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1 HREX#EER

e BT AR dEER, AbTF 34°53'~35°14'N,
114°14' ~ 114°46' E Z[H], EXipgdt 38.2 km, A4
F& 48.7 km, [HFHZ 1220.5 km?, Hb &b #5 IE F J5,
Ja& T EEGE X, S8 B E R e R R
TR A 2 T KR, AR R
618 mm. HuHHh VYRS [0 A ARY, & T RiE b X
WA+, FEAAAPRLZE, Bl 2 FX
w2, H, W Rz X A d T R
KIHHE 1, KD LRI X 22 5 W 22 457 IR
G3Ai
2 HEEKIR
2.1 THIR¥IE

DIBFGE XA TG R Ay, A3k 3 km x 3 km [
FESRAE S, AT RRRAE, 58] 101 A, R
£0~20em WRZHEE, ZARKNT . B, o
2 mm LI, SRIG R HBOEHTE I ( Beckman Coulter
LS230, SEE, WA 125 Fl 0.04 ~ 2000 um )
17 OB R AR 3 B o $ S BB T 9 FhRE
(<0.002mm) , #k (0.05~0.002mm) , #bk:
(2~0.05mm) .

22 NIEHIE

K MBS X P 1AL ( FieldSpec 3, 3H )
Dt A JEE 5l i RSO A . 7R SR E IR
RS B HERE IER 4R, BEASMEE 10k, It
40 IR, SRJE OB AREA RO GIE S g 4. A
B B GR O'E 1E  K YE BB 350 ~ 2500 nm, i 6 %
350 ~ 380 nm. 2400 ~ 2500 nm = [i] A4 B (5 e LL 4
&, e TR, PTG LT 380 ~ 2400 nm
W B R 56 3E . 380 ~ 2400 nm YOG RE S HE HE AT
1 nm [RIFRAYERAE, el 2021 B

3 WMRA%

3.1 HiETH
R T BT AN R i AR e 20 A R HOK B A

SO, TR SRR MR RIERL S B I SRS
I, HEECT 6 FhE GG AR BE L, B
SRR T BB (1/x) 0 XTEL (Inx ) ®, ARUEIE
275 ( Standard Normal Variate, SNV ) | £ JIGH(
#7454k ( Multiplicative Scatter Correction, MSC )
—Brir (x) &0 ZBigsr (x7) 1o, B EGR O
W (x) , 7 8EEE.
3.2 ERSDHF

BRI G B 6 R IR, St 7 FOGIE S
W K LI 380 ~ 2400 nm P B, 3t 2021 MEL,
R bR, A EEERA 7 RO T IO,
SRR R, S A s R > | R
g, ANHefS B A ERA AL . R IR B 2R B 32 AR
GO TR AT RESE , BRAREE U . DB s
WFE XA RBFEAS 100 4> (101 MFEAS, SiBR 1 472
ORI BHS, T4 100 FEA) |, AHXEF 2021 A4
ik Bk UL LR D, F AT o bt vT LRI R
il AS T Z R A/ D 1 R)
3.3 BURFREN

AR E G F A5 ik A
ORIk AR, HAE AN
Gi—, FrLALIRTE AR AR AL b 3. ST
KW AL CERAE T ), ailAs m 4R
AEIXE [0,1] .

x,'j - min,- {x,j}

Xij

 max, {x;;} — min, {x;,}

Kb, X RRPREIL 5 i T8 ANIE, x, BREE
i I (i=1, 2, 3, :
3, e , n) o
3.4 FErEREN

SZHem ML ( Support Vector Machines, SVM )
M TG I LA T Bk, HLDSE
T e IR R, SR R/ M, 18
SKTEA IRAG B A TR RSS2, E8ds b2
FHEAAEH T YRS | IMEARSE 2T |
PUME IR R TR A0, RSS2 BA LR
K Z RN, 2—NREaNLRE, HFE
AFGEA R, BT DA B0 ) SR ] A LA
RIPEATHUN . SVM B SC R RS E (FEYT R
U cost FIAZ PR 12 gamma ) FIAZ PREL . cost Fll
gamma i 13 3¢ I IE A9 5 ok AR, LA3REAY cost

m; j=1, 2,
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Fl gamma SHFERY, FERR 2N HBAR R (RBF)
PRI A AZ RN

FFEIX 100 MHEAS, $BREL R & i Sk 5
AR, R0 5 A BEEC— A, 320 A,
FFRERIRGES, A 80 MFEA FH FAL R~y . &
BT BRI sy, VR RIR A 43 0il 3k
B 7 FOGE AR R Rk Mkn . B R R
SVM iRl PR 258 ( Determination Coefficient,
RY) . BEAFFIRYE ( Mean Absolute Error, MAE ) .
W% 2 (Root Mean Squared Error, RMSE) 3 4>
Wb, S TR B2

AR SPSS 24.0 B34 T - iR fd e 43
B FE i $2HL, The Unscrambler 9.7 FA4 o 7G1E
AEHe, WEKA 3.7 Fl Libsvm 1.0.6 T HAf Sl AN
T, SigmaPlot 10.0 fE&],
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TIETREFR R ELITFES T

M2 1Al 0L, WF5Y IXCREARFEAS B kL . f b Al
Wk B4 9L T 4.1% ~ 21.3%. 4.0% ~ 65.1% Fi
13.6% ~ 89.8% ZI8], FKMARLK & &0 i N,
D A gt SN U A A SO TR R O LY I N
A B BB AR RIS i B A 530 10.95%
35.55% F1 53.51%, FWIFEA HIELIARL S 0 3,
T BT A F RO . AR AN, R
Wi Ry RFED R B AR S R B2 BRI, B
0.29 ~0.42 JuFEIN, EHINN, 257 FE (Coefficient
of Variation, Cv) Cv<0.1 NFAERME, 0.1 <Cv<
1.0 P &Es Sk Cv > 1.0 Jy g AR Fpkus, i
AL, AR R S AR AR

4.1

£ 1 TIEFKL HRARVR S B SITHEE
Table 1  Statistical characteristics of clay, silt and sand contents
- s N e/ ME ROl M N "
e T L L == EREH g e
Particle grade Sample type Sample number i axumum ean Standard deviation Coefficient of variation ~Skewness Kurtosis
(%) (%) (%)
Bk FLUNEEVIN 100 4.1 213 10.95 3.47 0.32 0.85 0.38
R 80 4.1 213 11.03 3.57 0.32 0.87 0.41
AN 20 6.2 17.1 10.63 3.11 0.29 0.60 -0.20
ok EEIUNEN 100 4.0 65.1 35.55 14.11 0.40 -0.26 0.18
e s 80 42 65.1 35.53 13.99 0.39 -0.24 0.27
BEsE 20 4.0 63.4 35.61 14.94 0.42 -0.35 0.22
[z BARFEA 100 13.6 89.8 53.51 16.97 0.32 -0.07 -0.01
g 80 13.6 88.8 53.44 16.93 0.32 -0.10 0.06
ISR 20 19.5 89.8 53.77 17.55 0.33 0.08 —0.02

42 FKIEFFEST

FIRFRRL . Bk SRS, BPRL S R AT
BERET S AFEAR, WA gL . MabiE
+ (21.3%, 65.1%, 13.6% ) , HER &R HARR S
WK, R EER/N; BEMNEL (16.7%, 51.2%,
321%) , HECRL & AR & AL, Ak A E T
s Lt (11.2%, 37.6%, 51.2%) , HER &,
Wbz & e AR B B i 4M(E 10.95% . 35.55% .
53.51%; b+ (8.4%, 25.5%, 66.1%) , HZh
L RO O e AR SRR AR, R ARSI
Wt (6.2%, 4.0%, 89.8% ) , HEbK &L H/N
B, Bykif s, RS,

ML RTT, A [RPRE AR WOk 5 1 i - HE 6 1 il
RAETERC A, SCET TR WG PR 21 A B
LRI OB B R s SR, P TR

ZLAMIE B A2 S AE T A D NEL T (A) FiT (B) Lk
BT, BEE ARG N, BFORRURRL Y 2
RS, DANEPRLS A, AT 380 ~ 1369 nm
U B B S B R AR AL O R 5 2%, SR RR AR 8] (1)
ZERVBCE N 2 AN 8 A, Hrh AT DO L
T A4, 5EREIERY 66.7%, FW]HDGREER L
Je i B BN iRk . FRUEEZE s 1369 ~ 2400 nm
WBE R, NEEARRFEARMN A A, T 1413 nm
IS — AU A [FEIRCE, 1913 nm H BRI
LR, 2134 nm HER LR AR K R BT, X 3
AR S [ A R 2 FEA B R s, LA (B
5 M LA /DN, X R B A G A 1 R Y
RGP R .

MOtREM L IEIR EE, 5 AFEARRERE I TE
RSB RBAAR], RIS A & LT —2
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Fig.1 Spectral reflectance curves of different soil
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W 100 DMEEARRY 2021 AEIEAREE, WL AR
oI NTREAER AT R DB I A3 . 7 RS IR,
¥t BRU ZTTHRA DT 95% ., 96% ., 97% . 98% .
99% . 99.9% MW SRAFEI B, G5RWE 2. HT

GG B A A AR R FE L, R A P B
U5 Z 5 0RA DT 98% BIA1E, BEBsS A £
IFe XTEELT 71 AFERSr, xBEHCT 87 AN E Y,
LEAPEN Wik A= EI N3V N N O
M HABR AT, BRI AT AT
4.4 TS

AR H I L, Bk MPRL L RDRL A Y
SVM %, R*<0.25, RMSE > 0.3, BHREREE KIE,
AW CTE AR Y XA T et B DA B R
HAL, B 3 ATAL, G IE, Bk, Kbk
RSB SVM BB | R2 < 0.45, Eim/h T HAh A
A, {HJE MAE F1 RMSE AHXHRG B AT DL 6 Fh AR 4
B, 184 SVM Y, R? i KAEJZ 0.8877, %
/N 0.3945; MAE /N2 0.0820, (B 0.3046;
RMSE Fe/IMEE 0.1248, Fe RAEIE 0.3549; 3 4MEkx
FI R KA F/IMEZ R 22 854K, Ui 7 A AL Y
ViYL= RN A N

PR 2 AT, RSy R il IE 32 AR 4 >
ZICHUR > ARG > RIS R X 8L > IR iR EiS
FIEIE; MR A R2: AR IEACAR e > IR
XL > Z e > R YRS > TR R 6 1) 145
PR HE Y R BRIEIE S AR HR > ZoCHU > JRbn
TR XTEL > TR IRETE > ARG IR KA R,
+- 48 3 FhiBRr SVM MY (K2R A M RE S B0 R . AR
WEIEZZ AR M0 > 20U > IRIREIS X8 > IR iR
> RIS I

M 3 AL, BRRLE R MAE: JEARYERE BT
< R EE < RGBS R EIE < RGBSR — K
T < PRHEIE A4 < 2o s MR it i) MAE
JRARYCIE O EIEL < JRUARGTE A0 EL < SRR G < R
RIS R B i < ARifEIES AR e < ZonHU; W

®2 ERSOWHLER

Table 2 Results of principal component analysis

S — — : ilnf:lpal componen‘t niml?er — —
Spectral %ﬁmm%%% %ﬁmﬂ%%% %ﬁmﬂ%%% %ﬁmm%%% %ﬁmm%%% %ﬁmm*ww%
transformation Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative
contribution contribution contribution contribution contribution contribution
rate 95% rate 96% rate 97% rate 98% rate 99% rate 99.9%
x 2 2 2 3 3 5
1/x 2 2 2 3 3 5
Inx 2 2 2 3 3 5
MSC 3 3 4 4 5 9
SNV 3 3 4 4 5 10
X' 44 52 60 71 83 97
x 72 76 81 87 93 929
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Table 3 Optimal parameters and precision indices of different models

I - FABRSH KB REFE bR
it AE I A SVMAE Optimal parameter Accuracy index
Spectral transformation SVM model
Cost Gamma R? MAE RMSE
X i 9.1927 0.1109 0.8188 0.0898 0.1254
RTINSy 4.9500 0.1020 0.6323 0.1419 0.1820
kL 3.1382 0.1109 0.6960 0.1540 0.1826
1/x EE YT 3.2391 0.4136 0.7937 0.1163 0.1542
Hrbi e & 0.8173 0.5145 0.6216 0.1096 0.1727
g A a s 0.5145 0.8173 0.6558 0.1070 0.1638
Inx Fbr &t 8.3855 0.1109 0.8127 0.0820 0.1248
L p AR 3.0373 0.2118 0.6853 0.1173 0.1683
kL& 0.8173 0.6155 0.6972 0.1193 0.1578
MSC Y A s 5.5600 02118 0.8532 0.2512 0.2822
LRIy 9.1927 0.1109 0.6718 0.3046 0.3549
kL 9.8991 0.1109 0.7414 0.2900 0.3363
SNV EE YT 7.6791 0.2118 0.8877 0.2156 0.2473
Hrbi e 4.5509 0.1109 0.6924 0.2537 0.3025
g ARy 6.1655 0.1109 0.7616 0.2515 0.2988
X’ Gy ATy 1.3218 0.1109 0.4480 0.2115 0.2758
L p AR 7.2755 0.0010 0.4255 0.1864 0.2343
kL 6.5691 0.0010 0.3945 0.1868 0.2353
10 ZICHUST o HCHE RMSE, 338 3 Rtk SVM BLARY[T)
0.9 — N R Uya o s
0.8 F M CEATIINGE SRR IR i i X5 > R IR 6T
0.7} ] % W
s O & - (ORI > TR i
‘{“H" %05} g o 1/
L 04} N B < @ Inx 035
gg - g 8 MSC 0.30 =
2 g SNV =
0.1 F i E X" i-‘:g 0.25F E
0 S ,”‘E. EL = 020) E o X
R Ty i b 53 5 o l/x
Wk 4 Bt = = 0.15 = o Inx
Clay, silt, sand content & 010} g 8 MSC
L e G T A T 0.05 B a SNV
2 FERFET RN TIERRL R R S 2 TN ER = X"
M R ’ BV
Fig.2 R?ofclay, silt and sand contents prediction model in soil %ﬁ*ﬁé‘i

with different spectral transformation forms

I E A MAE : JFERECREBOEIEL < JFER GG RN <
JRIGEYGIE < G I B o < bR IE 58 AR e <
ZICHUT . WKHE MAE, 3 3 FhBURL SVM 511 iy
SEATINGE IR SRR GIE R B > ARG
FIXTEL > B AT

Hi &l 4 m%0, BRI A B RMSE: JRAREIE %
B < ARG < AR GIE A I < ARifEIE A AR <
JRARERE By < ZoTHUR; MRS =) RMSE
JE UG ETE T EL < B UR YETE I BIEL < JRIG Y6 < IR
RIS B it sr < AR IEAC AR e < ZouHL; b
K E ) RMSE : JRASGEIXTEL < LA ais g <
JRIGE IS < FARGTE I B o < bR IE 38 A8 e <

Clay, silt, sand content
B3 FENETRE R TIRER PR S 8 FUNREY
#) MAE
Fig.3 MAE of clay, silt and sand contents prediction model in
soil with different spectral transformation forms

WA GE ) MR, AR AR RS B 48 b
ARDEEARHIE R B SVM Bl aE 71 AR TR . %08 R2,
WM EE ST R . BRI IESSAR R > 20 > RS
HIXTEL; FME MAE, W JRGE GBI > st
TEXTH HME RMSE, WIh . JRARYGIE 4L > IR
JETE AEIEL . N BEREAN [ G5 A2 48 8 2 e A2 Ay Tt
RENET, TWEESEN 3 MRERE. Fin6hE
{5 HSORD SRR 6T X B0M 4 2 A1 1) RMSE 2 B A8 38 K
T MAE W20, Fr UMK RMSE 1 MAE WiASKS FE
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Fig.4 RMSE of clay, silt and sand contents prediction model in
soil with different spectral transformation forms

FebR, PEREIRLR YIS X B0 AR 5 I 2O B e Y
R, HEA R, IR AR IS A X BN i
R EIE A A A P

A FEARTRSR & A ER , TR
L, RS R R K, H RMSE (BRIR
WECIER By ) M MAE (BRIBEGR ISR, IR
WRIGIE B B sy ) ME RN, U Rk & i
SVM H557Y () T 68 ) 38 AR . Bk B R E
(BRI B sy ) Bm/h, BPRLS &
R (BRIEIRGHER B sy ) B4 TRk & i FofAL
T Z A AV R . Rk i AR R ) RMSE |
MAE FEEEFEARFEINH R R AN KA 2.
5 g

VRS GG, OB, XA, AR IE AR AR
e . ZIoCHUN AR . — T . By, 3k 7 Fb
eI, S SVM AL, R\ MAE Fl RMSE 1)
B (5 B AR 2 0] A 22 B L A A, 10 I A oy A
AU F RE h 22 BE A R, RBIREDGIS AR e
SO AN [ SOk B T s AR, X S E
FEEF I 45 SR — B0, P R 6% i X 5Ok fie e
HeiE AR, BA SN TINEE Sy, Wi
— B AR BB ) SVM ASERITIIN AE 7 PRIAR 22 i pi
& R R BN EE 115 JFAR 6% i X 4L
PEHRHEIT, T DA AR 61 i 00 e 0 2 e AT
X5 TR A RIS 2 R — 3K

K B T8 bn AR PR A s S AU O e 0, AS[RI A
KB e b L SO TR], e e A 7 AR i T A 0 o A5
WA, 3B R2. MAE F1 RMSE -4 7HE I3
REJTRHE , 3 FMERAS DG HIE A H) SVM Fil
MEE T &I o BT DLEEAR R BUR AR A B R A 5

SRR . PR RIRL S B 40 A LR L, B
TN GE ) I AR 55 o PR B R 0 A o S
B, HE A R R R R 2 EE . AT, £
AN TR U P 32 114 A7 3 BB X B 7R 0 B ) 1) 5 i)
FEAESR Z AR LR R

TR R AR R R+ (6.2% 4.0% 89.8% )
TE 380 ~ 1188 nm S BGUEN, J& 5 MFEA 5
AR, XFRUIME TR, SR
SRR —E BRI, X 5T AL R —
oo, 0= i TR T AEROROR AR A, ok [A]
MYZS BRI R, BT FRBEAR, DT REAR TR S AR
o FRi Rk & i Kb+ (21.3% 65.1%
13.6% ) T 1369 ~ 2400 nm I B 3t BBl P9 2 5 % B
o ELLAMEK T LB BUR I I By, 3G S i
R 3 K B I BN R ARG, IRAE 1440,
1990 nm BT H B0 A 05 7K 4 G g ne | 3
AW - OGP IES (1413, 1913 nm) A
—E, KT ERWERBRAK B, BT KT
W, HR T R R K o B SR P E A
FER U B, B2 8 — e i, Ak
FFPREEN AR — AN, 3 ML U B
TE 600 ~ 800 nm 2 [B]'8) 1 # 620 ~ 810 nm 2 [&] ),
EBRAVLE, NS R A 4k B A
i, JEHEAE AT WG BB e X I 5
T2 B A PR AR, H BT WOGTE .
P AN, R TR R 25 i A 1S 1T o
BB S 2E s, AL RE R EFHE,
Tk ABSR .

WFFE R T )T R L, HHOGISE BRE %A
THBR KRR, 38 52 B A PR 5% L Fp H E 5
M 22230 SR DA 16 1 R B4 S5 s S i el 50 A A 28 T )
REJIRE, A5 HRicHi, SCBLT R G T
MAER KGR, BAR T ST AR LA B,
HEFH TAEHEBN, K B A & . Fr AT g
SEAIASERY AT DU G s AR, s R R A
TN, R R SO A T 3 R Y A R BRAK 40
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ML) 25 [ 2 R R I S0
6 Z5ip

(1) ANFEDEREAS I 20 1 A [F] Jekr & 1 1)
T2 me B K, i DR DG i X BOR B A
BHIE A, B RN TONGE . HE R
Wk R b = AUk, SVM B R2 T 3k 0.6853 ~
0.8127, MAE{X % 0.0820 ~ 0.1193, RMSE ik =
0.1248 ~ 0.1683.

(2) AR EURL S 1 1) 437 i BB i A ARG
BE, RS ARV LR AR v, LT g )
IRRIAERAIXT B8 o R AR GIE  B iRk i X4k
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Different Soil Particle Contents Prediction Based on Hyperspectral Data

ZHANG Ya-mei, SHI Meng-yue, WANG De-cai, GUO Fang"
(College of Forestry, Henan Agricultural University, Zhengzhou 450002)

Abstract: The hyperspectral characteristics of different particle contents of soil in the typical alluvial plain of the
lower Yellow River were investigated in order to provide technical support for rapid monitoring and evaluation of soil
texture. Seven spectral transformation forms were selected, including the original spectrum and its reciprocal,
logarithm, standard orthogonal transformation, multivariate scattering change, the first derivative and the second
derivative. First, principal component analysis was applied to reduce dimension. Then, predictive models of the
contents of clay, silt and sand were established with support vector machines. Three accuracy indices were selected
including determination coefficient, mean absolute error and root mean squared error. The results showed that the
logarithm of the original spectrum was the best spectral transformation form due to the best prediction with the R* >
0.6853, the MAE < 0.1193 and the RMSE < 0.1683. The variation range of clay content was relatively concentrated,
showing the best prediction by the R? of 0.8127, MAE of 0.0820 and RMSE of 0.1248. The soil spectrum was reduced
dimension with principal component by selecting the best spectral transformation. Whereafter, the support vector
machine modeling was used to predict the contents of clay, silt and sand in soil, which was realized a simple and fast
hyperspectral estimation on soil texture.

Key words: Soil; Particle content; Hyperspectral, Spectral transformation; Principal component analysis; Support

vector machines
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