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Response of Spatial Scale for Land Cover Classification of Remote Sensing
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Abstract: Classification based on remote sensing data has been widely applied in land cover mapping and the
dynamic change monitoring research, of which the consequence is always strongly affected by spatial resolution
of the used images. However, the response of multi-resolution images to remote sensing classification is still
highly uncertain. Satellite observation could supply more and more multi-resolution images covering the same
area at the same time and it would provide abundant data and technical support for study of remote sensing
classification. In this study, the Hetian basin of Changting County in Fujian Province, was selected as a case to
examine the performance of three typical classifiers (Maximum Likelihood Classification, MLC; Support Vector
Machine, SVM; Artificial Neural Network, ANN). They were applied to satellite observations of temporal quasi-
synchronous and multi-spatial resolution from medium to high spatial resolution (1~50 m) and we investigated
the links between spatial resolution and remote sensing classification. Then, we also analyzed the spatial scale
difference of spectrum reflectance, recognition accuracy and area extraction of five major land types (including
arable land, forest land, water area, bare land and construction land) of the data with seven spatial resolution
levels of 1, 2, 4, 8, 16, 30, and 50 m. They were supported with GF-1 PMS (pan and multi-spectra sensor), GF-2
PMS, GF-1 WFV (wide field view), Landsat-8 OLI (operational land imager) and GF-4 PMS data. 1845
recorded points observed in field survey were taken as training samples and validation samples. The results
showed that along with the change of image spatial resolution from 1 to 50 m, (1) the mean spectra of bare land
and construction land remained stable and no obvious changes occurred to water body, while the mean spectra of
arable land and forest land decreased significantly when image resolution coarser than 4 m. The standard
deviations of water body, bare land and construction land all increased constantly, while the standard deviations
of arable land and forest land almost maintained stable. (2) The overall accuracy gradually decreased from 94.97+
2.5% to 79.03+2.25% across the three classifiers, showing a gradually downward trend. Meanwhile, Kappa
coefficient also gradually decreased from 0.93+0.03 to 0.72+0.03, which indicated that the accuracy of land
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cover classification was closely and sensitively related to the resolution of remote sensing images (P<0.05).
(3) The calculation errors of the land types area would become larger as the image tend to be coarser, of which
the area of arable land, bare land and construction land decreased significantly, the area of forest land increased,
and the change of water body was not evident. The results above confirmed that when using multi-resolution
images to generate land cover area or making area comparison refer to time serial data results, the errors from
spatial database of various multi-scale could not be neglected, which would be more suitable to make the multi-
scale transform for spatial effect correction. Our framework demonstrated the regular pattern of multiscale
remote sensing classification and provided the prerequisite for scale conversion of classification products with
different resolution in the future.
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PR WBARR WA Eum ﬂfz CBL
GF-2 sk 0.45~0.52/0.52~0.59  1/4 2015-08-27
PMS1 LI/iR4T4 0.63~0.69/0.77~0.89  1/4 2015-08-27
GF-1 D 0.45~0.52/0.52~0.59  2/8 2015-09-17
PMS2 LI/ELTAM 0.63~0.69/0.77~0.89  2/8  2015-09-17
GF-1 W15 0.45~0.52/0.52~0.59 16 2015-08-03
WFV4 LIE4IAM 0.63~0.69/0.77~0.89 16 2015-08-03
Landsat-8 /4% 0.45~0.52/0.53~0.60 30 2015-09-18
OLI LI/iR414 0.63~0.68/0.85~0.89 30 2015-09-18
GF-4 D 0.45~0.52/0.52~0.60 50  2016-08-01
PMS £I/i4T4 0.63~0.69/0.76~0.90 50 2016-08-01




24 TRV 45 RR I MRl S 2 1] RUBE R BRI 249

G REARGE R RS 18 AR M E B 1Y 455 E Al
GRREAS RISV E R REAS

2.3 ®IETALE

(1) R Ff Gram-Schmidt 28 # , ¥ GF-1 5 GF-2
) 4tk Br G LUE U BE R I m A2 miy £
it A% . Hoh, Gram-Schmidt 725 4 5 B 2 o6 &2
DI FEAR RGN R S | 3 B 2 s R RN
Wy, IS 5 A O I 52 A, T AT PR
)4 A5 5 AE BB — 45 &, #F 17 Gram-
Schmidt ¥ A8 4, BIA5 21 2 A & 28 8] 43 BR FDG RS
ST PER I BGEAR . KSR M Gram-Schmidt
AR RS N 2 ()45 2., [A] s R 48 -l A s
Dot = e (U R = e s = S R E DO N - e
WAL , SR M B0 5 % RS 2 R AR % GF-1 5 GF-2
ARG TR ME B 8 A2 R0 Ee B R 0 A .
3 T G RIS PSR B B AR B A, R LA
B B A5 3 B S 38, [k 525008 be B2 A B
Kok, b il S5 B g Mk (R 2) .

(2) X FIT A AR 8 BUE SR IE 25T b T
P 5 T LARDRS RS IE AR B, I D) GR-2 5245 R SE X
P REAG A TAR JU A IE , (528 IE 1% 25 RMS
PR T 0.35M&0G,  [RIRPR G SR AL bR e R 40
474 — (Transverse_Mercator) , Jf- 15 & HH [5] i8I
BfuE 50T

(3) AR b [ 8 9 T L g FH o A ] USGS
B IS ARSI XA R G MR TR S
JEFR AR IE AR S — b B, Hrp RS IE S
— R AT AR AR B QUAC SEEPIHEAT | LASE L
154550 DN 22 B S 3R S 56 38 () 46

2.4 NEFE
WFFEE R RASR 532 (MLC) S HF ] 1L
F2 HEMERRMEEERSTK
Tab. 2 Comparison of entropy and equivalent number of
looks of images before and after fusion

T S T L R0
Avewr AR R WA A E
GF-1PMS #5% 1.59 2.02 29.9 41.96
ot 1.62 2.02 27.07 43.43
i 1.65 2.02 27.23 40.51
AW/ 1.65 2.01 24.54 42.02
GF-2PMS ) 1.71 2.1 35.25 49.08
5ol 1.81 2.09 32.07 46.65
20 1.73 2.09 35.05 45.56
i) 1.89 2.08 27.15 44.16

25 (SVM) Fil i 28 () 24 4325 (ANN) 3 F i Sk 73 25 2
FERAF 5T X 9 25 () ]ROEE 41 = oy 2 gt . Herfr,
MLC IR A [l I 73 2ok B 4047 SVM I —
Pl 3 F e i ) S LR 4 > Bk il A
FEAF B 2] 2 A28 R ARIBUBTHRAIE , AT A8 A URG
JEP ANN 3 S BAEL AR fil 28 R GE R IUBIZ5 48, HLA
AR PR SN RE /1P, IR 3R I ANAE
AN [R) 23 8] 53 B FLAG 5 25 vh i N HRCRAT AN A5 17
Al FERIEERSE E 6 SVM SR EUR & L H.
Fe R (7 ) B PR B (RBF) 4T , I 150 2 A% pR By
1, 45T R AL C ol 1008 i ik Z55 AH OC SCRRPA B
ANN F#75 25 AUE A 0.9, A3E 3815 R 0.2, Y11 5
WAL E S 0.9, YRR 0.9, Bl 280 1, 4K
YKKCH 1000, f55 RECR F logsitic 47, LAk, BR T
SR AR I BEAN TR R i ND VI
NDWIHIEVIFEEUE R 5028 d RIS B 75

_NIR-R

NDVI = NIR+R (1)
_G-NIR

NDWI = G TNIR (2)

V] = 25x(NIR-R) (3)

" NIR+6.0xR-75xB-1
R RUE TP RES A AR HOPE XA Rl R (452
RN R) 2 JE 07 EE R AR R DI ZRRE A MG 3 A
AR RO R AR TR Y oy 2R e S i s . W),
HHREGIR BRI, IR MR BESR (1 .0 i/
SEYNZRIX, DA P RS (8] RURE R RS OCHI Al

2.5 Gt o

I UERE AR ML S 200 5 AL, FRAR O 73 2 2%
SR FHTR S HE M4 A Kappa 88 1 F ARG FE DA™Y, R
FHENVI 5.3 3k 4k 15 5218 6% 2 B 5 4 b,
Origin 9.0 A {4347 B4k BB iy 251l , SPSS 20.0 4K
PEXAN ) 2 1) RUBE 285 5B A 7 07 25 5 A 56, IF
Xof 45 SRAEAE 3 22 S U Al AT /N B R 2
S (LSD) KR . Horp, Jr 25 A K e e T2
FIWA RIEAS () A Ty 22 2 5 — B0 Ak
JE I SRR AR SRR AR B, FEE A S BT
P GETTHE B, DL B 2 A1 15 e 28 2 5 RE B 42 57
LSD B3 D] — gt FH A% 56 S 460 21 Rt FR A 858 2
[ 14) 26 B 75 2 ) W 2 KT o

3 R 5iHe

3.1 [E b AR Ee I 5 F A9 == (8] R EEHFAE
AN TR B2 S B S 3 A 2 ] RRE AR AR I 5 i)



250 ok 7 B R

20184F

HO U EEINR . B2 08 TE4R 2=
(] 530 RO, AN [) - 4 7 AR AR T i S G
RIE SR EZE R AR . WK B, AN TR
Wy LT it 2 AR IR L B2 1) 3 AR AR 0 A2 1
AR ABBAE AR ACAHXS B o Hovb, -5 Ak
KA LS, AR ERE PR T
Wi 55t RS 0 T T 8 i e IR 1 a4, R WA e vy
I3 PERA M T RAL LA O B UG B ke
PR RS AR oT N R BT T AR L E O, S 8O
SO ZRBRAG . [R) IR, Bl ) 45 0 B S S s B i iy T
M, IREIR G TR SE IR AL, 3 AT B Ak
M B T A5 R 22 5 S EOHAR U A B B2 4 T AR

ZA Ko BN, BRI M ) S SRR fE AR

FREL, EATTIEIE A AT AE 4 mr B LU 1K 2
SE [ IR 2 B AR AR (4 SO b 22 W g T
BT HER AR X 5 Meddens 55U H ERAEAR
PRI T4 R — 2, RWIPERE > FE R AR TRA
RGBT E D A BRI, BOREAN A T
PUIKSRE S o AN, KR B S G R B FL Rt 2 ]
NOEAACEA R (B EZ I Wi

32 RAEINLBFBEZENHERM LHBH A LER
Al
H P 3 ], AN[R) 25 (8] 73 B3 SR I A4
s 22 5 or 2 o o BR r ERAR N
I3RS I Kappa 28 80 2 2 00 T 8K 70 HE R 1Y

i R A4 /m

& G o O b G &
& F & & &S
(a) 1 m4rPEg (b) 4 mAH-Pre (c) 16 mAr#F (d) 50 mApHEAE

BH — B — i — ki — B — Ak

B2 AN[E R 2 RGBS
Fig. 2 Statistics of multi-scale spectral characteristics of different land cover types

= SVM
100 = MLC
Em ANN
= 904
& 90
o
B
5
3 80
70-
1 2 4 8 16 30 50
Z5 )43 BEHm
(a) BTSN

25 [ 43 HE%/m
(b) KappaZ &

TE ORI RS P B ING P B2 SRR ) — 3 2R A Tl 3 HER T Rl — 3 HE AN [ 232t T (945248 0% 5 1. 35 (p<0.05)
K3 AFJUE PRSI IS 5 Kappa R XSRS

Fig. 3 Overall accuracy and Kappa coefficients of classifications using different spatial resolutions



24 TRV 45 RR I MRl S 2 1] RUBE R BRI 251

AR ZE I (P <0.05) , 3 B A5 1Y 25 8] 43 B 2] F
X3 MR g U0 5 A B AR [RlR
TR A [ ROEEVE B (an 1~8 m) , AR 5218 4
TR 1 LA 2 BB, RS P Bt 43 HE R B AIG
ST R AR, b SVM 5 MLC 943
JKG B F Kappa 2R 50 7E 4 m o3 B3 4b 35 B i
(P<0.05), [FIHF,3F4r 240 7E 2 m F18 m &b (1) 5
RS RA FEIE (P >0.05) , HE T 1 mJr#esRit
25, X Bt TR o8 X 45 - M Bl 2 A
e FEA [A] TR RS H AR 4 m BFHUT , 11 52 3] “ PR 2%
N7 EA , SVM 5 MLC 7 1 m Al 2 m 2 R A0 1 43
JORG BE X 2N T 4 m A PR Ab 25 (P < 0.05) .
BEAR, 3Fh 43240 7E 50 m 43R A Y B4 2k B
Kappa & £ R 5K (P <0.05) , { ik % 77.06%~
81.47%710.691-0.749 , 5 Heme A 432845 FAH H 4331
FF& T 15.7%~18.3%71121.5%~24.2%,

AN A H 16 m(WFV) 5 30 m(OLI) 43 3¢
SREAR B 2t TR , 3 2 i AR T At
55 (10 bit) , OLIZJEk 2 EAT T /57 A 4 o
2R (16 bit) DL A (AT LL AN ST R B (R 1),
FEHAEREIS ] LASRAS 3 i A 4 15 -l se g
TE—E AR IE b 7o Ml T H2s 8] 40 HE R A AR 52
AL R FE W, OLl 5 WFV 2618 (3T
AR TRL I B ) 1 43 20K FE AR 45 92 R R TG
WBEZER(P>0.05), M3 W20 AEAH
23 A RBE R 1 R4 0Ok E , SVM TR 925 ] 53 BF
RSB 3 IR B de i, e A R A R
T 8 mif, SVM HI MLC (%) 5 43 25K i 5 Kappa
ZB B T ANN(P <0.05) ; 1 24 5444 19 23 [F]
YR E T 16 mJm , MLC 5 ANN 22 Ja] 4432545
TR W% (P>0.05), 3 B B EMKT SVM 4
HKEER(P<0.05), AF5EH ANN L5 REAA T3
2, X EEHZINEN R SE SR B2
VI B 235 s 800 B S0 S A T,

3.3 FRIZEDHFHRT AL B HEE MIRIEN

&HR

T T o JR 3 7 ol 26 A T AR R 4 R Y 45 (1)
JUEERE AT AR IR o AL , SR 0 2 BE e A Y
SVM 732t , % FE B 28 0] 70 B fie i YR AR A F2 R
ROR— e ™, PR LA 1 m AR A R 451 0 + b
BRI TN HEE  SRIBCHAR A 0 RS 26
S50 A st 2 i AR AT AR AR RE X B, 2R
B4 TR o GETAS SRR PRI 523 R0 BER 1Y

204
04
= 20+
b
& A N
60 KK -
Vi
T
_80 T T T T T T T
1 2 & 8 16 30 50

23 [ 43 BE# /m
K4 ANJa]Zs [ REE TR 1) - Mo 28wl 2 0 i ARk

Fig. 4 Change of area information of landscape extracted
from different spatial resolutions

B AL, AR b %) 12 B0 i R 2 o B — R 1 T B
(=17.2% ~-2.7%) 5 AH R Hb T FR DU £ 45 25 — 1> AH
X R AE A I ] (8.5%~12% ) 5 B T AR 7E 1~4 m
23 [B] 3 B BB AR AE T BT 8 m
Ji S IR T W (—55.5%~17% ) 5 £35 FH Hl i FH U]
IR K B R R 2 A1 (—67.8%~-20.6% ) 5 KA
T R 2 () AR A I T0 I A1 (-19.7%~17.3%) o
TFF 5T 2 B, N TR] - i 7 5 280 (1) i AL

5 HBEHOIE AR B DL 553 A A% Jm A7 A6 2 % 1)
SRHR, T HIR A M2 2 ] ) 5 R W A R B AP TR A
KE o Hoh 723 (] - S22tk or A (n
K R B A AE ) B HIUSCR A (Can g e
it K2 1L R] FE R A5 ) B - b 7 A BB
DI 1 S O e A A v, 3 R B A [ R T
FUIN 23 0] S5 RN 22, DR I AR AR 25 ) o3 B
REATR 11 o i R AR 25 5 il A 381) ) ] 222 R T R v 4y
A S by b (N SR gt R T AU ) B iR
HAGTC, I R R IR 2B R OERE B e . B
R SR DL R A AR T T, B AT
T FE L ] 349 Bl A AR 25 ) A BRI B T A
[F) o 1 4 05 A e, 25 ) b 22 R TR & Ho A A
TSR AN S IR . AR KA T
AL TCIA k2 )R, X B TE R ) bR
Ly X P9 K TR A T -5 A0 (R3] 3R 7K 2R 38 5 23 TR
BHEAE  PERE RS B T e AT 2 [ 25 a] T AR
AR AATAE T B K B (DR AL R R A
(R 7K A 2 25 2/ B T K T ARLEE Hh 43 A 114 7K A
T RR UL S 358 ) DRt R 2 0 AR AL R A A A



252 S5 S P W = S 20184F
PE— R R . 28 PRk i B 2 R 23 3k (References):

AR BEAT A L M i S R PRI i T 22 I ] R
J3E SR Py v RS B AR SCBIF T I, R B
P 5 2 ] 9 36 22 e TS B0 AN ] - 3 2 7
T ARSI 25 R 22

4 Z5e

AR SR v i 23 ) 3 R 22 RUBE 10 5 U0 45
P4, a5 A AN A H B IR 28y W 9% X T
LAY - b 7 2 A0 T R R A 2 ) R
)R S ey g 1

(1) bifi i S 1523 0] o3 H R o s ) (IR A B
5 DX UM Hb 1 45 D8 B B SR 2 {1 2 BRI R
B RIS RRIE 22 AR AN IKAR B S S e (3
ARFRAE AR T 25 B I 4 5 8152 FH b RT R b 1 S
SRIMETEAR PRI T 4 mZ 5 Ese e 1
FRyfE 22 AN W38 0 - 3% BH A b R b 7 A (] O30 R
BE R e R PR R, A ROK AR R AN 1R
AR T sz S 2 S A BRI IR A T

(2) R B R PR AR (<8 m) HEfT - 7
BT AR5 o SRR e, G Xk - b B
B AR S R B RE 2 4 mo 2T 3R TR 432
AR Y B 23 2K FE RN Kappa 3 85U (R 1 B2 4%
14725 0] 43 BE R AT e T 5 Je B A1, 76 50 m 43 3%
RIS RRFAR, 43 B EAR T 15.7%~18.3%F11 21.5%~
24.2% , R WA [R] 25 [1] 43 38 238 10 18 JE S 4 o) 1 b 7
PERAVPRIRG B A K, RMR L E , SVM 22548
F 23 (] ROBE TR IR T MLC AT ANN,

(3) PEBEFZAZ 28 [ ROE BT+, HaR A8t 4L
EANWIE I, R0 2 kS BE R R S B0 R - M B
B IS A AR A SR R 2 K, I EL= A B G 1
ARALRAF 22 5% o Hoh B A b A A S5 b ) T
PP S T2 B BN [v) R B AR AR Aty 5 oA A v L2
B S 2 A0 B i 5 AK AP B S A 2 T A
A B A5 R T IR IR

HRAT W BRGNS H A R H T 1 {2
(] 53 A i B SRR 5 AR LR AE A 5T, LA
G RN TR U 8 120N ND - P i b - 5 & A S
ROBEARE A, [FI, 5 SeiF o vk — 45 3 1
L N H S5 5 4T N 5 e RSS2 A% 2 1]
I PETEREIE 22500, K G X 3a - Mo 5 B85 W 245 1
[ R 255

[1] Gong P, Wang J, Yu L, et al. Finer resolution observation
and monitoring of global land cover: First mapping re-
sults with Landsat TM and ETM + data[J]. International
Journal of Remote Sensing, 2013,34:2607-2654.

[ 2] M B, E DU, Tl b 06 18 JR S 1Y) 1 b 3 5 432 [3]. e
AR TR 2= 24 FL SRR 2T, 2011,12(3):294-300. [ He
Y M, Wang H J, Zhang H F. Land cover classification
based on remote sensing data[J]. Journal of PLA Universi-
ty of Science and Technology: Natural Science Edition,
2011,12(3):294-300. ]

[ 3] Sexton J O, Song X P, Feng M, et al. Global, 30-m resolu-
tion continuous fields of tree cover: Landsat-based rescal-
ing of MODIS vegetation continuous fields with lidar-
based estimates of error[J]. International Journal of Digi-
tal Earth, 2013,6(5):427-448.

[4] Zheng B J, Myint S W, Thenkabail P S, et al. A support
vector machine to identify irrigated crop types using time-se-
ries Landsat NDVI data[J]. International Journal of Applied
Earth Observation and Geoinformation, 2015,34:103-112.

[5] PuR L, Susan B. Mapping seagrass coverage and spatial
patterns with high spatial resolution IKONOS imagery[J].
International Journal of Applied Earth Observation and
Geoinformation, 2017,54:145-158.

[ 6 1 MLl 1, B/ Ve i o3 HER S AR TEAR M rh A 1 1 B
R [I]. 4%k T2 24 41¢,2012,28(24):138-149. [ Yang H W,
Tong X H. Application status of remote sensing images
with middle and high resolution in agriculture[J]. Transac-
tions of the Chinese Society of Agricultural Engineering,
2012,28(24):138-149. ]

[7] Lu D, Weng Q. A survey of image classification methods and
techniques for improving classification performance[J].
International Journal of Remote Sensing, 2007,28(5):823-870.

[81 ZE/IN3C, E A I i 3 J% R LN 24 I [J]. b 3 27 4R,
2013,68(9):5-11. [ Li X W, Wang Y T. Prospects on future
developments of quantitative remote sensing[J]. Acta
Geographica Sinica, 2013,68(9):5-11. ]

[9] Woodcock C E, Strahler A H. The factor of scale in re-
mote sensing[J]. Remote Sensing of Environment, 1987,
21(3):311-332.

[10] Atkinson P M, Aplin P. Spatial variation in land cover and
choice of spatial resolution for remote sensing[J]. Interna-
tional Journal of Remote Sensing, 2004,25(18):3687-3702.

[11] Ballanti L, Blesius L, Hines E, et al. Tree species classifi-
cation using hyperspectral imagery: A comparison of two
classifiers[J]. Remote Sensing, 2016,8(6):445-462.

[12] Roth K L, Roberts D A, Dennison P E, et al. The impact
of spatial resolution on the classification of plant species
and functional types within imaging spectrometer data[J].
Remote Sensing of Environment, 2015,171:45-57.

[13] Meddens A J H, Hicke J A, Vierling L A. Evaluating the



3

24 TRV 45 RR I MRl S 2 1] RUBE R BRI 253

potential of multispectral imagery to map multiple stages
of tree mortality[J]. Remote Sensing of Environment,
2011,115:1632-1642.

[14] EHies 78, B4R, A A5 18] 0 HEA BRI AE 7 Al
2 SR 2% 53 (1) R[] b BT 5T, 2016,35(4):617-626. [ Wang
M M, Zhou L, Wang S Q, et al. An analysis of the simula-
tion differences of gross primary productivity resulting
from the spatial resolution[J]. Geographical Research,
2016,35(4):617-626. ]

[15] Yakar M, Yilmaz H M, Yurt K. The effect of grid resolu-
tion in defining terrain surface[J]. Experimental Tech-
niques, 2010,34(6):23-29.

[16] X 7. 5L T 22 Y5t e SRR AR A1 17 DX Il RS Jmy IRUBE 2800 ).
1% 35 15.,2009,24(4):55-61. [ Zhao L. Scale effect of re-
gional landscape patterns based on the multi- source re-
mote sensing data[J]. Remote Sensing Information, 2009,
24(4):55-61. ]

[17] S, 22 ek, 2= A bR, A5 S SR 43 28 v i 2 ) IUBE B
BT ST 3]0 J841,2010,14(3):507-518. [ Han P, Gong
JY, Li Z L, et al. Selection of optimal scale in classifica-
tion of remotely sensed images[J]. Journal of Remote
Sensing, 2010,14(3):507-518. ]

[18] Wang G X, Gertner G, Anderson A B. Up-scaling meth-
ods based on variability-weighting and simulation for in-
ferring spatial information across scales[J]. International
Journal of Remote Sensing, 2004,25(22):4961-4979.

[19] &S, 32 {d Ak, 2% A AR, A5 B B AR 25 R RUBE BT R Y
PP [J]. 38 S8 2 41%,2008,12(6):964-971. [ Han P, Gong J
Y, Li Z L, et al. Evaluation of the effect of aggregation
methods for remote sensing images[J]. Journal of Remote
Sensing, 2008,12(6):964-971. ]

[20] W 2 B, e 2 3 0k, A5 2 () RUBE - 44775 V5 K BE 3o
—— AP S B PR 0 2 A b ] SR o 51 ] b B
%%,2012,31(11):1961-1972. [HU Y F, Xu Z Y, Liu Y, et al.
Accuracy analysis of up-scaling data: A case study with
land use data in Xilin Guole of Inner Mongolia, China[J].
Geographical Research, 2012,31(11):1961-1972. ]

[21] PhEE T A% MR, 55 e 0 — 5 TR AR R & Kt
P [3]. - % U 3 J,2016,28(4):108- 113. [ Sun P,
Dong Y S, Chen W T, et al. Research on fusion of GF-2
imagery and quality evaluation[J]. Remote Sensing for
Land and Resources, 2016,28(4):108-113. ]

[22] Nikolakopoulos K G. Spatial Resolution enhancement of
hyperion hyperspectral data[J]. IEEE Hyperspectral Im-
age and Signal Processing: Evolution in Remote Sensing,
2009,8:1-4.

[23] Guo J H, Yang F, Tan H, et al. Shadow extraction from
high- resolution remote sensing images based on gram-
schmidt orthogonalization in lab space[C]. 3" International
Symposium of Space Optical Instruments and Applica-

tions, Springer Proceedings in Physics, 2017,192:321-328.

[24] Bernstein L S, Jin X M, Gregor B, et al. Quick atmospher-
ic correction code: Algorithm description and recent up-
grades[J]. Optical Engineering, 2012,51(11):1719.

[25] Hicke J A, Logan J A. Mapping whitebark pine mortality
caused by a mountain pine beetle outbreak with high spa-
tial resolution satellite imagery[J]. International Journal
of Remote Sensing, 2009,30:4427-4441.

[26] Bruzzone L, Persello C. A novel context-sensitive semisu-
pervised SVM classifier robust to mislabeled training
samples[J]. IEEE Transactions on Geoscience & Remote
Sensing, 2009,47:2142-2154.

[27] Shao Y, Lunetta R S. Comparison of support vector ma-
chine, neural network, and CART algorithms for the land-
cover classification using limited training data points[J].
ISPRS Journal of Photogrammetry and Remote Sensing,
2012,70:78-87.

[28] Murthy C S, Raju PV, Badrinath K V S. Classification of
wheat crop with multi-temporal images: Performance of
maximum likelihood and artificial neural networks[J]. In-
ternational Journal of Remote Sensing, 2003,23:871-890.

[29] 2=, 2=, - 4 85, 5. SVM R ANN 7 22 % i i
54725 B HL ARSI A [9] M 225, 2016,36(5):19-22. [ Li
Y, LiY H, Wang J X, et al. A comparative study of SVM
and ANN in multispectral image classification[J]. Hydro-
graphic Surveying and Charting, 2016,36(5):19-22. ]

[30] Lucas I F, Frans J M. Accuracy assessment of satellite de-
rived land-cover data: A review[J]. Photogrammetric En-
gineering & Remote Sensing, 1994,60(4):410-432.

[31] # Ik, XIS A, ER 2. GF-1 PMS1 5 ZY-3 MUX £
it NDVLEE 3 43 B7 [9]. 4%l T #2244, 2016,32(8):
148-154. [ Xu H Q, Liu Z C, Guo Y B. Comparison of
NDVI data between GF-1 PMS1 and ZY-3 MUX sensors
[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2016,32(8):148-154. ]

[32] A R XA, i g ol 55 A/ N 22 TR SRR i 5 28
[i] 73 B A 0 5 AR [9]. 4 . T2 7 47,2016,32(23):152-
160. [ Wang L M, Liu J, Gao J M, et al. Relationship be-
tween accuracy of remote sensing identification of winter
wheat area and spatial resolution[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2016,32
(23):152-160. ]

[33] Li N, Xie G D, Zhou D, et al. Remote sensing classifica-
tion of Marsh Wetland with different resolution images
[J]. Journal of Resources and Ecology, 2016,7(2):107-114.

[34] Eh LT, E 11, X0 55 2 U RN - b A s () R
O 5T [9]. 38 S5 .,2017,32(2):149-155. [ Ma H M,
Wang M M, Liu Y. Spatial scale effects of land cover
based on multi- source remote sensing data[J]. Remote
Sensing Information, 2017,32(2):149-155. ]



