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Table 1 Basic features of soil thickness

FEA KL R (em)  f/ME (em)  FEH (em)  FrdfEZE (em) SRR
Number of sample Max Min Mean SD CV
AHFEA Training data 761 336.0 0.0 65.6 59.7 0.910
IIEFEA Testing data 163 116.0 0.0 34.1 24.3 0.713

B Bl kLR B

Fig.1 Schematic description of trench and sampling line
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JEE BE R R T

(1) P AR, MEIFR;

(2) BEHRHE: v, x°, x', In(x),
e, X, +, -, X, =+, XI/S;

(13) 3 FH 36 400 X 158 25 19 3 7 i PRVEIC 5

(4) M REIRB LR, mEAHY
BHET T MAHNAE A, 2

#2 GEPREPELETHEE

Table 2 Values of the genetic operators in the GEP models

Z¥ Parameters {H Value ZH0 Parameters {H Value
PR H Number of chromosomes 30 H ST One point recombination rate 0.3
LK ¥ Head size 8 Wi ST 4] Two point recombination rate 0.3
L4 Number of genes 3 FLHATH 2 Gene recombination rate 0.1
FEAZPREL Linking function + HHHE H Gene transposition rate 0.1
i N FE PR X Fitness function RMSE ISHfi H* Insertion sequence transposition rate 0.1
AR5 Mutation rate 0.044 RISHE H* Root insertion sequence transposition 0.1
{85 Inversion rate 0.1

(5) PEHEm S L MFRAE . A5 4 RMSE Sy
PRI FOELMARUEM BRI, HE277 RO . e —y’>] .
R = 1

1.4 iEMriEHR
A 5T K FH AR 48 R
MR 2ZRMSE :

P BRI

NS NCAS TR
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P E LA RALEE , W R SR, $ 4 Nem,
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KB B B 500 . 100MHZ K 28 1Y 45 I 8 5 S5 ) 4
P 2B (R?) 4391°50.609 . 0.468710.564
0.393, HrMiR2E (RMSE) 4351 42.2 em. 45.8
emf119.1 em. 21.9 em, [RIEFLL100FI500 MHZK
RIBRIMREE S B A8, 5 S0R BE i T —on 4k
MUE, TR KL (100 MHZ ) 3 T8
WAJZR, MBREREKRL (500 MHZ) i T4
TR A, 4 A WY rp o ft VO R ) R 2
TR 45 FAG EEE, RPMRMSE Y ) 0.625F112.2
em, S 100, 500 MHZH R K 28 10 3%
DKE FEHR T T37.1% . 9.8%H180.0% . 56.2% ., Hi
T 02 6 AN TR) A 1) XU Ak 3 28 v I AL R R R AN TR
PR I 6 1 AR B Al 2 5 M R DUORS L 296 KU fk
FEFGIA ARG, AL, 2, 3F4. 5. 6
AL, Y2 B BRI 56 [ B R0 I B 5 T 13.8%
4.2% . 3.5%M19.8% . 4.2% . 5.6%, RMSE/}5)
W/NT11.9% ., 12.4% . 3.6%M14.2% . 6.8% .
7.5% RAEKRE, LI “GPR,+GPRs o+ KA H
A (FEH6 ) B, AR AR B A, TR AN S
L B %F L P L2 i /s o

R3 NGEMREHEEEFIFNBELEE THLMERFREDLER

Table 3 Statistical performances of the linear regression model using the training and testing data with different independent variable

AR A R? RMSE (em)
25 LR 0] I AR A -
. . . oA MIESS oA
Model code Linear regression model Y%k Training
Testing Training Testing
1 h=0.765GPR ,+15.088 0.468" 0.393" 45.7 22.0
2 h=0.960GPR,+19.767 0.609" 0.564" 42.2 19.1
3 h=0.340GPR,0y+0.707 GPRy,+11.518 0.666" 0.625" 34.4 16.2
4 h=0.655GPR 5+18.239/-29.968 0.543" 0.490" 40.3 18.8
5 h=0.867GPRs+11.439/-8.182 0.636" 0.589" 37.0 17.8
6 h=0.330GPR,5)+0.635GPR,+10.682/-16.161 0.690" 0.660" 33.2 15.0

T ##EIRp<0.01 Note: ** represents p<0.01

2.2 ETGEPEEMFMFAENMN L EEEEE

GEPF I AE R HE B A B A Ak 7] 38 i HL A 458
KARHE, RBFFEH GPR oo GPRso MIFIEN [ A8 HE
I AER S I AR T GEPHY + 2 JE EERA R h DI
BB E 2 EE W R4S, 54
TR LA Ik AT R, K GEPRIAAE
AL 4 J22 JEE 1 TG 1 1 AR o i GE PR AL 75
p<0.01KF 2, Z5RNBATIR ., HkE REL

RPFIH AR 2% (RMSE ) Al LIE Y, 24{LLIGPR
PRI 25 S 3k — PR 22 R i AR, ARSRJE500 MHZ S
R REHOR S, VR B 1001500 MHZ K4k
1) FR A 5 S0 Y e R (R RN 7 AR iR
# (RMSE) 435%1°40.469 . 0.608F145.1 mm . 37.4
mm, [A]IHEFH 100F1500 MHZAT R K28 (45 0 7 5
YE N GEPRERL P A, 45 5L 3 W 45 B fefE FH 9 b 0t
R RLEMBINLE R =, WRMSEXRE, &
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Fig. 2 Comparison between measured and predicted values of

Linear Model 6

KRB 174 em, o3 HECRPAE 100, 500 MHZ
BR R RGBT 15.9% . 7.9% . 43 37E

A = AR R ] AR RES, AT LB RURS B ¥4 BT
L, IR B BER: ) 0.460 . 0.585710.588, %%
KI5 T 14.3% . 3.6%HM6.3%; RMSE
430186 em, 17.7 cmA116.3 cm, AT AR
B T8.0% ., 5.9%M6.7%., Lo KA, [FNfL
GPR o« GPRoo FIEVE Ay i A2 o5 T 57 A ABE R0
o

GEPBIR 52k MNH B A 1 LT DA R B (3R
3~K4) , NRMAEXRE, NEHBERAKN
B SB, ORI 76 G 36 I Bt R 2450 2 A (] A ARG 5 M
RMSEfERTE , BREIAN “GPR+GPRs,," Hl
“GPRgo+GPRsoo+f” Fb, HAbH A ZAE T Pr gy
FIGEPELTY , JEIeTE I G BLid R TG I B B,
RMSEH /N T 2 81 G 31 i 2 v [m] A5 10 4R T A
RS, 2T CEPS g i + )2 R A 45 45 il
ST AR 2 [ VAR 700 3000 6 4 4 25 TR A B

F4 FREMANLZETNEMERBIRENGEPEILER

Table 4 Statistical performances of the GEP model using the training and testing data with different input variables

R’ RMSE (c¢m)
GEPE#Y
GEP Model e oz 45 plER 2%
) Training  Testing Training Testing
h =GPR,,, +In(GPR,,) -0.545 x (GPR,,,)""” 0.469"  0.394” 45.1 20.2
h =GPR, +19.619 0.608"  0.564” 37.4 18.8
h=1.229" GPRy, +4 " In’[In(GRP,,,) —2.874] +47.149 0758 0551 20.4 17.4
h=0.5"GPR,, In(1.245"f) + (f+1.580) + 0.602"  0.460" 37.6 18.6
12.335° (GPR,,,)’
5887.2 — (GPR,y,)’
f 2/3
= - . : e 0.675"  0.585" 34.0 17.7
h =GPR,, — \/GPR,,, +7.842" f + exp CPR. 16,565
h =0.879" GPR, +exp( /GPR,,, — GPR.,, —92.041) + [exp(1. 1417 f)]% 07387 0.588" 305 163

e ##FIR”p<0.01, Note: ** represents p<0.01
:k >
3 gn l/b\

W TR R N, R M TR A A I )R
JEJE, R A AR B e B R 2, DT i v 4R A
JE o AR AR R Lk WAL LA i U A R, T
A R A KRR 4145, TRie R GEPRIAYIL &
fGE Il AR, BIRE 3 i )2 5 E B TR 82 5 oRE
SR WAL S AL, L RESE = PRS2 . A W]
NG, ZRT LB RO, 5T CEPRILHE

71 2 R R R A 25 L T A A ] USSR
R BE (R B2 T2 TR A B, PRI ab SR ) 4 i T 0 45 7 D
A, [RIEFLL100. 500 MHZAT 28 K 26 i 45 I 4 4L
AR Sy A AR i 2R MR A 1) D FR ORI 38 5 AR
P23 W BE 1L 5]0.660115.0 cm.
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ESTIMATION OF THICKNESS OF SOIL LAYER ON TYPICAL KARST HILLSLOPES
USING A GROUND PENETRATING RADAR

2F

Wang Sheng'* > Chen Hongsong" Fu Zhiyong" > Nie Yunpeng'" > Wang Kelin" *

(1 Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China)

(2 Huanjiang Observation and Research Station for Karst Ecosystems, Chinese Academy of Sciences, Huanjiang, Guangxi 547100, China )

Abstract Thickness of the soil layer on a hillslope is an important factor governing hydrologic processes
on the hillslope. A field survey was carried out using a ProEx ground penetrating radar ( GPR) , product of
MALA in Sweden, to detect thickness of the soil layer on a hillslope in a karst region. The detection used
two antenna frequencies, 100 and 500 MHZ, separately, Then exploratory trenchess were excavated on
the slope to determine thickness of the soil layer physically and at same time to explore for factors affecting
accuracy of the radar detection, like weathering degree of the bedrock at the interface between the soil layer
and the bedrock. On such as basis, a linear regression model and a GEP model was established with different
independent variables to verify applicability of the ground penetrating radar to soil thickness detection on
karst hillslopes. Results show that as in the karst region, the soil layers on hillslopes are generally thin and
contain a lot of debris, the use of a higher frequency antenna may improve detection precision; the use of
the combination of the results of the radar detections with two different frequencies and weathering degree of
the bedrock as input variable is higher in simulation accuracy than the use of the results of the radar detection
with a frequency as input variable. When input variables are the same, the GEP model is very limitedly
higher than the linear regression model in prediction accuracy because of limitations in actual detection. So,
the latter is recommanded. The linear regression model combining results of the detection using 100 and 500
MHZ antennas and weathering degree of the bedrock as independent variable may reach 0.660 and 15.0 cm in
coefficient of determination and root mean square error, respectively.

Key words Soil thickness; Ground penetrating radar; Genetic algorithm; Karst
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