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Quemada %5, 2018). B EHEF4E (2020) HT 4
S O S T R BT AR SR A ROE R
T SO AR S RS . SR, R s R
AR D) %2~ . R, mpbE AL, Bk
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MR RE, ARSI . A [FA AL SAR 5 ()
A 2R 0 A B AN TR A A8 S ) 4 B A ) R
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1E, Level-2A M Z7F Level-1C £:Aill F#EAT KA MK
1E . S—1/2 # AT L it ESA 9 %4 ot (hitps://
scihub. copernicus.eu/dhus/ [2021-01-20] ) FRHL.
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Fig. 1  Location of experimental area and distribution of sampling sites
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Table 1 Four common stubble modes in the experimental area
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Fig. 2 Picture of four common stubble modes in the experimental area

3 BRGRAL S S A

S5 WA O BB A (Tao 55, 2019), A
SO B A TR A, A3 A M O p bk RN B
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Difference Residue Index) (Van Deventer %, 1997;

GelderZ:, 2009):
NDTI = (B11 - B12)/(B11 + B12) (2)
NDRI = (B4 - B12)/(B4 + B12) (3)

K3 AR
Fig. 3 Technology roadmaps
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(4)
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B, AR SCHERE R PRy T FEELT ATEM (Advance

(5)

Integrated Equation Model) (Wu %%, 2001) i15&745
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k* ©
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2 “tnl (p)
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K, p. REHI VAL, o, Fpg b TG
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A T A0 SR 45 A SMAP B 1 7 14 1 43¢
KAy R RSB KA E R, 1
B ATEM BEAY rb L ORURE B2 1 50K 3 S A C S,
THE R LIRS U R B 00, L, L (4)
AT B FOK B AR IS U R0, e
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AT 2R AL S 3= 3 M EUE S, Uik
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2 BHETER
Table 2 The feature variables table

ARRH BRAN BRA ik
JF i s P .
R 2 7 VB, rekdoe B AR R O R K
B33 TVV, residue

THILTREL 3 RI1.RI2 .FRI
IR AR 22 T U4
GLOMI—GLCMG 2% SE P2 E

4y Jﬁ‘é\ .
SRR 6 B AL B 6 /1A

XTSRRI S-1542 VH. VV ik
P S 100 TS BB 0 Oy T T I B
RI1. RI2. RI1JEZZ KU VST (Volume
Scattering Index) (Bouvet &5, 2018) Tfij ¥4 & f¥) ¥5
B, HXHEY FOK S LR 2 U U
MR IR FE 4 S B A 3 3 B gE v, B ik 4R 4k
RI2 5 VR4 B4 7578 75 i 2 [ A7 TR S A G R &R
R} 0.430 (Cai%, 2019). L, ARSCEPERIL,
RI2MEh TRk @ AR 0y Fads, Hat&E A=
TR

0
T Vitonal
RI l — tota ( 7 )
0 0
( U\’ll.mtul + O-VV,lotal )
0 0
( O Vil — O'W.mml)
RI2 = -— - (8)
(O-VH,lolal + O-VV.l()tal)
=t

SEARPEE (Kim%, 2015) JEH, 4
SCEPX B R BAEPUN, 5538 B NDRIA B ik 38
KORI2 AT A5 15 2R G B 46 B PRI, FRI B3
BT

FRI = NDRI -+ (RI2 + a) (9)
A, o NPT RE, RE TR NDRIH R IR 45 4L
RI2{E BRI L] . &2 WS KAEA B, A
Fralito.

W JE A RS GLCM  (Grey Level Co—occurrence
Matrix) — 5 T 48 31 09 SO B4 R Oy vk, T
GLCM £ SCH 2 Kl By SAR [R5 53207 LA 8%
WPl r RS (EAIAE 4%, 2019). FIH GLCM
THE ST L EE (Contrast) . BEfE (Energy) . fi
(Entropy) % 10/MSCHAFIE . T S—1 AR PRI
FEIEAF 20 S SOARFAE ,  HSOHARHE Z [ A 7E—
(AR G WA 3 B 53 53 B PCA (Principal
Component Analysis) JEATHRERRLE, FFEHET 64>
853 (GLCM1—GLCM6) 1ENHFEAE &

3.4 HFEMRE
FRAEAR 1 A3 22 0] e Sl AR IR B R TUAR
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WA AE 1 e (R 2 &, AR BF 50 1 9% J-M R &
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TEREAR R IR ZE B2 i [, SCPRAIE T 48 i PUHS
FE, BEWE ER b 22 3k M Wy A] 1) 22 5% (Van Niel
4, 2005). J-MEERAITEEAZ R

Jﬁ(Jx( paho) — p(x/wj))zdx)oj (10)

Krf, plwho,) Flp(xhw,) ZAHEREE, FRH
(5%) MEoTIE T w, (5w, AR, J, 2R
FEART A A] 3 g v, HAUE IS 0—2. Horpr,
o J, KT 18, MFRREGE S st A2
HAE 1.0—1.8, WIBERIAEAS (] BA — 2 n] 3 sk,
BEE—ERENES, G8E/NT 1.0, RV
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1, AR AR B RRE 2 A AR S R IS R A
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35 ET 1D CNNHERMEMEBHE S REE

B LR 2% CNN  (Convolution Neural Network )
D] JHL J 50 322 4 RIAS T G =2 SRy T )2 N
YOS (TEAREE 48, 2019) . HRAEEH
JZWARTR], CNNABLHI G hp— 2 | 4 F0 = 4 SR
JEBRR LMY (Zhang 55, 2020) . HIHLIKZ T,
1D CNN [ S 5080 508 22 R A%, BaE M
TFHEIREMG A28 5100 . Rk, AR SCHEFE 1D CNN
A T R A R AR (R R S R
Kl 4P

1D CNN MG 7)2: (1) 1 MA)JZ, L]
AR ; (2) 2B —ifb)2, HPERZ
3R MRS (Filter) /NMECH 32 7l 64 (1) — 445
B (ConviD) AR HRAFHEBURS L2 3] 24~ RUEE il
AFRIGFRE, BRBEINEE R 25 okt
ft (Pool) HKAEER2, LISCHURERELE; (3) 14
JEF)Z (Flatten), 1ERE—M L2442 2
Rt s, K2R —4itk; (4) 2 eERE)E,
T EAB B R 30, 30 AR RRE 1]
TG RSN ELZZE A 4 SR O R R
AR5 5r5 (5) 14 HA Softmax 4338
R R, A R AR o) B A B AR R
JR LS
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K4 1D CNNRRIZEHA ]
Fig. 4  Architecture of one-demensional CNN
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(a) VH value change of HTC
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(d) VV value change of HTC
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(b) VH value change of STC
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—— Oyv, total ~OvV, residue
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(c) IR ARAT VHIEAZ L
(¢) VH value change of Non—stubble class

(f) AERAFERANT VV E ARk
(f) VV value change of Non—stubble class

Fig. 5 Change value in the backscattering coefficient before and

after the separating soil information
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Bl 22 S B D DR Al B HE 2 A I 1] FCH 3 2R IR
TR ER S R, M2, e A A
ARFE A 25 1 1 B 1 O O STk > . L,
F2 R M B 1) B MRS S — 2D 4 e Al B A
FAR PN . SOk EL, Toit Ty ik 2
AR K B AT 2, T B AR () ORI ) L
ARy B R R U R AUE, EBR T
TR 25 S Ok B4 0 1 B R A B

x3 HBIEFERENERBHREHEASEITE
Table 3 Statistical table of changes in backscattering

coefficient after separating soil information

Tk AR I KAF/dB e/ ME/dB Yif/dB
Ik VH VvV VH VvV VH VvV

AT 3.8919 1.5307 14204 0.017 2.6062 0.4454
MWHHEE 4803  1.717 1.8238 0.007 3.0868 0.4969
e 11.3193 3.7258 2.9548 0.0015 7.2641 1.3608

4.2 HFETERESHT

TEA R BUNRFE L5 T K B #1757 0 ) 1)
BT RAVE S B S TR B 20 B ek, PR B A 4R

TELL A X E KB AU R A B CHEZEM .
R T VRS M43 A A T AR AR 6 T K B 2E T SR
S Ik B R E AL, ARSCRIHI 3.3 114>
P B AR AIE AR Al AR AiE 28 R AL 10 SR AE 4L A
(FC_1~FC_10), @#4fin. 10 MEREAL A T A
[F] B8 72 7 2B Y J-M BE B & 6 7, AR SCiE+E ) -
M FE B4R T 1.8 HAR &M D Rkl & .
x4 BEAS

Table 4 Feature combinations

FHELL A AR AR
FC_1 TN, st TNV, e 2
FC_2 W FRI 2
FC_3 siaue JFRI 3
FC_4 FRI.RI1 3
FC_5 e FRI RI2 3
FC_6 e JFRI.RIT \RI2 4
FC_7 Vit residue FRI.GLCM1—GLCM3 5
FC_8 09y ume FRI.RIT RI2 .GLCM1—GLCM3 7
FC_9 V1. residue »FRIL.GLCM1—GLCM6 8

FC_10 0% e -FRILRIT RI2 .GLCM1—GLCM6

—
o

K6 TR F AT 2ME] Y J-M B

Fig. 6 J-M distance between corn stubble methods under different feature combinations
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B AR Al oy e, LR oy L R B AE LU
TR EE AR, PR FC_4 5 1R E 20 A vh 5 1R I s
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Jr xRl J-M B R A it . o, AERHZRAL S
BAEE s . WA R R Y J-M BE B KT 1.8,
I e PR AR o SAR A S5 10 J-M BE 0 1.46, {3I%
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(1 B T B R 0V s 456 FRIL GLCM1—
GLCM6 YEAT B £ 05 s, I A B R AR ARSI
S GERIEATHE BEVPA 2% W AE 7 Y SR IR 26K
B OA (Overall Accuracy) . HEHSE PA (Producer
Accuracy) . HFPREEEUA (User Accuracy) F1Kappa
ZAH (Ke) WESPR.
x5 SBEIEEEMJEHNEEIRINEEITLL
Table 5 Comparison of residue recognition accuracy

before and after separating soil information

Yt w FRIL Tt esine FRI
B GLCM1—GLCM6 GLCM1—GLCM6

PA/% UA/% PA/% UA/%

o P AR 82.30 80.73 87.40 86.72

M o 79.02 77.46 85.20 82.81

EREE 92.49 97.88 97.18 98.01
0A/% 83.84 89.28
Ke 0.75 0.84

RS ATA, 8 HIE RN, JEr A
PR OA ¥ 3L 80%, Ui WL T VH M Ak 5 m
ZE. A E TR ECFRI DL & SAR IR 20 B GLCM 11—
GLCMO6 4 45 fE 20 A 08 A7 5 K 83 78 7 AU Ao A )
L=

FH LG43 B - HEECR DT, o B R R IR
FE OA Fll Ke 20 B 55 5.44 4N F 43 BA10.09, 4385 4
P HICS Tmk FAR FE 7 55 00 PA R UA LUK i B8 5 7
0 UA A, 2RI 80 B0 OA AR, KW

(a) 73 B 132N T 0K B 22U S5 R
(a) Recognition result of corn stubble modes

before separating soil information
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A, 0B LIRS ST S r B 5 500 A ik
AWy, (HATIA 2SS BAREL, AU D E
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Crbwsy B AR o O TARFE AT S L], R
ORI R T ST AR R O
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Fig. 7 Changes in percentage of corn stubble area before and

after separating soil information
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(b) Recognition result of corn stubble modes

after separating soil information
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Fig. 8 Recognition result of corn stubble modes before and after separating soil information
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Recognition of corn stubble modes from SAR data without the influence of
soil backscatter
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Abstract: Crop stubble cover is an important method of conservation tillage. Obtaining the distribution of different corn stubble cover
modes quickly and accurately is vital to the implementation status monitoring and effect evaluation of conservation tillage. Microwave
remote sensing has characteristics of all-weather and strong penetration. Thus, it not only can ensure the acquisition of data in a short period
for stubble monitoring but also can be sensitive to the information of surface roughness and crop residue structure, which provides rich
information for the identification of stubble modes. Some studies consider the stubble monitoring with microwave data, but they mainly
focus on the estimation of stubble coverage, and the identification of different stubble modes is rarely explored. In addition, the microwave
backscattering coefficient is affected by many factors, such as soil moisture and roughness. Thus, the accuracy using microwave data simply
to monitor stubble is limited.

In this study, an identification method for corn stubble modes by removing soil backscatter is proposed using Sentinel-1 SAR data as
the main data source. Based on the autumn field sample data in 2019 in Lishu County, Jilin Province, the backscattering model of the corn
stubble is designed to separate the corn stubble scattering contribution from the soil scattering contribution and reduce the interference of
soil scattering contribution on the identification of the corn stubble modes. A new Fusion Radar Index (FRI), which is produced with
Sentinel-1 SAR data and Sentinel-2 optical image, is combined with traditional commonly used SAR features such as radar index and SAR
textures. It is used to analyze the backscattering coefficient characteristic of field surface with different stubble modes. The best feature
combination for stubble recognition is selected through the analysis of identification ability. A convolution neural network model based on
1D CNN is constructed using the optimal feature set selected to identify the corn stubble modes. The corn stubble modes are also mapped
for the study area. Results show that (1) the overall accuracy of stubble identification is above 83% based on VH polarized data, FRI, and
GLCM1 - GLCM®6 with backscattering values, which proves that the feature set obtained from Sentinel-1 radar scattering characteristics is
feasible and effective for identification of the corn stubble modes. (2) The identification performance of the corn stubble modes based on
data without the soil backscatter contribution improves significantly. The OA and kappa coefficients are 89.28% and 0.84, respectively.
Compared with those before removing the influence of soil scattering, the recognition accuracy and kappa coefficient are improved by
5.44% and 0.09. Therefore, separating the soil scattering contribution from the total scattering contribution based on the stubble radar
backscattering model can effectively reduce the influence of soil factors on the monitoring of corn stubble and improve the accuracy of the
corn stubble mode recognition.

This study demonstrates the great potential of Sentinel-1 SAR data and backscattering models to access the distribution map of corn
stubble modes. It also provides a new idea for the wide application of Sentinel-1 SAR image in the research of corn stubble.

Key words: remote sensing, Sentinel-1 SAR data, corn stubble, recognition of stubble modes, backscatter model, optimal feature set
Supported by National Natural Science Foundation of China (No. 42171324)

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



