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Hyperspectral inversion model of Zn in high standard farmland soil in Xiping County

CAI Taiyi', WANG Zhigang', YANG Liushuai"?, WANG Qun’, HUANG Huijuan', YU Haiyang', ZHANG Chuanzhong’, ZHANG Can’,
LIU Peng®, FENG Yugqing', HE Chenglong', ZHANG Hebing'

(1. School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China; 2. The Fourth
Topographic Survey Team of the Ministry of Natural Resources, Harbin 150000, China; 3 College of Agronomy, Henan Agricultural
University / Henan Province Agro—ecosystem Field Observation and Research Station, Zhengzhou 450046, China; 4. Henan Province Soil
Conditioning and Repair Engineering Technology Research Center, Shangqiu 476000, China; 5. View Sino Orise Technology Co., Ltd.,
Wuxi 214400,China; 6. Mineral Resources Exploration Center of Henan Geological Bureau, Zhengzhou 450053, China)

Abstract: To rapidly determine the heavy metal Zn content in high—standard farmland soil, we collected and analyzed Zn in soil collected
in Xiping County. Through indoor experiments in which 168 soil samples were collected, soil hyperspectral data (400-2 400 nm) were
obtained and smoothed using the Savitzky—Golay method. Five types of spectral transformations and continuous projection algorithms were
used to identify the best characteristic bands, and the partial least square regression method was used to construct an optimal inversion

model of Zn. The correlation of the second—order differential (—0.502) was highest at the 1 409 nm band; the correlation of the first—order
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differential (0.491) was largest in the 2 323 nm band; and the correlation of the de—envelope (0.476) was the highest in the 2 439 nm band.

The fitting degree of a reciprocal logarithm, first—order differential, second—order differential, smooth curve, and de—envelope was 0.65-

0.70, and the residual predictive deviation (RPD) was 1.71-2.29. The de—envelope showed the highest fitting degree (R*=0.70, RPD=

2.29). The five types of spectral transformation can highlight variations in spectral reflectance and can be used to construct an inversion

mode. The best model for soil heavy metal Zn is the de—enveloping spectral transformation, which is a partial least square model.

Keywords: high standard farmland; hyperspectral inversion; partial least squares; continuous projection algorithm; Zn
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Table 1 Distribution of soil types and area share in Xiping County
A Type 4347 Distribution T A Area/J7 hm? it Percent/%
P T Yellow—brown loam TEHB & FAR L B X X X R 3B e b 2.93 35.5
¥ -t Tidal soil T e ] e S 1.72 20.7
P2 B+ Sand ginger black soil AR R 5 T 3 3 bty 3.63 43.8
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Figure 1 Location diagram of the study area
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Table 2 Spectral transformation equations
Y iEAR e Spectral transformation A3 Formula
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end wav&lengths in the d})&()rpll()n curve; AA represents the distance
between two adjacent wavelengths; R (A;) represents the spectral
reflectance value; R... and R..q represent the original spectra of the starting

and end points in the absorption curve.
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Table 3 Precision calibration method formula

A Formula 7€ X Definition
N (Y- vy FHAPEA R 2 1 [l )5y R 0L R
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Note: Vi, Y™ and Y™
sample i respectively;n is the number of samples.

are the true, predicted and mean values of
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Table 4 Analysis of soil properties for heavy metal Zn content

F/ME BRME HfH N AR AR HEA
Minimum values/(mg-kg™) Maximum values/(mg-kg™)  Average/(mg-kg™")  Standard deviation/(mg-kg™) Coefficient of variation ~ Sample size
57.13 306.40 123.86 49.79 0.401 168

1% WHART]
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Figure 2 Descriptive statistics of Zn mass fraction
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types of soil in Xiping County

K R BATLE (K 4) rT LA, 20t ek A8 i, 4%
W B 3 Zn SR A R BB A T AR, R 2
JoAb AR fb e BIEOSEOR AR (LOG) 5
JEIE AR (SG) B AH ¢ R B e e 11, H B
BO(EL O Ay ok Al 00 o R S s, S 3 R O R A D B
B R B A 3 b —F Y, o —&
W 326 i, e J8 0 B A O R B S M S G 2R, L4 %
{43, 349938 0.3,

TG A e (CR) AR C R B i £k B
AR E B, 7E 600~1 400, 1 900~2 400 nm 315 & N A
Z2 Wbl VR A B AR ARSI T -0.3~0.3, T £k
AL TR, F— B 2028 3 (FD) Ji5 A 61540 OG22 $i i
2R o SG LT S M OC REUM 2 5 CROGIEAHXE R
O 26 P10 AL B L B . FD 5 B o AR
(SD) 3% 1) A 56 72 BOBUE 72 Ab A 26 R AS -2 B3 )
F—BE R, TR R BN TE I TUE E A
W3l , FD GG A OC R B2 7E 580 nm B i HY Bl—
AU TE 1900 nm BRI H B — AN 4, SD B9 A E &
ot Ze A b AR R 21, % 2L BoAH S8 A AH C R ETE 0
R BkER

FD .SD . CRZE 53 5 Zn 75 1 5 2 HH OC 19 Dk B
B SG A H T 1) I 3 G BB /b,
rh SD AR 88 S 135 AH DG F2 B0 4k 1 I 2 AE O Uk B AU
o 5 FPAR G TE R R ) f5 B, SD AR
(AR 56 22 KR K, FD 2540 CR 2R 6 1% A AH G 2R 8%
R Z, LOG 548 Fll SG 2% 48 S 33 X6J 1 19 AH G 38 550w /)N
(£5).

25 PR, 45 LOG . FD . SG 4 5 Fol g 2r 4 J5

0.6 SD —FD — LOG — CR — SG

== P=0.01 K- BAEVERG B 1 R
Upper limit of significapce test at P=0.01 level

FHZE 2 %4 Correlation coefficient

-+ P=0.01 K- EPEAG B TR

Lower limit of significance test at P=0.01 level |

NN
DL

T @ ® @ A @ O

MY QY O \QQ \@Q \D(Q \60 \000 ’LQQ
K Wavelength/nm

B4 5Tt R HREXRBBE M

Figure 4 Significance curves for the correlation coefficients of the

five transformed spectral reflectances

WWW.Qes.019.CN




m@g 2228

VRETR Rt Y F41EF 108

AT S AT 3 RE AT A5 HH ik S i R A AR AL RRAIE , 28
KB G RE A5 4 T 3 3 «=0.01 7K1 B 25 A 16 1 AH 6
W BTV R 5 — URRR R 0 B cH , e 738 ke
TIE 38 B A 0258 , AT ) S8 4 398 Zin 57 2 14) S SRS
2.4 EfEYFME I ERHIEER

FI I Matlab 3 {4 285 & 7% 25 £ 5% 55055 49 50
SG.LOG .FD.SD F1 CR 22 48t J5 i) 563 R i 14 4 7 0 Be
PR ER IR G , A9 e FE R D B L 2R 6

S WA 2 R H A 4 R os K A TG SO
SIHTIL AR AN R R RN R 4 AT AR S sk B
HASS AR ], B AL 3 L R AR U B i 4045 I T B A
FEAR S HoAth T 4 SR ORI B S RE . Wi sE—
YRI5 A IR S5 K5 DA 300~2 500 nm &3 31 Bt
R Y 5~10 S S AR RRAE B BriE AT AL (S
Boli 5 Zn ORI AHCHEE— 20 b IE IR KRR bR
T 5 A EE 4 0 ORI
25 TEEEE In tEREER

Zn 4 HLLFD . LOG . SG . SD,CR YGi 48 4 Sy [ 45
SRR AR ARG R, EYI KT 0.60, i
=4 0.70, RMSEC #SAE 20 J5 1l EF (7). Zn LI SG
JEREAR Ry AR 18 AR A8 X IE R AR B, Ry
0.61, LA CROGIEAE I 52 SUIHIE 2B R> e i, M 0.68

Xf b AR A 45 SR8 LIRSS S, Zn 7 LA CR
AR 4 SRy [ AR e AR R A AR A . A IR

RS ABTMERFHES I EERZRXNKE
Table 5 The wavelengths with significant correlation between

reflectivity and Zn content after spectral transformation
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123.86 mg-kg ™", FAMFFT X 4& 1A Zn 15 G KU 541K 5 {H
e i E K F 300 mg - kg™ BYAE S, UL BABF 5% X N
S S H A Zn 35 G XU 7 o
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Table 6 Best spectral feature wavelengths for soil Zn properties

A e B

D WEK RGERE HOGRE Spectral  Number of e o o
Spectral Number of The most significant ~ Correlation transformations ~ Wavelengths
transformations  wavelengths wavelength/nm coefficient SG 5 1122.1413.1801.2 124.2 190
SG 1675 1122 —0.295 FD 5 99517461 8012 260.2 487
FD 1183 2323 0.491 sD 10 469.829.975.1 0691097 .1 384,
SD 454 1 409 -0.502 1886.1889.1978.2 445
CR 795 2439 0.476 CR 5 751,799.853.2 139.2 277
LOG 1653 1123 0.293 LOG 5 1120.1403.1795.2 1202 200
x7 tEmWEENRR/N ZREAERNERSNIE
Table 7 Modelling and validation of partial least squares models for soil Zn content
s EAEAE Modelling set(n=127) 2 XKIE Cross—validation (n=127) B IEHE Validation set(n=41)
Spectral transformations R RMSEC R RMSECV R’ RMSEP RPD
SG 0.65 2251 0.61 26.44 0.63 24.33 1.86
LOG 0.67 21.60 0.66 22.12 0.64 23.27 1.95
FD 0.64 23.26 0.62 25.53 0.61 26.43 1.71
SD 0.67 21.61 0.63 2433 0.65 22.47 2.02
CR 0.70 18.69 0.68 2021 0.69 19.83 2.29
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Figure 5 Fitting scatter plots of measured and predicted soil Zn content
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