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Calculation method of damage effects of underground engineering
objectives based on data mining technology

ZHANG Lei', WU Hao?, ZHAO Qiang', WANG Xing', REN Xinjian', WANG Jimin’, KONG Defeng'
(1. Institute of Defense Engineering, Academy of Militory Science of PLA, Luoyang 471023, Henan, China;
2. Academy of Military Sciences, People's Liberation Army, Beijing 100071, China;
3. College of Computer and Information, Hehai University, Nanjing 211110, Jiangsu, China)

Abstract: Aiming at low calculation accuracy of damage effect caused by less data, uneven, discontinuity and narrow
distribution of damage experimental data, data mining technology is introduced to calculate damage effect. The database
manages damage metadata and the data cleaning technology is used to identify and eliminate dead points’ data in order to
control the data quality in database. An algorithm evaluation method is established to select the optimal empirical algorithm.
The dimensionality reduction of high-dimensional damage data is achieved through feature selection and the main control
parameters are chosen to train neural network model and k-nearest neighbor search. The “three-stage” damage effects
calculation model based on data fusion has been established. The model can be used to calculate weapon damage effect based
on experimental data, the empirical algorithm and the BP neural network model. The software has been developed to complete
the damage calculation, and the results shows that the proposed method can meet the needs of practical application.
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Fig. 1 Structure of source data for underground engineering target damage assessment

TEPREE B TSR0 25 PR 22 501 BRI BOR FAR HERY 22 5 . SRR 22 . A AR DL R sk AT s
RARGEEAT R R, 23 PEC LR ARNRT SR B 0 — ORI, 505 5 AR A A ETERCR Y
i 2, X FERIREASED S “BOE S0 007 o S B SRR — S R A2 4 S KR, AT R s A R AR A
g TR IE S 5 A1 Bl A i B &2 2k, NTTAR ME DA AT A7 03158 0 SR B MEf i B i Al . R, 20
XT3 B P ) 5 S A T RS S s R R B o P R SR VR AR 4 R L 45 4B i AN A R
AL, HAAE AR A E A B OCER M S5 RRE, ¥ H 55 [CHE 2§ (Mahalanobis distance, it~ d,)1F 0 5
SR RIS AL T AR S B R (R R B, BE B IE R L +30 AR ST SR e B

255 p HEBAE T B 0 ASWME x, (b n>>p), B 2408 5 i Y B IREEE N

di= x—p)"S™ (x, - ) (1)
S O LR, S U7 2RI 82 AR R T 456 MIRAEE - (I IR B0 B B A A S o
KT T ER B S A5 T L, ZESIR 16 4 5P (DR 28 30 B AR, 1R B F 0 440 B EA
PR B 0 060/, B4 A U 5 ) 2 1 25 40 R, JE B3 R R A A 000 W S 4 253
S SRR B

160 0.40 180 0.40
- [1Frequency (35 160 - (- Freguemy 10.35
A\ ® Ratio 140 b / m Ratio
120 1 10.30 / \\ 10.30
‘ 120 / \
> - \ 10.25 > - 10.25
g i i £ g 100f / ) 2
= 80 L] 1020 & 3 1020 &
5| 5w =
= ; \ 10.15 o 60 /, \ 10.15
L \ ] \ ]
40 ) FE‘ 0.10 40+ / \ 0.10
10.05 20k H ﬂ\ 10.05
0 H . . MW‘MM 0 0 . . . . . \|'..|-~ Nind 0
Q Q Q Q Q Q Q Q Q Q Q Q Q Q
N Q D Q > » Q N S o A Y 9 S
Q/ Q/ Q/ N /\ /\ N Q/ Q/ Q/ Q/ Q/ Q/ N
) ) A O’Q \\Q \")Q \6Q > » ) Q A By Q’Q
Mahalanobis distance Mahalanobis distance
(a) Before data cleaning (b) After data cleaning

K2 BdlREEAR I K

Fig. 2 Frequency distribution of data sample
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Fig. 4 Flow of damage effect data mining based on “three steps”
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Fig. 6 Calculation flow chart of damage effect to underground engineering
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Table 2 Main control parameters required for damage calculation of underground engineering
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