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Optimization of SAR features and remote sensing
identification of winter rapeseed in mountainous areas
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Abstract: China’s southwestern hilly and mountainous regions are cloudy and foggy in winter, coupled
with fragmented plots, which pose challenges for the precise remote sensing identification of winter
rapeseed. To improve the accuracy of winter rapeseed identification and meet the requirements of fine
plot-scale applications, this study integrated backscatter characteristics from dual-polarization Sentinel-1
VH and VV data throughout the entire growth stage, polarization decomposition and radar vegetation
indices during key growth stages, and segmentation units derived from GF-2 summer cropland imagery of
the same year. Based on spatial migration objects, this study proposed the Minimum Redundancy and
Maximum Relevance-Particle Swarm Optimization (mRMR-PSO) feature optimization method suitable for
SAR remote sensing identification of winter rapeseed in the mountainous regions of Southwest China, and
further analyzed the impact of vegetation indices and polarization decomposition features during key growth
stages on winter rapeseed identification. The results showed that; O Among the preferred features of
mRMR-PSO, the features that contributed most significantly to rapeseed identification in the Support
Vector Machine (SVM) model were, in descending order of contribution, VH backscatter during the green
ripening stage, VV backscatter during the harvest stage, VV backscatter during the green ripening stage,
and VH backscatter during the budding stage. Furthermore, higher feature values for VH and VV
backscatter during the green ripening stage were more conducive to the identification of winter rapeseed.
@ Under optimized features, the Overall Accuracy (OA) of the SVM model reached 88.76% , with a
Kappa value of 77.57% and an Area Under the Curve (AUC) of 0. 963. Both its OA and Kappa values
significantly outperformed feature selection results from Least Absolute Shrinkage and Selection Operator
(LASSO), Support Vector Machine-Recursive Feature Elimination (SVM-RFE), and Extreme Gradient
Boosting (XGBoost). Its feature set showed substantial similarity to XGBoost’s, with a Jaccard coefficient
of 0.51. @ Compared with the critical growth stage, the combination of scattering characteristics across
the entire growth period could improve the rapeseed inderitification accuracy, with F1 increasing from
85.29% to 89.23%. The incorporation of vegetation indices and polarization decomposition features during
the critical growth period could further enhance the winter rapeseed identification precision and prediction
reliability, with precision rising from 85.29% to 90.00%. Moreover, the precision of winter rapeseed
indentification achieved a maximum of 92. 86 % using the optimized feature set proposed in this study.
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3.2 RIESFMETHARRE S KB MHERERTLE

BT EEAE A A . FIH RE. SVM Hil XGBoost 3 F 2 8878 Y ZRAE A b T 8 3 28 TR A% A by 7, G
o, BRI SHR L R R BO fRALSS A FEA 10 H28 LIGE, B 4 JBR T 3 Fhar 2585 T i LUK 45
bR, SVM 432528 (1) 45 TS B2 (E 38 A B » XGBoost 43248k 2 . RE /M Mk, BARBIRCR . SVM
YRR SR S OA ly 88.76% , Kappa RE(N 77.57% . 4y 5l T RF XF N 48 br fH 2. 25 % il
4.45% s BARMERIRS A, SVM 288 iR BIE i %y 92. 8600, A I3k 84. 780, K MAIMHE F1 i
IKF 88.64% ., XL 3 M AR ROC #h4k, SVM BRI i AUC & 5 (0. 963), XGBoost i B % %
(0.871), X R, TEARBISERRIEALIEA ST . SVM i3 3R 508 B 5 A0, G St DR AT R 2 i 34 4R AF 1 1k v
KT SVM #EATAEAMERG R0, LFE SVM T RERS R B B m RS BE . 53 4h . RF . XGBoost %4 i~
SR R BE MO VI R REAS B TR/ NAEAS & T 55 73 S5 i 2 PR PE 0 AN T BOER U ORGSR ME L4 T, XL mT fE
EHPEREIL T SVM SRR 2 —.,
3.3 MREFMEXTRELR R M Tk D

FIH SHAP J7ik it Al e SVM A5 RY rfy £ REAE AR 15t 75 1 3 3R 531 o ) B 224 R Shapley STHR(E . B 15 4>
IR HE Y e s RNE 5 iR . @R EEME AR Tl 0 0 B R, P48 %F Shapley
{E>M 0. 125 B&R M oy b 2, HRCOl Shapley {HITE 0. 087 Z247 U o '™ L Gk 007! FIER
FEAW ov’ 3 AFRAE o BLTE W10 SR T R F A8 3% 55 28 B8 A A T B B B, it 2 /K A3 B BRI VR e i
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Ji Wi £ R e W e )22 K A S T AR Ak o EORE Tl SR 4 D AR 3 A SR Ak U 2 K 43 K — A8 A AN R
HUR ) VH U ERE S B TP A T3 9 A, AT BN BUREY VIV BURFRAE ) TRt BLAE SVM A ALY
i 15 A SAFAE P, HOE PR AT 8 2 A8 I SR AR B VIV ORIUR R AR 5 R il S AR A b i 9 H Al A E
Kt B3 VA2 FH AT XA RN T340, FEMNSE SAR A8 8 505 WAk o fi AR E of ) SR 00 1) °F 35 1
S e rro) AHXT B L, U R B W B IR A BAE E RV 1) o IWRRIEAE 5 3l SEAE A Y TN 25 21 . AN [
FEAFAE R /N XTSRS0 25 R ) TTRRAS R . /T 6 DNHRAET S o0 L o' Flov’ 3 A~ SAR A8 & 1 & R 1 {5 %
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3.4 FEHFMEEFEERMIEERITEE

AN TR AR S B 53 %ok g 1Y) AR AU R 5 25 SR R B OR [R] L SR o A IR e BB A T 25 . R T LASSO,
SVM-RFE. XGBoost fl mRMR-PSO 4 FFFEZEFELE R, TEVNZRAEA [ IF R SVM 4 2 & 4% W 48 R S 508
LS BIRIYIN L, LR AS [R)RRAE B8 25 R 1 I 2 PUNRS BE . 3R 3 i/ s LASSO F#AEZH & 4R K B2 OA
9 83.14% » Kappa REH 66.23% ., SVM-RFE MFHE 4 & 09X EKE B OA 2 80.90% , Kappa REH
61.96 % ; XGBoost MFFIEEFEE 2 31 A4, HIHEL SR PGNEE S LASSO k4 4% . mRMR-
PSO ik R FFAE T8 L F5F ) SVM A AL S K5 B OA Fl Kappa 2805 5353 88. 76 % Al 77.57% . 4
B 25 T LASSO. SVM-RFE Hl XGBoost, Bl mRMR-PSO &35 e 159 B I 45 1E TR &, HES
BARALHY SVM 4326 & T U BLAF 10 53 20K B2 . HURPIE 2 & B B i Al Sk

RS TRVERAE BB B vE A e R AR 25 A S R M L IR 6 B . MARAE SEABUE KRB . mRMR-PSO
%5 LASSO fil SVM-RFE 1Y Jaccard %N 0. 23, 5 XGBoost [¥) Jaccard Z% 4 0. 51, ¥ mRMR-
PSO MILIERHELSE 5 XGBoost IR IESEAT B MAHRLEE . BIAA XGBoost WAL £ 1Y B SR AE ., M AFIEHY
KB, mRMR-PSO B4 FE A 19 MEAE S XGBoost ¥R EE 4, 5 HARAE SR 19 73. 08% . Uil HA
HH KZHN XGBoost FHAE 1 JEBERFAE . 722185 i %5 EZAEH

3 ETFSVMBRRSBMERES EHLBE

ik SR FEAE AL OA/%  Kappa/%
LASSO Alpha =0.000 7, max_iter=10 000, C =200, gamma =1 18 83.14 66. 23
SVM-RFE Step=1, CV=10, C=10, gamma =0.10 11 80. 90 61.96
XGBoost CV=10, C=20, gamma=0.000 1 31 83.15 66. 43
mRMR-PSO CV=10, C=1, gamma=0.001 26 88. 76 77.57

-DPRVI 10) \%rr

RV, ‘T( i A

PRVIps, (10) 0 ar)
24

s 4
,
@ = 4

PRVInro
i
%y ZA K

Y2,
73)

B EEERA
HAth R4 1E
® mRMR-PSOfLIE4FTF
—  HEERE Jaccard 7))
—  HVEAFEIEL

N
DpPRVIy, _ ST
‘ DpPRVIr )
VH

BEl6 AE4SIERFEHEREBMEXE
3.5 AE4SMEHES THIEFIRIBEL
KH BO BiEMEAFEREA S TR SVM il 2 1 AR R, L RIEREE MR 4 ian, L AH,
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R S ARORS BE OA Sl 88.33%, Kappa R % 66.40%, Kiffi R N 78.38% . H M F N 93.5%, F1 H N
85.29% . Bl ASCHEA (1 B ik AR 48 B (7 & B MU AL A g e A (O 38 O Ja > PRUAA Y 1) B4R B2 OA R
A5, Kappa REME AR & . ML T HE A, 75 C MR 242 & 4.83% , (HA R T 8.09%,
F1 FIE0.99% ., FEDS5HFEAMI, OA4TF0.23%, Kappa 2542 T+ 10. 17%, F1 {425 3. 94 %,
UL 5 O A B IIAR L . A T W BUN RE A G AU B TACR EAPERE R k. A B TR SR H
FREGRFIAEE . TR EMETHE D, H£HEERHE TR AL C—B A0 Rr 40, UL 1EBE 5 R
FE W A8 %L DpRVI, RVI, PRVI fide b/ it 45 E Ho AL o B9IIA, BERIR G045 B 5 BEHL 0 2 0 22 3 A
R XPIm SR A ORI T RS ), YR A R, IO AT T, R F META
5% mRMR-PSO i ¥EFRAE J7 09 2 19 SAR 2R FRIE AL &, SR AL B () OA 2l 88. 76 %, Kappa &
Bk 77.57% , KRN 92.86% . FIAFH K 85.78% , F1{H N 89.18% , W] T A B 5 mRMR-PSO
(R R E A 356 7 0 LA B i A 0, HL A 0 R A0 A A B B A T B 55 R il SR R I ORG E A TH AE O
P RE A A AT RO
4 SYMAEBTARBMEASRIERE

PR A R OA/% Kappa/ % R/ % HIE/ % F1/%
A 8 88. 33 66. 40 78. 38 93. 54 85. 29
B 20 83.33 66. 48 80. 00 90. 32 84. 85
C 32 83.33 66.52 83. 21 85. 45 84. 30
D 24 88. 56 76.57 85. 29 93.55 89. 23
E 48 88. 56 76. 66 90. 00 87.10 88. 52
F 26 88.76 77.57 92. 86 85.78 89.18

B 7 O Lk R AR 412 T BT DIl 3600 A 52 AR 5 R 25 R X LE I8 . AT LU BF 5T DX S A
(LR QN 3 D D & NS el v U T R T R v 1 B ALl R T N e R B i N1 )
GF-2 & 70 B 002 AR 0 B 4, R 58 DX A 1) i 252 ot e A i JRU00 (L s G ik B f — S 5 70
s> A . IR NER TR A B AL, b AT RE 5 W 58 X 2 2% B e A B LA S Sentinel-1 A 52 1R A1 X 45
IR ) 25 1) o3 B R A AT K

4 Wi5%R
4.1 itig

6 TR IR IR RGBS = 8, MER MR BIE i fE R . AT, REWHE ERIIXKAERETZ A
5 IMSRAE T WO AR 1 G AR B T R MR 25 45 T SRR R M B B AR BB ok TR R IR, L AR
R U R T 22 R DG 2 3 TR ) A A 0 43 A1 A5 JEORT ME B IR R DR BB A R ) R T B e T R . 5O
R R AR L, R4 SAR & JEEHE A7 AE 25 ] A3 BE R e R A R a8, (HHEA MR IE AR 2 =%
Hb X4 24 3 U Y 2 R T B AT 5 R I SR R R T 2 1 T2 K B M O 2 5 1R oy EL e AR
B b S PP B BT, I R T I S AL 0 B Google sEAR N TR FEABUHE 747 T mRMR-PSO SAR
FRAE AL R R, MR T —ME S TR 2 = % o b 1l XA I S0 R 00 7 . HEUR 2 6K OA
SKFE 88. 76 %, HISE B A B R A W FE 4 WA B 92. 86 % F1 85. 78 Y, F B T A Iy 1k 7E Hb K B R Al L X
1 W oKS o 18 B R A R .

ABEFEXT . mRMR-PSO fEFEAE T 1 3 FbLER 2% 2 40 2 (RF. SVM., XGBoost) & 4 FHEAE L i
B (LASSO, SVM-RFE, XGBoost, mRMR-PSO) F [ SVM 4 2545 B 51 v BE AT 1, AH R RFAE 4 R 1A
I AILAS 2 20 O v« AN TRVRRAE A0 20 500 104 45 7 107 % AH ) I AL 2 2 >0 o ROr i 2 B AR &5 3. 53 41,
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ARIFFIEA G TR SVM BEALR I 45 R KRB, S RV FRAE SR T B A [ BL A 7 > 40 28 07 i i 45 R 2 fe 7 22
5t BT RRAE L AL A VR P05 1 BE 5 78 AR AR AR R A 28 52, [R] I 4R s A AL B PR RE R B, IR Bk, AE L T ARRAE
R HEATARAEY 43 280, BEHEIE & AR IE L e B L Ay R T P R B A EE R L, PR, RFRET
SHAP HEHR43 4T T SVM AT 2% A 00 1 ¢ AF X5 458 84 2 500 g o7 ik A% B2, AR BT A3 | 9 S U1 % 3R 1k
SAR FifiE 5 2 VAR B2 S HL Shapley (B 5 =2 B F000 75 0] 7] Ry 4 J5 FI AU A Sentinel-1 SAR %40 £ 17
o mERRES %,

AW SR B B A M SR T 28 B R A S R AT HE ST M, v aE T AL 2 = 5 R L XA
Hby DX Je 2 il SR 0 O, R EARBAE LA R WA D7 T . O B AR BT . Sentinel-1A #i vl KF 2253 €
BRI, Hiu PR 23 (] 24 SRA S AT 3 T AR W R 17 400 e 40 BRSO I R A M e B A 2, FEAR
BHE TR BEOG A AR N L B 808 B AR A U © RGBS Dy, APFSRAERE G mRMR-PSO
FL AT = 4 SAR FREDLAL TR AT T = 200 SVM B BUAE S 80 43 28 4 AT HE B R 00, RE 6% ] ) SHe Jos A0
TERFAE A 0 BT AR50 . I A, 25 8 B 43 PR AT A0 A 18 BOBUIE U R G TR B T A SRR
TR BE R
4.2 #£ig

ABEFETIAES [A] B A% AR, LUM AR A 0 AR 47 1Y B2 28 W oK B b ' 27 52 AR O3 I 50T oy =5 6] 2
W, BTS2 A BB AL Sentinel-1 48 J5 mIHUS . OG5 28 & WM AL 73 A B2 7 1K A8 1 45 B30 55 e AIE i
T mRMR-PSO SAR FRAELAL SOm =220, 12 LIF 2598 . O LU0 e FoAe A7 2= 1 K 908 i OG22 2 AR o
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FINT G S BEAPUN BT, AT LA SE PG R B L DX A 9 S /0N RUBE RS R, A AR R A Tl S Y R A
. @ X TOCHAET I, 24T WU FRIE 4 G A B T RERLSUR M R Y S0 A SR B BRI BE Y 4
TR s R SR AR T U A B e ORI AR Ak A A R A T % 4 It 3R A o SR T RT A B, (H 23 B R R RS B
TSR 25 A FE RIS 55 F mRMR-PSO M RAE A 10 55 15 R 605 A R0HE A7 I 38 18 1] OC S e AiF 0 i, Jre B
T SRR EENE . © el SRR IR AL h S s RO 0 A O R AE B ok B, OO SR Y T 1
BT AR o RV IU) 00 B TR AR B A8 A RV, S U1 0% 8 JCS R E (S5 A R T I SR AR 0 0

B2, AWFFREUAALE LT MBS A Z A A it — 2058 . © ASBIE5E v i 20 B0 4 0T fig B AS ] B 30 1)
i 2 5 S BRI G A 22 5, B SAR FRAEAL AL SO S U0 O B AR EME A TR EE T 2RI SRR
Fe BRI Il i 0 EE— B B6E, @ AWFRIEE S mRMR-PSO 5% ¥E4T SAR #REEAL R T SVM
R R AT VR SR T, BT 7 2R B A AL FRAE 415 A SVM AR B ST A v 3k B B AL PE g, 10 76 % ] RF 5 XG-
Boost 1 LA IE %0 7 e e it AT AE MRRIE DAL G 7E SVM T2 & i e IR KRR AUk fig . 305 Ui
FRHEE A T IR/ 2548 5 mRMR-PSO L5 B 9% 0 40 e e B HA — B0k 55 7 8UA 17 i — 0 5
WE. @ BARAT LA R XS T84 AR, (A2 By T 3 e 3 DL Je SAR 038 73 B R i PR, e it
by b A b R T R B8 T RIS T AR T, AR IR AR TR 2 R TR A R A M T A R T R — o Y
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