AT 4« 8
HE BARSFINTRE S ISR AR AR I AT R BE 1, %k
INTRRIPAGRE S, BRI RETT . BT, B REHLUARY
KRR E A A E 2 IS s P ZE 49, a0 [ A1 i DEC
MORI . HEIDENHAN ,OKUMA MAZAK Z£% GEHLIR ; H
WL BAPLRSE HIHE L 15 RV BEHLR, M 4TiE T —
BRI REN T A R, RAT K
B AR I TR T NCUU 4 RER I BB &
A RB G- 15 , S RAE ISR IRAS . 2R TR REAL
PR, A BN TR A RE % B F AR 0 T3R5 ) =
IR O T2 8%, Sz ooy 2 aefem
TR R R e P A B A | B B s A TR S
TRz R GE, 7 8 M 45 R L sl 4R AR N DU AR
VR R RE LT R R BE ALK Bl T Ak
2, LAGE N AU 3 PR A e i vl s Al
GET P+ EH + g5 HATE BEHLIR 3220w [r]

KAV i 45, Rt /N i A T 45 098 se Ak it
FHEHIL D,

TolkbLEs N ER g T B Lk z—. BT,
PR _E T ALAF NS AR AT il A B Mt ABB (7 5]
KUKA | H A2 )1 i HLAT FANUC 45 Bt 5 W56 W45 R
1R BRI RE T R R, LLSAORI 6 N T A2
REEFARBYHE—2E N B X HLES N B 5E tf  2
T ) A L Tl R 55

RIS UK HLESF N5 R BRI 5 1 K b il
AE T B SR A D T 15 B G R REAL Y OG5
2.1.2 HEHEmBEKR

BUA R AL i Ty X = 2 A AL i F o 2 A%
W, ALMKERI LRI B a R E R
KAE G T W sh Ao s 1ok, BTt
47 =X B« ZigBee , Wi-Fi | i 71 #8584l UWB
45, RFID FARM B TCLAL i —Fh , B Ai7E il 1
EA T Z BEHT, dndl A B R A A
LA AT SEPE 22 A% R A, (R 32 IR T A B U
DRI, ST - e v — AR B R 55 B it 19 LT HE R A
T WA AR BRI, B XA [] A 580 o o A TRl A A i 2 20

BT S 2R T AL T AR, B
T T B EmALHLE TURPLG R A VL UMERE
i SRR

FRE LA A0 Hr Al i HAr2E AR RS R e T 1Y
B A I 5 O 1) TG 2 A% i, 5 A% i 1 # 1 g
b A, R AT SR AT T 1 R R .

2.1.3 HEFES>MHEK

Tolb KA 53 47 T B A — o B A i K U8k
Pt o A T-Be, s 85 S BHEOR Bl G, (45 80 )
M OMLERF ) RN TR RS, FRE L) xR
Pl S AP A 7 ok AR M A A 0% ) W T O R T A
B, B A SR o B R e ) R el
WHAREE X,

KR A SRR =7 H 53 BT B o SOk
[44 - 47 J9R1F T4945 BA RN SR B R 5t , g
RUBHRA IR RS AN 3R 3 R,

#=3 HABHELERS
B b By =X REERG

MR RS GFS &4 Map Reduce R4t HDFS R4;
LinkedIn JF % [{) Kafka &4t ; Twitter Jf %

92 b
A A [ Storm R 5¢
st Perkeley 0 Spark RS Google ) Dremel
EX)
s Ol TP Preeel B2 Neokj 55

I i Trinity R 5¢




- 1254 - L G

T fi $35 %

H i A £ e b 2 2R 45 1 W) A S Ab B 5 1 R
b G ZRetl G s S 1 R e

H AT RE I 73 A7 2 R TR 2 ) AR
UK \Facebook SEFEVR 2% > J7 il CL 4 AR — R Y
K @R 7 ST W B AT IR B4 b, A
e e T o BB B2 o it etk
AR A TextRunner NELL  KonwltAll .SOFIT . PRO-
SPERA 251 P55 mT LUKE A T8 . 8 A0 S 10
TR o0, S2 98 B 5 I R B (L. SCHR[ 50 -
52 13 5 =BT o v ids % BEAG T L DL T o 2% 45
T T2 0T AN TR R AR
P A P T S B T A LA &

KEAE I AR GE T s VB R A 2 1% s
AL R E B B H R DA AE X R b & i
M 1) FH P RS54 55, Th i] AR e AR R KA B T i ok
I, AT AR AR S IR AT L4y Ry SCA AT
b 4 AT B2 Bl AT Ak | 2 R AT AR AT
H A AT Ak A T 1) S 22k R A A rT AL Bk 1
ALY AT RS RS A RO PR 5
Jri o B AT AR ARAEE PP , RS HEAE T
ATALEARBESE D7 1)« R AL TC AR B it 2 A 2
JEWR B T3 SEBUE BAE AN [F] 2 B AT R, >Rk HEUAE

Hod fehim

B I |

PAEN B
GEENS

Bt

Bt f
Joutt \TEHT (s Doy
ST AR mE L

MRS AT RN KRB BT B R IE 5 £l Ak 52
B4k Ty 1) A R , i Xk 5CHI S I v A b 3 Z AR AL
FEE AT AL B A g P SR AR B R k. R AR S
ML 2R BB i B 7 v
2.2 EMTEREAR

A o R AL L AR AT S G B R
FEBAT A ST TR g T T
A S S BRSBTS
FLHARAE Ml ke T P & B Y AU T
Vit R A R ARG B IR R T A TR
I RGE T o

Wit 5 R AR A e e, K SO AL T I 25 Bk K
s AT N KRB A, 1 G5 B A -
£ BRI B R R L T 9 48 G 1 R T R W IR
e AR KB I R G 07 BB ey i
i1 GLOTZER 7 I\ H T gt L R B 215
FIPREE  JR , (HJR A B R G AEE & e L
HALE W Z PG B ARAT AR B, 75 ZAR R HOR
TR ETER

SR R AR AR R T R R K R
U B A AR B TN MBD £ R (i H R G 48440 |
TR 3 AR BE T RS H AR ) 5 L7 LA
AREZEFG N 4 FFiR o

AR
(=BT

MBD

, 7 it
it )
MBD

{7 E

CEriET

MBD \
15 HARR )

HLEEN) : &
. )%g@_
s

A

e
P \cenu

S SV
MBD :
7 B
(Z4En]

.................................

N e\ 235
(o
P\ kL)

........................................

K4 R ARG 1A

2.2.1 MBD # K

TR A5 X (model based definition, MBD) £
AR FH— R U = 2 SRR S8 8 3K 7 it E X
58, S 1] il 1Y 18T, MBD HRER BE T 52
BB 3 A SR v [ Y LT MBD
RIFE T —EFREREMAL; MBS R T

MBD #5 f T- 2 B R s 2 451 2 F MBD #R
FER T RET JURMARRE R T 2000 ik e TR, 78
S BRI A R 4 SIAE H 0 CAD 7= B Sl T
S HYEbRiESS MBD A SCHIRERLHL, 4 PTC  Simens |, Das-
sault 25, PO TF Tl A4 B HY Teamcenter + NX £ 4
PEARZ AV AE R 5280 MBD 3 AR 15 BALTE & 508



124

FRULA, 55 R AE T MOHOCHEEOR IS BURER i

- 1255 -

MBD %di i ds il HErE A CHLT S T 2k
s MBD AR N FH 2 i 2 40k, 4n A380 I & 787 4%,
H HiT MBD AT Hh A i) 1 Ml v feft 22 AR 2D, (] e
P [E MBD AT AE 5 B = Gt —An i AV BLRE
P TREXMELA /2 MBD 435 B 263k \MBD $2 AR %L
FALFRRE R RS A R0k MBD AR % 3 T vfE
B SEE AT e A A 4 v A AR T
b ey AR il ) H R 7%
2.2.2 BRAZARM

TEARB BT POy A T st o s
FLSZHS AR Is AT E e T AT S i a] AL T
2 TGS — RN A B, B ETE N AM
P SR P LT HLA 234 32 105 BURE™ 5 )2
1A Z2 4544 (high level architecture, HLA ) J& & 44 B
KRG R E RGN AR T, ETF
HLA $5 A, [ P SNRIF S A 22 iR - b SR ZS
RKZETF K o3 A0 2 0K 5 46 L3R 45 5 B B b B K
TR TR BT & 1 HLA X RARITF & T
H K HLA SRR 75 1 L Aegis BIEE T i SGHE1)
HLA X G i T HAE

H i E ] B RG22 7F Matlab | Isight 55 5L il
AT RS B, ME DL S 4 SR A 5 LA A TR AR TR
B AR FEE P LRGN, KRGTEREER
JE& T ) R S B A SRy AL L ) B o bR [l 7 A
HHEARFEF
2.2.3 fpAEA

LUNA 2 \" 56 F 2 AL A B 25y T LAY 1 4
K2 M 2 U L6 12 Rk B e 1 )2
U s FlR 2 U PE 5 STk [ 66-68 | W {ff LA A H 5
A BB AR THT. BHiRE 22 R G BH
H gk 4 Fos.

x4 EERGERFEERFEER

BIRRGEBIT REETITk
ETHBEARNERZGER  BERL MAEMNERILE
BT TBENERZGEE SH T B Rk
TR RN E LR EE Petri B AL 55/ BE IR K AR

BliE B R R K e ARG AR E A A U
KA I FLA RGO L BL AR A ] a1 T VR B
S 3 AT R ORE R PR T A £ AR AU T Ik 40
AR T s 2R A S R A LS B AR
BAEAEfE e HDF 234 XSO R 42, il id Map Reduce
i 2 SEAE SR A FEE | 3 2k Mahout Z4ig 4248 T. B
BN BT, 5l Pig o Hive $RAEAH N
WS . A & 27 FOBE A TG F7E 3e HESR iy 4

FE, SEBR I I 20 LU b
BRSO BRI R e Web [lid5 £
RERIIR B FOAR S 7 HEOR Rl T M 4R ROR
M7 LR BR T Agent I £ 5 07 AR KK
i VV&A RS HOR B K Ji B ARG . F i i 0
BT 20 e By CHLAGE g s Aol , AT 5 bk
Ti] 368 i M AR RS
2.3 AIZseRA

N T. 2 fE (artificial intelligence, Al) f KAEHE T
R K. EANTREBHEARNES T, L2 AL
Z [A)F I I HE  HARPMERYOC R LA Ak
AR REFLIE AR UAE —d o Ay Wi o7 ] 5 4 R ) i
20257 fmg , a7 TR RE R AR BB 5 I

N T e F 2B TR AE ORI RE RN
BE3 AN . REUREA BBk B AN T
RERYOCHEPI R, B3l A T2 68 A TH5 2 8 1) 0 3 2 1Y
B AN RER T

TR RET T WS v, e O B i) 5 R i T A9 AR IR
H: NTERE ALas A HLEs L0 LA SE AL
o GRENTREREHA KL R ST, N TR RERR A R
FLAEALE > H IR S AR R 3 M,
2.3.1 MEF3]

UETHLARE > ST B IS8 3 ATy AT
TS5 AU BS T sE . B ETbLas 7 AR
BRI 2] N LA 2 Pt  BEPL AR ARG
% \SVM B2.3% | Boosting 5 Bagging -4k | SCIHL U 55
W LR ) Sk EM SR ERN R £ )2
D0 24 28 R TR B SR A T SRR A 28 R0 5% | S5z [ £ 38
EENEEEA SRS PN 4 (e =W IN (53 1€/
o BAT RN B R R R BE T DL K 22 R R AR SR B Al i
AR ERE ST o Pldes D TER R m ], (7%
A AR AT AR RE ), HAESE
T hi s i etk
2.3.2 BRFFTAEHK

H 9k 1% 5 A B (natural language processing, NLP)
TETWHRI A R A AR E 5 A IR R S, &
G BRI A5 A A AR TR R R R A
PR RE TR

HET B2 LR F MR 2] 3 B ARG S
AbFR I HLIRAS T BORE A, 7 R 1 bR T D7 T, SCHR
(71 ]K DNN F15) Z 5 H] 1 856, AL A% A 23 T %
15 5 SCHR[ 72 ] 2 3d 3 i F 245 e 910 I 50 B Ao 2 R
ZESCA LS HACR AR 7 K8 N RO %) SCAR 2R i
ZYE, 15 SENNA REGE[73 ], W il PEAR T VLB |



- 1256 - HL H

T fi $35 %

T S CORRTE R 44 SR P 45 1 T 58— RO DRAE
2R, RIS T 3] o] 2 AR Ak ) R EE 0 24 ) S5 A AR 5 SC iR
(74 T TR P A7 R AL, 6 LSTM 15 2% 1Rl
LG AL, R H dropout SR , 76 SRR T LA
T ARG

FERLAS R 25 A, SCRR [ 75 14 th 1 i1z & 19
2%, 2 T SOOI ML R B 106 69 S0 06 2 S SCA AR
A B S SRR A 2 R 28 A

A B AR T AL BRI R B 2 A9 B e
At R ANPGRS B 1 1 2 i T A
KRR
2.3.3 AK{LLEFR

XTI E N N TR RE R R B B R UL, e i
DL BRI A Ay i 28 0 245 4 RS B R 5 AR ZR P R 4 )
EHEAIH AT e EG PSRBT b, SCik[ 77 ]
M F IFFEHUAL A5 T5 T SR A BRI T 280 5
SCHRL 78 ] RIS TAR B | P AR B B R AE 2026 L AR IR
TR 2 > B3k A5 T DX P BRI A Hh Bt ARG
HORMUN TIHEgZEE . HAl, BESUIE £558) 2
T, A28 22 U A IR | B2 A Y 0 L P S B
Ao T TR A T B BB TR R
ARG, BRI BRI

F AT B9 T3 REROR TR BB i 09 A4 ™ hn o e
I BERIFAZ L, RIS T 52 23755 1 N T e
A TR BT & SRR A, IXLE P R W
P RBRA T N T BEBCARAE A 7 I T AUk 3 I

3 FfeT) Mot 5es

A ENAMIFTE AR R T i SEPrat e ol A, 5
fe L) Ak FEMR A LN T LK

(P EZEFAR, REWESCTHER T,
16 H A o B ol Ak K my AR 7 8e , B Bk e
AR R RE T WIE R 218t 207 (AR,
ey G o o 5 NI (1 (=7 e o 0 NN L 2 7 o o 0 N

(2) B BT 206 S bRdE. FRE T ik
W RGEAE TR A LA TE 2 0 R, N IS 2k
SCERHEA T s AT B B T ) HL G A, PR T
BT — B I SR G E PRARUE | E KR
Y ATV BRIE BT X RE T bR b i, e 4R
WM=E s B RE T RGLEH, B bR XS
5 PN 5 5 SRR VAN R A T A v [ o R e T
] RR AR ZR 500 5 i R T AR AR R A

(3) BABEE RS AN, F o B A BB Ak 7E
FREE VL a9t O 2 S p R (H 2 78 il 1 4k

R BRI VR RE I AU SR B FL A A o ROR B T i
e RO AR, 92 5 U - FRU)  pp
22 P28 B0 AR REBOAAE il i ol U 1S

4 ZERIE

WA R B RE T B G i A 7 B A A
EORAILH, BEE TR B A AL Gk P R s h B E
A, R A B e ) R SR PR AR 42 A
FORBUR B RE T B B B A TF B L K 1007 L
N TR RESF R, YU X SEHR B 2 U BRK
R ARATIAE A I 1o B AR A B AR A5 ) AL, B A
FESEPR T i B A R R

BT B Z RS SR, AU TE
KA EAUDT N T B S O SR A ik R fige o, 7
V2 H AR A UL A7 A R AR 9 )

5 2% Lk ( References) :

(1] Bk P ES sedl s 2 B [T ], 2%m il AR, 2016,22
(5) :56-58.

(2] 2z 8, 0L EiehE T A7l B s
AemlE T [J]. ML TR ,2017,46(10) :23-27.

[3] X1 5,5k 25 RJREAEH, (it S Ay 3 & 4L A1 il i
P R A- g —— e an e S MR e E B 5 S i e &
b REAZLT]. =T H8hME,2017,36(1) :1-6.

(4] Hb2 B L) -fEEHESE Tk 4.0 R —2 (1)
[J]. BEhfLiEEE ,2014 (1) :22-25.

[5] KAGERMANN H, WAHLSTER W, HELBIG J. Securing

the future of German manufacturing industry ; recommenda-
tions for implementing the strategic initiative industry 4. 0
[R]. Berlin; Industry 4.0 Work Group, 2013.

[6] SAILER J. M2M-internet of things-web of things-industry 4. 0
[J]. Elektrotechnik & Informationstechnik, 2014,131(2) .
34.

[7] PEREZ F, IRISARRI E, ORIVE D, et al. ACPPS architec-
ture approach for industry 4.0[ C]. Proceeding of Emerging
Technologies & Factory Automation, 2015 IEEE 20th Con-
ference on, New York: IEEE,2015.

(8] EMESC BESh B BT " RIBHIFELT]. SE4 1§, 2014
(3):3849.

(9] ZEfAr%,sk Bk, EWe. =l i - i i I 55 04 0 2% Ak il i
B[] THEEHLEE B 2 4E,2010,16(1) :16-19.

[10] BE#IL, T 2%, Bk 53, %% HE W0 IR I R 25
HSCHEEAR LT ] TP G SR 5E,2014,20(1) < 1-10.

[11] 5k 2, M3, R I, T S H AL SR
LI R a2 4¢,2016,22(1) « 1-12.

[12]  ERA. W TR L) @R AR ] 5 EHAR

E{5B84L,2013(6) ;:46-52.



5512 4] FRULAT, 45 AR T RHOCHEBOR DT R LR A - 1257 -

[13] ¢ B2 Seedls IS &I, &8I T,2016 [35] SORRIBAS J, RIO J D, TRULLOLS E, et al. A smart
(17) :13. sensor architecture for marine sensor networks [ C]. Pro-

[14] Z=ff5% ZIeA. I fe T #Ee (e gk A 25 S i ik ceedings of International Conference on Networking and
[J]. fb T 241 ,2014,65(2) :374-380. Services, California; IEEE, 2006.

[15] B,k 7% BFREGEWNS T W AER [36] FABRIZIO C, BIAGIO D, DANIELE G, et al. Plug-n-
()] LA R E R 48,2016,22(11) :2691-2697. play smart sensor based on webh service[ J|. IEEE Sensors

[16] KLETTIJ. Manufacturing executing systems-MES[ M ]. Ber Journal, 2007,7(5) :882-889.
lin: Springer-Verlag,2007. [37] HIBINO T, KUWAHARA Y, KUROKI Y, et al. Solid e-

[17]  FhFAAR. BRACHIE A R i ka3 il i v AR 451k [T ). A lectrolyte HC sensor on gasoline engines[ J]. Solid State
kAR 5/ ,2017,36(1) :1-8. Tonics, 1997,104(1/2) :163-166.

(18] S, B B8 PEORERET) RN 8 {5 S [38] ATLURU S, HUANG S H, SNYDER J P. A smart ma-
[J]. 2 i d AR ,2017,23(5) .61-66. chine supervisory system framework [ J ]. International

[19] #HFr. FREHGE T KREEaHs )] b E T Journal of Advanced Manufacturing Technology,
i,2016(1) :56-63. 2012,58(5) :563-572.

[20] CHAND S, DAVIS J F. What is smart manufacturing[ J ]. [39] R A, TR, EINE, 5. BESPLUR KB R4 A4k
Time Magazine Wrapper, 2010(7) :28-33. AR KK AR aoE[T]. fldE AR SPLK,2016 (11) .

[21] Sramild, o0 W,EEM, % Fae L) TRENZZER 49-54.
AR EEL ] AL T A4, 2013 (12) :4354-4365. [40] W R LA AR S R R R[] 58

[22]  pESCHE B B IRIUAR, AR BT MR B RS %,2014(1) :29-250.
ARG R A1) B TR, 2017,40(5) [41] MAKRISS, MICHALOSG, CHRYSSOLOURISG. RFID
151-158. driven robotic assembly for random mix manufacturing[ J].

(23] e ELYHEAESZRS[]]. Ashikak,2012,38 Robotics and computer-integrated manufacturing,
(4):507-517. 2012, 28(3) :359-365.

[24] HALR fpaEdp. #EE Tk 4.0 SEug T A [ i 3 b % m [42] LI BEI-ming, LO S C. The design of a quality control sys-
T[], 2T S BFSE ,2015,36(7) :82-87. tem of PCB with SMT based on RDID and AOI[ C]. Intel-

[25] % Hi ®eeT) Bk K EslElT]. ashie ligent Systems Design and International Applications, Wsh-
1Y 2015(1) .28-31. ington; IEEE, 2008.

[26] GANDOTRA P, JHA R K. A survey on green communica- [43] gt WAPOrE , By oe. B 2 MR Bk LI . ¥
tion and security challenges in 5G wireless communication VLT K224 4%, 2016 ,44(6) :681-688.
networks[ J]. Journal of Network and Computer Appli- [44] DEAN J, GHEMAWAT S. MapReduce: simplified data
cations, 2017(96) :39-61. processing on large clusters[ J]. Communications of the

[27] SUN Hao, CAI Xiao-xia, CHEN Hong. Study on parameter ACM, 2008,51(1) ;107-113.
evaluation system of communication network[ J]. Procedia [45] ZAHARIA M, CHOWDHURY M, FRANKLIN M, et al.
Computer Science, 2017(107) :584-589. Spark; cluster computing with working sets[ C]. Proceed-

[28] skETF. SARMZEBER AN KRGEES RN HATT]. ing of Hotclooud 2010. Berkeley, CA: USENIX Associa-
B F BT 5 L2015 (10) :109-109. tion,, 2010.

[29] % 7K. PIEIEAE SRR A MBS [T]. {5 BEfE, [46] MALEWICZ G, AUSTERN M H, BIK A J, et al. Pregel:
2017(10) :239-240. a system for large-scale graph processing[ C]. Proc of the

[30] F % MEEERAREIRERRNHo )] 5 EH 2010 ACM SIGMOD Int’l Conf. on Management of Data,
A ,2013(7) :59-66. New York: ACM Press, 2010.

[31] FHEX,KET. EREEEM AN M. b b5t it [47] DAHL G E, YU D, DENG L, et al. Context-dependent
ZE MR A H AL, 2004, pre-trained deep neural networks for large-vocabulary

[32] ANDREW S, NEIL J. A smart sensor to detect the falls of speech recognition[ J]. IEEE Trans. on Audio, Speech,
the elderly [ J]. IEEE Journal of Pervasive Computing and Language Processing, 2012,20(1) ;30-42.
2004,3(2) .4247. [48] TAIGMAN Y, YANG M, RANZATO M, et al. Deepface;

[33] 5K (R RIRILLAL B ME RPN HT]. W closing the gap to human-level performance in face verifica-
WA ,2010(10) :50-52. tion[ C]. IEEE Conference on Computer Vision & Pattern

[34] SRB 5. T [a] Py BE W B TCLRAL BRAS IR 28R [ ] H i Recognition, San Francisco: IEEE Press, 2014.

NEHA 2016,12(6) :202-203.

[49]

PEEEHE, B/ N, Fou s, 5. KRB RGN AT R 25



- 1258 - HL H

T

i $35 %

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

RLT]. #2441 ,2014,25(9) - 1889-1908.

BINSHAMS M A, BUDMAN H M, DUEVER T A. Fault
detection, identification and diagnosis using CUSUM based
PCA[J].
(20) :4488-4498.

ALCALA C F, QIN S J. Reconstruction-based contribution

Chemical Engineering Science, 2011, 66

for process monitoring with principle component analysis
[J]. Industrial & Engineering Chemistry Research,
2010,49(17) .7849-7857.

CALFA B A, GROSSMANN I E, AGARWAL A, et al.
Data-driven individual and join chance-constrained optimi-
zation via kernel smoothing[ J].
Engineering, 2015(78) :51-69.
RAEAF, Ja [R5, R K ). 8 e L 19 DRl Ak B A AR
SHEELT]. BRIHEAR ,2013,37 (4) :927-935.
HEHENBERGER P, BRADLEY D. Mechatronic futures;

Computers & Chemical

challenges and solutions for mechatronic systems and their
designers [ EB/OL]. [2016 — 11 — 07 ]. http://www.
Springer. com.

FOEEOIE R, RBIER O e, Tr
%P R HERLCT. RGO AR KR 22 AR 2
WAL A s R G0 B LR B 2x,2014.
IR BRI , AR TELAR. R i A L7 L 1 PR A
5 IEE—P RN 81 LR i AR U e 2R ik
[I]. B 5 B R, 2014 ,44(5) :676-692.
GLOTZER S C, KIM S. International assessment of re-
search and development in simulation-based engineering
and science[ M]. London: Imperial College Press, 2011.
MER, R LT B A TR E SO R 4141
HRGMIT]. il AR ,2011(9) :62-72.

JEIRK G, A DA . MBD SZAE A9 7 ity DI R 0 R B I £ U,
Fik[J]. W A 3h1k,2011,33(1) :55-59.

B, B, BT RERLE SR RALECT AR T A
Bk S ARATHOAR LT ] A il £ R ,2010(18) 1 72-76.
TR SR REER. 2T MBD (TR SE S W H]
L] fias il AR ,2014(S1) 123-126.
TREEAE, Bh V04, B 22 3. MBD $ R B9 & & Iy 12 5 g
LI U Tl AR A 5 i ,2013(2) < 15-17.

R HLA f ARG IR JE SHIAPFE[ D], K
b« [ B R BRI A58 A B ,2003.

L R T HLA A 05 B2 S8 R BRI 58 B i Y
D . WG IRIE : W 2RV R 2B R 2 e , 2007

—

A5 A
FEULAT, B AR L) MHOCHE BRI BUIRZA A [ T]. HLHE LA ,2018,35(12) 11249 - 1258.
JIAO Hong-shuo, LU Jian-sha. Summary of smart factory and its key technologies[ J]. Journal of Mechanical & Electrical Engineering, 2018,35(12) ;1249 —

1258.

[65]

[66]

[67]

[72]

[74]

[77]

(78]

[79]

LUNA J J. Hierarchical relations in simulation models
[C].
Los Angeles: IEEE,1993.

JRGET. (i FA R ] 5 45 BB RBEFE [ D . R3%
KEM T RG22 ,2012.

JARAE. 2 2R A5 BRGSO kPR
[D]. R WP R A EAR K ZE R RG-S E My b,
2007.

P, 2 T B AR R ot )] AL
{5 ,2013(2) :14.

PREEAL. R HVD KBRS R A TR R T[T ].
A E AR ,2015(12) :25-29.

Mo Bk BR HLER S S LA DGR ZRR T ]. Geit
515 Bi£1,2007,22(5) :105-112.

SCHWENK H. Continuous space translation models for

Proceedings of the Winter Simulation Conference,

phrase-based statistical machine translation[ C]. Proceed-
ings of COLING, Mumbai: ACL Press, 2012.
SUTSKEVER I, MARTENS J, HINTON G E. Generating
text with recurrent neural networks[ C]. Proceedings of IC-
ML. Bellevue, Washington: ACM Press, 2011.
COLLOBERT R, WESTON J, BOTTOU L, et al. Natural
language processing (almost) from scratch[ J]. The Jour-
nal of Machine Learning Research, 2011 (12) ;2493-
2537.

LAMPLE G, BALLESTEROS M, SUBRAMANIAN S, et
al. Neural architectures for named entity recognition[ C ].
Proceedings of NAACL, San Diego: ACL Press,2016.
WESTON J, CHOPRA S, BORDES A. Memory networks
[C]. Proceedings of ICLR, San Diego: AR Xiv Press,
2015.

o B AT RE i SR EOR (1] A5 Bl
FH,2017(1) :16-17.

FEPTHE. N LR R BRI [T ], JE TR, 2016 (6) -
18-26.

FOE R B TR S gL > R
FAFRRNEER[T]. 2017 ,44(5) :99.

r e, 2 . DU RE S AR AL IR R B b [ R
20257 [ CJ. v Ak Bly g b 265 0] 235 46 4 30 45 ) B —50
= b BRI Ut b E bR (R Ph2r ,2016.

[R5 AR

CHLHL TRE Y 2438 s hitp : //www. meem. com. cn



