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Research on Inversion of Soil Salt Content Based on Partial Least Squares Combined with Random Forest

XIAO Zhi-yun'? XU Xin-yu"> (1.College of Electric Power, Inner Mongolia University of Technology , Huhhot, Inner Mongolia 010080
2.Inner Mongolia Key Laboratory of Mechatronic Control,Huhhot, Inner Mongolia 010051 )

Abstract Aiming at the soil salt content in the Tumochuan Plain, a regression inversion model combining partial least squares and random for-
est (RF-PLSR,PLSR-RF) to predict soil salt content was proposed. A total of 45 soil samples were collected in the study,35 of which were ran-
domly selected as the modeling set and 10 of which were randomly selected as the verification set. The experiment first performed segmentation
processing on the collected hyperspectral image of the soil to extract the original reflection spectrum of the soil at 400—1 000 nm,and then per-
formed 4 kinds of spectral transformations on the original reflection spectrum (first-order differential , first-order differential of multiple scatter-
ing correction,SG smoothing Denoising first-order differential and logarithmic first-order differential ). And it performed correlation analysis
(CA) with the measured salt content of the soil, utilized the correlation coefficient to select the sensitive band ,and finally established a regres-
sion model combining partial least squares and random forest. Compared with partial least square regression and random forest regression, the
prediction accuracy of the combination of the two models was significantly improved. The PLSR-RF inversion model that established by the
first-order differential transformation of the spectrum was more obvious. Its modeling set determination coefficient R,* was 0.852the root mean
square error RMSE, was 0.102 g/kg,and the relative analysis error RPD, was 2.600. The set determination coefficient R, was 0.941 , the root
mean square error RMSE, was 0.049 g/kg,and the relative analysis error RPD, was 4.117.
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Table 1 Statistics of salt content in soil sample

REAAE FEAR B 4 H Salt content // g/kg
Number of . B . i
Sample e BRI RN PHIE
set A Maximum ~ Minimum Average
JEVEEAS Total sample 45 1.344 0.160 0.557
HEBEAR 35 1.344 0.160 0.567
Modeling sample
BIFREAS 10 0.923 0.197 0.523

Validation sample
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Table 2 Salt content and PLSR,RF ,RF-PLSR,PLSR-RF regression model
HARAE Modeling set(n=35) I3IF4E Validation set(n=10)
o SR AL
S Reflect: A
Model con\?er(;?o;lmfc(im R’ RMBE, RPD, RS’ RMSE, RPD,
g/'kg g/'kg
PLSR 1D 0.444 0.234 1.341 0.754 0.101 2.016
MSC+1D 0.408 0.241 1.300 0.548 0.137 1.487
SG+1D 0.468 0.229 1.371 0.501 0.144 1.416
LD 0.445 0.233 1.342 0.754 0.101 2.016
RF 1D 0.754 0.155 2.016 0.766 0.099 2.067
MSC+1D 0.786 0.145 2.162 0.720 0.108 1.889
SG+1D 0.798 0.141 2.225 0.422 0.155 1.315
LD 0.713 0.168 1.867 0.609 0.128 1.600
RF-PLSR 1D 0.833 0.127 2.447 0.703 0.111 1.835
MSC+1D 0.835 0.127 2.460 0.802 0.091 2.247
SG+1D 0.832 0.128 2.440 0.653 0.120 1.698
LD 0.781 0.147 2.137 0.643 0.122 1.674
PLSR-RF 1D 0.819 0.133 2.331 0.879 0.071 2.875
MSC+1D 0.845 0.124 2.540 0.883 0.070 2.924
SG+1D 0.826 0.131 2.397 0.739 0.104 1.957
LD 0.852 0.102 2.600 0.941 0.049 4.117
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Fig.4 Comparison of the predicted value and measured values of the PLSR regression model for salt content
Lor 1D Lor MSC+1D
2 08F 2 08}
1] o0
8 0.6F 2 06F
B 0.4f . . B8 o04f i
k) & R?=0. 766 B ° R?=0.720
5 0.2F RMSE=0. 099 E 0' 2F RMSE=0. 208
& RPD=2. 067 & RPD=1. 889
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
SZMYE Measured value [l g/kg S2MYA Measured value || g/kg
SG+1D LD
L0f Lop
2 0.8F 2 0.8F
S~ b 8
=1 o0
S 06F 8 06F . :
¥ 04 . B 04t
5 7. R?=0. 422 5 < | R2=0.609
E 0 2 L . RMSE=0. 155 F?_)‘ 0 2 | RMSE=0. 128
(=9 : & .
RPD=1. 315 RPD=1. 600
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

F2MUA Measured value I g/kg

F2MUA Measured value Il g/kg

B 5 #HhaE RF OFEBHUNES SSER S

Fig.5 Comparison of the predicted value and measured values of the RF regression model for salt content

I 2 FP A TG T 1 RS SR AT AT B Y 1 D e
/NS BERLARARAS A A TIN5k U T i ) IO
JEPRR AT T 52257 ) AR A i e/ — 3 55 B AL AR bR
A U AT e 2 T B0 E N SR S5 B, A
Geites > BB RS BE T, SR 2 FERL T ] A KA
F0 AR IR ), ST Al e AR A 2 ) 6 35 0 =2 1) ) LS %

Z, M o % 2 25 S X2 AT HEAT 4145, il RAY R Tt s
PP i 2 T 22 T B A {15 2 ] A Xt i 2 i g 5
RARMATER, 1AL Bdls =22 18] 5 525G 5 1 16 1T g
77, DT B et A58 T80 ) OIS 2 o £ FUIN) - 3 3 55 e i AF 52
BT AR A 2 MR A, S B DG
R AT TEAR L, 2 RSN f) 45 AT L i v S 3



49 % 8 # EEE A THRDZRSEAARS LE LS FTREHR 15

SR B ARSI s SR M S %

Lor 1D Lor MSC+1D
2 0.8F 2 0.8} ’
1] o0
L 06f - § 0.6 -
B 04} . B8 0.4} . :
k) R?=0.703 B . s R?=0. 802
E 0.2F > . RNSE=Q. 114 E 0.2} y RMSE=0. 091
RPD=1. 835 RPD=2. 247
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
SEMUA Measured value |l g/kg S2MYA Measured value || g/kg
SG+1D LD
Lop Lop
2 081 2 08t
=1 o0
Q L © L
g T‘; 0.6 g T‘Z 0.6
EQ > E: =
¥ 04 B 04t .
2 * R=0.653 5 R2=0. 643
B RMSE=0. 120 B RMSE=0. 122
& 0.2 - £ 02f ;
RPD=1. 698 RPD=1. 674
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
YA Measured value Il g/kg F2MUA Measured value Il g/kg

E 6 #H&E RF-PLSR mFRAFMES TMEMLER

Fig.6 Comparison of the predicted value and measured values of the RF-PLSR regression model for salt content

e Lo, seHD
2 08F 2 08}
1] o0
2 0.6t 2 06f
¥ 04 . B8 04
5 . . R?=0. 879 5 R?=0. 883
E 0.2 ’ RMSE=0. 071 E 0.2 RMSE=0. 070
RPD=2. 875 RPD=2. 924
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
SZMYA Measured value Il g/kg SEMYA Measured value I g/kg
SG+1D LD
Lo 1T
2 081 2 08t
=1 ) -
Q L Q L
g T‘; 0.6 g TZ 0.6 . .
B 04t . B 04t
2 R?=0.739 ° * R?=0.941
E 0.2 RMSE=0. 104 E ook ) FSE=0. 549
RPD=1. 957 RPD=4. 117
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
YA Measured value Il g/kg F2MUA Measured value Il g/kg

7 #&E PLSR-RF [ R MAES SSRER LS
Fig.7 Comparison of the predicted value and measured values of the PLSR-RF regression model for salt content
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