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Three Layer Knowledge Graph Architecture for Industrial Digital Twins
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1 Institute of Computing Technology,Chinese Academy of Sciences,Beijing 100190, China

2 School of Control and Computer Engineering, North China Electric Power University, Beijing 102206 , China
Abstract As digitalization and intelligence continue to develop in the industrial field,enterprises are facing challenges in impro-
ving production efficiency.reducing production costs,optimizing production processes,and achieving real-time monitoring. Digital
twin technology has received widespread attention as an effective solution. However, there are difficulties in data acquisition and
integration, model construction and updating,and real-time performance and accuracy in the process of industrial digital twin con-
struction. To address these issues, this paper proposes a concept-instance-module structure design method based on digital twin
knowledge graph. The digital twin knowledge graph model proposed in this paper adopts a three-layer architecture of concept-in-
stance-module. The concept layer establishes a comprehensive and organic knowledge network through the knowledge graph. The
instance layer achieves digital modeling to reproduce theoretical parameters realistically. The knowledge module layer integrates
the knowledge of the previous two layers to form functional modules for comprehensive monitoring and control. This model can
provide more accurate and detailed modeling and analysis of industrial processing knowledge, helping enterprises to achieve ad-

vanced application functions such as digital modeling,accurate simulation, predictive analysis,and anomaly detection.

Keywords Digital twin, Knowledge graph,Intelligent manufacturing.Optimization of the production process,Quality control
T R SYL VS AL MR o AT R TN , 42 A 0L X R it . A T AR R
=

A BRI R BT HE L AR T%BTWFFJL*”FP ol g iz

B & Toalk 4. 0 I BE ] 1k 00 P & e, £l TF T I 48
1o A PR RROR R AR AR 7 AR PR AL AR T o AR LA K S R S e W A
SRR . S AT I e Bk L BT AR A R AR S — Rl A L
SIS AH TR EERZ R TR, BT AEEER
VI BHR £ | FR G ol 0 AR Y R PLBE A%, T DA S B 5 SR
S Bz AR R A AT M R AR TSR A T I S

B A A T AT T SRR AN B T 4 e 2R PR ROR
R AR B AS (3R T 7™ B i DA B SR T SR AF U . A AR
Al b B 2R A R % ST BN R R A 7 LR Y S

FAWH . R E S &R (2020YFB1710400)

B p AR W o 2 PR . i T Tl B4 AR P ok 2 R
I7] 25 20 ) £ SRS 47 o 25 A AR BE 4%, 45 Pl 4 =2 1] ) 1A 08 26
544 PR AR A 2T BE AT 78 22 57 KUOHE AR IBOR 8 5 728 45 TR X
R R i3k 86 KON 5 M0 2R A R AR 45 5 LS B S B B A
Bt ot — 5 T DA IR, LK, B AR A A S B
i 3t S I B S A A B R G AN B L (ELAE SEBR LT L B
F AT A AR AL L B B A AR ) 3 2 R TR B

2R A AR S BN W 0 AT R RN TR LA R 5 IS A SR
(Rl 25 o [l B, 507 2 A A AR T S el i i 9 S 4 S Ay 8 A, JF:

This work was supported by the National Key Research and Development Program of China(2020YFB1710400).

WA KRB (mdzhu@ict. ac. cn)

230400153-1



Com puter Science FFEHLEIY: Vol. 51,No. 6A, June 2024

PRAS A i RS B, LAB DR A= 7= B A RS E RIAT R, R L 7 <2
P 2T P G oy S B gy S R T LA A T
FHA i 3R o — A IR A5 i e ) )

AT T I =R A R il e B 2R A G HE T,
2 M 2 58 R R ST A T AT LAY R 2% A Bl T
DB S A U, S 3 AT B A SR S
B ESHR RS T HF AN E M BN, &
S5 PR 2 B T S ) = 0 ) B R 0 R AT BRSO EOAE
B S A R s 0 D RE AR ER AN O 20 A S RSO A L A B
AR Tl TR RE S A B T Sy ol | 20 Sk s A 4y
A o AT B0 i ol 52 B A AR A A 7 AL TR0 A
S A I 25 s G T D E

2 MXTIIE

B 2R R SR 50 A ) ) FRASE A AL IR R B AT T R A
BAG ER SR YR 2 RIE MR B R, 7
002 1] e 52 B e S, DA T S e R o R (1 S ke 4 1 4 A
SR R L PR B AR A Y B R A R 00 2B S i L2 )L )
Rz A DL R W 15 B sh 2R I A a A k5
ERM,

Tuegel 25T T — Fia] LU 25 2% A 45 48 %5 Ay ok 47
THUI AN BT AR RS LI R G TR BRIC o BT AL AR
AR YRS 1 2 AN R WA B AT AR SR P [ Ak 2R
LA S 3% 45 4 2 i 1) IO A 6 . Guo 28038 b 4 B AR 4k
e TE T 20468 A0 5 0 it ol AR 50 0 AT T A R AR Sk ke
b AR A S I A AL

PR B Tl A R S S R A v ) R R
CFE Tk T4 5 )72 56 . SE AR R s H 5
B AU BT 8 i B T BLAT B L T FLE Tl 4
B R R K ARz R R E A AL, AR A R AR — Fb
HE T U 2 B R PR TR =X, TE R GE R S X — H AR
B3 B4 R, Google T 2012 48 #2 200 3R K 38 X 4
A P RS R — b A BE BRI T A iR
ZIHMRR, B LA SR RS R S - s - A =

TR B AT R WA ARG T A I TR [
o R G i R AR AL T — b R A E B T ORI IR 2 2R
REZL o R I 335 mT 23 D 3 FH 20 LIBT3 A e 3L ] i 7
B BT RS A U S AL T T TR R R LA
it F 207 FH W E R w R R ETS 8
RO R RGN G, T B AR Ok M 1%
SR BT T BB A TRk R T I T A B E AL R
TR B Gu RS T — R TR R B 0 AT 2%
PR TSR BB ik % AR TR R R I T A M B AL
RAAF—ESHE XL, Han" PURHIUE LY f B2 S T 3
TR B AR 09 0 L i R R A B A kT 28 O R
P 152 AR X0 ) 00 B 7= i RO AR B 2 AT RUR TR A
ST XTI T B SRR A B . Wang S5U X R BE
I 380 A9 T 0 T 2 ORI 5 4 AR 4 22 TR S 4 O O HE AT
PRI, )l T A T I 0 R P T A 2 TR 2% B R R K Y
YNGR T AN [ 22 2T B8 0 d 2 4R v T A AL IR0 D B

SRR PR AT LK 22 TR BE AT R A 0 SR R R LG R
SR B EAT IR O FRR L B0 2R AR B £ B A S A
SRIBE s DT 0S5 8 38 IO A o O W 30 52 B 3% 5% o T At 52
PR LA A v A DT 48 v K0 22 A ) SO0 T DL R
BrRE T o AS SCHE M A9 = )2 0 ) 3 45 4 mE A 5 B im0 A 42
THT PR A T it 07 28 A ) BHOGE SR AN TS AR K 3 R ST
B, ol 5 B v A O A AN o) Tl i T AR B

3 ZERMIREELEMIZIT

AR SCHE T Tl I TS RE R X — 1 R B AR Tl
TR 2R G 0 T A B A g A AR — AR i LB . S X A
B ARSCHR T — A 2 2 OB T A8 AR B A -5 - S
=2 S5 MR Il 1 TR o 3 IS AR DT A ARE A L S 481
AR R 3 AN 2 T R RIS, A Tl i T AR A £
B R X T 3 0 R R A B B N AT AR, X — A
RIAG 22K M. S G2 R seagx Tk in T
R HEAT B R HEA A0 B0 AR AT .

foiP 5
v v |
w iz ke spiz @ wnE H it K2
wikg ] A2 i% £
|
kil W A
o T

2

ey

BRIt

4 0

1 3 3 B

RARM
-
I

B 1 R A
Fig. 1 Architecture of knowledge graph

T 3 A K7 28 A LR 15 A R v, A8 A R A o

SRV B R Tl i T 4 A R SR ABE A AT TR R A2 4 A SR TR

230400153-2



B WA T ol B AR A ) =R AR R S A B O vk

TE G — A4 T T A5 AL A9 R0 00 2% 5 S ) A J22 T DU 5 e o 300 52
TS b Tl i T B OE R AT RO AR T T AR
BT R S B Tl 0 T ek AR 3 e S R L I P B 5 T R
B J2 TR FE 52 491 J2= BT £ Ak A4 G W 17 LA L S B R T RE R T
PR Ty B8 SR, 8T 58 BN Tl Tk A2 e i 7 ) Y
AR .

4 FIREEE

4.1 BERE

IR 3 BT 7R M2 A S 2 2 UK 28 A R R G
AUREAR oY S T HEARTT R R R LR ITR W A L R AE 5
SR Tl o T 0 R R AR R X T B T R AT IR
B W FEA TR B EF R SR YRR T EEN
e Ay BT A IR S LU 2 T B T R AR A A R Y
. MERTLUERRWT

C={Cp sRr+Rs,Cg} D
Horp, Cop FORFEAME S W G5 0 5L T WS B h & ST R 26
YA B — 1 s R R 7 LU A9 28 A0, B 1 A &2 T M0 2 o
H 22 AL RRAIE 5 R 22705 ML) A 46 T 3, S8 T LU0 76 5 7 3
ST BT R WA Y 70 2R G5 Cr 27 17 45 %€ KL T T A2 A 2 AR
JLEER R T HA SR Z M AL R,

B2 B A RS R

Fig. 2 Conceptual layer of digital twin knowledge graph
4.2 XLBIE

SEAB 2 e T Tl 0 T AR A A S G L AR R T L
RO 29 B % A 0 T 7 v B 3 B o B L e O
TN BT AL A B 3 iR X — A B AR A i
A D) B AL YOG B 0 B8R SR B L T Tl AR e
PRI 2 B A TS FR BT, LA AE 5ORS B AT S PR B L . AE
S B 2 A g 5 R v, SRS AR S 2 b R Y B AR ST K IR Y B
B2 F R 29 K 2 3 i X R R 0 3 45 Bl B o AT IR
AT A5G 70 2 WUIR S RS 4 208 M — B 2 A
5 T AT R A Y o A P R G M L O Tl i T R 4R
BETRE B T SE A B SRR . SEBIRRA ) LLR RN F

I={1Ip,I+.1p,1,} (2)
Hp Iy (BTG EAM S TR TR —RS . 1T
T 0 A 1 S 081 2 T A A TR v gt ST R R RS 5 T R 5
1140 S AR 11 Tl 5, 15 A0 0 2 o S A AR A 00 A KR X )i 5 DA £

IR 9] 45 IR A8 5 D0 3K =2 [B] Y B R AR 5 T A 3 ) ) B
ARG  RITE ) A & 0 3R S B I, 4 R IR AN & o0 3R AT
LA 1 3 i AT AR D 552 1A i 52 1 B A TR L LUJRR [R] 26
S 2 18] B AR 5 1, )30 S ) B AT TR PR AR A B TE R &
TLR LB T S0 B B A B A A R AE JE L 0 S B R 3
TR 0y B A L3R T S0 7 A S PR 05 ) A R R 22
P AT LU T 89 45 SR i

L ={[Py+Pys=+P;see, P, 1} (3)
Hop, PR SEBIR B SR ¢ AN B 5T IR A s N RS A0 AT
J A B

=) A ) )

3 By e e R R S )2
Fig. 3 Instance layer of digital twin knowledge graph
4.3 BWHRE

BB R A S B 2 AR YR PR S 2 ) T e N L A T A
S J2 Xy BB S5 B BEAT AR 08 07 ECRC . b AT 4 BTOR .
B T o e AR Y A L AR R R B T IRAT B 43 BT LS
G I LA R HE A s 5 10 P D REAS B, T G Gl L, T RE A B E
— 25 5 4 S A A Y P 2 3k 0 T 25 BN L A B S 0k B B0
AT SRR AR S B Tl 5 AR e o A TR AR TR AR
PR AR RN -

A={Ap Ar Ap,Ay} 4
Forp, Ay AR 3 2 REASE Bl S 451 B4 ME— B JRAT L L IX 43 R ER 3R
AN T RERE B s A AR R T REAE SR 1 25 531, Sz e T 2 RE AR
TE R0 28 A TR 35 v BT 9 36 A A 60 B B o8 B R B T 3
5 Ap fUFR T REARL e BT (O ) B SR XSS BUR R AR IR A
S B SE  v JT S 446 Y 2 A 3 RCHIE R ST A A UL B L S T g
MR AL T AW A R LSO G0 T S RE Y SE B Aw AR
2 1 RE AR P T SR FH 00 B 12 A5 AR s 6 B g A5 R A ) 95158 1) L
ARFNTT 3, T By BE A L AE Iy LI X Tl 1 3o A2 v 4 9 7 1)
REHEAT T AR . A AT BA T T A S ORI

Auw={Ms.M; Moy} 5
Forbh s M 7R SR TR AR RY 19 25 4 40 4% A58 Y 1) 1t £ [0 255 45 4
S B AR B My F R B R A B S S Y TR MR R A A
B B8 U AT B s Mo 3R 7R B8 AL 0 Jy oy, X 0 T R A R 1Y
B AR

B A A B R DU & )2 o FE Al 38 5 ek b i 4
SR TC R BEATIHRARIAT , P H TC R (8] 849 5 5) ¢ 5 R 2
R BT AR R A R E U2, B8 T BT AR AR A A
BT o S )2 U T 0l i SR i AR E TR L R IT IR AN
PO A A, O S 0 5 A 1 g R U 4 R O B 1Y AT 2
R 5 0 Tl in T B4R A TR 0 AT SE R BT O . R
STFE A Xy LR B T AT ARSI O B LB TR
TO 4347 S ARG LA K At e £ 17 FH D R B AL D RE A B

230400153-3



Com puter Science FFEHLEIY: Vol. 51,No. 6A, June 2024

o B
fgzma] [B¥mu

[2at ][z zon] [mepimat][ |

i N LR

JU R

;
odgb
I

NERLRS

G#5E O N N
(zaxE () RN S S A T

B4 By 2o R B R R )
Fig.4 Module layer of digital twin knowledge graph
T ot B R A R Y =R SR T LR Bl Al 5 84
AL DR A O ECAEALL B G A L S R T 45 5 4 D
B > Ay Al B2 55 A2 7 00RO AR DR A T A A R B
KA S L
bis -

HEHN

v v
THIY THmL
fo T 8 % 7%

70 1P 4 B

v

5 ZEREHHMIREELNA

Tl fin A B B AR AR R R T R R — ORI T A
T AR R 07 SR L R E A S a5 o . 4
Xk JHG oAl 5 4 A 2 5 4 Ak B B L A SR Ul R 64 7
SO PRI AR i TR LA R AT A B, A SCR A
PR A T8 2R SEBIAL L I AR 48 im0 B AT A 24 B0k S 491 Ak Y
TLRHATIRBI MR . B RGN L HIMLIETTR Y
T A B A R of R AR A g BRI AT O A A A AR
T FR 1A bR A S BT S A0 TR 2 R 5 3 S A A
B BRER A L 45 G S0 2R N 5 AR A 2 OB Xk Tl T
PEATREL . B B 28 A R gen T AR AR L R S in TR S
A6 A= B 3 AR B AR S A A B R R S RE AR B . B
JZ IO FH AR IO P e SR B A TR A e Y 20 Ok S A, T N A
v 7 AR AU T L () i R] 2 5 B ) e AR R L B OT R R
P, BAGRBIE S FiR .,

F1i7
B

MR G R
78 1

SERf AT
AR

Ul

P 5 T A R i L AR

Fig.5 Application process of digital twin knowledge graph

DASE 7 o Tk 8 g 1) o BN 22 in T 20 i B T
75 58 VA B A F 34 5 5 4 43 B vl ok R R R Y O ik
Forpr AR S5 A8 Ak 2 25 0 Ak A 45 A A0 1 IR Al L SRR LS ¥
Horb AR R I TR AN AT R 29 SR AE Protege JF & M BE T
F R A 2 dn A 6 TR,

i i XA R T8 2 S A L F) T neod) PR BCHE AR i T
T2 T EZH LB R AL S5 A G 4 BUE B R G R
HEAT T AR, IR 7 BTN L DU T AR A 5 A
H B e B AR RIS AR DG R DA T R R AR 7 0 R 7 i T
S [ B S Tl T R A A s R ) ) B S

o)

B 6 I Ao T AR GRS
Fig. 6 Blade machining concept layer(part)

230400153-4



AT R T Y 25

A =R AR R S S5 R B 5 1k

& 7

Industrial processing digital twin knowledge graph(part)

R SR B, B ol i PR 1 5 B0 i R 5 Tl L R

Fig. 7

BELR R A e A T T A (AL B A S B R el s

AR T RS2 B AY G AR G AH L AR SCRL YD g T AR B SR ) CAn

P8 ) g R L5 A vh 0 B DT a9 e 3 2e B

1 VR BRI BE DL T U0 B 5 S AR AR S A U T

R T R i X I e A v DD B B S B0 4y
A Be S A T B A R SR BB ST FE

S
- 5 &
o

A

LiE

B

PEl 8 DIy A B
Fig. 8 Cutting force prediction module

GERIE  AREEAE Tl R i B AT DAL TR
TE AR BT R O S O TR AT RO LA R B L B T
7 T P % 7R LR L L PR T A U B T
Mo ABEGE SR E SR C 28 TG HREET
M A5 Ak 7 0 20 05 A B B, SR AT 3 7R Ll Bk 2 IR
LY T REME IR A FFZ 4

Al IR A A PR B B AT ATl BE 22 Lol M SR SRR
BRI T o T 203 AT 1 7 S R R o 8 R 3 A TR — o Pk
. DB 2 i SR AR G S A S BOHAH DS BR

e

0

oy

2®2-

o o,

L%

0
000

‘@

3
%

>

o
'.9

-

s

‘.
O¢
L

Tl i T 2R A R L GRR 43

de =

L GUME S 7 7 B — Y R ML W SN il T Al A
BB, AR B A S 2 S 0 DR I A T 5 5 Ah
JEE B[R] A S5 TR 2L ) S 3 T X AR A DL B R P AT
AW EE .

=0A
2

2 £ x o

LI X,LIU X, WAN X X. Overview of digital twins application
and safe development[ ] ]. Journal of System Simulation, 2019,
31(3):385-392.

TUEGEL E J,INGRAFFEA A R,EASON T G,et al. Reengi-

neering aircraft structural life prediction using a digital twin[]].

(2]

International Journal of Aerospace Engineering,2011,6:1-14.
[3] GUOF Y,LIU]J H,ZOU F,et al. Research on the state-of-art,
connotation and key implementation technology of assembly
process planning with digital twin[J]. Journal of Mechanical En-
gineering,2019,55(17):110-132.
[4] Knowledge management empowers industry innovation and de-
velopment [ J]. China Survey and Design,2020(11) :22-23.
AMIT 8. Introducing the knowledge graph[ R7]. America: Offi-
cial Blog of Google,2012.

XU Z L.SHENG Y P,HE L R.et al. Overview of Knowledge

[5]

(6]
Graph Technology [ J]. Journal of University of Electronic
Science and Technology,2016,45(4) :589-606.

LIANG J, WEN Y. Research on the Application of Knowledge
Graph in Medical Assisted Diagnosis [ J]. Journal of Medical In-
formatics,2022,43(11) :34-40.

ZHOU J J,TIAN Z W,ZHOU S Y. Medical intelligent dialogue

[7]

[8]
robot based on knowledge graph [ J]. Information Technology.
2022,46(12) :62-68.

[9] SUN T T.Research on Knowledge Graph Medical Diagnosis

Method Based on Deep Learning [ D]. Baotou: Inner Mongolia

230400153-5



Com puter Science FFEHLEIY: Vol. 51,No. 6A, June 2024

[10]

[11]

[12]

[13]

[14]

[15]

University of Science and Technology,2022.

XU T T. Construction of medical knowledge graph based on
NLP and application of intelligent consultation platform [ D].
Shanghai: East China University of Technology,2022.

JIA Y H. Construction and Practice of Industrial and Commer-
cial Bank of China Enterprise Level Financial Knowledge Graph
[JJ. China Financial Computer,2022,391(2) :66-69.

WU M Y. Design and Implementation of a Financial Domain
Service System Based on Knowledge Graph [D]. Beijing : Beijing
University of Posts and Telecommunications,2021.

JIX,WU T X, YANG Z W,et al. Prediction of Power Equip-
ment Defects Based on Time Series Knowledge Graph [J/OL].
Journal of Beijing University of Aeronautics and Astronautics:
1-9.[2023-02-077.

LU G H,YU T,CHEN J B,et al. Application and Prospects of
Knowledge Graph in Power System Dispatching and Operation
[J/OL]. Power Information and Communication Technology: 1-
13. [2023-02-07].

GU X H. Intelligent Design Method for Complex Product As-
sembly Process Based on Knowledge Graph [ DJ]. Shanghai:
Donghua University,2022.

230400153-6

[16] HAN Chaoqun. Research on Knowledge Management of Cutting

Tool Products Based on Knowledge Graph [DJ]. Xi’ an: Xi’ an
University of Technology,2022.

[17] WANG X, XU C X. A Method for Predicting the Quality of

Loose Moisture regain in Cut Tobacco by Combining Knowledge
Graph and Deep Neural Network []]. Light Industry Machinery,
2022,40(4) :100-104.

TANG Xin, born in 2000, master. His
main research interests include know-

ledge graph and times series forecast.

ZHU Dengming,born in 1973, Ph.D, as-
sociate researcher, master supervisor,is
a member of CCF (No. 05984S). His
main research interests include virtual

reality and human-computer interac-

tion.





