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Abstract: This paper investigates the research progress
of digital twin and proposes a novel digital twin concept
framework for underground engineering. The digital twin
maturity grading method is analyzed, and a five-level
progressive developed digital twin maturity grading

composed of description, reflection, prediction, control
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and fusion is proposed. Based on extensive literature
research, a maturity impact factor system is developed,
and a digital twin maturity evaluation model (DTMM) is
proposed based on an optimized decision experimentation
and evaluation laboratory (DEMATEL) and analytic
network process (ANP) joint method for evaluating the
degree of cause, centrality and dependency. Finally, the
DTMM is applied in conjunction with an underground
project, and the results proved that the method proposed
in this paper is applicable to underground projects and has
implications for the development of digital twin in

underground engineering.
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Fig. 1 Optimized DEMATEL-ANP maturity evaluation method

2.2 EFDEMATEL W AEITEMNEFMEXER

Hi&E
2.2.1 PFH A FREEL

AR SCIE i SCHR IR A HE R T 30 A3 SCHik
H AT 90 AN AR EPEOT I o R T TR
b T R R AR R, B R [ LSO [T
LR B IB BT AR B E R A 5 DI RE o8 3 T R

ik A3 13 T TR AR A S AN T TR AR
N2 fims . R FRE 1400 75 314140
(7 PP DR A8 B8, B DR 4 B T A 7 2
HATRIERI I TP IR AR [R5 e 4
RS EVETEAR , N 1€ S o) 3% W, G — P
B, A SO TR PEAT R 5368 RO 4 B3 S5 0 1
FAIERET T4

x2 WMTIBHFTFERAETMEFER
Tab. 2 Grading factors for digital twin maturity model

X R

e T T R R by, EEBER
el % 2 (DR) X G 6 0 L T Y B M e W Pyne
SR FESCEREE(SR)  MECER A A X G A7 2 PR 3 A SR R Boje Y
(Description)  BEAISEHEE (MC) TEVE ARAS A7k VB A PR TR S e i [ T I
BIRPTHE (MQ) RS AR M P
JEAIRE T (SC) BRI 2 B YRS Ldo
WUHASE  EEREME(CD Bl bt BOR S AE Ef Boje®
(Reflection)  #e4kfiE /3 (CC) 2 R B PR RS DTN WfE Taol!
BRI HAE /) (MU) T T A Meding 2
WAL AHREN(AC) SIREE SR BB Medina ™
(Prediction) Bl /1 (PC) TSGR SO R Agrawal )
Pl AR BHRAESI(DC) PRSI Bl DR WERUE Medina 2
(Control)  $E#IAESI(OC) P 7 FE T
WAL St (C) SO E ) EREE Chen
usion)

2.2.2  E I A i
B R AL T R PR PR B AR B

(700 BRI B TE (237 ) 55 3ok L1 5l (2 457) e oll
It LR LB i 2 N TRz 2 A,

ANEERE ., ASCHL T W TRSURAHEEE BB 7 NIERT LM TR ik



5% 12

AW AR LR AR L IR A G S IR Y S 0T

1817

JEIU CEO: AAHSE, 1 55405, 2: B4, 3 500, 4 1R
5iR ), R PEA PR T 2 ] B AR EL O RE JEE EA T 1 R
RIS, SR AU T T A B R AR

0 ap - au
asn 0 a
M,=|"" . . (D
A 0

b MO EAE R R AER 5 0 R A PRI I 1@
Xt j B BE 5 m S AR WA ARG RO 4R L , 25 T3 Efr
HFr%EcE. P AE AN, e, =0,
2.2.3 ZEERWREIEITE
FLRE AR M, 20K 1 2P DR B0 9 7 5
F ABAAAE AR A —E Rl 70 P O R AT ) —
b, K TE IR O ZR AR , DAVEH DA 1~ 1 42 ) 52 ) B2 1
ik, R TE R
M,=M,/f.
f-= max zjzla,

1<<i<im

Horpr M HEAROC R HRE /oA — R B
x3

@)
3

TERLE AL O ZR RE R A BE A, ML A G R
it F e AT FRAFAN RIS AS P DR [l 42
R LN T A T G MR, A3 B PR R 22 18] 69
LRENATERE M

M=lm > M=M(1-M) =[] @
T =1

Forb e ML A B s MO 35 M R R 5 2,
FORBEEEPFN PR X j LR G A L

LR R AR I M AT AN R AR SR A R T Y 52 )
JE, BIXEHAB PO T2 m AR EE , 51 A CARR o
Wi B2, RIVHCSZ 52 R REJEE o B2 JEE 5 B iy 12 22 A
M, =D, + C,RAEEH 7 o0, E Al Ron
e FAE RGP R R b i SV R . RBR
B R B I IR R =D, — C. 3%
7 ARERPE PR X A A 7 R A 255 R R AL, A
FAZAE A G, WARRIL 2 252 HA A - B2 .
TUAETTE, 0 F TREBC T2 A A P 26D
RN 3R .

B ETN BTG R mER

Tab.3 Maturity impact factor composite relationship matrix

H¥ DR SR MC MQ SC CI cC MU AC pPC DC ocC EC
DR 0.018 0.089 0.159 0.153 0.052 0.055 0.006 0.141 0.217 0. 250 0. 288 0.186 0. 299
SR 0.016 0.024 0.149 0.136 0.016 0.110 0.064 0.071 0.138 0.163 0. 186 0.155 0.223
MC 0.008 0.014 0.014 0.089 0.014 0.039 0.001 0.085 0.165 0.190 0.217 0.105 0.171
MQ 0.011 0.018 0.011 0.027 0.015 0.067 0.001 0.024 0.163 0.186 0.211 0.131 0.221
SC  0.137 0.121 0.114 0.126 0.023 0.027 0.008 0.167 0.123 0.145 0. 200 0.199 0.242
Cl  0.039 0.047 0.080 0.063 0.013 0.012 0.003 0.056 0.082 0.125 0.143 0.122 0.177
CcC 0.074 0.08 0.100 0.084 0.022 0.019 0.005 0.160 0.107 0.157 0.183 0.219 0.253
MU 0.009 0.016 0.101 0.090 0.017 0.011 0.001 0.022 0. 085 0.128 0.177 0.185 0.211
AC  0.008 0.014 0.006 0.049 0.013 0.005 0.001 0.019 0.034 0.164 0.185 0.113 0.193
PC  0.007 0.013 0.013 0.022 0.013 0.003 0.001 0.101 0.033 0. 040 0.174 0.112 0.183
DC 0.010 0.014 0.006 0.016 0.038 0.003 0.001 0.009 0.025 0.029 0.034 0.090 0.152
OoC 0.011 0.012 0.008 0.013 0.065 0.003 0.001 0.012 0.018 0.021 0.026 0.022 0. 085
EC 0.038 0.074 0.019 0.090 0.018 0.014 0.005 0.028 0.164 0.186 0.210 0.159 0.111
R 1.912  1.45 1.111 1.086 1.632 0.961 1.468 1.052 0.804 0.716 0.428 0.297 1.115
C 0.38 0.542 0.78 0.957 0.319 0.366 0.096 0.895 1. 354 1.785 2.233 1.797 2.521
M, 2.298 1.992 1.891 2.043 1.951 1.327 1.564 1.947 2.158 2.501 2.661 2.094 3.635
R 1.526  0.909 0.331 0.129 1.312 0.595 1.372 0.157 —0.551 —1.068 —1.806 —1.501  —1.406
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Fig. 2 Relation network for maturity impact factor
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Fig. 3 ANP structure for maturity impact factors
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Tab. 4 Importance judgement matrix using analytical capability

AC DR MC MQ SR
DR 1 2 3
MC 1/3 2 1
MQ 1/2 1 2
SR 1/3 1/2 1

MU 456 JIT B JAT DT 114) J SR D PR 7 4
Wi R 5 , 1A SuperDecision #4315 H AR ImAGHE
FERAE INASUER A0 B DA B RS (R B AR R R, SR AR
e B R 6 B 3] [ i, UH— A5 4645 ANP AU : 0 =
(0.139, 0. 065, 0.046, 0.052, 0.262, 0. 034, 0.078

ZiHRARE T W= w0 + M%) A Hi 28
AR G 28 CREMSC R/ D T RUE SRR ) , e 3R15
S PURHL N TR 2R L EE PR I T 4R
JRy AL EE

, 0.054, 0.0359, 0.053, 0.043, 0.025, 0. 089)T

*5 MTIRHFEERRETFNEFNE
Tab.5 Weight of maturity impact factors
£ Eilpuse i S I v AE A= AR Al AR
A7 DR SR MC MQ SC CI CcC MU AC PC DC oC EC
ARAE 0.139  0.065 0.046  0.052 0.262 0.034 0.078 0.054 0.059 0.053  0.043 0.025 0. 089
JEALE 0.460  0.216  0.151  0.173 0.612 0.080 0.183 0.126 0.531 0.469 0.630  0.370 1. 000
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