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Fig. 6 Accuracies comparison of different models for indoor spectrum, field in—situ spectrum and UAYV spectrum

3.4 ETFREBRMTAVLEEE
Ry TC NG A B BE | A R = NG
TN SN BT AR 2 IO, 32 H DS 5 ik Xt

DN

TG TE FEATALIE, A BR 5K 0 & B 52
W PN PSRRI T ANDEE ST
2 WG IE S5 B TE AN DL FIEE T B NS 1
FIEJE B TE AMLGTE 4 e an i 7 fros , il LA

ERb (RE)

RS 580 nm AL JC AHUREIE G B9 B G T
T EPNOLRE, MR 25 P B 22 (B i, B
R AR R B ANDGHE (L@ Msk )

PRI 20 255 AR Y 22 O3S (R ) (B4

JEAL G (K ) AR, Z B DS J5 ik REfg il 2l X
FRIC ANPGRS 30K 73 B PR E N R 1520

0.35r 0.35
03t 03t
FFSMRROER () |
025t —I n --v 0.25
—--I0 --1V
B021 TR (k@) B 0.2
= P I it \ =
EO-H 4T m - - X015 £ ==
T(S0C<538 gkg') SEF S POE B IE R T AL “7I{SOC<538 g'kg")
0.1 - 11(5.8<SOC<11.6 gkg') 0.1 e = TII(58<SOC<1T6 gkg')
o 1(11.6<SOC<17.4 g-kg") —I mo--v e 1(11.6<SOC<17.4 g'kg")
0.05 V(174<SOC<232 g'kg") - --1V 0.05 IV(17.4<SOC<232 g'kg")
V(SOC>23.2 g'kg") IETF B MR AL IE J5 1 TE ABLIGH " V(SOC>232g'kg")
9100 520 640 760 880 1 000 el =eeV 400 520 640 760 880 1 000
K /mm el = -1V WK /mm

(a) FETENILIERTANDEIERIE

(b) ZETEFHMNEAEHE T AL IE

7 ERLE EFIMNRAE T AVEMRIERT AL EXT

Fig.7 Comparison of indoor spectrum, field in—situ spectrum, UAV spectrum and calibrated UAV spectrum

X4 IE 5 B9 JE AMLE TS 74T MSC+FDR Ab
J& A SIFFH MLR , PLSR H1 RF 2 45 i &l 8 fir

No FETE MGG TCANDCIER ER 3 ALK
JE X 1o T R T B A LA D' 3 ) TE AL 35 A% E A



52 4]

KL ETIRANEDL

TR A L AT LA 75

Al A —— DR KR A F R 4] - 167 -

B UL 2 POLTEAE S 2 RO k1 &EB’J)&% MR TC AHDEE R EE Y, FIEIESE RY, 249/

AE, B, HZE PGS X T AYLEIE #1T IE S F 0. 88, UL BIAZ IE 5 B9 T A LG BE 4% $1E /oy 455 AU
) 3 FRLRLEAREAE R RIS UESE R2, ¥ KT 0.88,  HKiFE.
34T o HEBE(N=186) 1515 34T o g AE(N=186) 1= 347 o BIAE(N-186) ;1 1%
R=0.881 5 R*=0.906 9 R2=0.9309 Ao,
~ 29[y=0.862 8r+2.142 z“,@’%‘ ~ 290)=0.905 9x+1.3749 &, ~ 291y=0.957 1x+0. 6954,%
& Pas b %
2 u 2 Dost
N 9 S0
& 19 A & 19 = 19}
2l o oa0s A RiEREN-93) =l L BEE ARirtn-93) =yl A BEAE(N=93)
= X %& R=0.8819 = % % R=0.9092 = R=0.932
of BELTE )=0954 1x+0.711 1 9 %‘ 120,960 5x+0.503 4 9l =0.984 640,141 7
%N e -
4 9 14 19 24 29 34 4 9 14 19 24 29 34 4 9 14 19 24 29 34

SEIME/ (g ke ™)
(a) FETFERNIEERTCAMNL

SEE/ g ke ")
(b) FETEPLERTEAL

S /(g kg™)
(¢) EFZEPLIENTALL

SEHERE IE+MLR 2245 SEHERE IE+PLSR A SEIEAE IE+RF AR
114k 114k 114k
34 '%1‘ AE(N=186) 34 I %goaﬁg(N*lSG) 34T o g RAE(N=186)
R=0.7292 N / R=0.8389
~ 29 1-0.828x+2.287 1 ¢,-a’:£ . ~ 29[3=0.843x+1.806 1 ‘.,:-.‘.*;;_ . —~2911=0.871 7x+1.463 1 &
6o Y ol 6o BT g 6o S el
2 24 RS 2 IR Eu A
N . AWL‘/‘ = AMZ, S el A
=19 g\ . o= 19 '~ ‘ o 19 .
E 14] & AL A%E%(N 93) E 14 ’i A BAEHE(N=93) % 14 5;. A Kl HE(N=93)
Al 07184 R=0.796 4 R=0817 1
9 %‘* el )=0.8846x05141 9 g Y 1-0.889 4x+0.100 5 9t A )=0.943 9x-0.030 9
A
4 9 14 19 24 29 34 4 9 14 19 24 29 34 4 9 19 24 29 34

SEPME/ (g ke™) SEPIME /(g kg™) ﬁkl)””ﬁ/(g-kg")
(d) EFEHMNENEE I TEAML (e) FEFEFINFEAEIE I TEAML (f) EEFEF AN G 1 TE AL
GG IE+MLR Gt SIS IE+PLSR At S IE +RE Hip
B8 ®KIEFMIEANAEHENSEINTUNES LIESSE

Fig.8 Scatter of measured value and predicted value from corrected UAV spectral data models
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Estimation of soil organic carbon content in farmland based on
UAYV hyperspectral images: A case study of farmland
in the Huangshui River basin

SONG Qi"*?, GAO Xiaohong"***  SONG Yuting"*”, LI Qiaoli"**, CHEN Zhen'*",
LI Runxiang"**, ZHANG Hao'">*, CAI Sangjie'*”’

(1. School of Geographical Sciences, Qinghai Normal University, Xining 810008, China; 2. Qinghai Province Key Laboratory
of Physical Geography and Environmental Process, Xining 810008, China; 3. MOE Key Laboratory of Tibetan
Plateau Land Surface Processes and Ecological, Xining 810008, China; 4. Academy
of Plateau Science and Sustainability, Xining 810008, China)

Abstract: Rapid and accurate estimation and spatial distribution mapping of soil organic carbon content in farmland
facilitate the refined management of soil and the development of smart agriculture. This study investigated three
typical farmland areas in the Huangshui River basin of Qinghai Province using 296 soil samples and corresponding
field in situ spectra collected synchronously. The unmanned aerial vehicle (UAV) with a hyperspectral camera was
employed for image acquisition, and the soil samples were tested for spectral acquisition and organic carbon content
in the laboratory. The spectral reflectance was transformed into seven different forms, and the main characteristic
bands were screened out through correlation analysis. Using multiple linear regression, partial least squares
regression, and random forest, the experimental spectra, field in situ spectra, and UAV spectra were modeled,
with the accuracy of the models compared. The UAV spectra were corrected using the direct spectral conversion
method , and the optimal model of corrected UAV spectra was used for modeling. The model was substituted into the
UAV hyperspectral images for the organic carbon content mapping. Finally, the farmland areas meeting the
mapping accuracy requirements were analyzed and discussed. The results show that; (D The multiple linear
regression after logarithmic transformation of UAV hyperspectra failed to estimate the organic carbon content, with a
relative percent deviation ( RPD) of 1. 375. Except for it, the experimental spectra, field in situ spectra, and
original spectra of UAV hyperspectra as well as all conversion methods could estimate the organic carbon content,

with coefficients of determination (R*) ranging from 0. 562 to 0. 942, root mean square errors ( RMSEs) ranging
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from 1. 713 to 5. 211. and RPDs between 1. 445 and 4. 182; (@ Among all spectral transformation methods,
multiple scatter correction and first — order differential transformation exhibited the highest correlation with the
organic carbon content, presenting characteristic bands of 429 ~449 nm, 498 ~527 nm, 830~ 861 nm, and 869
nm; B As revealed by the modeling results, the random forest model manifested the highest accuracy, followed by
the partial least squares model and the multiple linear regression model in turn. The corrected UAV spectra yielded
improved modeling accuracy; @ The inversion accuracy of the three farmland areas all met the mapping
requirements, with R* values above 0. 88. Farmland A exhibited the highest average organic carbon content of
28.88 g - kg™' and an overall uniform spatial distribution. Farmland B manifested average organic carbon content of
13.52 g - kg™' and a significantly varying spatial distribution. Farmland C displayed the lowest average organic
carbon content of 8. 54 g + kg™ and significant differentiation between high and low values. This study can be
referenced for the application of UAV hyperspectral remote sensing technology to the field —scale estimation and
digital mapping of soil organic carbon content.

Keywords : unmanned aerial vehicle (UAV) ; hyperspectral remote sensing; soil organic carbon; spectral feature

selection; spectrum correction
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