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Table 2 Process semantic node instantiation algorithm

it : SBCRE AL T 20052 DALl b 2577
A« A AL R T 25 SR
it : KG-ASM I T 2251 15 95491
[ TJ¥, T4 J=read(filename)
for TJ¥%5 i< 1 to max do
createEntity( LJ¥ i)
after( L) i, TJF i-1)
before( LJF i, TJF i+1)
wordSequence «— classifyByNLP(content of “I_J¥ i)
if findType( ‘ZE/=His5" ) in wordSequence do
Entity( TJ¥ i).location <~ word {Type= ‘A:/=His5" }
if findType( ‘H}[E]ZE%H’ ) in wordSequence do
Entity( TJ¥ i).time < word{Type=" IS [A] 4 }
if findType( ‘ T.2%%J2E. ) in wordSequence do
Entity( )% i).tool < word{Type= T3z H. }
for T 45 j < 1 to max do
createEntity( T2 j)
after( 125 j, T.2F j-1)
before( T4 j, T4 j+1)
has( LJF i, T4 j)
wordSequence < classifyByNLP(content of T2 j)
if findType( ‘JEAAHIT , “FREAHIT ) in wordSequence do
hasBase( T2 j, Z&B4: {name= ‘LRI 1)
isAssembledAt( ZF: {name= ‘FREEELHIT |, ZFHMF {name= ‘FEAHIT 1)
if findType( ‘ZEBECHFAE’ ) relative with “JEARPAIE’ | “FE2EECHIC do
hasAF( 2314 {name= ‘BEARATT }, ZEECREAE )
hasAF( ZF {name= ‘FF2ERHCHIG }, ZEFCHRFAE )
if findType( ‘EECZYR ) relative with EEHHIE’ do
constrainwith( ‘JEEAFAE" , BEECHRFAE )
if findType( “$£Hi%3K’ ) in wordSequence do
has( T2 j, ‘ZERIER )
if findType( ‘4B T E ) in wordSequence do
has( T2F j, ‘BB T2 )
end for
end for

&5

=51 5585

ARSCLIUZS AL R 7 i v ok A
TR 4) e sl R 1, 43l
M CAD HAY S 54 T2 30
it E AT R IR S 3
TPt FEAETE SR , I IR )
Neodj &I B 4 % il B A0 38 L
P AT T P A, DA T 36 T 2 A
RUNEZR S E kil AT

TSR R T LR 3DXML
SCPFHRERE R ] 2 e S A 15 2,
SRR B MU R S iR R i
AE R 7 5 1 S48 Ak 5 kT i SCaEA T
TR AR AR RO A R 2T AT A
5 TR o b s €y kel R
HURA Y SR i, 20 0 o £
AEERLTC R M TR, A (o 5 0
KA i AR CQL ik
AT DS b A 6 A1 R P LA
FENZ BRI R, E S 4

B4 FEETME
Fig.4 Speed adjusting mechanism

| CQL #ify
"Part”

{"name":“ %Aﬁ:ﬂ] n}l
{"name":“ ﬂ@ 1”}‘
1

{"name":" t-ﬂﬂffk 1"}‘

REHEMET R

{"name":“ 4‘&37}2 2HH

Fig.5 Assembly structure nodes

78 Wit EA - 202145 64 55 41)



Intelligent Assembly %ﬁg%m

oI TN DS Y e s R N SR €Y
LA RV R e U

15 B A A R AL A v
B a5 A T AR 4 45 F 4 STEP
AP242 U5 R 1 e LI S
L S S ZR A8 A OC B JLART T 25 1
5IJUrHaFh e 2 i ARl Sk i
iy AT I IO AR A T LART 26 e,
6 Fis .

JE T H R Bi-GRU-CRF
TR X 5 A5 TR o 3k 8 9 T BL A ) 2
Jic T SCRY A7 1) 2 A fi A 2
TIPES AN bR S & LnER 3 s .

BT T2 SO i ey —
e 24 1R B R T 7E I o SCE R
BARE I T #E SR —IH
S 3E 24 1), ANAE e A BB
TR B oA b | B AN
“%@”%ﬂﬁ‘%ﬂﬁ“@ﬂ”m
X FREEL T A A 2 B

//\/

() VIR H: T AL & A RRIE L

) “BERCERAE” o PRIAR SCRL T 253
Rl RN R e SR Nrag AT S a2 S
%,%ﬁﬁﬁﬁﬁu@ 7 BN, Gead T
LU A B R A 2R
IEI 8 Fﬁﬁo
Sy 25 i A AR R 2
FE U T2 f 5k Jr vk AR
B TY / TR RS,
PR AL P e A B B A B R
H () A B ) T PR 2 T R R 1) S
AR ERE T SN 9 fR, 2R 4
IR 3ANERE T T A T AT
MBS

Sig
T B S AE A P i AR Y
PO T CAD AR
SR T 23O AR T i 5L
— A o DU BT R
URCEES=)

BT R AR SCHR

Elo N R JLMET S

Fig.6 Geometric nodes corresponding to input axis

(d) FEAFAELEAT A A

W T — 3 T R S Y 2 i
BRI IR T IR
(1) 43 5 %E BL 4549 JL A %
KRR TP R T 4 2R
SCRERLTE P SRR LS e R
JiE X I SR - TR - E
*3 AMERMRESEN

Table 3 Labels and meanings of part-of-speech
|

g X
/AE TR
/AF BEFCRAIE
/AC BTSN
/AT B T H
W e
/p A1)
/u Blyis)
/m K]
w FREATS

(b)) HNEFLEL AR AT STEP 72 SCIAAT I ply 4> il A2 T 2 k)

20214F 564 8 554 - BiATBEEA 79



A_/ - Y
——In o

Zeifids /AE 1740 /AE 17858 /AE SYYERS /AE 2 #8 /AE 225 85550 /A 1l /AE ZAEREN /AE A1 (ESEN /AR 2k BUSCRTC /AR
FEHRRIENE AR B IGHE /AE HE K /AE HIZTBEEE /AR il 5 AR s/ AL /AE SR /AE Rl /AE i ARSI /AR 85U /AF

HFLAHLZE IAF AL /AF L /AF 3% /AF YIS /AF I /AF JEHE /AF SRS /AF HhEES /AF SHE JAF 7KF e /AC 5E RERiE fr /AC

Xt /AC X357 /AC K JAC L /AT 4 I T45 /AT 4 T EL /AT HEfetitle /AT SR8 I T4 /AT R /AT DAEIRT /AT RS RER EL /AT R /AT

HBES /AT

B7 FHERESRSRR

Fig.7 Part of intervention corpus

A Ip ATEA /AE FAE v BHLIAT L /F |, iw GSFLSG AF A AV |, iw GLELOZE /AF v AKPmERL /AC o iw
PAYER] /AE 6X40/m HEA v LHL/AT | /w FFEH An Jrla in HIXE/d 4R /AE SEE v o iw

B v ek m Fip LHL/AT L, fw 2% /AF TE /p 22/ |, Iw 8i4L3G /AR X1 /AC SEPERT /AE SERL ivn o Iw

B n A v FEK /n PIES/AF | w AL v B fu L JAF XE5EAC o

8 /p WA /m EAIAE /AE 435 /d A v 488 i NI JAF | iw 3F fe A3 d BB IV 22 IF AERERN /AE o Iw
B3l Iv ZEAERERIIAE |, iw XFKIAC A v A /m ATENEE /AE o fw

A /p 1TRHN/AE | w BPERIAE IV AN o Iw

B v FAERE /AE o w

B8 HMOREFELER

Fig.8 Part of word classification results

F4 FREESIT
Table 4 Node data statistics

ESil] Heit /A el B /A
TR/ 7 before/after 41
T/ T 43 HAS 126

TR A 5 hasAF 20
TR 53 hasBase 37
L RFE 19 IsAssembledAt 16
EJC S 28 ConstraintWith 11
At 205 &1t 292

CSLAR - G R - KT E B A LUE
OB A2 W] 938 R B AT
B, SEPLT CAD B8 525 .25 5
ATEVE TR

(2) & 7 3DXML. STEP X
5 A IO SOBEARY oy S T Sk
BE &, it NLP £ AR X245 4
A BB L T 25 SCRY R A 7 1) 26 1) 40 i
328 S T Z B B BhA

(3) LI ZS M 2R 7™ i v 3 B2 3
IR B R A ), B E T i
BCTE OB R A 7 i Al A7

2 £ X M

(1] XUk, IR, AR, 45 . e
BEE AR BT R BRI 0 S a3 7.
MUBK T LA , 2018, 54(11): 1-28.

LIU Jianhua, SUN Qingchao, CHENG
Hui, et al. The state-of-the-art, connotation
and developing trends of the products
assembly technology[J]. Journal of Mechanical
Engineering, 2018, 54(11): 1-28.

[2] Zhh, 5555 fiuas R SRR EURE

B9 HMAERIZ/IHSET SR
Fig.9 Part of assembly process/step nodes

80 MiATHIIEEA - 202145 64 55 41)



Intelligent Assembly %ﬁgﬁm

LS AL R [T, A il AR | 2014,
57(8): 58-61,89.

LI Kun, MO Rong. Structured modeling of
aeroengine assembly data and its application[J].
Aeronautical Manufacturing Technology, 2014,
57(8): 58-61,89.

[3] XULD, WANG C G, BI Z M, et
al. Object-oriented templates for automated
assembly planning of complex products[J].
IEEE Transactions on Automation Science and
Engineering, 2014, 11(2): 492-503.

[4] K& . JT RDF/XML [MREHCHE X
HEAFSE[I]. ML, 2007(6): 51-52,71.

ZHANG Xin. Research on assembly
semantic modeling based on RDF/XML[J].
Computer Era, 2007(6): 51-52,71.

[5] FvarZl, R1R:0 , ANWER Nabil. JL
AT S AR R BC T AR BE (D], WL AR
e, 2015, 51(22): 202-212.

QIAO Lihong, ZHU Yixin, ANWER
Nabil. Geometric enhanced ontology modeling
for assembly process planning[J]. Journal of
Mechanical Engineering, 2015, 51(22): 202-212.

[6] ARHEMR, BV, BUINoE , 45 . R
FISROREER ], L FRIBOR 224, 2016,
45(4): 589-606.

XU Zenglin, SHENG Yongpan, HE Lirong,

et al. Review on knowledge graph techniques[J].
Journal of Electronic Science and Technology,
2016, 45(4): 589-606.

[7] CHEN Z Y, BAOJ S, ZHENG X
H, et al. Assembly information model based
on knowledge graph[J]. Journal of Shanghai
Jiaotong University (Science), 2020, 25(5):
578-588.

[8] Xk, by, Bk, % . AHHEIE
MR ZRR [T]. THTHIT R 5 K%, 2016,
53(3): 582-600.

LIU Qiao, LI Yang, DUAN Hong, et al.
Knowledge graph construction techniques[J].
Journal of Computer Research and
Development, 2016, 53(3): 582—600. .

[9] Emewt, TV, £nl . 3DXML X
PERS ST ST [T]. TARIE 224, 2010,
31(2): 33-37.

WANG Xiaobin, NING Tao, WANG
Ke. Parsing 3DXML file format and its
application[J]. Journal of Engineering Graphics,
2010, 31(2): 33-37.

[10] AT#F . 3&F STEP FRifEhy ) Ln{e
I FRIBCRISTR T (D). bk : AR, 2008,

REN Lei. Geometric information
extraction and model reconstruction based on

STEP standard[D]. Jilin: Jilin University, 2008.

(1] BEREA, SkbAr , RARSR , 45 . R
AP SEFRGE T 7™ it B FC AR AR AR B ISR 1],
LT, 2002, 19(2): 1-3.

LOU lJianren, ZHANG Shuyou, TAN
Jianrong, et al. The collection of feature
information of product assembly under the
environment of virtual reality[J]. Journal of
Machine Design, 2002, 19(2): 1-3.

[12] REER, RS, 250, 4. 2T
CATIA YT KA RERICEA ], DUk
55T, 2012, 28(5): 84-86,90.

LU Jieyan, ZHAO Gaohui, LI Xiang, et
al. Automatic assembly technology based on
secondary development with CATIA[J]. Machine
Design and Research, 2012, 28(5): 84-86, 90.

[13] MRIERR, Wit , b, 55 . AR
W AH P RYREE ] O RV D). T
B R #2447, 2017, 46(6): 913-919.

LIN Yiou, LEI Hang, LI Xiaoyu, et
al. Deep learning in NLP: Methods and
applications[J]. Journal of University of
Electronic Science and Technology of China,

2017, 46(6): 913-919.

WIRAEE © B, HeBz, 11, 5T o
AEHIE RO ML R S AL A A R S24E,
E—mail: bao@dhu.edu.cn,

Assembly Semantic Information Modeling Based on Knowledge Graph

GU Xinghai, BAO Jinsong, LU Chaofan
(College of Mechanical Engineering, Donghua University, Shanghai 201600, China)

[ABSTRACT]

Aiming at the problem that assembly data of assembly products usually scattered in the CAD model and

the assembly process document, thus different types of assembly semantics information cannot be interconnected due to the
heterogeneity, a modeling method for assembly semantic information based on knowledge graph is proposed. Combing with
traditional data mapping and natural language processing in artificial intelligence, the intelligent integration of geometric
information from the CAD model and assembly process information from the document is realized. Firstly, the concepts,
entity classes and relation classes representing different levels of semantic features in the knowledge graph-based assembly
semantics model (KG-ASM) are described. Secondly, according to the CAD model file and assembly process document,
the instance nodes of the KG-ASM are automatically constructed based on data extraction, semantics mapping and natural
language processing techniques. Finally, the assembly process of the speed adjusting mechanism in aviation product as an
example is given to verify the feasibility of the KG-ASM and its construction method.

Keywords: Knowledge graph; Assembly semantic information modeling; Data extraction; Semantics mapping;

Natural lauguage processing (NLP)
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