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1.2 HIRHESINER S

KPR T X Bk, X B3 A
FHZEARI DL S AR R ADIRBL A I 2R, T 2020 4F 9 H
24 H ~9 H 28 Hil 7 H3ERER R, SREE S TS
WFFEIX A AR, DL “S” BB LR REH LA BERE
M, TR 47 RS, HEERERIE 0~ 50 cm,
B 10 em S —ZRE RN, AP LD RYE
PLDUAM R AS), HREZ) 200 g H-3ERE e, JE
THRAE IR 235 5 4 T IERE S A AR RT 5 BiF
BE L RbO, EORERE, AR A SO A It
DA A7 U B () I

3R 1Y S A E AL ASD FieldSpec3 Hi
YOCIESGE T =AM, TSR R T/NT 3
REREIRS, mwl&T 5.0%, 766 EAERHTHE
BEALECAFIA] 12:00 ~ 14:00 $EF7 R4 4% kEH
F IR R 15 om SALCE B A/ T 25
Ve 5 S AR R VE AT R OGS B R 4, BB S
AL ST NRAE 3 UOGIEE R, BRI RE
15 UK ; 3k S AR — 20 5 B R AR RS LI, TR
AT EMILAARIE , LA/ MRZER . 5 JEIREE N R 1Y
SO, R E G IERR 2450 ~ 2500 nm M AR
kB, 2B 1350 ~ 1450 nm 5 1800 ~ 1950 nm
IKESE e B, B R MR b, D S A X OGS



288 + %

Fid % 54 %

BAERZE, N Savitzky-Golay Y 5 7%
TR AR AR, BRI B ALk 2. 235
P BRSPS 2 ANSafE, TR 233 k.
13 REFEEHEERE

PL CARSE 101 SPA26 - GAU'Y A i 16 J 2
VERREP B, DAl BT R, X B 0 B = o i
J5 5 T ) 28 0 IR A (R B31 0 Y A
W B ZE -4 BPNNU427 - SVMES 21 ELMUS! L 2§27~ 5
DA e SRR DL PLSR BURLRXT AR, XL
S3ATT DU AR X - i S R A RO SRR
BRI 58 XA [A] 2 TR FE 1) -3 e R g A A 5
IFACHAG BE 22 57 o T SR AR A v P2 A0 P VA4 IR
3:1 WY L BIXT I 2R 5 S S R4 T4 430,

TR BLRORS B, AR e S Ak ae 1 2 2
FEMMARIEL, HrhroE 220 ( Determination
Coefficients, R*) FIRR AR EME, B RiR2zE

( Root Mean of Squared Error, RMSE ) kA% 5645
RUAESERE ) . R MBI 0 ~ 1.0, R OB, #E
IR Fa & v . RMSE BN, R 4 A Rk
BT . MHXT iR 2 ( Relative Percent Deviation,
RPD) , RPD < 1.40 ##UfERES 2% 1.40 <RPD <

2.00 AL ARE S5 ; RPD > 2.00 FEHY H A 54
FAL A RE SR,

2 HERS55Hh

2.1 TIEBSEGIHHHEE

H e 1 AT, REAS RAE 1 3 SRV EIAE 0.02 ~
1722 mS em™, “F-¥{HK 2.61 mS em™, #r#EZEN
3.52 mS em™; YIZk4E LR SR HEE 0.02 ~
17.22 mS em™, FH{EHK 2.61 mS cm™, IpifEZE R
3.52 mS cm™; 5 iE4E T R [ E 0.05 ~
14.50 mS ecm™, FEI{E K 2.64 mS cm™, FrifEZEH
3.54 mS em™; A[FLJZWRELL 0~ 10 cm LR
FRBEShRAEE R, 5708 294 mS em™!
410 mS em™'; LJ 40 ~ 50 cm -3 S F G 'ﬁﬁ/ﬁ
Z8A%, 25N 2.14mSem™., 2.95mS cm', AR
FBCV HFREHARE, CV>100%, A5RASSE;
10% < CV < 100%, FHEEZEFIE; CV<10%, H
SR SRR, BEAS AR | YIZREE | BRIESE L) KANIR] 1
JZURBE R L e GoR(E I B GR AR Sk, AR R R
CV >100%, UtHIEHEEABEEE. WukEE SII%E
(-S50E . bRifE 2 SREAR BRI -9 ME . bRl 253
AR—F, HA @R,

* 1 HRESROGITHHE

Table 1 Statistical characteristics of soil electrical conductivity
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AR FEAEL - . brifE2z 5 ZRAL
Type of sample Number Mlnlmufn Max1m1{m Averagf: SD CV (%)
(mS cm™) (mS cm™) (mS cm™)
FEAS AR 233 0.02 17.22 261 3.52 134.87%
IR 175 0.02 17.22 261 3.52 134.87%
ISUELR 58 0.05 14.50 2.64 3.54 134.09%
0~10cm 46 0.06 17.22 2.94 4.10 139.46%
10 ~20 cm 47 0.02 14.48 2.74 3.49 127.37%
20 ~30 cm 47 0.05 14.00 2.53 3.41 134.78%
30 ~ 40 cm 46 0.03 14.50 2.75 3.67 133.45%
40 ~50 cm 47 0.06 14.00 2.14 2.95 137.85%
22 HRESESHESIESHES N [, AN 0.35; 2 HIH G RN 5.57 ~

K H K- (K-means ) R0 B 358,

S&R4r<0.82mSem™!, 0.82~5.57mSem!,
11.91 mS ecm™, >11.91 mS cm™ PUz%k, K 2K 4 F

11.91 mS em™ B, KSR IBZMEN 0.32;

o e

AH > 11.91 mS em™ B, JAFRBIE A 0.31;

350 ~ 600 nm iGN AR R S B A B,

600 ~ ~ 1800 nm Yt itk I S R A fk #4

1350 nm
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Golay -1 5 IRCRIE . mE 2 AT, DUk 2k
TERAEIEAR —5, HIEm SREK R, 5O
SRR M 3EH $%(H < 0.82 mS em™ B, AT
FHE R 0.37; HAIERFHEN 0.82~5.57mS cm!

PRIIZWFA T, 1950~ 2450 nm 2 [aDEiE R 5}
AR B, AE 2120 ~2150 nm, 2380 ~ 2400 nm
P K AR S . 2200 ~ 2220 nm., 2330 ~ 2350 nm
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Fig.2 The relationship between soil electrical conductivity and
soil hyperspectral reflectance
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16 PR L CARS BHIA M Y SVM 55 AU K
Ehem, WAESKIEE R 55K 076, 0.75,
RPD 43514 2.04, 2.00, RMSE 43514 1.79 mS cm ™,
1.68 mS cm™', LA PLSR AN, JET CARS &
A BPNN, SVM, ELM #iR!, Il 24 563
££ RPD /3 9 F- 2432 5 21.80% . 22.92%, R® 43 5°F
W 2022% . 21.31%; 3T SPA S M £ 1

TL ke
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Table 2 Feature band screening results

0 15 77 12

Screening method

Number of variable

FRAEYE BE(nm)

Characteristic band

1486, 1487, 1519, 1520, 1951, 1984, 2061, 2348, 2350,

2386, 2387, 2395, 2396, 2419, 2427, 2447

946. 1001, 1494, 1731, 1951, 1957, 1963, 1978, 2011,

2063, 2226, 2309, 2323, 2344, 2348, 2352, 2358, 2365. 2370, 2392,

2396, 2403, 2410, 2412, 2417, 2423, 2437, 2440, 2442, 2446, 2447
355, 956, 1972, 1973, 2104, 2153, 2260, 2344, 2347,

CARS 16
SPA 31
GA 13
Full- spectral 1848

2362, 2373, 2390, 2426
350 ~ 1349, 1451 ~1799. 1951 ~ 2449

*3 ETHISHFIEENDRESREFELER

Table 3  Estimation results of soil electrical conductivity based on machine learning algorithm

PlER S UivanseS
L BLVIRES Training set Verification set
Model Screening method

R RMSE RPD R RMSE RPD
BPNN CARS 0.73 1.90 1.92 0.75 1.57 2.01
SPA 0.75 1.85 1.99 0.76 1.78 2.03
GA 0.57 2.36 1.52 0.53 2.40 1.46
Full-spectral 0.72 1.82 1.87 0.73 2.62 1.94
SVM CARS 0.76 1.79 2.04 0.75 1.68 2.00
SPA 0.72 2.04 1.89 0.73 1.34 1.94
GA 0.63 2.36 1.64 0.64 1.91 1.67
Full- spectral 0.70 2.07 1.82 0.66 2.55 1.72
ELM CARS 0.71 1.91 1.85 0.72 1.95 1.89
SPA 0.67 2.10 1.73 0.67 1.91 1.73
GA 0.59 224 1.57 0.60 2.36 1.59
Full- spectral 0.57 2.37 1.52 0.59 2.18 1.57
PLSR CARS 0.61 2.29 1.59 0.61 2.01 1.60
SPA 0.57 2.38 1.53 0.57 2.14 1.53
GA 0.49 2.46 1.40 0.52 2.57 1.44
Full- spectral 0.56 2.40 1.52 0.56 2.11 1.51
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Fig.3 Comparison of the accuracy of soil electrical conductivity high spectroscopy model
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1500 ~ 2500 nm T £1 /M I B BE o S 2R VL W8 I IR
A0 gt ) 338 B RO RUR B 2011, 1890,

2011, 1891 nm, 240 BigTRIDGE 350 ~ 880 nm
FfFiT . 1500 ~ 2100 nm BT LA A2 2200 ~ 2450 nm Bff

5 e AR B BRI AIAHSCME . CARS B3 i
BRI BLS LR B Z A =S, UUIRFE
P B e BT 5 B

T4 CARS BIATHEFFHER R
Table4 CARS algorithm to screen characteristic bands

+EHE (cm)

FHIE P B (nm)

Soil Depth Number of variables Characteristic band
0~10 7 1959, 2275, 2285, 2307, 2395, 2417, 2447
938, 1153, 1154, 1690, 1692, 1750, 1982, 1983, 2165,
10~20 16 2168, 2351, 2352, 2384. 2393. 2394, 2445
20~ 30 10 1962, 1975. 1977, 2020, 2021, 2350, 2395. 2404, 2413. 2439
30 ~40 7 1968, 1969, 2037, 2350, 2391, 2396, 2415
40~ 50 26 670, 672, 837, 838, 839, 840, 841, 842, 935, 963, 1951, 1962, 1963, 2009,

2233, 2325, 2327, 2387, 2393, 2394, 2397, 2404, 2408, 2418, 2428, 2437

M3 S ATAL, fhASE R R I 1 )2 R 20 ~ 30
em TR P RAEFANE &, R ¥KT 0.80,
RPD # KT 2.00, RMSE ¥/ 2.00 mS ecm™, %+
JERESHADENEYE ., ez, B 2539
HZER /N, M T HAAFE 2R E 1 S5
AR E M R, IGESRUEE R ik, 21k
AE ST Eea; 2 URIE 30 ~ 40 cm 4L S R AL AR

RURE AR T 20 ~ 30 cm, ARAVEERES4chy. +)2
RIEE 10 ~ 20 cm 5 40 ~ 50 cm A& - e Sk
AR 40 ~ 50 cm BANE RN R, 1JEURE 0~ 10 cm
PR i) e T A SRR RORG i A 2, AR BOIR AR
RMSE KT 5.00 mS cm™, HIIZESKIUEE R A1
22 0.12, MHETFHAANELZHRE LB SR MAH
FRRNZ AL RE ) R MR 2%

%5 ET CARS-SVM WHEHSHRMEHER
Table 5 Estimation results of soil electrical conductivity based on CARS-SVM

Pl S LallieS

iy + R Training set Verification set
Model Soil depth R RMSE RPD Li g{ﬁﬁﬁ. R RMSE RPD . ij‘fijiﬁ
inear equation Linear equatiom
CARS-SVM 0~10 0.54 3.03 1.47 y=042x+1.01 0.66 5.85 1.72 y=1.85x—0.42
10 ~20 0.56 2.54 1.50 y=041x+0.68 0.59 2.40 1.56 y=0.49x +0.65
20~30 0.83 1.37 2.41 y=0.77x+0.20 0.84 1.77 2.50 y=0.80x—-0.19
30 ~40 0.78 1.89 2.11 y=0.72x+0.71 0.75 1.50 1.99 y=115x+0.16
40 ~ 50 0.69 1.37 1.79 y=0.49x +0.63 0.66 3.44 1.71 y=0.31x+0.87

3 iR

+ 5 S AR A P BT D Ry 3R A R A
—E ISR R RS2 R IR 1 4
BB HRZ, MEOTFEEHFE, H5E0ER
T4, A ORI = A 1t 0 1 DL 1 AR R i 10 B
VRN B AR, AR, 2 s )
REHOR R AR RE J109, W78 45 4 B AR 2y Tk ) ik
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ok, R —HE B0, BT E A RRE I By
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KEEEWI AR, X S BT S5 AR —5, L
e I BIRAAE G A5 AR T PLSR, #Efh%ARE
F1 B A AR S E A Z AL RE ST, AHEL PLSR
SRR, R [RI B AR FTRYEEAY BPNN, SVM,
ELM AU Z54E 5 90iE4E R 43 F3438 0 21.40%
19.74%, RPD 43 SIE-3934H0 17.72% . 17.95%., —F
BILAS 27 20 B 1 AR5 SR i A A iy A R[] T A
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—3; LA BOBRAE A i A R A B4 BPNN >
SVM > ELM; DL CARS F57k i B8 (0 RRAE I BV Ay i
A BRI SVM > BPNN > ELM; LA SPA &k
i 16 19 R AIE 8 BEAE S g A B A4 (9 B 7 BPNN >
SVM > ELM 450K —2, XA REZ T A R FFAE
U B 1 T 3k JUT 0 3 P o 1 D8 BE [ T S, 3
MLERA 15 FE—E0F58 . CARS BEM AR 2%
JE )RR IR B AT BIEAS ], o o7 e B 1 2 S 4 S B
RERDKG BE 22 5, L CARS-SVM B AN 6] 1+ 2 IR
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4 ZEig
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Y4 SIIESE R 43518 0.76. 0.75, RMSE 437
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Hyperspectral Estimation Model of Soil Conductivity in the Lakeside
QOasis Based on Machine Learning Algorithm

MENG Shan'-2, LI Xin-guo"*, JIAO Li"?
(1. College of Geographic Sciences and Tourism, Xinjiang Normal University, Urumqi 830054, China; 2. Xinjiang Laboratory of Lake
Environment and Resources in Arid Zone, Urumqi 830054, China)

Abstract: [Objective] The paper aims to provide method for estimating the soil conductivity of lakeside oasis soil by
hyperspectral, so as to realize the rapid estimation of regional soil salinity. [Method] Combined analysis of soil
conductivity values and soil hyperspectral data, competitive adaptive reweighted sampling (CARS), successive
projection algorithm (SPA) and genetic algorithm (GA) were used to screen the characteristic bands of soil
conductivity. Based on the full band and characteristic band, three machine learning algorithm models, inlcuding BP
neural network (BPNN), support vector machine (SVM) and extreme learning machine (ELM), were constructed, and
the partial least squares model (PLSR) was introduced for comparing their accuracy. [Result] The soil conductivity
ranged from 0.20 to 17.22 mS c¢cm™ in the study area, with an average value of 2.61 mS cm™ and a coefficient of
variation of 134.87%, showing strong variability; The characteristic bands screened by the CARS, SPA, and GA
algorithms compress the modeling input to 0.87%, 1.68%, and 0.70% of the total number of bands, respectively, which
reduced the amount of modeling input and increased the modeling speed. The choice of variable method CARS > SPA >
GA; The three machine learning algorithm models were all better than PLSR model. The coefficient of determination
(R?) increased by 20.57% and the relative percent deviation (RPD) increased by 17.84% on average. The CARS-SVM
was the best model for soil conductivity hyperspectral estimation, with R? of 0.76 and 0.75 for training set and
validation set, respectively, RMSE of 1.79 mS cm™ and 1.68 mS cm™, and RPD of 2.04 and 2.00, respectively; The
soil conductivity hyperspectral estimation model with a soil depth of 20 ~ 30 cm has the highest accuracy, with R*> of
0.83 and 0.84 for training set and validation set, respectively, RMSE of 1.37 mS ¢cm™ and 1.77 mS cm™, and RPD of
2.41 and 2.50, respectively. [Conclusion] The soil conductivity hyperspectral estimation model based on CARS-SVM
has high accuracy and optimal estimation ability, which can provide a scientific reference for the estimation of soil
conductivity in lakeside oasis.

Key words: Soil conductivity value; Competitive adaptive reweighted sampling; Successive projection algorithm;

Genetic algorithm; Machine learning algorithm; Hyperspectral estimation model
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