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Hyperspectral Integrated Inverse Model for Water-soluble
Salt Ions Content in Hetao Irrigation District

SUN Ya’nan LI Xianyue SHI Haibin CUI Jiagi WANG Weigang
(College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China)

Abstract; It is significant to take best agricultural measures and improve salinization to rapidly and
accurately determinate the composition and content of soil salt. The hyperspectral integrated inversion
model based on transformation of hyperspectral, characteristic bands, characteristic spectral indices
screening and support vector machine (SVM) was established to improve the accuracy of water-soluble
salt ions content by taking the saline soil of Yongji irrigation area of Hetao Irrigation District. The results
showed that the correlation between the original spectral reflectance by pretreatment and water-soluble salt
ions content was relatively low and the maximum correlation coefficient was 0. 18, and the sequence of
them from big to small was as follows: Ca®*, SO;~, Mg’" , the content of salt, Na* + K" and C1™. The
optional transformation forms of salt content, Na® + K", Cl~, SO}, Ca’* and Mg** were (1/R)",
(1I/R)", (InR)’, (InR)", R" and (InR)", respectively. The numbers of sensitive bands (P <0.01)
were 41, 7, 9, 65, 76 and 28, respectively. Stepwise regression method was used to filtrate the
characteristic bands from sensitive bands, and the average of determination coefficient ( R*) and the
average of root mean square error (RMSE) of each ion in the regression model based on the characteristic
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band were 0.35 and 0. 87 g/kg, of which R* was the largest and the smallest were SO;~ (0.52) and

Ca’" (0.20) , respectively. Combined with the stepwise regression method, the characteristic bands were
substituted into the spectral index to determine that there were three characteristic spectral indices for
Mg’* , there were two characteristic spectral indices for salt content, and there were one characteristic
spectral index for Na* + K", SO;™ and Ca’", respectively. The R* of model for water-soluble salt ions
content based on the characteristic bands and characteristic spectral indices was increased by 58. 67% , and
the RMSE was decreased by 24.60% , of which the maximum R* was SO;~ (0.74), RMSE was 0.47 g/kg.
The model of SVM based on the characteristic bands and characteristic spectral indices combined had a
significant improvement in the prediction than that merely based on the characteristic bands, for example,
the average relative analysis error (RPD) was increased by 110.27% , the R* was increased by 37. 54%
and the RMSE was decreased by 40. 12% in the training set, the R* was increased by 56. 04% and the
RMSE was decreased by 39.39% in the verification set. The results showed that the RPD of SO;"
reached 3. 000, which showed a good prediction ability. The model of salt content and Mg** had good
quantitative prediction ability which can be used for assessment or correlation prediction, respectively.
The SVM models of Na* + K* and Ca’" had the ability to distinguish between high and low values.

Key words: water-soluble salt ions; transformation of hyperspectral; characteristic band; characteristic

spectral index; support vector machine; integrated inverse model
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Fig. 1  Distribution of soil sampling points in study area
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Tab.1 Descriptive statistical analysis of soil salt content and ion composition

ZH X Na* +K* Ca®* Mg?* S02- cl- HCO;
B/ME/ (g kg™!) 3.234 0. 840 0.110 0. 106 0. 048 0.311 0.397
KRG/ (gkg™") 34.384 12. 659 0. 895 1.119 18. 888 17.700 2.745
FHME/ (gkg™") 6.230 1.926 0.263 0.211 1. 677 2.062 1.282
SREARREZS/ (g-kg™") 5.534 2.007 0.176 0.178 2.065 2.854 0.125
SRR R R % 88. 83 104. 21 66. 92 84.36 123. 14 138. 41 9.75
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Fig.3 Correlation between different water-soluble base

ions and original spectral reflectance
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Tab.2 Comparison of different spectral transformation forms of water-soluble salt ions content

PSS IRI [i:BS IR
fBhr RBIERX = febr AEHUE =
O e mME EokiE w0 T T mBow ROME BRI M
(1/R)’ 27 0.324 0.339 0.332 R’ 15* 0.322 0. 355 0. 339
(1/R)" 41 0.322 0.435 0.363 R 7 0.320 0. 366 0. 339
(InR)’ 34 0.319 0.375 0.335 (1/R) 72 0.321 0.473 0.372
Sihi (InR)" 28 ** 0.319 0.431 0.369 S03- (InR)" 65** 0.320 0. 506 0.377
(R*S)Y’ 3 0.328 0.342 0.334 (R%) 59 ** 0.320 0. 400 0. 345
(R™3)” 1= 0. 350 0.350 0. 350 (R™%) 13 0.330 0. 368 0.341
Bt (I/R)" Al (nR)"
(1/R)’ 2% 0.329 0.331 0.330 R’ 76 ** 0.319 0.385 0. 349
(1/R)" 7 0.321 0.355 0. 340 R’ 25 0.319 0. 424 0.354
(InR)’ 2% 0.321 0.323 0.322 (InR)" 1 0.382 0.382 0. 382
Na* +K* Ca?* B
n . . . : . . . 3
(InR)" 4 0.323 0.346 0.336 (R*3) 7 0.320 0.325 0.323
(R*S)Y’ 1 0.329 0.329 0.329 (R%) g ™ 0.322 0.398 0.343
ik (1/R)" A
R’ 3 0.329 0. 341 0.333 R’ 3 0.330 0.372 0. 356
(1/R)’ 6™ 0.324 0.372 0.352 R’ 4 0.320 0.352 0.338
(1/R)" 6™ 0. 320 0.380 0.344 (1/R) 8™ 0.323 0.378 0. 347
- (InR)’ 9 0.337 0. 467 0.403 _~ (InR)’ 2 0.320 0.333 0.327
(InR)" 8™ 0. 325 0.377 0. 345 g (InR)" 28 * 0.319 0. 460 0. 356
(R™3)’ 11 0.322 0.427 0.367 (R>3) 5% 0.322 0.358 0.339
(R"S)" 3 0.330 0.357 0.342 (R>%) 9** 0.323 0.391 0.343
ik (InR)’ et (InR)"

. #xFKR P<0.01, FH,
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Fig.4 Correlation analysis between different soil salt ions content and spectral reflectance under optimal transformation
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JIEARFHAL, [T v 458 R34 {H R 0.35,

RMSE ~“F-I{E 4 0.87 g/kg, Horh SO3™ AL K B fix

1, R0 0.52;Ca”* L E R EERCAIR, R M 0. 20,

2.3 EFZRSEIEMNTEKDELEEFIFMTE
iHiE

PLFR 3 G A AN ] B8 A AR I 0 B (B €L
A1) 3, 4 AR S FiOGISRE B E ST A K
PEERIL B F OISR BB AL (3R 4) , Horh 2 dh i
Na® +K*.S0;" Mg* " #8 5 Fh,Ca’* 4 Fifr,

F BB AL N F DN EOR R 2 B KOS
BGIK R ER FL B - AT A R I U 9 1 H X
PR B 8 5 1 [ A8 i, 4 I 1 (el )3y
(%5),#%E 7T D,(R=0.50) .S, (R=-0.69) K
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Tab.3 Characteristic band and regression model of different salt ions under optimal spectral transformation
X . R . RMSE/
L7 FEIE B Bt/ nm HHIC AL o] 5 77 R? (eke-)
g°Kg
355,382 —0.44*,0.33 ™ Y =7.194 +495. 722Rs55 —2 671. 856 Rysg +
Sihi 0.40"  2.12
927,958 -0.33",-0.33" 732.573Ry, —4 972. 862Ry,,
382,427 0.36*, -0.33* Y =2.149 +305. 138R35, —1005. 822Rys5 —
Na* +K* 0.41™ 0.72
927,958 ~0.33*, -0.35" 1997. 411Ry,, —294. 460R,,
Cl- 2049 0.47 ** Y =1.610 +281. 487R, o4y 0.22 ** 1.39
i 365,407,857  -0.51™, -0.42™,-0.32" Y'=1.840 -4 876. 164Ry65 —261. T84R, 75 ~ ,
S04 e . 0.52™  0.63
1728,2263 —0.35", -0.37 ™ 3369. 177R,y; — 11 754. 463 Rgs; — 1 439. 154R, 563
Ca®* 681,2 052 -0.39",0.34™ Y'=0.427 - 148. 054Rgs, +47. 498R; (5, 0.20™  0.23
Y =0.424 +1090. 319R,4 +2 504. 258Ry,, —
Mgz* 438,841,1510 0.46™,0.38™, -0.32™ 0.36 0.13
383.929R, 5,
F4 BRIGHEIEHNOEE
Tab.4 Construction of hyperspectral spectral index
£t Ny AHOC R AL EELZD nE LIPSV
Dy, = Ryss — Rosg 0.50 ™ Dy, = Rygy = Rypy 0.45
R, = Ryss/Rosg 0.22 Ry, = Rosg/Roy 0.14
L Npta = (Rsss = Royy )/ (Rass + Royy) 0.16 Na® +K* Npw = (Ryzyy = Rosg )/ (Ryyy + Rosg ) 0.12
Sia = (Riss + Ry’ -0.73* Siy = (Rey + R3s) 7 0.29"
S50 = (Riss +Roy + Risg) "7 -0.69 ™ Sy, = (Rig + Royy +R3sy)*° 0.19
Dy, =Ryes — Ry -0.50 ™ Dy =Reg = Ry 0.48 ™
R;. = Rgs7/Ry65 -0.27" Ry =Reg1 /Ry 052 0.11
503~ Npie = (Ragy = Rgs7) / (Ragy + Rys7) —0.43* || Ca®* Npia = (Regi = Ry52) /(R + Ryps2) 0.01
S = (R§65 +R§o7 )0:5 ~0.85 " Se, = (Rﬁgl +R§052 yo.5 0.30*
Sy, = (Rigs + Rigy + Risy)*° -0.86™
Dy, =R, 510 - Ry -0.53* Rj, =Rgy/Rysg 0.23
Mg?* Npj, = (Ryzg =Ry 510)/(Ryzg + Ry 510) -0.09 Mg?* Sy = (Rigg +R3y)*? -0.55*
Sy, = (Risg + Ry +Ri50)"° 0.10

.« FR P<0.05,

£S5 BREFHERIEEHREEEFRE

Tab.5 Regression model of hyperspectral spectral index

ity IR E 4L [ 455 75 R? RMSE/(g-kg™")
S Dy Sy Y =8.397 +521.966D,, —548. 3325,, 0.56 ™ 1.83
Nat +K* Dy, Y =1.941 +287.947D,, 0.45™ 0.69
S02- S, Y =2.577 -8 477. 570S,, 0.74* 0. 47
Ca?* Dy, Y=0.373 -64.031D,, 0. 45 0.19
Mg+ D, .R,,S, Y =0. 437 —568. 037D,, - 0. 042R,, —763.203S,, 0.59 0.10

Adh R TE 4G D, (R =0.45) 9 Na™ +K”
IR ECTEFE % S, (R = —0.86) 2 SO2~ AUHRIE
TWEHREL; D, (R =0.48) 2 Ca* " BRHIEGIEHE 2L D,
(R=-0.53) .R,(R=0.23) .S, (R=-0.55)N
Mg FRFE GG HE B, 76 07 28 1 A R A U0 B 1 2
fili b, B TR BOM B 1 45 2 2 ou g AP 4kl
VABEAY B D055 B2 W 5 T8 JE R IE I Be 1 2200
B LNE MBI | BT AR AR I Be + FRIEFE 2y &
thi Na® + K™ SO .Ca’* KA K Mg** I Z 0B 4
LR BRI R*AE 0. 45 ~0.74 Z[8], RMSE 7

0.10 ~1. 83 g/kg Z[H], 540 % JRFFE S Be i 2004
ACERAE AR LY, 5 58 T R AR B + FEAE R £l [m]
AR B T 1Y RPSEX 48 T 58.67% , RMSE F#
KT 24. 60% , FLrh LA K B Je s 9 25 72l SO; L R?
47 0.74 ,RMSE 4 0. 47 g/kg,,
2.4 EFHMERBERISMERE + SFMERERHMN
SVM &R B

R T REIKEPEER LB SVM L fb By
T 1B (R AR AU D BE R AE U B + R AE DG 1 48 2500 i) 2t
S SVM FERL X A RINEE, R 6 Al T
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FRAEBEBL SVM BRI JIIZ54E R* 2 0.30 ~0. 63,
RMSE 4 0.12 ~ 1.72 g/kg, B UE4E R4 0.31 ~
0.67,RMSE % 0. 12 ~2.33 g/kg, RPD & 0.296 ~
1. 090, BRFIEFHAEPE BL ) 24k 5 Na® + K* [ SVM
B EA X 53 = ARAE Y g 1 AR Y R B8 il
WIBEST . TIEE T4 AF I Be + ¥R ARG fe £y SVM
BREAY (B ASCR 5 B0 | RS 1) )11 2 B R 6 T B 1Y)
TSR AN 5 R, IZREE R? 24 0.49 ~0.90,RMSE
70.08 ~1.25 g/kg, BrilF 4 R* 2 0. 53 ~0. 90, RMSE
J50.11 ~1.43 g/kg, RPD 24 1. 150 ~ 3. 000, i i3 %}

FETRIE BB SVM B 55 JLFREAF I B + FRAE
JETEAR R SVM RS B ALUNS BE L Aeml J0, % 08 T
FRIE D B + FRIE G 6 £ SVM A AL v 4% 25 1 119
RPD FH4R 5 T 110.27% , I 4% RREIRE T
37.54% ,RMSE [&K T 40. 12% , B iE4E R 242
1 56.04% ,RMSE FEAX T 39.39% , o SO;-
() RPD iK% 3. 000 , BEAURCR S f , EASAR L (Y Tt
AEJ), Adh i A LA R4 0 & T RE ), Mg
BRI O] T PEAG B SC 4 7 A 0, Na* + K™ |
Ca® " [ BEAL ELA X i (I AL 1Y) B

®6 ETSVMHERIEGARIUNEREIE

Tab.6 Construction and verification of hyperspectral integrated model based on SVM

M IR S R 5 K v s T
MFICHR T, TR IEIR LT I 3 R 5 K I
ER LB T 1T B G SR B T AR 450 R =

. . e I E4E
f545 PR H5 R = RPD
R RMSE/(g-kg™") R? RMSE/(g-kg™")
- ERAE I B 0. 56 1.72 0.45 2.33 1. 090
e FRAE I B + FRAF OGS PR 5 0. 81 1.25 0. 80 1.43 1.967
REAE Y B 0. 40 0.74 0.50 0.63 1.013
Na* +K* s JE
T FEIE U B + FRAE G5 TR 5L 0.52 0. 68 0.53 0.57 1. 153
FRAE Ik BE 0.30 1.35 0.31 1.22 0.296
cl- s e b
FRAE I B + FRAF ISR 5
. RRAE Ik Bt 0.62 0.59 0.67 0.39 0.672
S04 FRIE I B + FRAF RIS HE 5L 0.90 0.29 0.90 0.24 3.000
, PRk B 0. 63 0.45 0.34 0.26 0. 862
? FRAE I B + FRAF OGS PR 5 0.49 0.18 0.68 0.15 1. 150
, FRAE I B 0. 50 0.12 0. 46 0.12 0. 491
Mg** P, P
° FEIE L B + FRAE SRS HE L 0.73 0.08 0. 64 0.11 1. 410
12 4
_ 1=0.81 e . R*=0.90 R ~
3 ﬁ ; ¥ ¥ ¥
= ¢ = = = =
=3 B = = =
[}] 4 B 12 0 2 4 6 1] | i 4 (1] 0.5 1.0 (1] 0.2 04 06 08
M (ke ) G (g ke ) G/ (kg ) A (g ke ) S (g ke )
43 Na'+K . Ca®* Mg
(a) ill| ik
12 6 4 1.0 0.8
2 R=0.80 .& R=0.53 R=0.90 R*=0.68 =064
¢ ®af T 1
8 % £y Qﬂ) o gosb
TS . o .
= g = %o ag®
= 4 8 = B oo )
= 8?2 g’ O
- B &8
0 2 4 6 3 (1] 0.5 1.0 ] 02 04 06 08
P (- kg ) S (- kg ) G g kg ) S (e kg S/ (g k)
ikt Na'+k~ S04 Ca Mg
(b) $iEdg
B 5 JETHRAESE Bt + FRAECIETE B0 /K 7 2 o A TR K 56
Fig.5 Accuracy test of water-soluble salt-based ion model based on characteristic bands and spectral indices
3 W PRI S 1) - 48 R D i S S R T AR 45 R v e T
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O, SRR AR e B AR S i U 68 7, i 5
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BB SRR BB Ca® B B B 2s T
SO; ™, EEE T AE i AR e i 2 A8 v, (3 S 4R
T rp— SRR ) DG A5 B I 87 ok, DU (35 43 25
TAERMEA R, SigH)s , B HOKREEER
FEB T 5000 R 2 0] A AH G AR 2 B 4R v
SR AR S % BRI A e X 7 i e SR i 2
Feor I AR BORS B A W, BRIE =
AR R TEAR e vk 1T LA H R AL 1Y Ot
FRIE 3t i — 20 Ul B AR 46 5 9 635 X5 B P2 BORE
JERAEEMER,

MARAE % B S5 R E I BE + 4R E G %+ B A AR
BRSO E  SE TR IR D B + R bt i 48 £ [l
VAR 3 O 5 5 AR B B . LT RRIE D B A
FUBLIUE BE KB/ R SO2™ (Na® + K+ & dh i
Mg®* \Cl™ Ca®* BT HRE % BE + FRAF 63 45 B
RERVHILRE E KRB/ R SO;- Mg 4dhf Na* +
K* . Ca®* ol R fie 2500 Ca* | FERRAIE I Bt
+ FRIE ISR E A BRI R R B TR e B
A RPHEE T 125% ,RMSE F#(K T 17.39% , fE3:T
FRIE I B AT A BEEL 25 SR rh Na® + K R HULAR
R BT Mg, MERFE S B + FRAE G5 501
BRI TR A R, 3R RO e G de B A i A
o AE SR B4 8 T S ™ 8, TR 8 o T AR
JE ok B AE T R B TG HE RO R A T T
—FRIE P B s nT UL, SRR B Ak £
SRR L B 7 0 R AR AL TR L

R o N1 B e w5250 7 N i I N i B AR S
5 ek gh A 00 5 SO AL, DU A [] L 1X 46 758
b3 B ST I T e AR B
FRIEGIE PR S S UGS FE P A MERE . SRIVASTAVA
A L2) BRI 1390 ~2 400 nm 1 I B #E 7 (1
RIA] DL B S R KR 43 85 Na* (Ca®" Mg™" |
Cl™ DA R EAME B L, XIS B A5 ) A BT 1 XA 52
FEUR 38 0 ) FH S RRAE Y T A4 A %) il ML AR AR T
FEAYNTER 43 (1™ A Na 35 HLAG B84 10 Ak I00KG 32 A0
FesE e, ] T Ca®* 192 A0 0 5 AR BIF 5 R O
TEARS RRAE I BE RRAE B B + RRAE G TS B K
SVM 2 >J A 45 G A5 70 FH AR g K 1k 2 3 1 1
() FROIRG B, 45 SR I A A0 nT DUAR G H i SO; -~
Zihi Mg &, Na® + K*  Ca®* BUELEAT X 5]
PR ARYRE S, A B S IR 45 R R W, Heo;,
Fl Ca®" 1 g LR A S JOKS B fe i, CL- L SO; - I
Mg’ * ¥R Z, Na ™ #4576 L BB E A7 R & Ak 1, K™
FR I RG22, TV VT AR BIE g 4 SR R W

Na* K* Ca*" H1 SO;™ &7t AE 8 i Dt i L Al
PEATARGF BTN , A SCAE Na*™ + K™ HUW J7 180 54K
A A SRS A R AR, (B 5 U VAR B T 45 R AT A
ZE5¢, A AERE H THUIX 22 5 | HIEUR 4 A ko
e, PR R AL B AR R B K

4 g

(1) AL FR ) EF AN U R 5 1K
VPR AR I B - BV A DM AR, AN R B T 22 R
K, aihi S0I  Ca*" Mg’ 5§ R 5 IE A
XK, M Na* + K* il CL- 5 55138 A ¢, IRt
TR A5 A R A OC R B KB MER IR Ry
Ca’* S0~ Mg’* 4#hH Na* +K* .Cl°,

(2) GIEAR e J | T S A 3 5 25 K 1k R S
BT R DGR 4R e, o (InR) " (R "S54 8
T EA B EER B, &L LA (1/R) "5 (InR )"
JF, Hoh 4 ER R Na® +K* €1 SO Ca*" Mg**
6 1% 5 L A2 408 X4 3 ok (1/R)”, (1/R)”,
(InR)".(InR)" R, (InR)" , HHUR Ik Be B 435 g 41
7.9.65.76 .28 1>, FEFZE L MIHLHHE T ARIK
VS MEER S B T DR IE B B, B CL™ A 1 AN HRRAE I8 Bt
Hb A T30 2 58 3 ANRRIE DB, R HRRIE B
BT A RIARER A R AE 0. 20 ~0. 52 Z 8], F3
{54 0.35;RMSE 7£ 0. 13 ~2. 12 g/kg Z [f] , -4 {H
}0.87 g/kg, Hirp SO ML AR Em, R A
0.52;Ca>" LA HE B IRAK, R* 5 0. 20,

(3) BESF L THE D B + R AF 63838 B [ 19
R 25 SRR LT AR I B + AR G5 K [al
SRS BE A T W S A e, B R 0.45 ~
0.74 Z 8 ,RMSE 7£ 0. 10 ~ 1. 83 g/kg 2 [H], 510 %
JERFAE I B B RE RUAR LE, %5 8 T R AR I B + 4
fEFE By M 0 BE R £ B 7 R PR S T
58.67% ,RMSE [#AK T 24.60% , Horb SO2™ $U4Ks
JE R, R*M 0. 74 ,RMSE 4 0. 47 g/kg.

(4) FETHRAE DL BE + FRAFE 5 R SO HE A9 SVM
EOGTRER A RO 5 0% R LTS 1 SVM 5
RUFH LY, % 2+ RPD P34 M 17 110. 27% , VIl 24k
R ¥ & T 37.54%, RMSE F ¥ &% T
40. 12% , B 0E4E R4 T 56. 04% , RMSE
KA T 39.39% , Hirh SO Y RPD 3531 3. 000,
B et , HA IR R TN RE ) 5 ek AR A HL
AR B E BTN AE 7, Mg? R R AT T PEAG 2 A
ST A T, Na® + K*  Ca®* AU ELA X 5]
ERIERYRE T
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