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Discussion on Key Technologies of Digital Twin in Process Industry
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Abstract Process industry is a part of manufacturing industry and foundation of national economic development,
mainly including chemical industry, metallurgy, petrochemical and other industries. Its safe and efficient produc-
tion has strategic importance to the country. However, process industry is facing the problems of low efficiency of
resource utilization, poor production quality and serious environmental pollution. With the development of informa-
tion technology and artificial intelligence, the technology needed to create digital twin for process industry is gradu-
ally mature. The digital twin for process industry with the combination of virtual and real, intelligent and optim-
ized operation, has a great application value and potential to change the whole industry. This paper focuses on the
digital twin technology of process industry. First, we expound the necessity and importance of the application of di-
gital twin and describe the mapping relationship between the abstract model of process industry and the digital
twin theoretical model. Secondly, we summarize the concept of digital twin, and compare it with CPS (cyber-phys-
ical system), industrial internet and other concepts. Then, according to the sequence of data flow of digital twin sys-
tem, this paper puts forward six key technologies of digital twin system, including data intelligent perception, multi-
source heterogeneous data integration, data efficient transmission, digital twin construction, enhanced interaction
and transformation application. Finally, taking a digital twin production line of ironmaking system as an example,
the solution of digital twin system in practical industry is shown.

Key words Digital twin, process industry, key technology, practical application

Citation Li Yan-Rui, Yang Chun-Jie, Zhang Han-Wen, Li Jun-Fang. Discussion on key technologies of digital twin
in process industry. Acta Automatica Sinica, 2021, 47(3): 501-514

WAR ML T EZAR T e, Atk G448 B

ok B 2020-03-20 3T HIY 2020-09-07

Manuscript received March 20, 2020; accepted September 7,
2020

X AR RS (61933015, 61903326), H ok Kk A RHR Y
S WETH & (K20200002) (WHT K NGICS KTFH) %l

Supported by National Natural Science Foundation of China
(61933015, 61903326) and Fundamental Research Funds for the
Central University (K20200002) (for NGICS Platform, Zhejiang
University)

A TAERZ A

Recommended by Associate Editor WU Zhou

L WHLK%: NGICS JF- 6 A 310058 2. WL K2R
5 TR B BN 310058

1. NGICS Platform, Zhejiang University, Hangzhou 310058
2. College of Control Science and Engineering, Zhejiang Uni-
versity, Hangzhou 310058

AT, FAE R ) R k2 ) A
AR S N B, 28 S T AR OB . TR AR
AT AN B ZE T2 46 S0 B2 AL i b4 K} 5 H g R
P W ERED S5 N R E 2R,
U, JRRE Tk A = AU Aol 28 6 EE 2 2 3R
] B8 B AL 2 R B 35 B S kR 72, R i [ 5%
K TR BT 3 E R AP K ST & AT
BARIIE A,

A LG T B HHE Tk, JifE Tl B BUR LA
TR



502 =l 3 1t =2 Eitd 47 &
1) R R R 4 HAE DR, W % T 1 #FI4E

2, B AL 2B ARHME. TZE T EEE M

BAES G A Rt e tr A &5 E DB &, Hin L 1.1 BFFEELR

TEZ AR RNHEE M N, 384
FEAE AR A,

2) XFLRE DAL, 9 7GR, R
WATE I B A [F) D RE T A BRESR R HE AR, AR
B FE AL, BB TR ER R —
M2 EE FEPN TN AR LN PN B S E VR A

3) A A 8 HC b A o A sk B I T DL B
PR, AR TR R, R, —BRE
S BB — L O AL, I R K B
S, I AT REE AN U T 5 AR SRR,
ER 75 22 PR AL B BB B TS B AU
H 49 D he.

G AR DAV A PR EE T ALK, KR
TR TIN5 B DR T AN 53 AR i
VNI G s 6 | EQ TS S U= 7S i Ve et
g LR AR, A B BT R,
[ SR Tl 2512 Ak, SR8 B AN W U
M, MVF 2 A TR AT 1 BOEE IBR 515H] &
g8, SRIMIRE T B AL 2 I N 2% 1 1) g Jot
T EAR G, MERETE AR R AR %, A7 S A
W JE R, R, R RE R AN(E B
S RO i RG22 P 1 B A A A Qi AR A e ) X

A5 R DA b i A, B B L A b i

BRI R A A BEABIIRER = 7 il R

AP RRAN T R HESCR ORI i e
S5 R S AT A SRR R VAR P SN R AR, A
AU Al 22 5F Rt 32 451, 1 HLV5 B8, fa RN
A2 ar. MERRERAT LI BT R A R e,
M AAERS T SHR R PATIZAT, KR E S
S, LB I R RS HE N S ] A B
AR JEE st w8 4 A i Jo SO B 7 R
WS EEEIRE, W ULKIESRTHR AR AT LA b &
AR, e R AT by o e,

EEXHARRE T B 7 A SRR A RS R, A
SCE 1 N HE T AR R BOR B B, FF il
PR Gk, BIR Uy AR A S — RIS I 52 A,
A5 2 ot A 2R A B 5 SCA SR T B 55 2 1
R Tl G ML VBRI, IRk 5 80y 28
AR SC AR, an e R BT AR AR AR U ok
27V 4 =Ry e L PTGl L B BURE o E N BES
AP TE R AT R AR AR 5 3 AR T
PR T AU 2R AR ) 1 BB 5 4 T RL— 2%
B PR T EON B, FeoR 1 B R R EORAE
TRRAT Ml o AR L A R 7 56

bEE REE . =ik 5 N TR RS A AR 1)
B0 Bram AR N E B EL R 48 (Cyber-physic-
al system, CPS) R4t 5 L4 il 7, IEAL TP
RIERIH B B 2R B B 52 /2 £E 2003 438
5% BN K 1) Grieves 2082 BT FF 310 72 i 42 A
JIMAE HE (Product lifecycle management, PLM)
WRAE b, HINARZ Y “ 5P i SR I U
WFRIE”, BEJGTE 2003 ~ 2010 4R [A), #7728 AL 4 AR
R BB RS AR AL B B 2011 4, £ESCHR (6]
i AEER T A FeER AR AR 244 A IR A
FAEIF-EHES. WG, RETEM R E
5EEEZNTNIRE (National Aeronautics and
Space Administration, NASA) £ 2011 FFH JEH
P, 3R T ATS BT AR R S, JFE LT H
FAET NASA 1E 2012 4F, KA “EAL 05 55
SBARFIAL P 5 2 T, K B 2R A R N AR
PP 2013 4, 36 B 43 ZE A AT (4 BT 20 ) Tl 2
BHERRI ST, B8 e R M 2R A IR )y«
SRR e AR B R VEATLAE, JF T 2014 FEA LK
B g BB EEEARTRET — &
FIN B . L, B2 R SRR R R
WIS IERI AN, EEA, 2017 B ERE R
o B R )1 22 RIS RAE SR Re it K4 B
B 22 5 gt SO ee i+ KR e 2 —. i
IR PLE H, B AR A R R EE A AN B 20 4,
PRI B - 28 AR R TR AL T BRAR IZ T R A R
K R HIBT B

BWFTEEBRENX

T AR AR AR R A R, 245 0F
BA TN G hniE. R F AR RS
LR 5, AR FE R T T AR AR ) = 4 )
5 H AR, SCHR [12-13]) A ZR A A R
JERHAT TR 5 VAN, Dy 1 RE 5 R B 2 00 3
R AR A ARSCR A, E i X B 2R e
RS, & X2 AERNEAR NS Dl
1.2.1 CPS 5% =Fz%

CPS 183 5 sl e ik i R 5 3l AE L P55
15 BB B sz ok, M 72 m 5558
1L VNI 7/ N2 S N Y S 3 AR S NS Tl
TH. = AR ER RS, LRGN RS
AT I 4% 75 W N PRI EAR, Shals i, M sS4
G TV AG FER R & 1. CPS Y P2 R 5K

1.2



3 3 P E RS WU Tk 7 2R SR BRI 503

XA KIS AN IE L, Wk, CPS #ie M P (WEE)
KIR1F C (BFE), MTH C Rzl P. M 72R 4,
e NP PR SEAR N R —ME B 2R A
i, £/ CPSHEGH AP (3 1321 C (5R) 1)
e, BB @ik CPS #yl, & CPS
RIBERLZEH B, & CPS A% L R H AR 10, 3T
R [17] o, AR 3R A i 2R A ) 2R T g
T =P al CPSs, M /By A2 E CPS 1)
KgE—. W2 A M kU, B 2R ARl
FE REAUL F b R AT e S B S S S R AR —
U, B8R AR — 2 EH T CPS, B xR
& FIR s AME Az
122 T EEMSHFE

2R BOR R BEAE T 204 R 2R A 4R
AP PR SR —FE 2 SEI FRAT 84T 1. XA A M A
15 H 2R AR AR AR BT SR AR P R 55
FHBA S4ESRSA. RmEeF28 45 55 5
AR A A IR 2% S A . T ol LRI, 4R K2
LA %)ZE.TAAS (Infrastructure as a service) 2+
PAAS (Platform as a service) =+ SAAS (Software as
a service) J= 4, 45 GRS AT K Tl APP
(Application) % UL 0% K 1O N H IRk %5 5
fife i 7 S0 R, Tl BRI A 2R AR A
AR AR, DAL B IR R B 2R A R S A, 2
K2R A A RO B 28 A R U 45 b HLK
WA 25 R R S O B, PR T ML LI B
FJZE T AT BE R,
123 BESHFF

AR S0 2K, R R B AR ] 2y
=L U A 5 7 AR, =4 LT @ A e A
AR E B ), R AR R AR B B R
7 LR B AR AR AR SR LT T AR AR AL, MR
JE T b A S R AR, (2R B A R,
G, 07 FOEAR A A T SEAAREAT R, T
AR RN SR S Z), RI7 H AR e 18— ) R
Sk, SRR AR AR ST T B S8 i) e b T R A
Ui ] 40— AN ) R ZR B A, A AN [ AR Y 1 R A
[l — AR AT . LR, K2 B A7 3 X
—NST R ITHEAT Y, TR R B 2R A
AL, IR BT G R B R,
DR e 22 A 5 A 2 YR 2 RO, AT B
FEZNZH T BT R & BeAh, B 2o gk
TR, 85 Y SR R B R AT SR A
R SERE, AR R AR,
124 WFHI] 5HFF

By 0T RAP A A i ) ST 0 R SR HaiE O ik

fih, £ THSEHLRE IR BT p, B A A P i R AT 1
H VR ATEAL, FREE— 20 BB i 2 i A
FA T R A P 207 . S S ESRBE, He T
R DAV B 8 92K, B E R G,
X A A b A ) A8 B A T ) AT SR
LoHFIE PR SEAT N R o T SCRE, 5T,
B L) @ik oEd =@ 50 5,
NP LR B 77 i AL SR AT A A R (g ke
Jr &P AT, AT T, Bl
PINATE, BRREREAR, By PFERET L
WAz, AP R E 2 Ak B R . ARG T
BEANF, fEVURE Dok, thF A A RER
A B AL 2 IO, AT 2R AR AR IR AN
Hor b =R i, B2 7R B Tt AT L2 Bl
BRI B )RR A, 0 R SR A R A
BB E FIBAT IR, A AE TR (5 538
I DT 5.

2 RIEITA S H TS HIRRETHESR

55 1 ORHRURE b R RS A B AR
SE S HEAT 1A, AT R Tl AR R il
FECARA, IS SR AR R R P 0]
R MR N HEAT R, ANTITIE B RE Tk 2 se
R 58 2R AR AR, M PR IAURE b 1 A
e B[R] e AR i)

21  G—WYBELIE SR FFFEFMRIERE X

WS 1 TATIR, URE b B = B s 7 TR
FE TP A5 % DT S50 F 0 PR X £ PR K
SR ) R DR A T T, e — 2 B A A
Hok HORTFEMERARES. MBI TFEAEH
AR, TR X — o) ) OB T B

Wi 1B, SR B, ok SR R — AN R A
F=% 5y N ERP (Enterprise resource planning).

: N ttt
H. Z. 4
MES/)Z %
/ RN
E/ 8PS
PCSIE /L '
r\ L éj\\ ;F&\ HTJ‘

I | £ E )

Fig.1  Abstract structure of process industry
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Fig.7  Technical architecture of ironmaking digital twin system
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