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Figure 1 Geographical location of some winter wheat
planting areas in Renhe Township, Xiping County,
Zhumadian City, Henan Province
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Table 1 Vegetation index formula

R EIE RN
- 4 R G R SAvE (L+L)(R,;, —R, /(R +R,, +L)
LU M B 46 B RVI R,/R.,

e Ak - 398 R 4 AE B 48 $ 0SAVI

165 1F 17 BRL LY (B A B 46 30 mSRI

16 1F 4 SR M 4R $ MsAvI
H— A % 8 5 NDVI

(2R, +1 -

L16(R,, - R.)/(R, + R +0.16)
(R - Rhlue )/(le edge + Rhlue)

(2R, +1)" - 8(R,, - R,,))/2

(Rmr - le)/(Rni.- + erl)

red edge

TE Lo LR /B, — AN 0. 53R, ., FELHIRBL S 983 B BY BBy,

1.3.4 FHAAME )
BEALARAR (RF ) & — D Y1 25 45 v A7 i [ el 3k
F1 22 W BEDL A RE A LA 7 > S i 2 Fos

> BEHL
erzasld

EXN-

B2 RFHEZREE
Figure 2 RF algorithm diagram

RF 035 19 FE AR 5 0 D o 1 A L ST ) ke 5
AEEI AR P SRR AT S T A I SR LT A T
TR BN e A TR 45 2R . RF T BE AL
R BB LA AIE 28 9 4 2 DR SRR, 39 1 PSR 1 2
FEVE | BE RS AR e R 0045 AU, | T 4 M A4 22 4 AR
AR R,

1.3.5 #W¥sHs

KU E B R 35 iR 22 RMSE V-4 4 %t
25 MAE R )5 iR 2% MSE B F R RS B . 1A 48
LR B R/NEE (1

Z (AL - A\,>2
RR=1-"1— (10)
z (A, _E)Z
(11)
| A - &1
MAE="" ., (12)
n
2 (4 =T
MSE="" (13)
n

ApaA, NS A BINE; A ONE A S A, R



114 RN K AT R 2024 4
NI A1 M A r :0.45 :0.45
BUE P . O P e
2 HREHH i \ .
. fm sof E
2.1 TERigHazE g o i _
2.1.1 BT FIE TVDI " ol 3 :
SRR EVI T B4 f5 e i B2 0 ARGl S 57 307
- 25 ' v >
SEERIX EVI S b ) R R AR S ), AniE 3 By 2R BER KR
LT R BIE R B BV B WK B @o-then
NN g P NS ™ = - MH:0450  3H:0457  HH:0461
I S T R B R T RSB T eo | WREC0S WREO0 WEE 00
R B2 FEA PR A AL AR I R R BN, B340 = ol ;
B RO TN, z'i sof 3 E
B At - 3
SUNE A
325¢ +H ;Z |
3201 5 ‘ , ,
315 £ 3 BEE  RiIEE
v 310¢ (b) >10~20 cm
<7305 | )
3001 Bs5 tEakEMAMERIT
295 ) =—0.35x+289.6 R2=0.02 Figure 5 Descriptive statistics of soil water conte
290 w e, -
285 . . v ‘ 2.3 HEHE
0 02 0.4 0.6 0.8 1.0

EVI
3 EVI-T, EZEE

Figure 3 EVI-T_ feature space diagram

2.1.2 & HFFH5% PDI
R, -R.., JCHEFRAE 25 6] v 4 338 3L 28 i 41 B 2
el 4 s A PE =0 (8) RE A i+ B SE 5 IX 19 PDI,

[ R,=0877R_+0.023 R=098 ;2%

lenl
o
O

4 R,-R., HEZHEHE
Figure 4 R, -R

2.2 HIRMESET

PR AR AR UG IE AR A LU R 703, R HEMRRR
FOKEM R ARSI SE R WE S, 0~ 10 em W
BF, 4 45 @ BLAE B0 UE 4R W X H 4 i A 0. 451,
0.452 F1 0.447, b5 #E 22 40 51 2 0.071,0.073 F1
0.066, >10~20 cm HEER) 28 AHE IIFEHE K
PIE 9 R 0.459 0. 457 F1 0. 461, 45 1 22 43 51 Ky
0.063.0. 064 F10.063, Bk &, 45 #EER
Beit 25 R AT

feature space diagram

red

AT T I T REAL AR ARG 3k 3 2o ) B g ARG
AR R R A 8 i b K gy SRR A% R R ) 2
B BN 2 B, BAh, R8T o0 A, iR 48 AL R
WY AR D R R AT A 4, A R Y 44 B L
YA AR N SR R SR IR 3,
®2 RENBSHIKE

Table 2 Parameterization of the model
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their features importance of different models
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Soil Moisture Inversion for Winter Wheat Field Based on UAV
Multispectral and Thermal Infrared Data
ZHANG Chengcai', HOU Jiatong', WANG Rui', JIANG Mingliang"?, ZHU Xingxing'

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Institute of Farmland Irriga-
tion of CAAS, Xinxiang 453002, China)

Abstract; The introduction of fractional vegetation cover could improve the accuracy of soil moisture inversion mod-
el to some extent, but most studies estimated fractional vegetation cover based on normalized difference vegetation
index NDVI, and without in-depth study on the impact of vegetation coverage based on other vegetation indices on
the model. Therefore, taking the winter wheat planting area in Xiping County, Zhumadian City, Henan Province as
the experimental area, based on the UAV platform with high resolution and strong mobility, the multi-spectral and
TIR imaging apparatus were equipped to carry out the soil moisture inversion research of winter wheat covered sur-
face, and to explore the changes of model accuracy after introducing different fractional vegetation cover parame-
ters, so as to make up for the limitations of soil moisture monitoring caused by the low resolution and poor timeliness
of satellite remote sensing images. The two drought indices of temperature vegetation dryness index TVDI and per-
pendicular drought index PDI were combined with the parameters of fractional vegetation cover estimated through
seven vegetation indices, respectively, and seven soil moisture inversion models were constructed based on the ran-
dom forest algorithm, and the spatial distribution of soil moisture in the experimental area was analyzed according to
the inversion results of the optimal model. At the same time, the soil moisture inversion model TP model, which
could integrateed TVDI and PDI indices and without introducing fractional vegetation cover, was built as the control
group. The results showed that the R* of the TP model was 0. 606,0. 670, the root mean square error RMSE was
0. 045.0. 041 for the depths of 0 t010 ¢m and >10 to 20 c¢m respectively. The accuracy of the seven models introdu-
cing fractional vegetation cover was improved to some extent compared with that of the TP model. Among them, the
R? of the optimal model TP ,,,, was improved by 0. 143,0. 158, the RMSE was reduced by 0.7 percentage points,
0. 8 percentage points respectively, compared with the TP model. It showed that the introduction of fractional vege-
tation cover based on the drought indices could improve the accuracy of model inversion and different fractional veg-
etation cover had different effects on the accuracy of the model.

Keywords: soil moisture retrieval; UAV remote; multispectral ; thermal infrared ; random forest; drought indices;

fractional vegetation cover



