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Fig.3 Distribution of backscattering coefficient of snow-covered and snow-free pixels under different surface conditions
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Fig.4 Results of snow cover recognition before features selection



1298 &K

R 5

35 %

TR B2 2 0 B 19 L AKX B T 0.86 F10.79. Fe KAUSR
B F 18 B0 S AORE B 2R 0.83 1 0.75, TR &4 AR ik
TREAL AR o SR ) LAY E AR R e R B T
0.90, 1543 [0 RALA 0.74, 15 W] 372 +5 1] LAY IR 59 45
F i RL AR, R EOR N R B
AT AR . BP R I 45 1 R 25 SR e 22, 45 R A
gL HAh oy 2R . NER S A0 28 U 25 SRR
BE AL AR AR A TRUI0RG B He e
4.2 HFEMIE

FEAE PR 1 2 — A AR 4 4 S B U 7 5 AR AR 1
P AL 5 REAE B 3 M P A RRR AE Y 0% 12 WA 2P
B B NS S RE R 22 A FRAE AT BB
VPG, & AR 1 B P 7R 7 AR O 28 A #E 47 B T3 R
BF = A HEFP 25 S & 5 s . HH AL V'V il Ak S )

K2 HUEREARSL[MIRANBEELLR
Table 2 Accuracy comparison of the different classifiers

before features selection

st HERR(P) AAR(R) FAEEF) ERREA)
BEHL AR bR 0.87 0.84 0.86 0.79
SN DENTS 0.88 0.77 0.83 0.75
S AL 0.90 0.74 0.81 0.74
BP i 2 %) 4% 0.82 0.66 0.73 0.63

RO AR B M B, 43 i o 0.88 A 0.64,
W H-A-a Ao i oh 55 3 i = B 0.58 , 78
SRR AE Y T AETE 0.3~0.5 2 8] . 1368 [\ 4% Ak )5 )
HCA 2 B0 B LU Y BTk L 52 SO Ak IS 1]
ZBON R . A (A3 F3.Y3) AR o
(A2.F2.Y2) X B TE 0 (1 o1 ik bb st 1o 4 £k 43 ik v
T A (AT FTLY DRI

1.0
0.9
0.8
0.7
0.6
0.5
0.44

FHIEE 2

0.3 1
0.2
0.1+

0-

HH VV H3 H4 HV P3 2 A3 HI P1 F3 Y2 P2 VH Y3 A4 H2 A2 Al F1 Yl Y4
ARACAHIE

(H3 %R H— A —a WAL A4 3440 ik, P38 Pauli 4 (955 3440 b, oAb 45 15 26 40)
5 HFEEEMHRF

Fig.5 Ranking of importance of features

PEATRRAE B R PR AL R, MR8 4 AE A9 FE 2R
/NI e R AR IR 4R o B A R0 A B I, AR

0.80

BE B A A an & 6 B o il HH — AN FRAE , B AR R
BEAY R 0.73 ;48 I HH A1 V'V AN ERAE |, SRS BE

0.78 1

0.72 1

070 ————————
1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22
RHEN L

Eo6 HANBRRFIAINDEBEEE

Fig.6 The number of features and overall accuracy of snow cover recognition



5 6 4

LD R SF R TR AL Y GF -3 e i A s AR T U

1299

0.77 5 FH 3 22 e v 19 3R AE I, B ARG 1 3k 3
il 0.79, /e, BARE BE7E 0.76~0.79 Z [A] A2
b o PRI e A0 AR AU 4R Sy ) B 4K S 18] IS R 2K
(HH . VV) #l H-A-a 53 fift 19 F ¥ 85 #8532 (H3)

R IES .
43 HBHERERHREIRG

B T RFAE AL 18 AT 1Y Fo 0 45 ik £- , 1 BE HIL AR

MOTIE AT AT R o TR (] e R B AR i 52
Frm i LA BP M 28 3R p K 520 . 45
RUNE 7 Fron RS JEE LR LS R4 R
Aad, o TR AR RO D AR B S 4 a2
we e AR L DX A RS 25 R A TR . A B
AR S HE ) AL BP B 28 W 46 3 Fh 4y 25 28 7

Hh A T X S AR A T AR TV

47°52'0" N

47044,(),,

0 2 4km
[— ]

e cEN

47°52'0" N

4704;4/011

0 2 4km
C——

[ RS RS

87°48'0" 88°0'0" E

(a) FEHLERAR

87°48'0"
(b) TRASRE

88°0'0" E

47°52'0" N

47° 4 40"

47°52'0" N

47°44'0"

2%z

0O 24k [pm T t '™ [ BT BT
87°48'0" 88°0'0" E 87°48'0" 88°0'0" E
(c) SZHEm EAL (d) BPHHZ 4%

B 74 E R MR T IRANE R

Fig.7 Result of snow cover recognition after features selection

T S M S A AN BG4 A o3 2 e AT R AR
AR I A PR 2 SR TR R P T 3 Ab A ARER

P Y DI i Bk — 20 73 (181 8) o 3% (U HE 7 FT ik

DI AEAE T DX AP A 67



1300

Landsat 8/GF—3 RFIZ55

RSWIR/HH  mm fE
G:Red/HV [ IERE
B:Green/VV

8 Landsat 8T GF-3E G ERMFIRFLERATE

Fig.8 Details of Landsat-8, GF-3 and results of snow cover recognition

DXk 147 T8I 58 IX ZR ALK, Js T HufE Ak AR ok
B L DX At B i T DR bR O T PR
155 Z HIE AT #IHR0 LR PR 4 Fh 2R
for B TR 45 2R 2 B, 280 R B e 14 2 B BIL 2R bR R S 4
(CI=y] IT BAR R S D BRSPS PN (P B3 4
R 2z, A A0 S BOT B E# R .

DX 3 2 (o F A0 98 IXARHR A 55 1A 11 R D b
JE, #3530 o PR 4 b o 2 g 9 RN 25 R K B,
TRABKER 12 B P 245 2R e B DU A T A 8 TR 9 1
B (H BT T B 5 BE HIL AR bR RT3
FER AR E T L (EA A B R AN S B 5 SCHR 1) AL
BRI S5 R e 22 B T R E AR HI LA

DX ek 3 A7 T BIF 51X 04 PG R A, 1 249 A G A i
Ho X T OR Ze A, DL ORE R R D R A
Bo HOBRUN S5 0 e B, BE ML AR MR 45 R A, Y
B 5 A BT DA 30 5 T I 5 Al 2 2 4 B IR
BER T RS 5 AR S 3 5 XRG4 8
% Hovh BP 28 9 46 1 1L 25 R e 2

4 b oy JE AR S5 AN ELE Y LB A RNk 3
JI 7, R BO(E 2 7% R AE DG 26 i #) RS E G AR AIE 18 38
BT A4, I A B 2 7 R A DG B I U5 RS B R R IE
PRBAE N Rl 2k R RRAE DL 28 5 RS BE R AR . BEEHIL
RRARTT 1 0 P f D0 4 i 4 55 ol P 4 90 % A 1O 2
FEARAFAAL o BEAh, 4 Fh o 28 45 09 41 18] R 2 A7 Jir
e, BV A R I8 BT AR G S X AR R
AR RRIES 2, T3 TR B . ISR R
A B TR AL 2 A BE AL AR AR DT 3k 2E AT A R
ROR fef

F3 BEREEAASERARNBELILR
Table 3 Accuracy comparison of the different classifiers

after features selection
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Recognition of Snow Cover based on Features Selectionin GF-3
Fully Polarimetric Data

Ma Tengyao, Xiao Pengfeng, Zhang Xueliang, Ma Wei, Guo Jinjin
(Jiangsu Provincial Key Laboratory of Geographic Information Science and Technology, Key Laboratory for
Land Satellite Remote Sensing Applications of Ministry of Natural Resources, School of Geography and Ocean
Science, Nanjing University, Nanjing 210023, China)

Abstract: This study proposed a recognition method for snow cover based on feature selection using GF-3 fully
polarimetric data. The study area was selected from the typical area of the Kelan River Basin in the southern
piedmont of the Altai Mountains, Xinjiang Province. First, we obtained 22 polarization features of GF-3 data
by polarization decomposition. The importance of each feature was calculated by using Random Forest (RF)
method. Then, we designed the rules of feature selection to generate the optimal feature sets, which were used
to recognize snow cover with RF method. Analyzing the importance of the features, we can find that, for snow
cover recognition, the contribution of the same polarization backscattering coefficient is greater than that of the
cross polarization backscattering coefficient, and the contribution of the surface scattering or volume scattering is
greater than that of the dihedral angle scattering. Finally, a comparison with the Maximum Likelihood, Support
Vector Machine, and BP neural network was made for testing the performance of the proposed method. It is
found that the optimal feature sets using RF method to recognize snow cover have the highest accuracy (F—
score is 0.86, overall accuracy is 0.79). From the selection of classifiers and the results of features selection, the
proposed method is very effective in recognition of snow cover.

Key words: Snow cover recognition; GF-3; Polarization decomposition ; Features selection; Random Forest



