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Table 1 Overview of the sample areas
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Table 2 Overview of the measured patches
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Fig. 4 Spectral reflective curve of typical objects in the sample areas extracted by the SLSU method
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Fig. 6  Distribution of wheat extracted by the supervised classification method in the sample areas
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Table 3 Extraction relative errors of wheat area

H&#
.. FEIX 1 FEIX 2 FEIX 3
H TE bR RMSE MfH TE bRz RMSE HfE Hifii  BRfEZ RMSE
MLC 14.46 7.48 17.21 22.21 12.49 7.30 14.48 18.84 29.17 14.41 49.11 56.43
RF 17.62 11.78 20.21 26.51 15.54 10.37 16.86 22.61 39.63 22.04 68.36 78.05
SVM 17.38 7.62 21.42 27.25 14.79 12.12 15.91 21.43 37.56 18.04 73.66 81.62
FCLSU 3.38 2.18 3.86 5.08 6.58 4.68 5.52 8.50 11.05 4.28 17.47 20.43
ELMM 2.44 1.39 2.81 3.68 4.53 3.37 3.86 5.89 9.99 3.72 17.24 19.69
GELMM 3.33 2.13 3.81 5.00 6.47 4.62 5.43 8.36 11.01 4.23 17.46 20.40
PLMM 14.82 8.01 17.66 22.78 7.79 6.62 7.95 10.99 24.87 10.99 33.18 41.04
SLSU 1.28 1.12 1.00 1.61 0.90 0.56 0.88 1.25 4.03 1.23 12.46 12.91
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Fig. 7

Distribution of wheat extraction relative errors
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x4 BHEINZRE

Table 4 Training time for each method

Is
Pl

Tk
FEX 1 FEIX 2 FEIX 3
MLC 0.86 0.15 0.14
RF 0.55 0.43 0.42
SVM 123.61 60.12 50.34
FCLSU 5.75 5.55 5.97
ELMM 73.58 126.17 79.48
GELMM 31.97 67.99 32.82
PLMM 1999.91 1576.51 1423.17
SLSU 1238.91 1160.73 1311.26

4 B

T 18 G AR 25 0] o BER 0 BRI, 21815 0T
AR AL SR AP TSR A S . B TR R Y
b Ay SRR B %, W SVM %8 B 4y 2805 1k
FINDVI S8 50, #R T G ) 52 B TER &
HIsZmR, BRI T RIS R AR R . TR A BT
SR 7 N T T RTINS R LA G TR A
iz FDEC ISR A 19 By PR A A5 242 00 N AS 6] H )
(o) B T A ] (F2RE), Mgk Bm
Ko sy oA o SR, T AR R R B RZ
Ui TCAT TGS AR S, BRI T I A TR A R RE
SLSU J7#:4% VAE Bk g | AR T A W 2=
SRR S B oG ) TG W B A A, i SOk
TCHETE AR S AR AR, — i e T
R, 5 —Jr s 7k EARE S T
et AE M [, BRI ERICIE RS A
SCPT R T AR UE B RIR S A IE,, 7E DAEN %%
BERELAE b — D4 T e ik RS B (SusE,
2019). ZRif, AHEL STRM J5 B 7E iR 0 [a] i 2% p&
Sei s ARRE, SLSU J7 2 1 Mt 1R 58 Um PRk 725
] SR 5 R I, RISy 4 4 HS R IE B2 X 4L
PR FSE R (Zha%s, 2022b), d0fal Hpfa]GIE IR
523 A1 &R B BT 2 (A5 1 )

5 45 ®©

AR SR o 3 8 /N 22 TR R TE A A TR AR
JC RN T i TR B i e AR R S, KN
LWL AT N /N EJEAG TR, Jf R T —
T A W 2 ) W GRS IR A ——SLSU Bk . il

1SRG IE E LIS

(1) SLSU B EAERAZOGIE iR )7 T AL ELMM
PLMM Fll GLMM &5 A& S fift IR A R T A7 L 3, FLam
A543 G g S 0T ity ' 1 AR S M ) G M
B, (A5 SLSU S A TR B2 Il 25 4 v

(2) FEI [ /NAZ TR R W, SLSU Bk 44
LSRRI, ]2 SVM, RF Al MLC Z5HL 8§24 > 7
TR, NS S Y T AR o S A AR S
AL, T EE R, B ) N Y T

BAORTE , SLSU B IENT T 261515 1Y 1 i
TRA B AR, RIS 7 3 JE /N 22 T S i 401 35
I A RS B A RRE M . SRAT,  SLSU Bk
BT [ WBHIR EE 2 ) S 0 G 1 A S AR
JT R A M, I SR AR T R T S e
ARGy A G R i A A R AT AR R R A AR BY L
PRI ITRCR (Han%s:, 2015; HeZs, 2019).
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Wheat acreage retrieval based on self—-supervised learning—based
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Abstract: Wheat is an important food crop in China, and its distribution acquisition and planting area estimation are crucial to ensuring
national food security and development planning. As a powerful tool for large-scale land cover extraction and temporal and spatial dynamic
monitoring, remote sensing has remarkable advantages in the field of wheat planting area estimation. However, wheat is often mixed with
other ground objects and forms mixed pixels limited by the spatial resolution of remote sensing images and the influence of various factors
in the transmission of electromagnetic radiation. The spectral mixing limits the accuracy of wheat planting area estimation. Meanwhile,
endmember spectral variability also makes traditional spectral unmixing methods perform poorly. Thus, this study proposes a Self-supervised
Learning-based Spectral Unmixing algorithm (SLSU) to alleviate the influence of spectral mixing and endmember spectral variability wheat
planting area estimation. First, the variational autoencoder is used to achieve unsupervised interpretation of the endmember spectral
variability and endmember library generation. Then, abundances corresponding to various endmembers are estimated by using the
alternating least-squares strategy and fully constrained least squares. Finally, the unmixed results are corrected on the basis of the spatial
neighborhood by using the probabilistic relaxation labeling algorithm to improve the accuracy of spectral unmixing and wheat extraction
further. Three typical wheat planting areas in Xinxiang, Henan Province were selected as experimental areas, and the wheat planting area
was obtained by Sentinel 2 images. The extraction accuracy was evaluated by wheat distribution data measured in the field, and the results
showed that the median value and the R” score of the wheat extraction’s relative extraction error are close to 1.3 pixels and 1.00, respectively,
which are remarkably better than the results extracted by traditional spectral unmixing algorithms (including fully constrained least squares,
extended linear mixed model and so on) and traditional supervised learning classification methods (such as support vector machines and
random forests). The proposed SLSU algorithm can improve the accuracy and stability of wheat planting area estimation and provide an
effective method for crop distribution extraction and planting area estimation.

Key words: remote sensing, self-supervised learning, variational auto encoder, spectral mixing, feature extraction, crop area estimation
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