T RIERE SR B LB SKET AN SRR

EAEL?, TN 2T, BEELY, BT 2, KRS 2, S 12
(1. SHTSER 2 IR SRR 22 BRI S B e O R A E SR =, BEATE 830046;
2. WEERSESNAESHEWELALRE, SEAF  830046;
3. HraEBGRA R (E SR IRA R, BEAFE 830011)

WE: L35 /KE (Soil Moisture Content, SMC) A& & JEAE AR A MY ) B E S48, KX
FLIATRE IS WU 70 DA L 1) o AHIE 58 e BRUHT 98 B e 4 /N Bk B OISO R, T AL
(Unmanned Aerial Vehicle, UAV) - & #5801 &G AL R S SR B 8%, BE T Savitzky-
Golay (SG)*F-#8 J& ) —M i 77 (First Derivative, FD). W% (Absorbance, Abs), 44t F:kk
(Continuum Removal, CR) 3 FiAs R FlAL#E 777k, FLFRELT SG. SG-FD. CR. Abs } Abs-FD
Jeit s B BULTE R B AR, RN R BIALIE (R 2 (H H5 J(Difference Index, DI). LLAH
fe#(Ratio Index, RI). J4—4L 5% (Normalization Index, NDI) 2 3 ELAE #7541 (Perpendicular
Vegetation Index, PVI)5 SMC HI9C 5, FH7E ik i R FRE0 % b BE 7 S/ JEalh Byt 1+ 5
XEMAH SMC Eptil e B R . SRR FLHAANFRREE Fite 7 otigESS
SMC fAHFME, HA LT Abs-SG TiALEE 1] PVRreas, resy e i, #HIRECH 0.788, #zlt
R ) =R E B ECR IR L . HE T ANE AL B 7 5 R 2485 SMC il AR SR AE T 2 1)
e b, BEONEREHZIE TOGIEE R, D TR OGIB R HOE R, T TR E
AT . Abs AEALTNNAE 78 B A 5%, FERZ =0.80, RMSE, =2.42%, RZ =0.91, RMSE,
= 1.71%. AHF A ) SMC Al AR R i/ | 8 — AR Y (R 22 AE BBERL DL I R 1) [F)
I, $&Th TR E B A IRCR, 3K IR R A — A b 18 B R £ 1 %087 AR A
HMITT %

KA stk BIREUKE, BN BB JBikEE

FESS: S152.7, TP79 AR IRTE: A

Detection of Soil Moisture Content based on UAV-derived
Hyperspectral Imagery and Spectral Index in Qasis

Cropland

WANG Jingzhe'?, DING Jianli'?*, MA Xuankai®, GE Xiangyu'?, LIU Bohua'?
LIANG Jing'?
(1. Key Laboratory of Smart City and Environment Modelling of Higher Education Institute,
College of Resources and Environment Science, Xinjiang University, Urumqi 830046, China
2. Key Laboratory of Oasis Ecology, Xinjiang University, Urumqi 830046, China
3. Xinjiang Lianhaichuangzhi Information Technology Co., Ltd, Urumqi 830011, China)
Abstract: Soil moisture content (SMC) is one of the most critical soil components for successful
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plant growth and land management, particularly in arid and semi-arid areas. In existing researches,
it was determined by a conventional method based on oven drying of samples collected from fields.
This study aimed to bring First Derivative (FD), Absorbance (Abs) and CR (Continuum-Removal)
algorithm into the preprocessing of hyperspectral data based on the initial Savitzky-Golay (SG)
smoothing. With SMC data and UAV (Unmanned Aerial Vehicle) platform derived imaging
hyperspectral imagery collected from the cropland in Fukang Oasis, Xinjiang Uyghur Autonomous
Region, China. Then, the raw hyperspectral reflectance data were transformed into five
preprocessing, i.e., SG, SG-FD, CR, Abs, and Abs-FD. In addition, the relationships between SMC
and pretreated DI (Difference Index), RI (Ratio Index), NDI (Normalization Index) and PVI
(Perpendicular Vegetation Index) were discussed. We also computed the correlation coefficients
between each spectral index and SMC. Based on the optimal spectral index and pretreatment scheme,
the hyperspectral quantitative estimating model was constructed for the dictation of SMC in oasis
cropland in arid area. The results showed that the correlation between pretreated spectral index and
SMC was improved to some extent, and the PVI (rsa4, res1) based on Abs-SG preprocessing was best
with the correlation coefficient of 0.788. The cubic fitting function is optimal. On the basis of noise
elimination, the multivariable SMC estimation model based on different preprocessing scheme
could detect much finer spectral information from reflectance data, reduce the error caused by the
single spectral index, and further improve the quantitative estimation effect of the model. The
prediction accuracy of the Abs model was most prominent, with RZ = 0.80, RMSE. = 2.42%,
Rzz, =0.91, RMSE, =1.71%. The effect of the SMC estimation model constructed in this study is
based on the preprocessing and noise elimination. In the current study, the constructed SMC
estimation model could reduce the error of the independent single variable; and further resolve the
problem of over fitting. The model could be used for hyperspectral mapping and estimating
performance of it was satisfied. This study could provide a novel perspective and scheme for the
remote sensed detection of soil water condition, especially in the arid and semi-arid areas.

Key words: hyperspectral; soil moisture content; unmanned aerial vehicles (UAV); remote sensing;
spectral index
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Fig.1 UAV platform and airborne imaging hyperspectral sensor
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Fig.2 Distribution of sampling sites and application scene of UAV over the cropland
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Fig.3 The descriptive statistical results of SMC
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represents the average spectrum and gray region represents the standard deviation values)
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Table 1 Correlation coefficients between SMC and spectral indices
based on different pretreatments

ik AL FE

a4 SG SG-FD CR Abs Abs-FD
DI -0.724 0.662 -0.737 0.748 -0.742
RI -0.747 0.668 -0.755 0.720 0.616

NDI -0.748 0.674 -0.755 0.725 -0.624

PVI -0.784 0.658 -0.759 0.788 -0.740
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Table 2 Quantitative regression models of SMC using single spectral index
Pl Tkt 2

ek e EEyEs R? RMSE. RZ RMSE, RPD
y = 171.32x+36.648 074 271 077 259 159
Dl(raso, rasey ~ Abs-SG y = -104.11x2+149.53x+35.54 0.76 270 077 260 1.60
y =-83267.83x>-26128.71x2-2495.12x-51.58  0.74  2.60 078 257 161
y = -51.43x+86.81 0.74 2.70 0.79 2.52 1.64
R1(ra30, Rass) CR y = -3.37x-42.51x+80.91 074 270 080 249 166
y = 2175.87x3-8655.49x2+11407.73x-496224  0.76 261 082 237 175
y = -138.63x+37.97 0.74 2.70 0.80 2.50 1.65
NDIra30, Ra46) CR y = -258.71x2-65.18x+33.16 0.74 2.70 0.79 2.57 1.60
y =40174.26x3-16843.80x2+2169.38x-65.15  0.76  2.62 0.78 253  1.63
y = 338.53x+51.36 0.77 2.59 0.84 2.20 1.87
PVlResa rest)  Abs-SG y = 1376.03x2+602.79x+63.92 0.77 2.59 0.85 2.16 191
y = 151307.76x3+44957.48x2+4757.88x+19501  0.79 258 086 215 1.94
w————— 30 ——
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Fig.6 Scatter plots of measured versus predicted SMC using optimal model based on PVIress, res1)
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Table 3 The accuracy parameters of multivariable models based on different pretreatments

[V eSS R? RMSE, R2 RMSE,, RPD
SG 0.82 2.28 0.81 2.41 1.71
SG-FD 0.77 2.57 0.64 3.08 1.34
CR 0.79 2.49 0.77 2.29 1.79
Abs 0.84 2.16 0.91 1.71 2.41
Abs-FD 0.80 2.42 0.80 2.43 1.76
30 T T T T T T T T T 30 T T T T T T T T
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Fig.7 Scatter plots of measured versus predicted SMC using multivariable
model based on Abs pretreatment
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