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ERMRR . TS A ORI, AR b, RF RUEZBCRAL T ELM B8R BPNN KR, S 25 SR AR DL L sl g 2
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a7l ENET (Elastic Net) 48 i%
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SVM-RFE SyER ISR B0 AT 1%, K 00 i 1) A48 2
AN I SR AR B NN 2, AR T RN AR
# (Random Forest, RF) . #% 2% >JHl (Extreme Learning
Machine, ELM) . [ #1228 [ 4% ( Back Propagation Neural
Networks, BPNN) HL#8%5 >J FIE M 3h 70 S i AL, sdid
X FTEE 36 A S ) B RO TP AL, DA iR (X i
A R, B E X AN R o T R ) A Eh
oy BROEREAY, DU PR S e 338 35 2 SR AR AR

1 MRERE

1.1 WHRXER

RIS T R TRMN X, FETIT s EX,
KA R, WML, ZRER, KL 1390 m,
R3] 15.6 km?®, FHABHOTIR 5 34.7%, 2T
AT X SRR X e, LT 1. R A TR L
P B R et S EEREAEY), WM HEAE AR B EME SRS
B o A AL DA AR 37 PR 1 E N R OK 7 5
HAE N E BT S .
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Fig.1 Schematic diagram of the study area

1.2 REHBERESTIE
1.2.1 RAMS Rt RIE

fFH DILKE R 4, $BE— AR OLIEE RS, 1%
PLEE R AT WG UL R 4% 650 nm. 406 560 nm. #6
450 nm. ITZ045k 840 nm LK 213 730 nm 3 5 B,
2022 4E 6 H 7 HAEW R T IE R 35347 528 SEHUR R
RANER, PR & AT R 40 m, T E 22 70%,
FHEEBR 65%, TAHCTFYEE 4 m/s. RELFHEZE
AR T NI BTG I Pt
1.2.2 Zpohom kAt

2022 46 H 8 & 10 H AL R 0y R 373k 47 B #h s
MRFE, KA ST 2.

B ZIX E 7 IE A TR, TR T, 4
BIFEE T RFEH 2% 62 ANEURE S, BKFEHAT 56
ANEURE S5, 3 A 2 I BORE 2 0~15. >15~30 PLK
>30~50 em RS (1 EIEHEHTEURE, IR S BE R
FEOYBE TR R 30 g JONER A, BAEHT 8 h, G
BEATHTEEL I (FLA2 2 mm) , FEFHHRES NN 150 mL
AR Y, B BUN S, i T R DIS-1C

Mg HIEE BB S E (ECls, mS/em) o HIELIGA
SSC=0.288 2EC,.s+0.018 3 15 135 /3 & & (SSC, %) P,
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Fig.2 Sampling point distribution

1.3 HiEfREIFE

SVM-RFE §y2: & —Fl 2T 3L Fr 1 AL 1) 5 1548
HARFAEAR Bk i, EE R SVM BEX BT 7T
R R ATHET , Rl B M IE AR R AR,
IR G IERIZE — S B E B AR B, MR T AR
PR Ik, %SV ROBE G 43 AR B E IE AR AL T B ik
JERIIEBL, BT REAE S, AT 32 ANE O
EFR A, HAPEEE 16 AN TRECN 16 MERTESL @
RN SIS 6 B L Bk B AR e
Bl S5EG06EIR I S8 AN IERR S STk .
1.4 REMESEETEN

X RE.ELM Fl BPNN 3t 3 FiofL 2% 24 5] Sy i)
35 35y S AR A DU A N Tk o AR A 70%
EUE FEREHD 43, FORFEHL 39 MREAME MR, &
BEAAE NGRS . VR4 e R % R T RIR %
RMSE Allb5#E 1 77 HE 1% 22 nRMSE i 45 78 2 4 48 I 56 4iF
AT E VR . RPAT 0 1 1 20|, #EEir 1 3w
DS FE B =, RMSE #3230 ARG 5 0 - nRMSE
PR A 2= 52, AN T 10% IR 0 AR LG 22
10%~20% [F] R ) 22 S /0N, 20% ~30% [F] R 22 S —
M KT 30%H0, AR 2= R i KM, BB H6HE
AW

nooa —\2

2 D2 (=)
oS T v

i=1 l
n A ) 2
RS | 2 G =) )
n

nRMSE=RMSE/§ X 100% (3)

by, NS 3 B, %; 9, T LS, %
y NEE LR IIE, % n AFEAKCE.
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2.1 TEEDEEHDEFIE
RIS FERE 0~15. >15~30. >30~50cm T2
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TS ) L3R 7 ST AR Y 95

EEFEHLRE A ST 62 AN, FORFEHAEA &5 56 4, 21t 354
ASKRE S, BT REA S IS SR B T R 1,
MEE 1 W, B 0~15 cm £ 2 HIEREA E 7 £
th (HIESHERE 05%~1%) « TEHA (HESLE
BIE0.2%~0.5%) « BEFhib (g hE<0.2%) 1)
FIREAS 23 3] 5 MAREA ) 1.6%+83.9%14.5%; >15~30 cm
TJEH 3 NERIFEAR SN 0% 83.9%- 16.1%; 30~
50 cm LERIREAR LN 0%, 72.6% 27.4%. L KFEHE
0~15cm KZ T EE R, RN BE R
A5G MEEA Y 62.5%. 37.5% 0%. >15~30 cm Al
>30~50 cm H 3 PNEERIFEAR G LI 51.8%. 48.2%-
0%. 3 MTHEMFEASEDR RN T 04, BHRE
e, RAEWEAEEEN, TRFHME, il T
R (E/TE

® 1 DREHREBHUERSH

Table 1 Description and analysis of soil salt content

characteristics
FritE A
t= B Bk b . RH
FeHy TR Kot % BME  Stan- HZE Coeff-
. (=} . . .
Pl Soil ., Mean/ dard Varia- icient
ots Dataset  Sam- Max/ Min/ R
depth o N % devia- nce  of
ple % % . .
/cm tion/ variat-
% ion

g 43 0.560 0.155 0.275 0.087 0.008 0.317
0~15 IMFE&E 19 0399 0.142 0249 0.064 0.004 0.258
HEEALE 62 0.560 0.142 0.267 0.081 0.007 0.304
BWAEE 43 0.429 0.144 0.246 0.064 0.004 0.259

Efg >15~ ..
Alfalfa 30 IRiE4E 19 0352 0.162 0.243 0.046 0.002 0.187
MEBEALE 62 0429 0.144 0.245 0.058 0.003 0.238
AR 43 0.385 0.152 0.232 0.062 0.004 0.268
>30~
50 IRiE4E 19 0378 0.195 0.239 0.048 0.002 0.201

HEEA%L 62 0385 0.152 0.234 0.058 0.003 0.247
@i 39 0.887 0.341 0.583 0.159 0.025 0.273
0~15 I&iiF4 17 0.887 0313 0.515 0.140 0.020 0.272
MEEASE 56 0.766 0313 0.562 0.156 0.024 0.277
ARE 39 0.865 0402 0.574 0.143 0.021 0.250

K >15~
Com 30 I6iF4E 17 0.686 0.373 0.482 0.093 0.009 0.194
MFEASE 56 0.865 0.373 0.546 0.136 0.019 0.250
g 39 0.883 0.393 0.559 0.023 0.141 0.040
>30~

50 B RS 17 0.635 0.414 0.494 0.018 0.072 0.036
MFEA%E 56 0.883 0.393 0.539 0.017 0.127 0.032

2.2 HiEisHHIE

AW TR BUR WL 16 MMESEE A R B
NDSI. Intl. Int2. SI. SIl. SI2. SI3. SI-T. Sl. S2.
S3. S4. S5. S6. SR. BI Al 16 AMEGi M 6% NDVI.
DVI. EVI. RVI. GCI. GSAVI. GRVI. GOSAVI. GNDVI.
GLI. GDVI. LAIL. IPVI. MSAVI. NNIP. NLI {EJyt&
BN, HHANXIE 2.

T AL N LL I B AE P S 50 T 45K 3k
REFEIRSM, R ILEI N L0 BT b Tt I A R
FEROR AR SN B, B Ll ARG TR
W' B 40 ik B B AR (e R Xereg, W1 EVI-reg) ,
MIATA 26 Mt Heu a4, LMk 58 MLk FE4L.

®2 REEBOTEARE

Table 2 Calculation formula of spectral index

Je ik Fa %L Spectral index 524 38 Formula
IH— 4R % NDSI NDSI=(R-NIR)/(R+NIR)*"
. Intl Int1=(G+R)/2
Int2 Int2=(G+R+NIR)/2
SI SI=(B+R)"*
T SI1 SIIZZ(GZXR)OZ ,
S12 SI=(GHR*+NIR?)”
SI3 SI=(G*+R%)"*
SI-T SI-T=100(R-NIR)
S1 S1=B/R
S2 S2=(B-R)/(B+R)
- S3 S3=(GXR)/B
S4 S4=(BXR)"™®
S5 S5=(BXR)/G
S6 S6=(R X NIR)/G
A7 B FLAB Fi L SR SR=NIR/R
SLRERA BI BI=(R+NIR)"*

A — A A H NDVI NDVI=(NIR-R)/(NIR+R)1**

ZEH M B E DVI DVI=NIR-R
R AR AR L EVI EVI=2.5(NIR-R)/(NIR+6R-7.5B+1)
Lb B AR 5 a2 RVI RVI=NIR/R™*!

ESEES S i GCI
s LR AR GSAVI

SRR GRVI
gt IR GOSAV

GCI=(NIR/G)-1
GSAVI=1.5[(NIR-G)/(NIR+G+0.5)]
GRVI=NIR/G

GOSAVI=(NIR-G)/(NIR+G+0.16)

Eich I
S — i GNDVI GNDVI=(NIR-G)/(NIR+G)
KR GLI GLI=[(G-R)*+(G-B)]2G+R+B

SR EEMMIES GDVI GDVI=NIR-G

» LAI=3.618[2.5(NIR-R)/
It JaEis
B LAI (NIR+6R-7.5B+1)]-0.118

AN =R Ei R4 IPVI IPVI=NIR/(NIR+G)
TR R AEIE S MSAVI MSAVI=2R+1-[(2NIR+1)*-8(NIR-R)]**/2
IEAAMA—LIEEL  NNIR NNIR=NIR/(NIR+R+G)
JELR MR NLI NLI=(NIR?-R)/(NIR*+R)
E;ER‘ G. B. NIR REZHIEMZR L. G006, ¥k, ITAMEBINR

Note: R, G, B, NIR represent the reflection values of red band, green band, blue
band and near-infrared band in multispectral images.

KH SVM-RFE S50 5 i i 2R 51 N 2048 30 B
Ja 3k 58 AR IR R AT IR IE (S EA MATLAB
R2018a SEH) , dld B3I INGiE AN S, KIEE IR
FRAEA 14 ANF,  SOSERERORS B B 0, il G 0 I R AE 4
XK BE BRI, NS gL 14 ek e AL
VERRERI A NS . SVM-RFE i SVM H1 %825 ] f Y
K BEAE R B X AE AT HE Y, 23 i NRFIE TS 43 1R
fE, PRI RFAEF RIS, 347 F — ik, B2
WA RFAE,  HELE BT 1 S ANRRAE AN — 22 S s R R T
£, MRRHIEAS 20 A 7E —H A (S B AR 2 i fl 2 )
BOR, B AMEEA, BB —MRARER IR E, B
P HEREEHTE 3,

MF 3 ATR1, EfEAE IR LS R 2 e AL, B
I3 Bt S i e sk e A S e ECR, TRk
FERLZ R e B, KR I%E fa 1 e 48 A4 HEAT A DG 1
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Kl (B 30, KBRS 4R B S SSIME A G IR 2 2%,
TR S
2.3 ETHIRFINTREN S ERRRE
2.3.1 SRR FUR 4 R M7

AR FT SVM-RFE f£ 61 5 Hoifi ik b & F %,
SVM-RFE 51 i 186 't 1 4 Bl S 55 R i e 06 1 i
HOOH SRR AT X B, A e B A R 4 R
R4, ATRUK LA BB A FED 2 1 T AN RIRE
S8 h 7y P IR R PR S PR AT AT (0o A R A A A Y
H, E R A RORE R 0~ 15 om 382 RO O N
P, Hodth 2 DNIRIE R RBERCRIEIL, EE P RF R
KAESE R,® 7E 0.50~0.57 ], RMSE, 7£ 0.030~0.036
], FOKFEHL RF BIAVEGIESE R,® 76 0.60~0.62 [,
RMSE, 7£ 0.044~0.102 [i], nRMSE, 1 nRMSE, 33/ T
20%, MR /N, RF BORRILGE /1%, g ELM
BERY,

081

=
0
1

0.0 — rm 1 M1 e

g
=
T

0.4

il

S
~

=
o

A5 & ¥ Correlation coefficient |r{
AH K Z £ Correlation coefficient |1

#*3 HT SVM-RFE kit ia EZ M HF
Table 3 Importance ranking of spectral variables based on SVM-RFE

Il

o 75 FEHb Alfalfa plot T KFEHE Corn plot
>15~ >30~ 0~ >15~ >30~
Rank 0~15em 30 cm 50 cm 15 cm 30 cm 50 cm
1 SI-T GSAVI LAI S3 S4 S3
2 Sl-reg GOSAVI EVI S5 S3 SI1
3 Int2 EVI-reg  EVl-reg RVI DVI GRVI
4 SI S5-reg S5-reg S4 SI3 GCI
5 S1 S1 S2 SR GDVI Intl
6 S2 GNDVI  LAl-reg Intl GLI GLI
7 Int2-reg DVI-reg  RVI-reg SI3 Intl SI3
8 DVI IPVI NLI GLI SI1 RVI
9 Bl-reg S2 DVI-reg SI1 RVI SR
10 S12 ST SR-ref ST SR S4
11 MSAVl-reg NLI NDSI-reg  Sl-reg S5 DVI-reg
12 MSAVI S4-reg  NDVI-reg S2-reg GRVI S5-reg
13 NLI-reg LAl-reg IPVI-reg S4-reg SI SI1-reg
14 LAI RVI-reg SI-T-reg DVI-reg MSAVlI-reg SI
0.8

0.6

0.4

0.2 ’—H
0

AH 5 Z ¥ Correlation coefficient |1

0
Intl SI SI1 SI3 S3 S4 S5 SR RVI GLI S2-reg  DVI-reg

S1 S2 GSAVI GNDVI NLI

S4-reg DVI-reg RVI-reg

%]

2 EVILAI  NDSI-reg S5-reg NDVI-regEVI-reg LAl-reg

Sl-reg  S4-reg GOSAVI IPVI Sl-reg  S5-reg  EVI-reg LAl-reg NLI SI-T-reg  SR-reg  DVI-reg RVI-reg IPVI-reg
Y6145 % Spectral index Y6145 £ Spectral index Y61 48 % Spectral index
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Il

0 Intl SI SI1 SI3 S3 S4 S5 SR RVI GLI S2-reg  DVI-reg 0 Intl SI SI1 SI3 S3 S4 S5 SR DVIRVI GLI  MSAVI-reg 0 Intl SI SI1 SI3 S3 S4 SR RVI GRVI_ SIl-reg  DVI-reg
Sl-reg §4-mg GRVI  GDVI Ger U GLE g
6145 % Spectral index 61 F5 K Spectral index Jt itk 45 % Spectral index
0~15cm >15~30 cm >30~50cm
b. B
b. Corn plot
A3 stikdasih RS L EMX A KA
Fig.3 Correlation coefficient diagram of spectral index and measured soil salinity
2.3.2 R/ A RAAAEE RUE 5T AT HADIREE, HG2>30~50 cm. WAL, X 0~

F SVM-RFE Bkt e ik i 405 1 14 ik a4l
AR, XFELR 4 1K S, 4id HE BTk AL AR R
FER T ARATIREURE M AT BN E IR, iR 5 A
Bl da v, ST EfEFEHL, MIRBER, 0~15.>15~30 F
>30~50 cm 24 B2 ) SOBR R, 43 BITE 0.61~0.71,
0.43~0.58.0.54~0.58 Z [i], RMSE, 737/ ££ 0.026~0.69+
0.030~0.54. 0.032~0.39 [d], 0~15 cm T3 EE 7

15 F1>30~50 cm 2570 SR, RF SOEZCRILT
ELM #1 BPNN, R, 73l 0.71. 0.58, RMSE, 4l N
0.026+ 0.033, HUUZ ELM; %t F>15~30 cm /2, ELM
JIERERE e, R,2 N 0.58, RMSE, A 0.039, UK/ RF
B, g5 b, EiEE S LR IR AR R 0~
15 cm, HIUE>30~50 cm, H RF BRI, WHE S
PR



24 1

AR He T IE AHLZ G AR I 39 70 S Je A

s

=

1

97

F4 ET2HERENARRELRRES SERRER

Table 4 Soil salt inversion models at different depths based on

full index groups

#*5 T SVM-RFE
Table 5 Soil salt inversion models at different depths based on

TER A EIRE IR 5 RORIREY

SVM-RFE screening

RS> TR 4 Modeling set  38iF4E Validation set BB gy TR N .
B pon VRIE b B g W i LA
Plots  Machine Soil R RMSE, nRMSE, R,”> RMSE, nRMSE, Plos Machine e Soil Modeling set Validation set
learning model depth/cm leaming g joction  depth - .
0~15 053 0043 0156 057 0035 0141 model fom R’ RMSE.nRMSE, R, RMSE,nRMSE,
RF >15~30 053 0.045 0.183 050 0.030 0.123 0~15 0.76 0.042 0.153 0.71 0.026 0.104
>30~50 0.57 0041 0.177 055 0036 0.151 RF  SVM-RFE =530 0.64 0039 0159 055 0030 0.123
it 0715 0% 00 0.9 0% 00 017 30~500.58 0.042 0.181 058 0033 0.138
A?faf'fa LM >15~30 052 0043 0175 057 0027 0.111
>30~50 039 0.048 0207 043 0.036 0.151 e 0~15 063 0.048 0175 0.67 0.069 0.277
0~15 055 0054 0196 051 0039 0.157 Ai:llﬁfa SVM-RFE >15~300.57 0.041 0.167 0.58 0.039 0.160
BPNN  >15~30 050 0054 0220 040 0051 0210 23050053 0042 0181 056 0032 0.134
>30~50 048 0045 0.194 036 0.038 0.159
0~15 0.62 0.057 0207 0.61 0.066 0265
0~15 066 0095 0163 062 0102 0.198
RF >15~30 061 0094 0.164 060 0075 0.156 BPNN SVM-RFE>15~300.58 0.048  0.195 043 0054 0222
>30~50 0.62 0.089 0.159 061 0044 0.089 >30~500.52 0.043 0.185 0.54 0.039 0.163
_— 0~15 055 0105 0180 057 0100 0.194 0~15 0.69 009 0165 0.67 0111 0216
: ELM ~
Com Z15~30 054 0095 0.166 0350 0.082  0.170 RF  SVM-RFE>|5~30065 0087 0.152 062 0.065 0.135
>30~50 0.50 0.098 0.175 048 009 0.190
0—15 054 0127 0218 038 0145 0282 >30~500.60 0091 0.163 064 0.044 0089
BPNN  >15~30 051 0131 0228 049 0.117 0243 0~15 0.67 0.090 0.154 0.64 0.097 0.188
>30~50 049 0.102 0.182 049 0065 0.132 aﬂi ELM SVM-RFE>|5~30067 0081 0.141 0.68 0059 0.122
TF: R’ RMSEc. nRMSE. /)4 HAEAL [ o sE R B 75 HRA% 22 Rkt 4
e ¢ © o e s >30~500.60 0.089 0.159 0.60 0.048 0.097
JiMiRZE, Ry> RMSE,. nRMSE, 7}l U F 4L v E REL. 977 iR ZEA
PR T IRIEZE . T 0~15 0.63 0.114 0196 0.60 0.134 0.260
Note: R.>. RMSE, and nRMSE, are the determination coefficient, root mean BPNN SVM-RFE >15~30059 0.105 0.183 052 0087 0.180
square error and standard root mean square error of the modeling set, and Rp2\
>30~500.59 0.149 0267 053 0.122 0247

RMSE, and nRMSE; are the determination coefficient, root mean square error

and standard root mean square error of the validation set. The same below.

0.7

<
=)

= o
ES n

o

TR {E Predicted value/%
(95}

<
o

o

1.0

0.8

0.6

TR Predicted value/%

0.4

~ ELM  (R*=0.67) 06 - ELM (R*=0.58) 05 - ELM (R*=0.56)
« RE (R=0.71) OT « RF (R=055) ST« RF (R=058) v
o BPNN (R=0.61) o BPNN (R*=0.43) o BPNN (R=0.54) v
r ELMZ A ELM linear fitting L 05F  ELMZPEALS ELM linear fitting S ELMZE .7 ELM linear fitting~
- — BPNNZ U4 BPNN linear fitting 2 -~ BPNNZEW A BPNN linear fitting. © 8 o |~ - BPNNZPEAL Y BPNN lineay fitting |
L — RFZEPEAY RF linear fitting B ] — RFZVEIA RF linear fitting o -~ T | — RFZMEUA RF linear fitting
= 041 - ) ° .
5 5 .
Q Q
L g b=}
Fo3} £03r
L z e *
= = 3
o2} S ase Hi g
- R 02f oF & .
*
\ \ \ , 01 1 1 . . ) 1 L L . )
0.24 0.30 0.36 0.42 0.20 0.25 0.30 0.35 0.40 0.20 0.25 0.30 0.35 0.40
SET Measured value/% SEAFL Measured value/% SET Measured value/%
0~15cm >15~30 cm >30~50cm
a. EfE e
a. Alfalfa plot
ELM (R*=0.58) ELM  (R*=0.68) ELM  (R*=0.60)
« RF  (R*=0.67) « RF  (R*=062) « RF  (R=0.64)
« BPNN (R*=0.60) 09: * BPNN (R=0.52) 097 « BPNN (R=0.53)
ELMZE 34 ELM linear fitting ELMZAMEAUA ELM linear fitting ELMZE VAU ELM linear fitting
— RFZEPEAU A RF linear fitting o 0.8 — RFZEMEAU A RF linear fitting ] _ e 0.8 — RFZEHLA RF linear fitting
- = BPNNZIEAU T BPNN linear fitfing %_, = - BPNNZHAEAU £ BPNN linear fitting ~ %_, - ~ BPNNZ L4 BPNN linear fitting -
/-/ T§0'7 o c_—g'()j . . P
P S T 06 R B o6 g3 .
- 2 o O 3 ° s *
P - SO —0 T 2os * s L.
. -7 * 1 . L 4 #m P -
/’{ * = 0.4 = 0.4 ./ - i .
x w e =03 i .
° 0.3 o
0 2 L] L] )
: : - - - ' - s .02 : : : - s
0.30 045 0.60 0.75 0.90 0.30 0.45 0.60 0.75 0.40 0.45 0.50 0.55 0.60 0.65
SI{E Measured value/% SMI{E Measured value/% SI{E Measured value/%
0~15cm >15~30 cm 30~50cm
b. FKFEHL
b. Corn plot
B 4 JAT SVM-RFE R Z Mk a9ALE F 3484 L34 8 5 Salh & FUnas b

Fig.4 Comparison of measured and predicted soil salinity in a machine learning model based on SVM-RFE variable screening
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Soil salinity inversion model based on the multispectral images of UAV

Zhao Wenju, Ma Fangfang, Ma Hong, Zhou Chun
(College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Soil salinization has posed a serious threat to the growth and yield of crops in the national food security. Among
them, the Taolai River basin with the widely distributed saline-alkali land has been one of the most important planting areas in
northwest China. It is a high demand for the timely acquisition of soil salinity information during the salinization control. In
this study, a representative sampling area of soil salinization was taken as the Bianwan Farm in Suzhou District, Jiuquan City,
Gansu Province, China. A rapid inversion model of soil salinity was proposed at the soil depths of 0-15, 15-30, and 30-50 cm
under the crop cover of alfalfa and corn in the phenological period. The multi-spectral image data of the Unmanned Aerial
Vehicle (UAV) was also collected at the same time. The reflectance of the spectral band was extracted in the different
acquisition points of plots. The red edge band was also introduced to calculate the spectral index, in order to effectively
improve the inversion accuracy. A total of 58 spectral indices were involved in the modeling. The Support Vector
Machine-Recursive Feature Elimination (SVM-RFE) was selected to screen the spectral index. Specifically, the SVM was used
to sort the feature variables, and then evaluate the importance of each feature variable. The variables with low importance were
removed, according to the backward iteration. As such, a better performance was achieved to effectively remove the redundant
features for the high running speed of the model. A total of 36 models were constructed to evaluate the accuracy and inversion
effect of the models, including Random Forest (RF), Extreme learning machine (ELM), and Back-propagation neural network
(BPNN). The model input was taken as the unfiltered full and filtered new variable group. Finally, the best soil-salinity
inversion model was determined for the optimal inversion depth under crop coverage. The results show that the SVM-RFE
variable selection significantly improved the accuracy of each soil-salinity inversion model. A better performance was
achieved in the coefficient of determination (R”), root-mean-square error (RMSE), and training speed of the improved model,
compared with the model without variable screening. Overall, the inversion effect of the RF model was better than that of
ELM and BPNN models. Among them, the inversion effect was one of the best indicators for real soil salt. Specifically, the RF
model presented the best inversion effect in the 0-15 and 30-50 cm soil layers under crop cover, where the sz values of the
validation set in the alfalfa field were 0.71 and 0.58, respectively, RMSE, values were 0.026 and 0.033, respectively; the sz
values in the corn field were 0.67 and 0.64, respectively, the RMSE, values were 0.111 and 0.094, respectively. In the
15-30 cm layer, the ELM model presented the best inversion effect, where the sz values in the alfalfa and corn fields were
0.58, and 0.039, respectively; the RMSE, values were 0.68, and 0.059, respectively. In the terms of inversion depth, the
inversion effects of 0-15 cm and 30-50 cm were better than that of 15-30 cm for the alfalfa-covered soil. The inversion effects
of 0-15 cm and 15-30 cm were better than that of 30-50 cm for the corn-covered soil. The comprehensive analysis showed that
the 0-15 cm soil layer was the best inversion depth for the soil salt content under crop cover, where the average R’ of the
validation set was 0.65, and the RMSE was 0.084. A strong reference was offered to manage the saline-alkali land in the arid
area of northwest China. The finding can also provide a scientific basis for the rapid inversion of salt in the different soil depth
layers under crop mulching.

Keywords: UAV; soils; salinity; multispectral; SVM-RFE; inversion model
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