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ABSTRACT: A credibility assessment method based on multi-index fusion and hierarchical
weighting was proposed to address key issues in the credibility assessment of digital twin sys—
tems, such as the fusion of multi—source heterogeneous data, imbalanced between subjective and

objective weight allocations, and insufficient quantification of dynamic evolution capabilities.
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First, a hierarchical assessment framework was constructed, including five first-level indicators,
such as model accuracy, data integrity, and interaction real-time performance, and fifteen second-
level indicators. Second, an AHP entropy weight combination weighting model was designed, in—
corporating dynamic sensitivity analysis and K-fold cross validation, to optimize the weight coeffi-
cients, thereby balancing the expert experience and data—driven characteristics. Furthermore, an
improved fuzzy TOPSIS algorithm was proposed, utilizing triangular fuzzy numbers to uniformly
process numerical, interval, and linguistic data, and introducing dynamic attenuation factors to
quantify the model’ s evolution capabilities. Finally, experimental verification was conducted on a
certain type of unmanned aerial vehicle digital twin system. The results show that, compared
with the traditional fuzzy comprehensive evaluation method and the AHP TOPSIS method, the
proposed method achieves superior interaction real-time performance and enhanced dynamic evo-
lution capability. The comprehensive credibility score reaches 0.79, and the multi-source data fu-
sion error is reduced from 25% to 8.5%, providing a quantifiable technical path for the credibility
assessment of digital twin systems across their life cycle.
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Table 10 Theil inequality coefficient of each model
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P 0024 AT 22 10 19 2 5500 B 8015 ) R A e 1
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RO A, RO AL 5 R AT RO WURT L 7 0
BRSBTS A0 TAT RO Wk ML T A RO, B TE A
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Table 11 Sample Contents
N /43 /b W{I}ﬁa/ ‘ A A £ Wi &/ WJE %ﬁ%“ R ﬁﬁ@ﬁa/ Wfﬂﬁa H%B*“z
) HR/(Ces) m MBE/m  E/m WE/(°-s) ) R =R
11/25/23 0.8 0.2 0 0 12 0.8 12.8 —18
11/26/23 1.2 1.5 0 0 13 0.3 14.7 —12 1
11/27/23 2.0 0.4 0 0 16 8.2 15.1 —24 -5
11/28/23 2.0 1.3 0 0 18 2.3 16.4 —11 —1
11/29/23 2.2 1.2 0 0 21 4.1 15.1 -9 -2
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Table 12 Comparison between simulation and actual data

WA/ A/ s D
W/ 2/ a9 .. GIE KR .
iR MR CF R MR O

11/26/23 0.8 0.9 0.1 1.2 2.1 0.9
11/27/23 1.2 1.3 0.1 0.8 0.1 0.7
11/28/23 2.0 1.7 0.3 0.3 2.1 1.8
11/29/23 2.0 2.2 0.2 2.0 2.4 0.4
11/30/23 22 24 0.2 23 2.9 0.6
11/31/23 2.0 2.1 0.1 4.1 52 1.1
11/32/23 3.5 3.9 0.4 6.2 5.8 0.4
11/33/23 4.4 4.6 0.2 2.2 1.9 0.3
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Table 13 Experimental comparison between the proposed

algorithm and Theil inequality coefficient method

A 1 2 % ) R
D S :
o Theil &~ Theil A~
FH ez gg T gg i
Bk ik

1 0.842 0.827 0.015 0915 0910 0.005
2 0.883  0.871 0.012 0931 0.924 0.007
3 0.831 0.850 0.019 0.875 0.861 0.014
4 0.824  0.831 0.007 0.892 0913 0.021
5 0.795 0.804 0.009 0901 0916 0.015
0921 0913 0.008 0.849 0.845 0.004
0.771  0.798 0.027 0.865 0.866 0.001
8 0.846 0.830 0.016 0.875 0.889 0.014
9 0.875 0.851 0.024 0.851 0.872 0.021
10 0.807 0.814 0.007 0.862 0.881 0.019

A O AR BUFE 43 1) B30 28 A A5 700 3 R )5 . 50 o
SacbrgclE , R AT BEPEAL 5 35 T LLE B
Mot E AR E R . 10 RS8R, IR H R 5
2y T AR A R B KR 2508 0027, = AR
il 22 g5 v 2 B 7 vk BT A5 45 SR 10 B KR 22 0.021,
A FH Theil A45 RBOEME N SEMERAE )5, £
ST HAE B S AR R ) A

1) 38 i U — ke Ak 35S B R 0080 ] FLE

2) X F G5 75 Ry AR A7 22 Rl (B 25 2o 1
i AU

UG R WA 5T 7 5 Theil 3£4fE 75 A 4
TE—2ctE, B ET UL, AR ST T B 0 AR
TOPSIS 8k ] F T 5 407 28 A6 B0 R0 Y 3% K ]
51, HJGTEHE 3% Kt e [0 %o 455 780 30 77 4 1R 45 4l
KA, FIRBER A X @A R E RS, JFiE
o A BRI R A E O WS IR, M BUFE AR RS
A{E EEVEAR PR T T Ak . TR A BIEAE S

3 #ie

R SCRE O By 28 A AR 8 AT RE VA R 22 R
SR B RS RYE | 2 R LS 2 A e sl A AL
RE AL A R AER D R, 4R T 2R bRl S
W7 Z VA 7 vk, i BRI R S 5 Tk A B
U458

1) 245 WAL SR W BB 0% A RT3 2% WA
T 1 B A BUBE T 5 K3 A2 B IR AR B A
WRACABE RS, fig ol 1 B — Ay B R R, AR
TORCE U B R 3R S T AL AR A RS
SRR, AT R A A EE 5 RO S R AL Y
SRR A TR R, MEFFCERE (&
WAL E D% 53k 32%) AT AHP-TOPSIS Jiik (K%
JEBRARPE) 2 G AL SR (o TE A 45 R 5 55 D 4L
TV & B E .

2) R TOPSIS B3k HE T 22 PR B0 e 45
P, R = MBS BB R K AR, B
BB, KGR . Bl R . LRI
G053 ) W 5 SRy R FR = AR ER . XS AR = A A
BORUPI R BR[0T L S8 TOPSIS J7 %)
SR B NSRBI 8, SCR R, %
AR R A TC AL ZR G b fulf S A0 5080 il 5 2% 25 DA
55 TOPSIS 1) 25% [ 2 8.5% , F£$5 4 i i i} [i]
PEAR v X B sy 1L 1) 65 W R 2 T 39%, 1 43 it Bl
Pl 8 5 B AIG . 1 — 2838 3 JC ML 2R G X L 5K
8RB, B RYE Theil N4 RBUE TR, 45 %
ZER/NT 3%, HOAE IS 03 5 1 55 610
SHERA 2235 92%, WA ENIE 1 A% SCT5 ¥ % 22 I 4k
I Bh A R PE I S

(3) 5FCE. AHP-TOPSIS J5 ¥: i % bt 52 56
T, ARG A E Wik 0.82, X
S AR T, A SCOF IR B Bl A T 2
91.2%, 4% FCE ¥ #1 AHP-TOPSIS % & H £
22.7% F111.9%; FEACE R ENE T T, AT AL
& B R < 5%, 1 FCE ¥k 3 WAL & I 3 ik
32%, AHP-TOPSIS i A R 5] A % WAL B
P =18%, FWIA SCHE i S A4l A AR
R FLBLT X i B AR RO AR Sh A e
N B BE T, AR SO IE BRI AR < 1s, Mifk
Gl > 5,

R IR T AR SO A R B i 5 AR
TOPSIS B3k M0, LR 25 R 90U 7% 07
AR BT 2R R G v A B VAL TP R S TR
S (AR MAAFE2 D FERR, —RLR
BHE FARAY BT B — 5 A5 1 100 I B, oK
KR A Tk i aehl i =4 kK
Bk s R Bl A AR DT Al R TR s B i A B AR
WS RN, 5 20 o0 35 = AL FRAIL ] .
TF 7 R B 28 A 2R 40 4 A i B 300 T A R A
PEOL T AT AL . AT UE R B ORHESR , 7E %% A5 il B



2025 4

L, . ZARbRES S SN BT 2R A R GRS B R A O ik 125

EHL RRE T A S SUR AT R B4 B RS

SEXH

(1] M, DWr, WIKs5e, %, MFEEARMEERD].
AP MR R %, 2019, 25(10): 2405-2418.
TAO F, MA X, HU T L, et al. Research on
digital twin standard system[J]. Computer Integrat—
ed Manufacturing Systems, 2019, 25(10): 2405-
2418.

(2] CHEN F K, HUANG Q Y, SONG M Q, et al.
A study on the development of digital model of
digital twin in nuclear power plant based on a hy-
brid physics and data—driven approach[J]. Applied
Thermal Engineering, 2025, 271: 126298.

[3] National Institute of Standards and Technology.
Digital twin challenges in manufacturing[R]. Gaith—
ersburg: NIST Press, 2023: 15-18.

(4] EHE, R FETREIBER R NEALIE T F

BEVEAG (D], RS 05 H 2%, 2019, 31(7): 1263~
1271.
WANG J M, WU Y J. Credibility evaluation
method of small sample data based on cluster
cloud model[J]. Journal of Systems Simulation,
2019, 31 (7): 1263-1271.

[56] WU JJ, ZUO R Y. Intelligent computation offload-
ing based on digital twin-enabled 6G industrial IoT
[J]. Applied Sciences, 2024, 14(3): 1035.

(6] HEFAL. BO7 2k RGEAME T k5 (D). s
IR WRJRIE Tl oR2, 2021: 30-35.

REN Y H. Research on credibility assessment of a
digital twin system[D]. Harbin: Harbin Institute
of Technology, 2021: 30-35.

(7] Bhi, sk, LRE, %. REEFRAEEINE

WP ). ARG HoE i, 2023, 35(7): 1455-
1471.
LU H, ZHANG L, WANG K Y, et al. A frame-
work on equipment digital twin credibility assess—
ment[J]. Journal of System Simulation, 2023, 35
(7): 1455-1471.

(8] LIL Y, YOU J X, XU T. Risk analysis of digi—
tal twin project operation based on improved
FMEA method[J]. Systems, 2025, 13(1): 48.

[9] VEYSI P, ADELI M, NAZIRI N P, et al. A
gentle approach to multi-sensor fusion data using
linear Kalman filter[EB/OL]. (2024-05-27) [2025-
01-21]. https: //doi.org/10. 48550/arXiv. 2407. 13062.

[10] Hktts, EME, B4, H T U5 PLH Y H
PRERERS W (). 7B, 2023, 51(5): 1381-
1387.

LIN B, WANG H T, FENG Q X. Object track—
ing algorithm based on dual-model competition
mechanism[J]. Acta Electronica Sinica, 2023, 51
(5): 1381-1387.

[11] Bk, Rk, Fedpul, 4. S T8y 2 451

SR I AR BT AR R (UL LS AR
b, 2021(2): 40-44.
LIAO J W, WU Y H, DU S M, et al. Design
of data reliability evaluation model based on index
hierarchical = structure algorithm[J]. Computer and
Modernization, 2021 (2): 40-44.

[12] PRATT M J. Introduction to 1SO 10303 the STEP
standard for product data exchange[J]. Journal of
Computing &. Information Science in Engineering,
2001, 1(1): 102-103.

[13] SCHWER L E. An overview of the PTC 60/
V&.V 10: guide for verification and validation in
computational solid mechanics[J]. Engineering with
Computers, 2007, 23(4): 245-252.

[14] Wgefe, R4, J55. GIB6388-2008( K #r4i4
B T 2h ) SR ) BT AR AT (0] ZE AT AR AL, 2011
(1): 28-30.

[16] Z=3%, Bk, ERBL, % ETHEFBENZIR™

A B 3 — A TT R MEZE S OCHEBOR [T]. 5L
LI R YE, 2019, 25(6): 1320-1336.
LI H, TAO F, WANG H Q, et al. Integration
framework and key technologies of complex prod—
uct design-manufacturing based on digital twin[J].
Computer Integrated Manufacturing Systems, 2019,
25(6): 1320-1336.

[16] HILDEBRANDT G, DITTLER D, HABIGER P,
et al. Data integration for digital twins in industrial
automation: a systematic literature review[J]. IEEE
Access, 2024, 12: 139129-139153.

(17] B RGER, ERM, ERY. T IESE Y B
F0 R (B T 2 O R e A HfE W O 3k 0] R
SR CEHARBRERRD, 2020, 51(6): 1692-1702.
GONG F Q, WANG T C, HUANG T L. An
inference method for probability distribution of ex-
treme value engineering parameters based on nor-
mal information diffusion principle[J]. Journal of
Central South University (Science and Technolo-
gy), 2020, 51 (6): 1692-1702.

[18] TIEGELKAMP M, JOHN K H. IEC 61131-3:
programming
Berlin: Springer, 2010: 131-140.

[19] R, #hHaar, 2. RAESRS T 50 & 5
FH PR B BT (QoE) B 52 i [C//0 BH 2% 5 B8 E 1
PRI ——25 R A E O B AR R WO S . b

industrial ~automation  systems[M] .



126

K TR

5039 B 3

—
Do
(e

[}

[21]

[22

[

(23]

—
Do
>

s

[27]

ol: PELOHEYESs, 2013 2147-2148.

A EE B ARRHEAE R Z2 0 2 ORI R A
MY GB/T 32911-2016[S]. Jtat: wE bR S
A, 2017: 24-30.
BRUZZONE A G,

et al.

MASSEI M, GOTELLI M,
Digital twin modeling for machine vision
systems [C]/MAZAL 7,
FAGIOLINI A, VASIK P, et al. Modelling and
Simulation for Autonomous Systems. Cham: Spring-
er, 2024: 221-231.

WM. By ISO 55000 5% 7= 45 #4251 A o i 132 [T
TE bR, 2014(3): 87-91.

FAN Z P. Interpretation of new asset management
series standards ISO 55000[J]. China Standardiza-
tion, 2014(3): 87-91.

MR, HREE, RREE, F. EARARSEN
BEIT 5 BE VP AR 73 (0. RGEM7 BLa= 4, 2020, 32
(12): 2475-2484.

YE Z H, ZHANG F Z, ZHU Y Q, et al. Reli-

ability evaluation method for reuse model of com-

testing in  autonomous

plex simulation system[J]. Journal of Systems
Simulation, 2020, 32 (12): 2475-2484.
SAATY T L. The analytic hierarchy process[M].

New York: McGraw-Hill Inc., 1988: 20-25.
YAN Y H, ZHANG H B, PAN F, et al. Digi-
tal twin for subcritical extraction driven by data-
mechanism fusion[J]. Journal of Physics: Confer-
ence Series, 2024, 2816(1): 012023.

XUSE I, ERHE, ST, ZJEME R h Ltk Al
BAIENEFE L] E R R 22 4, 2005, 27
(4): 121-124.

LIU J X, TAN Y I,
of the

attribute

CAI H P. The study of
methods linear combination weighting for

multiple decision—-making[J]. Journal of
National University of Defense Technology, 2005,
27 (4D: 121-124.

R, FEBE. BT RAE BRI E 0 B AT R
A E BEAEAG (J]. R G0 4, 2020, 32(8):
1567-1576.

LI S, LT Y X. Credibility assessment of fault in-

jection simulation based on feature selection verifi—

cation[J]. Journal of Systems Simulation, 2020,
32 (8): 1567-1576.

VESCAS, FEEL WA R G0 BT i AL 2R
AR B0k ] KR R FFFESE, 2008, 15C1):
125-127.

XU W J, XU S G. Entropy weight comprehen-
sive health index method for assessment of lake
ecosystem health[J]. Research of Soil and Water

Conservation, 2008, 15(1): 125-127.

(29 ] JEIZKbK. T RO Z5 5 D7 ) 89l £ BE DAl K Dy i wF

FEIDT. AR TR R, 20160 30-37.

Zhou Y L. Research on Credibility evaluation mod-
el and its algorithm based on fuzzy comprehensive
evaluation[D].  Chengdu:
Science and Technology of China, 2016: 30-37.
PR, W, BANK, L JETR R TIA AL
AT FLEGGE B ST R U] KT TR
FeedR, 2024, 38(6): 23-30.

LU R T, SHEN T, YANG X G, Ana-

lytic hierarchy process—based comprehensive assess—

University of Electronic

et al.

ment algorithm of infrared simulation image fidelity
1.
neering, 2024, 38(6): 23-30.

Journal of Rocket Force University of Engi-

[31] =, fIERR. T DS/AHP K = B0 H S

[33

[

5 R GG BEPPAL ik LT, el ok, 2017,
40(7): 43-47.

PAN Y L, HE Y Z. Method of credibility evalua-
tion in simulation system based on DS/AHP and
grey cloud[J]. Electronic Measurement Technology,
2017, 40(7): 43-47.

TAYLOR S J E, TURNER S J, STRASSBURG-
ER S, et al. Bridging the gap: a standards—based
to OR / MS distributed
ACM Transactions on Modeling & Computer Sim-
ulation, 2012, 22(4): 1-23.

DOCQUIER N, LIPINSKI K, LANTSOGHT O,
et al. Symbolic multibody models for digital-twin ap—
2024,

approach simulation[J] .

plications [J].
62(2): 137-163.

Multibody System Dynamics,

(A xR



