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BRAERE FEME WA, AEEER R ER
RE LB BN K SRR RS
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PRI H R 8 BERE, SR B — L SR R
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Table I Sample testing data of the BP neural network model for determining the size of karst caves

HA HABRE EBRBE LAmER /km?  HBEKFFE/mm HWERL ‘RRKAWME/L-s™'  HRNE
1 N E hIEE 25. 39 0. 44 BERHE 23.3 ANEIVETR
2 N HEE 18. 34 0.4 R 15.7 hEI R
3 AEH hEE 14.73 1.1 H #Hah A 10.9 NI R
4 WA HEE 9. 89 0.18 GEaL: 24.2 /N AR
5 N H hRE 6.58 0. 4 = FHh IR 3.0 R 5 R
6 AEE hEE 7.83 0.38 =] 44 4 &5 4.6 Fh R 7% i
7 Nk A 8.56 0. 38 GEE kY 6.5 oh B 7
8 NEH HWRE 9.13 1.05 H R A 8.2 RN
9 = R s 10.11 0. 36 H R 2.7 o B 75 3
10 A ERE 8.52 0. 36 fi 4 4l 4.8 o RY A
11 ARH A 96. 32 0. 4 BER: R 3.7 H AS %5 1R
12 R & ERE 7.02 0.4 [ES¥ 4 0.8 KB
13 A ERH 3.59 1.07 1l 4 0 ER 1.1 KA
14 NE & hEE 5.6 1.06 LEL B 0.5 KA
15 s R 3.05 1.1 R ED 0.4 KA
16 N E HEE 1.56 1.08 GEas 0.3 KAV
17 REH BB 1.29 0. 34 H R & 0.7 KEFE R
18 A& ER% 4.75 0. 67 Fi 4 8 A 1.2 KEIF R

ERPEGM 1234 RERSL EARMEP N -—FFEE 2 HEL 3-BEH AEEET.-HEE 2-FEY 3-BEH,
S—HRE F M - MR 2P RER 3-AMAR

MM 1 —E A0S 2—maEY
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Table 2 Sample verifying data of the BP neural network model

[Z S HAWRE EREE CAER/km? HEKIFE/ mm  HWEH BRRFEHE/L-s! R R R
1 NEE WREE 18. 34 0.4 Gt E 15.7 NI
2 N WEAR 8. 56 0.38 H R 6.5 R R
3 NGRS LY== 10. 11 0. 36 H R A 2.7 o 2 7 1
4 AEE A 96. 32 0.4 1 54 R 3.7 o R
5 N ¥ TRA 6.58 0.4 &) 44 0 5 3.0 R R

T RP R R LR,

EBP MAMBTRAERNMAERR LT ALEBPHEIME ., — BB BEH I 0, 1]
fiE, ZE VR AR TN A B A B R4 T 6 MRAE, B0 [—1,10. M¥EIS— st B R0, 1168, 4538 RBCE
WABFEA— 6 FRERE. HXBARAFHFMLE A Sigmoid B U HIER — LK —1,1]
RYBHE Z A 2280 BEAT R — b B o e i i, e R IE Y Sigmoid %K. % FMIH —4k
ML ETTE ., A O BT LIBT b S R A ARE I F LR
FRAE G HE L, R B AR T BP #4845 ) 2% ) %,
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Table 3 Normalization processing of training samples data

A ERRBE BEEEE  DKER/km* REKITE HWERL BAKRWE/L.s™' HERAE

1 -1 0 1. 000 —0.435 —1 0.925 —1
2 —1 —1 0.415 —0.522 1 0.289 -1
3 0 0 0.115 1. 000 1 —0.113 —1
4 0 -1 —0.286 —1.000 1 1. 000 -1
5 —1 0 —0.561 —0.522 —1 —0.774 0
6 —1 0 —0. 457 —0.587 —1 —0.640 0
7 —1 0 —0.397 —0.565 1 —0.481 0
8 —1 —1 —0. 349 —0.565 1 —0.339 0
9 —1 —1 —0.268 0.891 1 —0.799 0
10 0 1 —0. 400 —0.609 —1 0.623 0
11 0 0 —0.583 —0.609 —1 —0.715 0
12 —1 1 —0.524 —0.522 0 ;0.958 1
13 —1 1 —0.809 —0.522 —1 —0.933 1
14 —1 0 —0. 642 0.935 1 —0.983 1
15 —1 0 —0. 854 0.913 1 —0.992 1
16 —1 0 —0.978 1. 000 1 —1.000 1
17 1 1 —1.000 0.957 1 —0.967 1
18 —1 1 —0.713 —0. 652 —1 —0.925 1

®4 A—UMNERIEFENE

Table 4 Normalization processing of the sample verifying data

SRS EORRE ARBE  DKER/km'  REEFE MERA BRKRME/L. s HRABR

1 —1 —1 0.415 —0.522 1 0.289 —1
2 —1 0 —0.561 —0.522 —1 —0,774 0
3 —1 —1 —0. 268 0. 891 1 —0.799 0
4 0 0 —0. 583 —0. 609 —1 —0.715 0
5 1 1 —1.000 0.957 1 —0. 967 1
WARIE— b B Er s, 126, 126, 1 KER net =newff{(P,T,[Sl $2:--S(N—1)],
S50 A%EL—1,0,1]%R. {TF1 TF2---TFN}) (11)
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Prediction model for the scale of karst cave based on back

propagation artificial neural network and its application

LIU Zhenhua, FAN Hongyun, ZHU Yuze, LIU Shang

(Geotechnical & Structural Engineering Research Center .Shandong University ,Ji’nan, Shandong 250061 ,China)

Abstract In complex karst region, the size of karst cave is affected by many factors, such as geological
structure, properties of soluble rock and groundwater hydrodynamic system and so on, which is character-
ized by high complexity and nonlinearity. Through the study of the occurrence and development of karst ca-
ves in karst area, the control factors affecting the scale of karst cave are determined and quantitatively ana-
lyzed, for which the data of proved caves are collected. In order to solve the problem with data fuzziness and
descriptive formation of the karst caves, in this paper, the method of Back Propagation (BP) artificial neural
network is employed to achieve the prediction of the scale of karst caves. As a BP neural network model is
self-organization and self-adaptive, it is expected to handle the nonlinearity of sample data. The model is de-
signed, tested, and applied, based on the MATLAB R2012a software. The results show that BP artificial
neural network prediction model for the scale of karst cave is of high accuracy with its algorithm of good con-
vergence.

Key words karst cave, occurrence regularity, BP neural network, scale prediction

(%8 K %)



