1007-4619(2020)09-1108-12

Journal of Remote Sensing(Chinese)

z5 & Sentinel-2 g S4B (E B
ZINEEMEBEEME

B, REWM, T4, ALK

1 FRUR Y HuBE SRR A2 B, B AT 210023,
2. I RURS: [ e I ST U R QR P, F AT 2100235
3. B EURA: TR RS B EOR EE S &, f AT 210023

8 E: R AR TR T Ay O R I s i AR R R L. BET, BT EO0E
AR IR BURAE W A S B AR S0 R i AR, FeEW i dn il w X, JRE0LA S I i 3
%o UAMREREZIEEGHGNGE S 200G BA B TUCEREUER “MFn” [, Sentinel-21E R — £t
TR, 2SR PERA A 10 m, 5 Landsat OLIAHEL, B EFE W ALPGE S . KL, 5T Sentinel-2 Y61 5 403
5 BARLS B AEME Y AR S5 BEAR S by ) B 0 S ASCLAII AR &AM AFSE X, 4381 T Sentinel-2 41
BRI A 2R (R B A SO [R) B 11 /N R B A S B e i S5 SR R 7 5 B A/ S VR ) 8 5 B T AR
Kk, IER Bt 7B R X 18 R T REAT 0 e, AL AR A o B A B A AR A R, el R iR A
WEXTA BT PR o S5 R EBHAERK a0, H—4h2E S HEFREUNDTL (Normalized Difference Residue Index)
SRR AL S R R AR e 4, MG R BIE 0.735, HAINDTI, 5X5 % HF Sentinel-2 8A i B A G HEGE it it L
Fe 12 Beity Jr 22 et i i i 1 22 50 7 R SR VR W A5 B o BE AN BT i R AR, M OC R EH 0.869, SRR 2R
1%, SAUEFDCIEE SR OB B L, MCRBIRE T 0.094, HWHRRETHET 3.5%, AT, 44
Sentinel-2 Y AHAE B A B TH& w8 o5 BE A S B

KR : Sentinel-2, VEMFEEITGIE, MEWIEIEEL, KEMAMME, SUORE 0, KT, Landsat OLI
SIEKN: ExE, BT, T, Z LR .2020. 454 Sentinel 2 RiE S EENLNEEYEBEEHE . EREHR, 24

(9): 1108-1119

Cai W T, Zhao S H, Wang Y M and Peng F C. 2020. Estimation of winter wheat residue cover using spectral and
textural information from Sentinel-2 data. Journal of Remote Sensing (Chinese) ,24(9): 1108-1119[DOI: 10.11834/

jrs.20208471]

1 5 7

YEMIREAR R RAEY (/N2 . £k KRB
&) EWHIZ G, FRETEAR R AYT (Daughtry
G, 2004) . MENESGE RIEREN -2 R
JBE, AEAE AT AR R s DK ik, ks
B fi i (Lemke %, 2010; Daughtry 5%, 2018).
IR, VR T 08/ M 3R H AR f i,
BE R Z K 28 %, DR Fr 3K B HEAEH]
(BRm o 45, 2005), Kth, FAEWFECR B 7EH

Fm HEA: 2018-12-10; FEZA: 2019-04-11

F)ZE, ATLLA SO m R AR i, SEI AT R b
il (Wilhelm 55, 2004) . MIREELRAP A0 2% K,
Fiftie + 5 HEAR R I =S L, T LUK sk b
CO,Fim=SM, CO. BAMNY . KERFIL
R, e s A m CRW 48, 2010; Yin 5§,
2017; Kim Oanh %, 2018). i id %4 M Hh R4
B BEAR BRI, AR LA T AR A PO AR
DX A ) O, B AT ARG O A A A B
M (Smith %, 2012; 5K#% %, 2011a), HI, &
Sl AR B AR A i B A R L

BEEWH: EREARPIARES (95 :41671429) s K E fifF & 18R] (45 : 2016 YFB0502503)
FE—EEE N #3008, 1995404, & R A RS 5 10 R SRR 3 R, E-mail : cwt52@foxmail.com
BEMEER N BT, 1971454, 5 w0 B9 07 100 Bk 6 S BOGR IS B | A 55 5 kA8 fb Al 9¢ E 5% 4 . E-mail:

zhaosh@nju.edu.cn



BRI A5 - 4545 Sentinel-2 G355 SUEE B A /N AR YA B S AN 1109

T SR AR AR IS (], 25 6] RUBE b A pI 34
AP . RVE R L M IR R s R e
Jio HATE WO R AR 5 A SRR £k .
VanDeventer ¢ (1997) i 1 X TM 5214 45 4~ 1% Bt
SETEAH LA AW, R T TM 25 5 F
5 T WA — A 22 E R NDTI (Normalized
Difference Tillage Index) XJ1E ¥ 2E WAl B e A A
o BEJE, QifF (2002) T TM HYEE 3 ML 5 9%
Bl th 95— L MO B 5 ZUNDS VI (Normalized
Difference Senescent Vegetation Index) 5 Gelder %5
(2009) HEF TM 45 3 RIS 7 Bed i i — 1k 2= {8
¥ £ 18 B8 NDRI  (Normalized Difference Residue
Index) W73 5] 4 41k WY B 366 ] °F - R AR S5 77
T &5 €5 A8 A PRI D00 R B R W 2R T R AR O
Quemada &5 (2018) WUIFI M 1 10 45 BOM b Be S it
RIATRERE, SRJ5F R IR JS /9 S 335
NDTUX VEY 4 36 B HEATAG B, LATHBR K 730 9 32
M. FEPY, sk (2011b) WUPERXT E =5 R 5L
i (HI-1) B9ReRL, 4 W R I T 2080 20638
BAL (IRS) ITLLAMS FE P LL AN B E Y FE 5 4L
XoF LR B WAV ) 7 o BE AT Bt . it mT L
BT 20 AR WA T BOL VR Y 3 55 Al
AR E S

FUHT, SR OISR B MY FE A 5
PATAE B — N E AR T B (EOGIRE B
JRRTET, TEAEYFEGER &N, F5H
AT NS (Galloza 5%, 2013) . £CH
AR AR AT AR, 48R T RSO R =S
] A5 A KL 5 2 T AR DG, B v T 3 1 VEY)
R AR R Jin 5F (2015) A
Landsat OLI &4 B9 63 5 SC AR B AR Yy 18 1
JEHATAGTR, S5 AR S HAE BRI AT LU 2L
P v A AU G Ak SR B o Najafi 55 (2018) 78 Xt
Landsat OLI 5248 3E 47 1 [m] X7 42 43 %1 09 JE il L, IR
KT SOHAE B SRR i E HAA —E AR
PEo AT, SCHEME B TR YA T R A R
H—EREH]

X RBEGEAR M T, R A () 4y PRAR R
SUAE BBy R HE IR o Bl
Quickbird 5 IKONOS)  #3 By BBl A A A BR T 7T L
65 VT LT AN B, kb VR 4 7 SRR 1 e 0k 2T o
Bds PR OME B BAH SC By BF o b o BRAS S
R Sentinel -2 845, 75— €T LERG TiXH
T AT K o Sentinel-2 J&— i 22 1% 1) 't 27 18 ik

PAE. BWE T S B RN ML 13 K
B, BRzs i gEE R 10 m, 20 ms60 m. 5
Landsat OLIAH Y, Sentinel-2 BEWZ4R LT HEF 1Y
Jeik S EE R . FE, AL BEMBE MG
Sentinel -2 KGN [R] ) R A5k 25 d, RIS
BN E WA . Sentinel -2 H7 3 1 21 31 % Bt
[ AR AR E A w2 E A SR ) ORI
4, 2017),
ZNERPENEEREEDZ —, BAL
INZENE W 55 UL R AR AP I Al 1) 3 ) A7 0 %
TREATSHERPECEE, ACHH]
Sentinel -2 B i #2 U 1 BT A . VEWIRESR B
R B ETREH -, 0 T &N SRR
B AR OGO A T SR e 0 X 1 SR -
Trvie, MEEYHESENZoh AR [F
W, e B A TRl B 5 RO S B P AR A
B AR RS, AR SO R e 1R
AN, IR HLE T AR AR B R R IE Y AR E S
SO ARG S PIRE OL T BRI SR T,
Wit e ERE S ERE T S%, [,
Landsat OLI 52 A& Wi FH 1 [RRE 9 7 ik X E Y #E 7
T FEATAR R, LR Sentinel-2 £0 8% 5 Landsat
OLIEUETEMEY) #E 3T 5 LA 5 ke

2 WEEE X A

WP AL T IR B3y, A 1R . i
PR AN A/ N 5 FOKREeA T, —4FPiZ. &)
22 BRI E) 2 10 A AT, ORISR DA RAF 6 H

36°50'N

116°20'E

116°30'E
* KRR
El1 TFFEIX Sentinel-2 FLR (45 AT LA SR i o3 AT AR
Fig.1 The location of study area and samples in Sentinel-2

true color image



1110 Journal of Remote Sensing(Chinese) i 2 4R 2020, 24(9)

2.1 ERBEIERENS AR

A SC i FH Y Sentinel-2 5 1% 3k BB} 8] A
2018-06-14, Ku¥af& 13 U BL, AP B 5
] 5 BE AN 17 o B0 ) R 2kl oy %S Jmy i
M. FEREERE N LIC A s, &t JLmLIE,
{EAT G AT KRG IE o ARSI d F Sen2Cor #5751 X6}
W 5= B E AT AR E I (8 B 2 R B AR 1Y
SNAP F A X Bl A TR A, 38 2o Fe AR 3 B B 7k
P& AP By 25 [0 7 FER H R 2 10 mo BL, B9
PLK BIO S B T3 M HE i, ERFEE 10m
JERZERR, HILAS 5 HEE,

AR EEQE T 2018-05-03 5 2018-06-20
35 305 M X 1) Landsat OLI 5218, FH T4 /N 2 FpAE X
BB S E WAL 55 B AR . AR T
k> 35 [ M S 4R B . R 2R B E R L1 4
o PEAT AR AT B AR 5 R AR IE . AR SCf# A FLAASH
KA K IEFE AN Landsat OLT 238 ¥ 47 KKK IE
K IE S FEAE ENVI 5.3 FR5E i,

#&1 Sentinel-2 FESHIER

Table 1 The bands information of Sentinel-2

flidEaey b mm B mm AR /m
Bl 443 20 60
B2 490 65 10
B3 560 35 10
B4 665 30 10
BS 705 15 20
B6 740 15 20
B7 783 20 20
B8 842 115 10
BSA 865 20 20
B9 945 20 60
B10 1375 30 60
B11 1610 90 20
B12 2190 180 20

2.2 EFSNUIRIREN S AL 3B

5 AN ECHE ) 4R B ] R 2018-06-10 % 2018-
06-20. AREFHPRIE—ILBE T 304 L, 4>
FEHL AR /N A 30 mx30 m, A3 B ATEN iR .
AFEHb, S ST, BENRET RN
I mx1 mo FEREN FAEBC 1 mx1 m BBRZZAE, [n] At
it F AR AL AR BT i SR AT RO R, DASRIURE O 1 AR
WIFE B 5 5 8 . fd 1] ASD FieldSpec3 HR Yi%1%

D B TT BROETE R, A A 250,
W 12 me B SW, —il& 5 %
Jeig ik, DRI 8RR LIS E B . i GPS
i AP O A GEF R, T SEER
iSE 4 SEESNipOIITAS

XF RPN RAE DB, AT B
S AEAL B AR R AR 25 ot il
2, TERBRZE SFERIDEIE 2S5, X HIBCEE,
AL LASRAF AR AR DT 0ot i M 48 . i Savitzky-
Golay JEIE X SRAF- 245 2 A6 1 i £ 4772 Ak
H, AT LASROR AR FE T R B e 7, S e B e

i X B AR AR B IR 7 EAT 4028, TTRLAR A
FEOTRIVE I AE A S5 A5 R o ARBIFS 1 S xR it
T8, RS2 ENNBAER . #5, M
eCognition 31 XF B AT 40 1, 40 R
20 FERNUE T, MRS L] RIB T gl X
JrJTK . Najafis§ (2018) BFZUAH, SEEEfEES
VEWE A w5 AR BRI OGP B s o IR, AR SR
FHSERE/INT 50 O 510 3805 B4R U R . [,
K AR A R AT Y. Bn, @i
HWRAEYAEE TR RBE, LRSI 11
W R . 5ARETT BRI o B CE 2 R
FEML R VEYFEAE 5 FE o 18] 2 Dy — s TEDULIN HE R 1Y)
Jt B 2R AR, Nl LB Y, 732642k
PR Bz B O . 38 2 0 30 /N FE AR 4 7 55
ERSGIHEE .

(b) BR LR H
(b) Result photo

(a) J5UHRIE J7
(a) Original photo
2 Ak R R b P2
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Table 2 Statistical information of crop residues coverage

in 30 samples
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Fig.4 The correlation between remote sensing parameters and field—measured crop residue cover
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Table 3 Alternative models and evaluation indexes using textural variables in windows of 5x5 and spectral variables

B H R cP BIC RMSE AR v () 75
1 0735  41.64  -13.75 13.93  NDI(11,12)
2 0.854  17.44  -24.8 1097  NDI(11,12), BI12_VA
3 0.869 1599  -23.54 1095  NDI(11,12), B12_VA, B7_CC
4 0.904 924  -28.02 9.91  NDI(11,12), B12_VA, B8A_CC, B11_CO
5 0921 694  -29.62 12.16  NDI(11,12), BI12_VA, BSA_CC, B11_CO, B12_CO
6 0934  5.68 -30.76 1129  NDI(11,12), B12_VA,BS8A_CC, B11_CO, B12_CO, B11_DI,
7 0941 580  -30.42 1244  NDI(11,12), BI12_VA, BSA_CC, B11_CO, B12_CO, B11_DI, NDI(6,9)
8 0.946  6.61 -29.21 1122 NDI(11,12), BI2_VA, BSA_CC, B11_CO, B12_CO, NDI(6,9), B5_CO, B5_DI

1 : RMSE Wi —

#&4 E T Sentinel-2 3iLis 2

I AREO TYERER

TR S TESR A AR AR 1R 22 | SR by 3 55 BE A BV (% ) o

+RIEE RN EBSEEHESMER

Table 4 The optimal model for crop residue coverage estimation based on spectral information or spectral information and

texture information in different windows of Sentinel—2

R rdy ] R RMSE
AP EIERE B Y~NDI(8,12)+NDI(11,12) 0.775 14.5
B2 Y~ NDI(11,12)+B12_VA+ B8A_CC 0.869 11.0
FEL 3 Y~B12+NDI(6,9)+NDI(9,12)+NDI(11,12)+B12_DI 0.879 12.1
i EYSRE LIPS i Y~ NDI(7,9)+NDI(11,12)+B3_CO + B4_DI + B5_CO 0.856 16.5
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Fig.7 The spectral curve of winter wheat straw and soil
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Estimation of winter wheat residue cover using spectral and textural
information from Sentinel-2 data
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Abstract: As an important element of farmland ecosystems, Crop Residues Cover (CRC) provides a barrier against water erosion and
improves soil structure and organic matter content. Timely and accurate estimation of CRC at regional scale is essential for understanding
the ecosystem condition and interactions with the surrounding environment. Satellite remote sensing is an effective method of regional CRC
estimation. Tillage indices based on multi-spectral satellite imagery data are commonly used in CRC estimation. However, this method is
ineffective in high coverage areas due to “saturation”. Previous studies have shown that a combination of image spectral and textural
information can solve saturation problems to a certain extent. Sentinel-2 is a new satellite mission that can provide observations at multi-
spectral bands with spatial resolutions of 10, 20, and 60 m. Sentinel-2 can provide more information about texture compared with the
commonly used multi-spectral satellite Landsat-8 Operational Land Imager. Therefore, exploring the potential of combining spectral and
textural information from Sentinel-2 data is an important task in CRC estimation.

The objectives of this study are to (1) analyze correlation between field measured CRC and satellite-derived variables such as Sentinel-
2 band reflectance, tillage indices, and gray-level co-occurrence matrix statistics in different windows, and (2) determine the optimal CRC
estimation method from optimal subset regression with various combinations of tillage indices and image textural features.

The results showed that the Normalized Difference Tillage Index (NDTI), B12 CO (contrast of band12, B12 in window 5x5), and
B12 DI (dissimilarity of B12 in window 5x5) were significantly correlated with the measured CRC with correlation coefficient R values of
0.765, - 0.641, - 0.553. The estimation model based on NDTI outperformed the models based on other single variables. The model that
combined the spectral and textural information in an optimal window (R=0.869, RMSE=11.0%) provided a more precise result than that
based solely on spectral information (R=0.775 and RMSE=14.5%). The results demonstrated that a combination of spectral and textural
information can improve the accuracy of CRC estimation.

Key words: Sentinel-2, crop residue coverage, crop residue indices, gray-level co-occurrence matrix, texture window, optimal subset
regression method, Landsat OLI
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