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UAYV Remote Sensing Inversion of Soil Salinity in Field of Sunflower
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Abstract; It is of great significance to obtain soil salt information timely and accurately for guiding
rational irrigation, ensuring normal growth and development of crops, and realizing high yield. Sunflowers
of four kinds of croplands with different salinizations in Shahaoqu District of Hetao Irrigation Area were set
as the study object, remote sensing data were obtained by using multi-spectral camera and thermal
infrared imager, meanwhile, the soil salt data at different soil depths in the region were collected. The
soil salinity inversion models were constructed for sunflower field in different growth stages and soil depths
with four regression methods, including partial least squares regression( PLSR) , support vector machine
(SVM) , back propagation neural network ( BPNN) and extreme learning machine (ELM ), which were
based on canopy temperature, and spectral index was screened by grey correlation method. The result
showed that the effect of salt inversion model constructed based on the data of sunflower budding stage
was better than that of flowering stage on the whole,the model constructed with the preferred salt index
and spectral index as the variable group was better than that of vegetation index variable group and the
soil depth with good salinity inversion was 0 ~20 c¢m and 20 ~40 cm. The comparison showed that the
effect of machine learning salt inversion model was better than partial least squares regression model,
BPNN salt model constructed with spectral index as variable group had the best inversion effect at the
depth of 0 ~20 c¢m soil in sunflower germination stage, in which the modeling R* and validation R* were

0.773 and 0. 718, and the RMSE and CC of validation reached 0.062% and 0. 813, respectively. The
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research result provided a reference for the application of UAV remote sensing in sunflower field soil

salinity monitoring and related research.

Key words: UAV remote sensing; sunflower; soil salinity; spectral index; canopy temperature; grey

correlation method
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Fig. 7 Correlation diagrams between canopy temperature and soil salinity
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Tab.2 Gray correlation degree statistics between different vegetation indexes and soil salinity at different growth stages
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HEF KK e RkE HE Kk HEF Kk b RKE HEF KK
NDVI—-1 6 0.818 5 0.813 8 0. 825 9 0.832 10 0.811 9 0.791
NDVI-2 14 0.786 15 0.777 15 0.794 5 0. 850 6 0.823 5 0. 806
DVI-1 7 0.817 7 0.812 5 0. 827 11 0. 826 11 0. 810 11 0.784
DVI-2 12 0.787 12 0.779 13 0.795 7 0. 844 7 0. 820 7 0. 800
SR-1 10 0.791 9 0.787 9 0.810 14 0.814 13 0.798 14 0.779
SR -2 11 0.789 11 0.786 10 0. 809 13 0.814 14 0.797 12 0.781
EVI-1 8 0.817 8 0.811 6 0. 827 12 0.817 12 0. 801 13 0. 780
EVI-2 15 0.786 13 0.779 12 0.798 8 0. 835 8 0.815 8 0.794
ARVI-1 9 0.793 10 0.787 11 0. 805 16 0.778 16 0.765 16 0.739
ARVI-2 16 0.743 16 0.735 16 0.758 15 0.811 15 0.793 15 0.769
CRSI-1 3 0. 852 3 0. 846 3 0. 856 4 0. 864 4 0. 830 4 0. 820
CRSI-2 4 0. 830 4 0. 827 4 0. 837 1 0. 868 3 0.835 3 0. 829
SAVI-1 5 0.819 6 0.812 7 0. 826 10 0. 830 9 0.812 10 0.790
SAVI-2 13 0.787 14 0.777 14 0.795 6 0. 849 5 0. 824 6 0. 805
MSAVI-1 2 0. 884 2 0. 867 2 0. 867 2 0. 868 2 0. 868 1 0. 844
MSAVI-2 1 0. 889 1 0.870 1 0.874 3 0. 867 1 0.872 2 0. 843

RI3 ARLEEHESELHSIESHENREXKEST

Tab.3 Gray correlation degree statistics between different salt indexes and soil salinity at different growth stages

TFAEI— L R/ em

ST O /em

ENE e 0~20 20 ~40 40 ~60 0~20 20 ~40 40 ~ 60

o REE R CEkE HF KeRE b RERE HFE 0 SRBRE HkFE RERE
NDSI -1 13 0. 832 13 0.836 13 0. 827 15 0. 842 15 0.798 15 0. 806
NDSI -2 14 0. 802 14 0. 804 14 0.796 13 0. 858 14 0.811 14 0. 820
ST 1 0.911 1 0.901 2 0. 883 5 0. 899 3 0. 885 3 0.879
SI1 3 0.903 3 0. 894 5 0. 881 4 0.900 1 0. 886 2 0. 882
SI2 -1 10 0. 885 8 0. 881 7 0.873 3 0. 901 8 0. 858 7 0. 863
SI2 -2 7 0. 890 7 0. 883 6 0.877 6 0. 898 11 0. 852 8 0. 862
SI3 2 0. 904 2 0. 895 4 0. 882 2 0.902 4 0. 885 1 0. 882
S1 12 0.873 11 0.874 9 0. 869 10 0. 879 13 0. 831 10 0. 847
S2 15 0.791 15 0.787 15 0.768 11 0. 869 12 0. 849 12 0. 845
S3 8 0. 888 9 0. 881 10 0. 868 8 0. 892 2 0. 885 5 0. 869
S5 4 0.902 5 0. 888 8 0.871 9 0. 880 5 0.872 9 0. 859
S6 -1 5 0. 899 4 0. 888 3 0. 883 1 0.903 0. 863 4 0. 874
S6 -2 6 0. 898 6 0. 886 1 0. 883 7 0. 895 10 0.853 6 0. 866
SI-T-1 11 0. 882 12 0.874 12 0. 862 14 0. 858 0.856 11 0. 846
SI-T-2 9 0. 886 10 0.875 11 0. 864 12 0. 866 7 0. 858 13 0. 840

o RIS b & B ,0 ~ 20 em F1 20 ~40 cm ¥ JiE 4b
1) - 3k 55 R R AT 40 ~ 60 em, HE & 7E
FEAE W], H A 7EFFAE W] 40 ~60 em - HEVREFAb LT
Bl 46 B o7 OB R AL e 22, R RO AL
0. 068 , K iiF £ RMSE . CC 43 %1 k7 0. 079% #i1 0. 255,
17T B 75 300 A O TR R A ) A5 R R AR 3 T e R R O AR
HWIARR, AR R S WA 2 5.
2.6 HBFEIRBEMNEISHH
2.6.1 SR EALBIR

TRF LB AR S EE R R B S R

H e1071 FL52 B, )T I 6 1 2% 0% k47 BE 80 2 5
gamma HI A ZHL cost {9 T, ¥E 5E ¢ LK IE 1R 22
B /NS 1R 2 R S S YA Ohy g 26 114 R 0 R T A
B ZE RN 6 fiis .

MF6 T LR B, 1R T A M Y - 2R
SVM A5 v 45 7Y 24 SR i i 1) 2 A0 BR3P R T8
T AR HOE Y 0 ~ 20 em PREE AL 1 Eh 3 S A A,
B4 RPRIRAESE R* 4300 0.739 1 0. 574, B i 4
RMSE ,CC 4351/ 0. 080% #11 0. 711, %0 H i 25 W) =&
TFAE 3] v 5 TR AR B S /Y 40 ~ 60 em TR BE AL 1Y
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Tab.4 Grey correlation analysis and screening results statistics of spectral indexes at different growth stages
R _ B4 £ A _ o 4R A _ Juil e % A
B JFE BT TFE BT TFE
MSAVI-1 CRSI-2 SI S6 -1 MSAVI-1 CRSI-2
MSAVI -2 MSAVI-1 SI3 SI3 MSAVI-2 MSAVI-1
CRSI—-1 MSAVI-2 SI1 SI2 -1 CRSI-1 MSAVI-2
0~20 CRSI-2 CRSI-1 S5 STl ST S6 -1
SAVI-1 NDVI-2 S6 -1 SI S13 SI3
NDVI-1 SAVI-2 S6 -2 SI2 -2 SIl SI2 -1
MSAVI-1 MSAVI-2 SI SI1 MSAVI-1 MSAVI-2
MSAVI-2 MSAVI-1 SI3 S3 MSAVI-2 MSAVI-1
CRSI-1 CRSI-2 Slt SI CRSI-1 CRSI-2
20 ~40 CRSI-2 CRSI-1 S6 -1 SI3 S1 Si1
NDVI-1 SAVI-2 S5 S5 S13 S3
NDVI-1 NDVI-2 S6 -2 S6 -1 SI1 SI
MSAVI -1 MSAVI-1 S6 -2 SI3 MSAVI-1 MSAVI-1
MSAVI-2 MSAVI-2 SI SI1 MSAVI-2 MSAVI-2
CRSI-1 CRSI-2 S6 -1 SI CRSI-1 CRSI-2
40 ~60 CRSI-2 CRSI- 1 si3 S6-1 S6- 2 s13
DVI-1 NDVI-2 SI1 S3 S1 Sl
EVI-1 SAVI-2 SI2 -2 S6 -2 S6 -1 SI
®5 ETAREEFHAEARELESIEM PLSR #E
Tab.5 PLSR regression model based on soil salinity at different depths in different growth stages
- — B 373 4 S—— : i S : RS
cm RMSE/ % R” RMSE/ % CC
0~20 5 0. 387 0. 100 0. 409 0.083 0.595
FH B AR B 20 ~40 6 0.194 0. 106 0.468 0. 099 0.470
40 ~ 60 5 0.265 0.123 0.518 0. 097 0. 634
0~20 4 0.678 0.072 0.554 0.081 0. 699
B IR 20 ~40 6 0.544 0.079 0.554 0. 087 0. 657
40 ~ 60 6 0.471 0. 104 0.513 0. 099 0.671
0~20 6 0.734 0. 066 0. 547 0.084 0. 695
i 8 B 20 ~40 5 0.539 0. 080 0.539 0. 089 0. 642
40 ~ 60 6 0.412 0.110 0.568 0.093 0. 661
0~20 6 0.317 0.079 0.372 0. 067 0.492
A B 45 5 20 ~40 5 0. 425 0. 093 0.384 0.071 0.556
40 ~ 60 4 0. 281 0. 099 0.068 0.079 0.255
0~20 6 0.506 0. 067 0.510 0. 059 0. 686
PAR 2 R 20 ~40 5 0.521 0. 085 0.381 0.074 0.598
40 ~ 60 5 0.302 0.098 0.097 0. 080 0.309
0~20 5 0.494 0.068 0. 455 0.063 0. 650
S+ K 20 ~40 3 0. 500 0. 087 0.355 0.075 0.565
40 ~ 60 3 0.288 0. 099 0.076 0. 080 0.271

RO R A RIS IE4E R° 4 Bk 0. 397
1 0.203, & §iF £ RMSE, CC 43 %Il & 0.068% Fil
0.008 , JLARHEAY Mg B 22 /0, B AR I ik 4
B REIIFE 0.3 DL b T iR 22394 0.2% LU
U0 3 T Sl i LA S B R S T TR

PRRCR BT o

2.6.2 BP b1 & W 45 i
BPNN J& — ff ¢ 15 25 30 4% 36 B35 I 2k 10 22 )2 ip

TR 2 2% AR DE ST Y BP b 25 ) 45 1580 [) A oR ) R
HE P TE . e A caret P8 nnet ()l 2520
B AN LA ™ 45, 9% I A FH 90 48 28 0 i R
22 I /NI JE N HEAT 2 80T, e 3 A A S AR
KRR I A AR DG AR AT R R IS B S5 AR gk 7

NS

T AT LAk B, TR BT A R A Y SR
BP i 2 [ 25 52 70 e | BH T 0 0 A5 R R A R B
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Tab.6 SVM regression model based on soil salinity at different depths in different growth stages
" — TR/ : jig e S B gE
cm R” RMSE/ % R? RMSE/ % cC
0~20 0. 401 0.101 0.402 0. 085 0.510
FH B4R B 20 ~40 0.396 0. 093 0.437 0. 099 0.501
40 ~ 60 0.413 0.112 0. 498 0. 099 0. 637
0~20 0. 684 0.072 0. 550 0.079 0.707
BE iR 20 ~40 0.527 0. 082 0. 609 0. 087 0.618
40 ~ 60 0. 454 0.108 0.456 0. 107 0.509
0~20 0.739 0. 065 0.574 0. 080 0.711
ik 5 % 20 ~40 0.585 0.078 0.576 0. 095 0.508
40 ~ 60 0.458 0.107 0.477 0.108 0.495
0~20 0.362 0.078 0. 400 0. 066 0.533
ViR &R 20 ~40 0.416 0. 096 0. 331 0.079 0.474
40 ~60 0.397 0.118 0.203 0.068 0. 008
0~20 0.532 0. 065 0.520 0. 059 0. 641
JF A6 Hh A e B 20 ~40 0.591 0.079 0. 421 0.071 0. 644
40 ~60 0. 480 0. 086 0.372 0. 065 0.593
0~20 0.483 0.071 0.492 0.061 0. 603
1 45 ¥y 20 ~40 0. 470 0.114 0. 443 0. 087 0. 149
40 ~ 60 0.525 0. 084 0.324 0. 069 0.517
x7 ETAREFHARRELEREEN BPNN KE
Tab.7 BPNN regression model based on soil salinity at different depths in different growth stages
" I TR/ : A : Loaiee S
cm R RMSE/ % R RMSE/ % cC

0~20 0. 405 0. 099 0. 439 0. 080 0. 605
iR E R 20 ~40 0. 421 0. 090 0. 409 0. 099 0.493
40 ~ 60 0.421 0.110 0.510 0. 097 0. 646
0~20 0.675 0.073 0. 540 0.078 0. 695
A 58 20 ~40 0.512 0. 082 0.572 0. 087 0. 642
40 ~60 0.499 0.102 0. 587 0.091 0. 681
0~20 0.773 0. 062 0.718 0. 062 0.813
%5 B 20 ~40 0. 560 0.079 0. 542 0.093 0.578
40 ~ 60 0. 465 0. 106 0.558 0.097 0. 603
0~20 0.264 0.083 0.303 0.071 0.386
LR SE R 20 ~40 0.413 0. 094 0.348 0.073 0.531
40 ~ 60 0. 191 0.117 0. 140 0.071 0. 004
0~20 0.511 0. 067 0.548 0.058 0. 641
PAR 2| R 20 ~40 0.563 0. 081 0. 440 0.068 0. 639
40 ~ 60 0.216 0.117 0.163 0.070 0.001
0~20 0.498 0. 068 0. 475 0. 061 0. 629
Sk 48 B 20 ~40 0. 448 0.122 0.459 0. 093 0.016
40 ~60 0.225 0.117 0.195 0.071 0. 007

HBE RPABIESE RHAF T 0.4 Db, B F 4
RMSE #4 F 0. 1% DL F ,CC ¥ F 0.4 DL o i
TEFFAE ] ,40 ~ 60 em - HE IR I Ab i 455 R0 30 R B i
25 F HoAth 2 A TR BE AL, 50 O B R Bk 4R B S
e R, #E B4R RT ORI BG UE & R X N 0. 191 A
0. 140 , & F b 43 48 BOF G 1% 48 B0HE 57 i A5 7 45 2R
RT3

2.6.3 R fR=E S BB

P B 27 20 AL — b BB 55 22 I 0 1 4 T 4% 11
PR 2 o] B B R 2% I R R o AR RS
JZ Rk 2 ARG, Hh R R B R 2 on A B
NHE . fE R B, elmNNRepp {3 i
ANGRREA, B E tansig 9 BE M B BREZ &
JC T RRUR RE T 95 2 5 R Y S R i 2 9 R F
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100, 45— 340 2 A, DL 5 O B & 2 19 79 i
B A RS E AT 500 U, L2 ELM #E LY

BEATL P, o i o A8 20 i ) i b s SR SR
E R N

R8 ETFARLEBTHARRELTESHER ELM &2
Tab.8 ELM regression model based on soil salinity at different depths in different growth stages

v P— e 37N V4 : R : : LTS
cm R RMSE/ % R* RMSE/ % CC
0~20 0. 409 0.098 0. 386 0.086 0.593
LR R 20 ~40 0.372 0.093 0. 426 0.097 0.528
40 ~ 60 0.432 0. 108 0.419 0. 108 0. 626
0~20 0. 661 0.074 0.545 0.076 0.715
BE iR 20 ~40 0.563 0.078 0.592 0.087 0. 627
40 ~ 60 0. 548 0. 096 0. 508 0.098 0. 643
0~20 0.517 0. 088 0.521 0.088 0. 652
ik 5 %L 20 ~40 0.583 0.076 0. 545 0.087 0. 652
40 ~60 0. 408 0.110 0.411 0. 107 0.533
0~20 0.382 0.075 0. 388 0. 067 0.500
R 20 ~40 0. 409 0. 094 0.354 0.074 0.570
40 ~60 0. 136 0. 109 0. 177 0. 064 0.309
0~20 0. 468 0.070 0. 509 0.059 0. 640
JFAE R 20 ~40 0. 548 0.083 0.412 0.071 0.618
40 ~ 60 0.112 0.110 0.293 0.061 0.343
0~20 0. 420 0.073 0. 442 0. 064 0. 634
Y6tk dE % 20 ~40 0. 455 0.091 0.413 0. 069 0. 609
40 ~ 60 0.218 0. 104 0.126 0.071 0. 336

Y8 8 WL, 7R i A7 i A 1Y 4 3 3h o iR BR 2
MBI ,0 ~20 cm 1 20 ~ 40 em 33 % B 4b 1)
BEARIHOR L T 40 ~ 60 em , {H 145 1 1, 4n e 9035 1)
JLF F B 8 B0 ST Y 40 ~ 60 em Y5 JE AL (1) £ 45 7
BORE T AR B A B R RS R 40
A3 0.432 F1 0.419, & uE 4£ RMSE, CC 43 5] K
0.108% F1 0. 626, BELAb, Xf b & B, BLE 1 A 45 Al
ROR B AR T I AL, ¢ 51 0 40 ~ 60 em I FE AL 1)
FERY, 22 S BB 2 .

2.7 REWEEITEM

AR SC LI 3k R 8 O B v T 0 A B 0 A [H] 45 R
AR R A4 9 5 2 0 B O B i, DL R Y A [
W LIEN S E R ZRE, 512 MEFHE
A& I NSRBI Sl [ VN 2 g 1 2
P 2 LA Bt BIR 27 2 0L 45 5 07 2, 3R 34 O ()
T A R 4 RO AR 72 A LR TR kR
giitan R 9 FroR. W T & A AL B 5k gk
RMSE 2= 585/, Jhy 7 5 100 1 R £ 45 A4~ 45 7 2 ]
9 X 50, LA B UE 4 R L CC A1 RMSE 25 3 # 15 45 N
Zeik, 4 AN R ASE Y ) A Y S A 4 bR fE R SR P
K, &l 8 B s, LWL ER 3 B A5 R Sz i R0OR | 18]
R ALY PLSR — 20 KR 720 ~ 20 cm ¥ JZ AL 1) I
/N A B, SVM — 20 KR FE 0 ~ 20 cm P
JEAE 1Y 3 ) & HLEL R, BPNN — 20 £ 78 70 ~

20 em VREEAL Y BP il 245 W 25 IR ELM — 20 KR
FE 0 ~20 em B2 AL 1) B B 2% 2] LA AL ; PLSR — 40
FIR 20 ~ 40 em TR BE AL B D B /Iy = 3fe [m] ) A A
SVM —40 FKIRTE 20 ~ 40 cm T BE AL 1 3 F5 ) 5 4L
Fi% BPNN — 40 2 75 7£ 20 ~ 40 cm {5 B 4k 9 BP
P2 W 28 R ELM — 40 IR 7E20 ~ 40 em 3 i 4b
) A% B 2% ) LA Y 5 PLSR — 60 £ /R 7E 40 ~ 60 cm
TR BE AL ) i B /s — e [l IH BE RS, SVM — 60 3 7R 7
40 ~ 60 cm T FE AL 1Y 3 HF 1] 1 HLAE A, BPNN — 60
FIRTE 40 ~ 60 cm K JE 4b 1) BP i 25 W) 45 BE A,
ELM - 60 F£/R7E 40 ~ 60 cm ¥ B 4b (Y 1% PR 27 2] AL
B

M9 W LUAE iR AR T S, JC iR e LA 1 iE
SEIFAEI g Sr i R A BRI SR T R A
TSR AHX LG % B, B I A ROCR A T IT B .
X AN [ i 28 70 g Bk B, 3k F R o0 48 BRI i
T8RO T WA RO ROR BB AF o R FEAS TR Y 3 IR
JERRB K B, 7E 0 ~20 em il 20 ~ 40 em 4L & 57
8k 3 8 AR AL S 3 ORI T 40 ~ 60 em IR FE Ab
(4, 8 AR AE S AE I, SR DL T . X L 4 R
R LLE I, BT AL 2 ) ik @
S5 H AR TR B T I AEIX 3 Rl a2 S B o )
U AT B & ELM BERY SVM A5 R YK 22, fe 22 /Y
J& BPNN iR,
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Tab.9 Statistical analysis of inversion effects of salt inversion models of different modeling types
— R R PLSR SVM BPNN ELM
H )
Hm JE/cm R? RMSE/ % CC R? RMSE/ % CcC R? RMSE/ % cC R? RMSE/ % CC
0~20 0.409 0. 083 0.595 0.402 0. 085 0.510 0.439 0. 080 0.605 0.386 0. 086 0.593
HIE % 20 ~40 0. 468 0.099 0.470 0.437 0.099 0.501 0.409 0.099 0.493 0.426 0.097 0.528
40 ~60 0.518 0.097 0.634 0.498 0.099 0.637 0.510 0.097 0.646 0.419 0. 108 0. 626
0~20 0.554 0.081 0.699 0.550 0.079 0.707 0.540 0.078 0.695 0.545 0.076 0.715
MAEM I8 % 20 ~40 0.554 0.087 0.657 0.609 0. 087 0.618 0.572 0. 087 0.642 0.592 0. 087 0. 627
40 ~60 0.513 0.099 0.671 0.456 0. 107 0.509 0.587 0.091 0.681 0.508 0. 098 0. 643
0~20 0.547 0. 084 0.695 0.574 0. 080 0.711 0.718 0. 062 0.813 0.521 0. 088 0. 652
SeiEdE L 20 ~40  0.539 0.089 0.642 0.576 0. 095 0.508 0.542 0.093 0.578 0.545 0. 087 0. 652
40 ~60 0.568 0. 093 0.661 0.477 0. 108 0.495 0.558 0.097 0.603 0.411 0. 107 0.533
0~20 0.372 0. 067 0.492 0.400 0. 066 0.533 0.303 0.071 0.386 0.388 0. 067 0. 500
MW e 20 ~40 0.384 0.071 0.556 0.331 0.079 0.474 0.348 0.073 0.531 0.354 0.074 0.570
40 ~60 0.068 0.079 0.255 0.203 0. 068 0.008 0. 140 0.071 0.004 0.177 0. 064 0.309
0~20 0.510 0. 059 0.686 0.520 0. 059 0.641 0.548 0. 058 0.641 0.509 0. 059 0. 640
JFAE Eh4r48%0 20 ~40 0. 381 0.074 0.598 0.421 0.071 0.644 0.440 0. 068 0.639 0.412 0.071 0.618
40 ~60 0.097 0. 080 0.309 0.372 0. 065 0.593 0.163 0.070 0.001 0.293 0. 061 0.343
0~20 0.455 0. 063 0.650 0.492 0. 061 0.603 0.475 0. 061 0.629 0.442 0. 064 0. 634
FREFE R 20 ~40  0.355 0.075 0.565 0.443 0.087 0.149 0.459 0. 093 0.016 0.413 0. 069 0. 609
40 ~60 0.076 0. 080 0.271 0.324 0. 069 0.517 0.195 0.071 0.007 0.126 0.071 0.336
EWRMSE [CC R ERRMSE [OCC OR B RMSE [OCC R
ELM-60 T ] ELM-60 T ] ELM-60[ T
BPNN-60 I __ 1 BPNN-60 I ] BPNN-6OL T Tl
SVM-60 T 1] SVM-60 T ] SVM-60 %
PLSR-60 T 1| PLSR-60 T — PLSR-60 [
_, ELM-40 = _, ELM-40 i | SN o1 T | ) —
fﬁ?‘: BPNN-40[ T T B BPNN-40 [ | ;’gﬂ BPNN-40— T T
g\ L] — — -fj;f SVM-40 T i o V] — —
% PLSR-40 T = % PLSR-40 ] xﬁ PLSR-40[ T
= ELM-20 I | = ELM-20 = ELM-200 T W
BPNN-20 ] BPNN-20 0] BPI\ N-20 | 1]
SVM=200 T T SVM-20 1| SVM-20 I i
PISR20 [~ T . ., PLSR-20 I PLSR-20 I I
0 02 04 06 08 10 12 14 0 02 04 06 08 10 12 14 0 020406081.01214161.8
% % /%
(a) T W HAE L (b) AR TR %L (c) BUEBISLEREE
B RMSE [l RMSE I RMSE
ELM-60[ T W EcC ELM-c0 T EJGC ELM-60 CT———m C=3¢C
BPNN-60 1l R BPNN-60[ R BPNN-60 ] [=p
SVM-60 | ] SVM-60 I 1] SYM-60 ]
PLSR-60 [ PLSR-60[_1 = PLSR-60 |1
= ELM-40 T | = ELM-40 T m = ELM-40 T ||
I BPNN-40 I _ ¥ BPNN-40 | I K BPNN-40 | |}
= SVM-40 | ] ¥ SVM-40 | — & SVM-40 I ]
¢ PLSR-40 | ] ¢ PLSR-40 | 0] > PLSR-40 | =
ELM-20 [ | ] ELM-20 | 0] ELM-20 I ]
BPNN-20 T T BPNN-20 ] | BPNN-20 I a0
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(d) FFAEHA-TE B L (e) FHAEMI-EE 1R 5L () FHAEM-GigHEEL
8 ANIH] Mk 3 I R AT AN 18 AR HE B AOF B

Fig. 8 Different soil salinity inversion model evaluation index accumulation bar charts
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TARRCR m A H, e K i AR BUE Y 2 5 B 7
AT 35 )2 B, 02 RS HEAR M 1) 2 JR T 1)
FEFEACE KRIERERY AL B, R i Eh o m ik
AR AR SR K b BRI 2 R e B AR R A K
7 30 g £ HCE AN [R] AL ) P B AR 2 22T A
LT HME L, R0 L8 o AR AN ] 3 % 2 Ak Y
o AT A S, R TR B RO RO . 3
MK [ 40 A5k B - 358 50 X % 76 A 1 A R Al 2 B
VR A T B B B e s, 1 SCHK 41 ] A Vb I
R N AT R R g TSN R AR F A
Xt o0 ) SR AT AE B 25 S I A, AR BE S R B
FEAE BT IR AR R o0 T O U RO
Whf, 5 LR P S AT R AR, ARV
i AR B2 AR 1Y B KR TR AN 2 40 em, B0 AR %35 B2
WA B T AR AR o AR AS B S A7 7E
0 ~20 cm F120 ~40 em + JZ IR EEAL A ZEIEAR R AT 1
R 43 1) SRR JE 5 T 40 ~ 60 em [ L4, 3 1
B HEER 70 XA P A A 5 e i E - AR AR A S i R
FEE DTG . B Ah , A F 5 rb i T R 0l 4 Ko #y
P R I3 S TR TR IS T AR AR N B 2%, X T R T
b S R I XA W B A B R W i e A R A, E
11175 B0 AR B A5 RO 22 A, i AR BIF 5 B 8 45 11
AT WIS AR SIE RS B B, I R
X 2% A B A R A AN S 5 ] A

SBURAAY IR DR E Rl Y A EPSNOE AR Y =8 V& P S
[Fi) g s 43 S A R, W] LA A 7 ) R A i
T O MO R IRER . A
ST R T A eI D de /D 3R Bl IH DL K 3 Bl BL A
S B R HOR B R o3 S Y BIL AR o > BT 1
o T i A/ 3fe [ U R L G AT RE R IR D R A R
FEL A 9 T e e 19 e £ 6 15 I 2 M 1) 1y e i o
RO R ARRIE R R iblaw =2 ) B B E2 2
FOBE T, AT RIAR Gy Ml Ak BROX S8 5C 2 , 16 S i 4 4k 71
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