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UAYV Multispectral Remote Sensing Soil Salinity Inversion Based on
Different Fractional Vegetation Coverages
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2. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Accurate and rapid acquisition of soil salinity information under vegetation coverage can
provide a basis for soil salinization management. The UAV remote sensing platform was used to obtain
multispectral remote sensing images of the Shahao Canal Irrigation Area in the Hetao Irrigation District of
Inner Mongolia in July, August and September 2019 and the sampling points were 0 ~ 10 em, 10 ~
20 cm, 20 ~40 cm and 40 ~60 cm depths of soil salt content (SSC). The spectral index was calculated
through multi-spectral remote sensing images, and the normalized vegetation index (NDVI —2) was
selected and brought into the pixel binary model (PDM) to calculate the vegetation coverage (FVC).
The coverage was divided into four coverage levels: T1 (bare soil), T2 (low vegetation coverage) , T3
(medium vegetation coverage) , and T4 (high value coverage). The spectral index was screened by a
full subset of variables, and partial least squares regression ( PLSR) and extreme learning machine
(ELM) were used to construct inversion models of soil salinity at various depths under different
coverages. The research results showed that the accuracy of the inversion model under bare soil and high
vegetation coverage was higher than the accuracy of the inversion model under low vegetation and medium
vegetation coverage; comparing the accuracy of the two SSC inversion models, PLSR and ELM, the
inversion accuracy of the ELM model was higher than that of the PLSR model; the best inversion depths
under the coverage of T1, T2, T3 and T4 were 0 ~ 10 ¢m, 10 ~ 20 e¢m,20 ~ 40 em, 20 ~ 40 cm,
respectively. The research result can provide an idea for UAV multi-spectral remote sensing to monitor soil
salinization.

Key words: soil salinity; UAV multispectrum; inversion; fractional vegetation coverage; pixel binary

model ; full subset selection
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Tab.1 Statistical analysis of soil salt content characteristics
B /%) TR
R K 4 e ekt REHRTL wEHRTE Uit BoME/ BORME MM/ -
(0~0.2%) (0.2% ~0.5%) (0.5% ~1.0%) ( >1.0%) % % %
MEE 78 19(24.4) 31(39.7) 23(29.5) 5(6.4) 0.07 2.45 0. 86 0.99
T1(0 ~0.15) e 52 12(23.1) 21(40.4) 16(30.8) 3(5.8) 0.07 2.34 0. 85 0.99
WiFfE 26 7(26.9) 10(38.5) 7(26.9) 2(7.7) 0.08 2.45 0.87 0.92
MEE T2 34(47.2) 26(36.1) 10(13.9) 2(2.8) 0.08 1.18 0.33 0.79
T2(0.15~0.45) #Af4E 48 22(45.8) 18(37.5) 7(14.6) 1(2.1) 0.08 1.04 0.32 0.79
BHFEE 24 12(50.0) 8(33.3) 3(12.5) 1(4.2) 0.08 1.18 0. 34 0.72
MEE 109 84(77.1) 22(20.2) 3(2.8) 0(0) 0.07 0.99 0.31 0.77
T3(0.45~0.75) @EE 73 56(76.7) 18(24.7) 2(2.7) 0(0) 0.07 0.97 0.31 0.78
BiFfE 36 28(77.8) 7(19.4) 1(2.8) 0(0) 0.08 0.99 0.31 0.77
MAE 101 98(97.0) 3(3.0) 0(0) 0(0) 0.06 0.31 0.27 0. 59
T4(0.75~1) AL 68 66(97.1) 2(2.9) 0(0) 0(0) 0. 06 0.31 0.27 0.61
WHE%E 33 32(97.0) 1(3.0) 0(0) 0(0) 0.08 0.26 0.26 0. 56
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Fig.5 Pearson correlation coefficient between band
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Tab.2 Optimal variable combination statistics screened by full subset method

e HHE/em AR IS R BIC
0~10 6 BL™* B5* ,85* ,SI™ S -1** SI2 -2** 0.75 _54
i 10 ~20 6 Bl * ,DVI2,SI™ ,SI2 —1* SI3* ,SI** 0. 69 _38
A (T1)
20 ~40 4 B3 "SI S —1 7SI 0.55 -28
40 ~60 5 B3 ™ ,S1™ ,S2-2" SI3™ 83 0.48 -13
0~10 6 B6,DVIl *,S3* ,S1,SI,S13 " 0.57 -41
. 10 ~20 5 B5,83 " ,SI,SI3* [CRSI2 " 0.59 -49
AR (T2) X .
20 ~40 3 bvil* [ SI,SI3 0.54 -28
40 ~60 4 B6,DVI1 * ,SAVI2,SI3 ™ 0.50 -26
0~10 6 B4** | DVI2* ,MSAVII ,SAVI2* ,SI3 ** ,S5 0.55 ~19
. 10 ~20 5 B4 ™ |B6,DVI2 ™ [MSAVII ™ ;MSAVI2 * 0.65 -20
HEBE(T3) - o o :
20 ~40 5 B3* ,DVI2*™ ,MSAVIl,SAVI2 ** ,CRSI2 0. 69 -29
40 ~60 6 B3* ,B6,DVI2* ,SAVI2* ,S5,SI-T-2 0.48 ~11
0~10 6 BI** ,RVI1 ™ ,EVIl1 ** ARVIl ,DVI2 ** NDSIl ** 0. 69 ~49
e 10 ~20 5 B6 ™™ ,RVIl,MSAVI2 ** JARVIl * ,DVI2 *** 0.62 —46
20 ~40 5 RVI1 ™ JEVI1 ™ JARVI1,SI3 ,NDSI1 0.75 -68
40 ~60 5 MSAVI2 *** RVIL *** ,S5,SI3** NDSII * 0. 66 23

W x FR B EERLE p <0. 05, #+ £IR p <0. 01, #++ /R p <0.001, N,
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2.4 TESHERFEERNE
2.4.1 HFREs N TRk
PAAS B T AN [RTR B AR AR e 19 [ g %

FOGIEFE %0 B 28 & SSC A [H 28 i # 57 PLSR +
e Eh B S AR R | A AR R AR RN IS I AR A R R
RMSE 13 3 fiw

#3 FTEAEBEZEERELESHEMN PLSR KEERTEME
Tab.3 PLSR model of soil salt salinity with different coverage levels and depths
o REE/ pa— : A : BE4E
em R>  RMSEc/% R>  RMSEv/%

0~10 Y=0.43X, -3.89X, +0.28X; -3.31X, —-1.95X5 +6. 88X, +0. 049 0.651 0.172 0. 663 0. 197
Bt 10 ~20 Y=0.9X, -0.24X, +4.5X; -0.2X, -3.65X5 +3. 31X, -0. 027 0. 634 0. 245 0. 648 0.212
(T1) 20 ~40 Y=0.13X, -0.23X, -0. 34X; +0. 83X, +0. 06 0. 475 0. 225 0. 455 0.219

40 ~60 Y=1.19X, -0.94X, -0.78X; +2. 1X, —0.48X5 +0. 01 0. 447 0.214 0.434 0.222

0~10 Y=1.14X, -4.26X, +0.69X; —0. 23X, +7.06X5 —6.29X, +0. 096 0.532 0. 265 0.521 0.211
fEHERE 10 ~20 Y =0.17X, +0.52X, +2.96X, —0. 17X, — 1. 66X5 +0. 052 0.558  0.205  0.530  0.179
(T2) 20 ~40 Y =0.49X, +4.46X, -2. 88X; +0. 092 0.476 0.248 0. 461 0.202

40 ~60 Y=0.74X, +0.44X, +0.66X; -0.61X, +0. 09 0.372 0. 240 0.432 0. 265

0~10 Y=1.04X, -0.05X, -0. 81X; -0.58X, -0.72X5 -0. 54X, -0. 17 0. 486 0. 246 0.452 0.253
Tt 10 ~20 Y=0.01X, —0.09X, — 1. 52X, +0. 06X, +0. 64X, +1.17 0.458  0.257  0.424  0.234
(T3) 20 ~40 Y=0.57X, -0.58X, —1.13X; -0. 01X, —0. 007X5 +0. 46 0.521 0. 225 0. 485 0.214

40 ~60 Y=0.41X, -1.06X, —0.27X; +0. 14X, -0. 15X5 -0. 11X4 -0. 48 0.410 0. 285 0. 428 0.227

0~10 Y= -0.51X, -0.004X, -0. 1X; -0.01X, -0.34X5 -0. 13X +0.53 0. 442 0.213 0. 425 0.252
ERig 10 ~20 Y =0. 14X, —0.51X, —0. 07X, —0. 17X, 0. 09X +0. 416 0.587 0.197  0.541  0.203
(T4) 20 ~40 Y=1.67X, -0.54X, —-4.94X; +4.2X, —1. 13X5 —4.32 0. 655 0. 165 0. 620 0.159

40 ~60 Y=6.25X, - 1.02X, 3. 7X; -3.31X, 0. 89X +1.41 0.420  0.225  0.483  0.252

FEIETI F,0 ~10 em f BRI A R? A
R? 4339129 0. 651 F10. 663, ¥ N5 T1 F s
B IE £ 1Y ) K (A, RMSEc #1 RMSEv 43 5l &
0.172% F1 0. 197% , ¥ 1 £ R B8 Je /MEL, BE T

~10 em HARE PRI AL AL, W 10 ~

20 em BERIEINIR 2 20 ~40 cm F1 40 ~ 60 cm F5 Y
W B2 2R %

BT T2 7,10 ~20 em BH4E R? FIIESE
R? 53549 0. 558 F1°0. 530, #41°8 T2 &4 F & K1AE,
RMSEc 1 RMSEv 73 4l 4 0.205% #1 0.179% ,
RMSEv A $5riik 42 #5 VB B /IME, 17 RMSEe X L
0 ~10 cm#120 ~40 cm 2 PMEER K, HEE 0 ~
10 em F120 ~40 em HY P EEAIEIELE ) RMSEc F
RMSEv ¥J KT 0. 2% , BiAife e th i 2, 27 1 10 ~
20 em BRABYRREE DT, A% T1 S50 A et %
Frh i RO E

B T3 N, Bk LA # RO B2 m AIC, IK’T‘
20 ~40 em BFEEMN R KF 0.5, HARRERA R
YINF 0.5, IR 20 ~40 cm 1% RMSEc il RMSEy
3R 0.225% F10. 214% , N4 TR B AR G IF 4 vh
(fe/IME . 258 %1% ,20 ~40 em 2 A B o5

FM T B i RO IR

FETEHE TA T IRFE 20 ~40 om PR S5 1 7

3% 5 A0 X B 4, H R? R R? 43 ) R 0,655 Al

0. 620,310 T4 Z 4 S B FI0 IE4E 1) e KAH.,
RMSEc #l RMSEv 7354 0. 165% #1 0. 159% , ¥4 1y
BIREE T/ ME . TR 10 ~20 em BEADSEERZ R
H R 4351124 0.587 F10.541, H RMSE K TR 20 ~
40 em, ZE b RFE 20 ~ 40 em AR AE 10 ~ 20 em
RZ.

2.4.2 FETHBR= TP

DEEEE TR Hi%ﬁé?%i%f%i.ﬁ@fi%ﬁ%
OG5l A 2 & i
%i%%%ﬁ%)i@iﬁ?ﬂ,%7&%&”@1‘%%%3@&%%
R*F1 RMSE W4 4 i/,

FEEEETL R I 0 ~ 10 em AY A5 1Y 2455 01 9
WS S i, R FL R 43 13k 3] 0. 762 F11 0. 755,
T f3 5E 4 RN 56 IE 4 Y B KA, RMSE 4301l R
0. 164% F1 0. 185% , ¥ Ay S A5 4 F1 50 UF 4 (1) F5e /)
B, WREE10 ~20 cm WBIRUE R Z R TR #h
0.714, RMSEc #l RMSEv 4» % & 0.173% #i
0.197% ., BEE R, R F R, RMSE 34k, A%
FUE@%BZ%EIJ?IWO KT R 0 ~ 10 em JE 4R

F AT B e 0 R OO TR 10 ~
20 em K2, 20 ~40 cm 140 ~60 cm 5 EDKE
SRR,

T2 BT, 4 DMREH, {10 ~20 cm #AR
A2 T IE 4 1 P REH KT 0.5, RMSEy %5 F
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*4 FEBZEXRETESHSHN ELM KiEER
HEMER
Tab.4 ELM model of soil salt salinity with different

coverage levels and depths

E R — ﬁ*%% 2 %m%

R> RMSEc/% R> RMSEv/%
0~10 0.762 0. 164 0.755 0. 185
W (T] 10 ~20 0.714 0.173 0.714 0. 197
20 ~40 0.532 0. 225 0. 582 0.213
40 ~60 0.521 0.223 0.538 0. 164
0~10 0.502 0. 187 0. 494 0. 187
s 10 ~20 0.583 0. 184 0. 566 0.174
{E&&[W( 12) 20 ~40 0.523 0. 158 0.492 0.197
40 ~60 0. 487 0. 225 0. 464 0.241
0~10 0. 487 0.214 0.458 0. 167
R 10 ~20 0.524 0.217 0.575 0.158
EP)FE&( ) 20 ~40 0. 527 0. 167 0. 557 0. 154
40 ~60 0. 465 0.132 0. 454 0.138
0~10 0. 564 0.178 0.578 0. 168
SN 10 ~20 0.674 0.193 0. 635 0. 145
R ™) 20 ~40 0. 697 0. 155 0. 680 0. 142
40 ~60 0.554 0. 235 0. 557 0.214

0. 174% , 35k i 5/ MAE , RMSEe H# 1% KT 20 ~
40 em REE HZEE % IE TR IE 10 ~20 em /& T2 %A%
T i RO IR, XTH 0 ~ 10 em Al
20 ~40 em 2 NREE TR 20 ~40 em R i1 R? 221
$70.031, B EH K TIRE 0 ~10 em R? Fl R? 218
0.008,0 ~10 em FEAVRRE A, 25 [ B i T2
T,10 ~20 cm AR A 0 ~ 10 em IRZ

B T3 F A2 PMREE 10 ~20 em F120 ~40 cm
BRI E R BORT 0.5, %F b 2 BT B AR TR
10 ~20 em HriEHE AP E REE KT 20 ~40 em, {H
TR 20 ~40 em RMSE #4178 TF 0. 2% , BT LU 20 ~
40 em BRI EMEE . L8 b B T3 T IR E
20 ~40 em HEARIRIERAE TR 10 ~20 em IRZ

B T4 N 4 DR @RISR R
HIKTF 0.5, % FF 40 ~ 60 cm BAAEFIKESE RMSE
KT 0. 2% , H AT AR HE A 4L R 56 IE 45 RMSE
BI/NF0.2% o TRFE 20 ~40 em AL R? F1 R? 435
0.697 F1 0. 680, by £ VR BE i K AH, RMSEc
RMSEv 235114 0. 155 F1 0. 142, ¥ Jg £ 1% & th i /)
B, TREE 20 ~40 em BRI S, KA 10 ~20 em
HERIAH FE 20 ~ 40 em W& 22, VR EE 0 ~ 10 cm Fi1 40 ~
60 cm BRI RN AR 2, (H A B4 — & () T e
2.5 TESHEREENZEEEN

ETLeTHENmiLs R, @i ELM Al PLSR P
FhbLgsar 2] 5, M T1 T2 T3 . T4 I E 0 ~
10 ¢m .10 ~20 ¢m .20 ~40 cm #1040 ~60 cm R, &

e 32 AR, SE R 3 R 4 BORLA XS L AT
Ve 2 FPLES 7 ) O kA 3 i B N AR e
T SR AR 5 RN 5 TR,
®5 BEBEETHEMIESHERERBEITFNER
Tab.5 Model of soil salinity inversion in each

coverage degree

Bl FEEE WE/em R2 RMSEc/% R*  RMSEV/%

BA(T1)  0~10 0.651 0.172  0.663 0.197

{EAEBE(T2) 10~20 0.558  0.205 0.530 0.179
PLSR .

PAERE(T3) 20~40 0.521  0.225 0.485 0.214

R (T4) 20~40 0.655 0.165 0.620 0.159

BA(T1)  0~10 0.762 0.164 0.755 0.185

{EMEHE(T2) 10~20 0.583 0.184 0.566 0.174
ELM .

rRABE(T3) 20~40 0.527 0.167 0.557 0.154

EREWE(T4) 20~40 0.697 0.155 0.680 0.142

M5 T, PLSR 1 ELM 2 /M5 81X 7 8 4%
B BN AR g B RO AR R, T1 %)
T4 bR AR EE 4354 0 ~ 10 em 10 ~ 20 em 20 ~
40 cm 120 ~ 40 cm, 0] LAF H |, bl 76 55 5% 34,
S AR 3 R B RO TR BE MG N, N T 54 T
RIZWEE 0 ~ 10 em B i 8 85 55 550 T IR E
20 ~40 em , 22 J5 bifi 45 7 5 48N, S A R R
FELE 20 ~40 em, H 45 55 B 5510 N fefE I B IR
PRI 40 ~60 em, £ PLSR A1 ELM g fd: 2
WA R B RE T M T4 R SR RORS B 25t i
RTPESE T2 M 13, BHE T, T2, T3, T4 |,
ELM BRI e 250 R* ¥R T PLSR i, H ELM
FERIAY RMSE ¥/ T 0.2% . 463K F , ELM 13
B AR RO AR RS BT R

3 i

i TE AL G AR AT S i
T R Rt A M 0 A B S B AR A ], AR SORE
S 7—9 H OGS A PRl M AT 5 FE i Uy =X
PEATEHT AR ARG [ R 1l 7 5 B X S 1 SSC Y
S

AN TR 2 B A R T A R S T TR A
FRRASE . T1 T2 T3 T4 X )i fie dHE - 48 5 i S Ji v
FE5 0 ~10 em 10 ~20 ¢m .20 ~ 40 em 20 ~
40 em AR ISR R ToA O 55, T APLZ O
R T LA B L SR T AOE I (E B T S
T HERE E R, T DL AR v T R
JEOT MY R A I - K S B
MR 28 58 CY , PR AR BT 7E 4 2 1 e 7 25 18
FRMVEY) K 3 Wi, ARV E Y A K2 B e
H A A SR a R, R e ™ B A
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Moz A POE 2RI > MR
AN DT B2 R 7 P T R, AR A1 TR 3%
W, A 3 R SO R 10 ~ 20 em 3
JNEN 20 ~40 em,, P, A8 7 55 250 T, B v 0 7
i T X T2 A B v, AN P e A SSC R T TR
JEMARTR, RI R HBE 35 5, A 8 IX 40 T O 45 4L
XF SSC A BIUER I AR Bk 8 BORER 43 48 ook H 5 5
R STER N ] R PR BCE R LR
SSC MMM = M B R B B B R T
SSC AR &1k B 1y %% AR 5 il ik 4 T 4R O
2%, e A 55 R AR B B A 1 OB 1S 4
BORBUBIE B A, AN R A1 Tk R 9 B AR D B
RGBSR, 78 T1 7 35 5 T Eh /5 50
KT B e A, R A O U, M P
T2 T3 T4 7855 B R ) & B M A 0l 48 Bk K T4k
ST R B, MR ECE IR
ANFEZE T, BRI EAEER, &
RS T 4 DMEBE 4 NMRE T2 FHEMt
U R PLSR FI ELM 2 Ff SSC SO iR Al . %1
KIS EEET  ELM OB ) R KT PLSR
AR | R O B O i ELAR R RS G MR . SSC
56 AR AT B e AR e R ARk
ELM J 3 B¢ B T PLSR Sz v B &L 43 B %k He
PLSR Hl ELM 2 AN AU FE R S VAR 70 A RS i &
PSSR T M T4 R SO R RS R ST T2 M
T3 RAL, T1 X RR 7 35 8 i P S E 2
Al 1500 T4 XN A B T OIS P

Z AR Z A5 0 T2 A1 T3 43 391 6 107 I A o 78
SRR T 2 N R TS OT I IR G1R
JG, T T2 T3, 405 5 24l g oo i) 78 55 %
T1 F T4 A4 F]T SSC i, A& HIEAE)Z RS
AR B BB TRURS B A1, 1 5 A7 Sl AR b b
A 4 6 2 60 A B AR RS R s

AT WA —E B . AUE R TR
i EE KT - 385 £ FOTORG FE (52 e % AR Y
BEETT 3 AN TR] 5 7K 300 S TR (1 52 0 v AR %
LI, X 2555 25 i 0T 22 R ) PR 2R 178 S AR AR | R
frit— e,

4 g

(1) 4 FhEE 5T SSC R AR rpr | 4 4 il g
FEE R 55 B T 1Y SSC s A FRG B vy T I AT w7
i BE RN AT B 78 5 B R Y SSC R AR R

(2) 7 35 0, JC ML B #2343 3k T
Tk S e i R AR o R EERIZ 0 ~
10 em; BB 36 254, T ANLRBUE B 6260
o 4 R e R RO R B A R A AR AE K )
JZRFE 43310 10 ~20 ¢m 20 ~40 ¢m 20 ~40 c¢m,

(3) 384 41 SR G o 1ok o e T o A5 TR A
R\ AR AT, T AL TR, HfR A R B
T 25 B BRAIG , Fh 2 5 BN SSC i AsRK ; 7 =5 B
FEAE RO SSC B,

(OTER B HEBE T, ELM BRI A R KT
PLSR [ 8B AY | J MG B 0 ey HASE ARS8 P T v
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