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Product Adaptive Design-assisted Decision-making M ethod
Based on Knowledge Graph
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ABSTRACT: The work aims to propose a knowledge mapping-based product improvement design-assisted deci-
sion-making method to solve the current problems of lack of integration of requirements, operation and maintenance
knowledge, difficulty of effective organization of design cases knowledge, and low reuse rate of design knowledge in the
product adaptive design. Firstly, a framework of product adaptive design-assisted decision-making was established. Then
the method of knowledge graph construction was adopted to complete ontology modeling through characteristic analysis
of product operation and maintenance knowledge data sources and realize the definition of knowledge graph pattern layer,
the extractionof knowledge entities and entity relationships and the construction of knowledge fusion data layer. Then the
potential fault mode in the new product operation environment was inferred under the operation environment-failure mode
mapping relationship and subgraph matching, and the cases data were matched with CBR adaptive design measures to
generate the candidate set of improvement design solutions for potential failure modes. The improvement design solutions
were evaluated with multiple attributes to realize the ranking and decision making of the improvement solutions. Finally,
the feasibility and the effectiveness of the assisted decision-making method were verified with the adaptive design process
of the engineering shield screw conveyor product as an example. Construction of the entity relationship of product life
cycle data with the knowledge graph technique can solve the problems of knowledge fusion, knowledge organization and
low knowledge reuse rate, and improve the design efficiency.
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Fig.1 Framework of adaptive design-assistant decision-making based on knowledge graph
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Fig.2 Construction scheme of knowledge graph oriented to adaptive design
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Fig.3 Construction process of knowledge graph
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Tab.5 Comparison of model identification results
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Fig.6 Improvement design-assisted decision-making process
by integrating knowledge graph and CBR

3.2 HEIRRAEBIEST
3.2.1 PR AR R

08 3o %o 4 BB ke 5 4 R A B e 5 3 R G 4 A T
AT, R ARG 2R I T Bl R A 0 R
T, BB B RS R T ARG Ak 3 T 0 R
FERYSERIE R AT CBR WM R ML SR, F
LA 58 P A i X A e o 5 S i R T
T P40 DY 2% o TS B A 2 8 T A a8 o7 1
BT P 2 17 PR35 - e s e B A, B X
BT A B 17 P05 SO @ M, T S8 B A B4 X
FOHERE o WSS O 2R ARG R R 7 2 AT IR B 15 B
SR TR T AE AR X A R BE TR SR, SEBR TR 2
BB P SRR AL 5 TR 2 0 B SR LA 40
SCIEHI | R M7= 2 TR T B TR SRR = Y
C e 4 HR P 06 RRAR R S0 . AR AL TRAK O : i
NGB B S BT 55, R BGE 1T RS K HL g A
B, FRH T A R A R T
SCAHARLEE 19 7 I DCHC 7 v, IR LS 2 if A L%
B, ML R 5T B 4T HBE - R o
BER, FEEUA LS R R A A S ik,
MFTBE T T 0V 7E SRR 2 ARV e e A X
DC B 45 57 B P B et R I S, IR B2
AT - B A - R O B S 2R, AR IR
- A-M b it ™ e = o464 s 3R
B R S A g B s T I B R AL
FEVEE AL B, ERRTHE LS N T B 5 20 5



B4t e

MO, A TR ETTE A7 il ol LR Bl B RS 5 i 55

HRJE PR BUR L BE RS Y OdE R " SR, A i
B AT IR T AR R A i B R SR 5
3.2.2 sAT B B -SRI 5 2 Y R AL

AR TR B REAAZ A A7 B R A28 51
X BRSO S B IR AT 0 2, IR B —2Kia 1y
BT AR BIAR S, AR IR I B Sk

5t o SRR SRS ARAE IR B AN IR SR U, — IR BT 251
T PR PR S R R B T AR S A=
HE ERBE R M- R B =Ind, BRI RAY
WL PE SR AT 0T, AN ERIE JE P - sl B XY
VCRCSC &R, SEBLIEAT PREE A L 2l B A R A S8 B
SFo BARSLEIAnEE 7 s

RO % TR - TR M-
= RS KBE—EE
WINGHE NGB ARAEE—
ARG >| | WIE > THHEBIR
e Eﬁ%xékﬂ?%—ﬂ%bﬁ
TRtiE > iz
............

>
IR B
KERERE
B

K7 sty PR - A e 5 2 A A2 hl

Fig.7 Generation of operating environment-fault mode mapping relationship
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