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Snow Cover Extraction from Multi-temporal GF-1
Satellite Imagery in Mountain Areas
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Abstract; It is difficult to extract snow cover from multi-temporal high spatial resolution remotely sensed imagery, where
the precision and efficiency is relatively low. This study provides a method which can extract multi-temporal snow cover from
GF-1 based on multi-view model. Based on three GF-1 satellite images,single image was treated as a view,and multi views were
built for multi-temporal snow recognition through extracting the unchanged part of multi-temporal images. In order to overcome
the severe influence of terrain shadows,labeled samples of snow in sunlight and snow in shadow were selected separately. Only
by selecting labeled samples once, three classifiers were built on different views based on rotation forest algorithm. Then, three
classifiers were applied to the classification of three multi-temporal images. The accuracy verification showed that the F-score of
three images are 0. 941,0. 951.and 0. 945, respectively. In addition,the efficiency is relatively high.

Key words: GF-1; multi-view; multi-temporal ; snow cover extraction;rotation forest

:2016-06-16 :2016-10-14
(95-Y40B02-9001-13/15-04) ; (41271353) ,
(1992—>, s .
E-mail: lichengxirs@126. com
(1979—, , o

E-mail; xiaopf@nju. edu. cn



2017 2

[15]

[1-2]

3]

10 , s

. MODIS o
w 500 m, TM/ETM-+ ,
30 m s,
16 d, ,
2013 4 16 Chigh- S
resolution satellite 1,GF-1) ol (rotation forest, RoF)
(panchromatic and multispectral sensor, ;

PMS) 8 m, 4 . Rodriguez % .
d , , ,

(normalized .

difference snow index, NDSI) s GF-1

) NDSI , DEM )

. NDSI ,
. Hinkler [ ; )

RGBNDSI(RGB normalized difference snow index) ,

NDSII(normalized difference snow/ice index)

NDSI

; Ll NDSII , 1.1

(GF-1 snow index, GFSD

o ) ; 130 km,
ol 0.78X10'km”", 3600 m
(digital elevation model, DEM) o 1 R
. 43°17" N~43°21" N,84°55'E~85°1" E,
. Kim % 3 027~4 423 m, 64 km”,
ISODATA IKONOS ; .
(14 K-means 1.2
;Zhu [ 7Y-3 GF-1
, s , 2013 4 26 o
o 2 2m .8 m
, 2 PMS (panchromatic and multispectral sensor)



[Jl. ,2017,32(2):71-78

T2.T3 2

T1

4  16m WEV (wide field of view)
) 645 km( ).
98.05°, 10:30 am'™,
(http://www. cresda.
com) , level 1A (
), PMS 10 bit
GF-1 PMS s 8m, 4

:B1(0. 45~0. 52 ym) \B2(0. 52~0. 59 ym) B3
(0.63~0.69 pm)  B4(0.77~0.89 pm),
1 ,
2 o
ASTER GDEM C(advanced spaceborne
thermal emission and reflection radiometer global

digital elevation model)

. (National Aeronautics
and Space Administration, NASA) 2011 11
ASTER GDEM ,
o 30 m,
(United States Geological
Survey, USGS) (http://earthexplorer.

usgs. gov/) ,

1 GF1 PMS
T1 2013-10-07 168. 63 40. 58
T2 2013-10-15 169. 35 37.64
T3 2013-10-19 169. 55 36.19

2 GF-1 PMS

GF-1 PMS s



2017 2

2.1

Blum

74

Mitchell

1998

o

4 (a),

B

4(b),

117 129
X, = {1,2 S I]};\;] [

distance,CSD)", 2

:N

4(c)

s Loy X, = {Tzl c Il}j‘\rzlv
X, = {ar € L} Y,

1.2
s L s i 9" s X

z o ’

2 ( chi-square
CSD

T1/T2.T1/T3.T2/T3

b

0.843 8.0.779 7 1.479 5,



s , . LIl ,2017,32(2):71-78

68.6%.71.7% 71.8%, 3 ’
4(d), o
T1/T2/T3 s 2.3
58.83%, T1.T2 T3 3
, 3 3 , ViV, Vg,
, . Vi,V Vi3 fis fe
, 3 f3. 3 T1.T2 T3, 3
) T1.T2 T3 3
V.V, o
Vg [} 4 o
2.2 )
, s 10
o b [21] o
b b X
° D) n 7Y
sl ,F . X N s
R 3 X N Xn o D,
N ’ 3 D) ’ 'yDL L
. D <:i<L)
, , [18] .
s 1) F K , ,
. [20] M=n/K
, 2) Fi D, j
) ) , 5% o ,» Fi
. . , M. caD gD e g M
3 50 , 150 3) K s
9 o ’ R[:
af.ll) v"'va,('.Aldl) [O] e [O]
0 aill saiy s saly e 0
| O Dl [o] )
0] 0] eaisaly e aly
Rf ° D{ XR(: ° : Xy
’ ° d,j(ATR7> D,' X C ’
, label , x c
, J48 ]



2017

2

ViV,

3.2

L
w, (x) — %;dw(IR?),c € label

x = argmax (u,(x)),c € label

' T

V3 3

(3

(€Y

T1.T2.T3 3
3 s
T1 T2 s
(
Recall F

o

GF-1 PMS

1)

3000 ), 3

Precision

(random forest)t**?,

J48

~



[Jl. ,2017,32(2):71-78

,Precision  , Recall F s FP(false positive)
s FN(false negative)
.o TP . Precision
Presicion TPEFP (5)
, Recall
TP .
Recall—iTPJrFN (6) . F Precision
- 2TP ’
e T FPr N 0
: TP (true positive) B
7
3 ,
4
F 0. 941, 0. 951
0.945, J48 ,
Precision Recall ,
s . GF-1
. , GF-1 PMS ,
2 o ,T1.T2 T3 ,
3 0.02 s,0.02 s ,
0.01 s, 3 o
0.04 s.0.03 s 0.03 s, .
1 GF-1
2 s
T1 T2 T3
0.02 0.02 0.01 2
0. 04 0.03 0.03 .
2)
,T1.T2 T3 , .
’ b 3)

Recall

’

’

77



2017 2

[1]
(2]

[3]
[4]

(5]

(6]

[7]

(8]

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]
(23]
[24]

, . [Jl 2 1991(4) :287-291.
DERY S J,BROWN R D. Recent Northern Hemisphere snow cover extent trends and implications for the snow-albedo
feedback[ J]. Geophysical Research Letters,2007,34(22) ;:60-64.

. (M. : ,2006.
HALL D K,RIGGS G A,SALOMONSON V V,et al. MODIS snow-cover products| J |. Remote Sensing of Environment,
2002,83(1):181-194.
CRAWFORD C J,MANSON S M,BAUER M E,et al. Multitemporal snow cover mapping in mountainous terrain for
Landsat climate data record development[]J]. Remote Sensing of Environment,2013,135:224-233.

. [J. ,2013(8) :5-9.
HINKLER J,RBK J B,HANSEN B U. Detection of spatial,temporal,and spectral surface changes in the Ny—Alesund
area 79 N, Svalbard, using a low cost multispectral camera in combination with spectroradiometer measurements[ J ].
Physics and Chemistry of the Earth,Parts A/B/C,2003,28(28):1229-1239.
HINKLER J,PEDERSEN S B,Rasch M, et al. Automatic snow cover monitoring at high temporal and spatial resolution,
using images taken by a standard digital cameral J]. International Journal of Remote Sensing.2002,23(21) :4669-4682.

. . . GF-1 Ll ( )s
2015,51(5) :944-954.
SIRGUEY P,MATHIEU R, Arnaud Y. Subpixel monitoring of the seasonal snow cover with MODIS at 250 m spatial
resolution in the Southern Alps of New Zealand: methodology and accuracy assessment [ J]. Remote Sensing of
Environment,2009,113(1):160-181.
NEGI H S.KULKARNI A V,.SEMWAL B S. Estimation of snow cover distribution in Beas basin,Indian Himalaya using
satellite data and ground measurements[ J]. Journal of Earth System Science,2009,118(5):525-538.
CRAWFORD C J,MANSON S M,BAUER M E,et al. Multitemporal snow cover mapping in mountainous terrain for
Landsat climate data record development[J]. Remote Sensing of Environment,2013,135:224-233.
KIM S, HONG C. Antarctic land-cover classification using IKONOS and Hyperion data at Terra Nova Bay[]].
International Journal of Remote Sensing,2012,33(22).:7151-7164.

, , .o : [Jl. ,2012,

34(4) :620-628.
ZHU L,XIAO P,FENG X,et al. Support vector machine-based decision tree for snow cover extraction in mountain areas
using high spatial resolution remote sensing image[ J]. Journal of Applied Remote Sensing,2014,8(1) :84698.
BLUM A, MITCHELL T. Combining labeled and unlabeled data with co-training [ C]//Eleventh Conference on
Computation learning Theory. USA: ACM,2000:92-100.
KUNCHEVA L I, RODRIGUEZ J J. An experimental study on rotation forest ensembles M]. New York: Multiple
Classifier Systems, Springer,2007,459-468.
RODRIGUEZ J J, KUNCHEVA L I, ALONSO C J. Rotation forest: a new classifier ensemble method [ J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,2006,28(10) ;1619-1630.
D' ADDABBO A,SATALINO G,PASQUARIELLO G,et al. Three different unsupervised methods for change detection:
an application[ C]//Geoscience and Remote Sensing Symposium,2004. IGARSS'04 Proceedings. 2004 IEEE International.
USA:IEEE.2004,3:1980-1983.
BURROUGH P A, MCDONNELL R A. Principles of geographical information systems[ M]. New York: Oxford
University Press,2011.

; ’ . [Jl. 22014,41(5) :48-53.
QUINLAN J R. C4. 5:programs for machine learningl M]. Amsterdam:Elsevier,2014.
BREIMAN L. Random forests[J]. Machine Learning,2001,45(1) :5-32.
RITTGER K,PAINTER T H,DOZIER J. Assessment of methods for mapping snow cover from MODIS[J]. Advances in
Water Resources,2013,51:367-380.

78 —



