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Information of remote sensing image used to compare
and analyze quality of images

w1 FAEH X BB i 90 FEl/om i i)

1 0.43~0.52

2 0.52~0.60

3 0.63~0.69

4 0.76~0.90

1 0.43~0.52

2 0.52~0.60

3 0.63~0.69

4 0.76~0.90
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2
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Table 1

HIJ-1A CCD b 2010-09-28

HJ-1A CCD Jba 2011-09-22

0.45~0.515

0.525~0.605
0.63~0.69
0.75~0.90
1.55~1.75
2.09~2.35

Landsat7ETM+ Jbxt 2011-09-20

b.2011 4 9 A 20 H Landsat7 ETM+5¥1%

c.2011 4£ 9 F 22 H HI %14 GEAFHD
vE: Ry Bandl; G} Band2; B 4 Band3.
B1 HRE#K
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Table 2 Evaluation parameters for gray level
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Table 3 Evaluation parameters for texture
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ETM+HA4 50 e 76% 114%, BB 4E 4 HI-1A CCD
AR U IERSFEE BT R, ROl N AR 2
F G FE LR, R NSRS Gk, ek
TR EFEA . R HI-IA CCD 2400 L2 1
PR 22V EE Landsat? ETM+7 21%, 368153511 HI-1A CCD
AR U A RS B, T DA B
MIURTES IEXG L 45 R E, &0 SR IE 1T 5 IR
MBI B KA 0.78 ME R, ZE4 I HI-1A CCD #15%
IERT G PRIRZE N 0.30 MG, HPEHIE 1AM % ()
30m) W, REI/NFIRET IR 9 I IR AR R
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Table 4 Geometric correction results of remote sensing images

. 2% R AR 2011 4F HJ-1A CCD %1% 2010 4F HJ-1A CCD #1% 2011 4 Landsat7 ETM+5%45
x/m y/m dw/A~ dy A~ RMS/A~ dw/A~ dy A~ RMS/A™ A Ay RMS/A

1 3795.00 5644.00 0 -0.19 0.19 -0.27 0 0.27 0.24 0 0.24
2 4378.00 5020.00 -0.04 -0.01 0.04 0.08 0.14 0.16 0.30 0 0.30
3 4619.00 6189.00 0 -0.24 0.24 0.03 -0.11 0.1 0.05 -0.04 0.07
4 4576.00 3984.00 0.11 0.12 0.16 0.12 0.17 0.20 -0.03 0.08 0.09
5 3152.00 4856.00 0.15 033 0.36 0.12 -0.19 0.22 0.03 -0.09 0.10
6 6506.00 5126.00 -0.02 0.17 0.17 -0.06 0.01 0.06 0.06 -0.02 0.06
7 6530.00 6163.00 0 -0.20 0.2 -0.04 -0.07 0.08 -0.02 -0.02 0.03
8 2994.00 3315.00 -0.07 0.11 0.13 -0.09 -0.06 0.1 0.01 -0.04 0.04
9 1734.00 4073.00 0.08 0.14 0.16 0.09 0.06 0.1 -0.02 0.04 0.05
10 3005.00 6070.00 0.03 0.07 0.07 0.11 0.05 0.12 0.04 0.03 0.05
11 6770.00 4235.00 -0.05 0.16 0.17 -0.05 0 0.05 0.03 -0.02 0.04
12 5522.00 4778.00 0.10 -0.38 0.39 0.08 -0.24 0.25 023 -0.02 0.23
13 5765.00 5777.00 0.01 0.78 0.78 0.11 0.24 0.26 0.00 0.09 0.09

MR 0.05 0.22 0.30 0.10 0.10 0.17 0.08 0.04 0.14

Heoxy y MASE SIORARER . AR dxy dy 230N SRR IE AT AOME AR B A S 5
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BERIES, SRKE RS AE RN ERERRN K, BERBEREERMYE S, WK 2KE,
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RUPLB WG BB FE . PRERNEERG T HI-LA CCD #A5K, 7 R 4 R e it & 1)
PRV Ao . BT ZET BRSO MR  FEE, 7 E SRR, 1 Landsat7 ETM+32 4 Fk
IR AL ETE, BU5 2Ok, RERBEE . B 5. 7 BBURUN, HROGRERUM AN, At By
H7 BRI E A G RN BB RIE T e 5 Z=#BOR: (73011 HI-1A CCD 2 & IR M LLER 2 4
FERDRIA B S TIRR L, JLHOR, WG T ek BeBAh, HAl Ao B bR ¥ Ar iz AT 1K HI-1A CCD
AT S BB M BT S DS T st X TR B, BWYBERRNIR R R RN, Ty 4k 8 A5
M, WG B mds, BMEREL. FE M7k . KERWAET P, Landsat7 ETM+24 )
A2k Wggiik. R 2236 EMOGES, A RIS .

SR PG 7S B Ok T R oA, SR T TR A SR W 2 B E T EEAS EA, HI-1A CCD 8184
AT B B B84 1) 2 1B R AR 2% L Landsat7? ETM+
SNR=E/c 2 AR WG, IEH A friatT W HI-1A CCD & i B H 5 Kl

H:Ar, SNR (signal to noise ratio) M{FMElk, E N WORMBIAIEEIR, AL TIES i, TH 4 BEBAH
SARIKIEYIME, o ABKETT %P, %50 3 ImEIKY ZAEAE, B RWEBOER 5 X AR A,
BRI S5 R o Gk 45 R EW], 7] HI-1A MIKPE S W 45 SR, SEA473Y) HI-1A CCD 24445l
CCD s¢A456 1 P B B L IE 3 A is AT B HI-1A RO F 5 iR )8 8L, I HAE /N ML) J7 1 B8 3 4 1 AR I
CCD 5245/, JLAth s B LU B 73 A 18 AT W K 5 Y [ HAE R, WiE ., WA, BTk, A T
K, Ut B REZ3 1 11) HI-1A CCD 5% 8470 T ik 4 & [ Hu ) DA HI T R AT S Jrim Rl BRI L A b W H 45
F ., 1 Landsat7 ETM+32AR T 4 U B AR B 0 [ 12078 J7 1 -

x5 EBREZEMEHTERITER

Table 5 Gray level results of remote sensing images

2010 4F HJ-1A CCD % (IEHZFanigdqTiH) 2011 4F HI-1A CCD #4 GEAHD 2011 4E Landsat7ETM+5%1%
B 1 2 3 4 1 2 3 4 1 2 3 4 5 7
BAME 3714 22.19 1137 1136 4173 2930 1586 1202 3819 2236 12.41 459 0
KM 15631 134.96 112.95 8421  153.08 15170  137.81  107.50  190.04 19330 15290 16550 31.06  10.80
T 5621 4472 37.57 4697 6246 5604 4187 5644 5826 4835 3858 5402 924 2.33
W% 13.06 13.13 14.52 7.24 1318 1416 1492 9.70 15.71 16.93 1862 1259  3.12 1.22
fE L 430 3.41 2.59 6.49 474 3.96 2.81 5.82 3.71 2.86 2.07 429 2.96 1.91
— [E#H A iHI-1A CCDE M — - — JEHHIHI-1A CCD 1% - --- Landsat7 ETM+#{%
1.4E+07
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Fig.2 Gray histograms of images in study area
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Landsat ETM+24 1A s 3 Mg e/, Ut
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11.34, 22.59) WIEHW & miE, AL Landsat ETM+
ARG, 0B Landsat ETM+521% 10 S0 S0 B00R, 5%
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WeB 0005 [ RIER 4 % B A ) IR AL LL IF S A5 s
T, UOWIAEAR I HY 2550 4 BB B K, b
B %7 1wy W5 LG AR T s AT ) HI-1A CCD %
BN, UL IE R i T HI-1A CCD 48145 B &4
K, SUHE R, BRI R e P (1) 3 R
Landsat ETM+5218 01 4 3 B 7 I RS E 3 4 3 632
b B, U] Landsat ETM+E 8IS R B R T .
FEFF IR HI-1A CCD %5 RS 4 P B a0 B 48 v £ (i
BEAF A, Al I B SR e T B A e IE A i
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Table 6 Texture results of remote sensing images

wAs 2010 4E HI-1A CCD 1% 2011 4F HJ-1A CCD #4% 2011 4 Landsat7 ETM+3#%4%

B 1 2 3 4 1 2 3 4 1 2 3 4 5 7
0° 2109 2105 1745 988 1489 1821 2165 1815 4581 4711 5463 4607 279 0.80
N 45° 4185 3937 4173 1312 29.17 3295 3525 2255 8070 8403 9646 7234 428 1.18
90° 2609 2455 2992 730 1836 2003 1934 1134 4939 5150 5817 4393 272 0.81
135° 4190 3942 4176 1314 29.19 3295 3524 2259 8076 8407 9641 7232 428 1.18
0°  0.05 0003 0003 0008 0006 0004 0003 0005 0004 0002 0002 0002  0.03 0.16
I 45°0.003 0002 0002 0006 0004 0003 0002 0003 0003 0002 000l 0001  0.02 0.16
90°  0.004  0.003  0.002 0009 0.005 0004 0003 0005 0003 0002 0002  0.001 003 0.16
135 0.003  0.002  0.002 0006 0.004 0003 0002 0003 0003 0002 000l 0001 002 0.16

0° 6.17 6.32 6.50 5.56 5.90 6.05
45° 6.51 6.62 6.96 5.77 6.23 6.35
90° 6.27 6.38 6.81 5.47 5.99 6.09
135° 6.51 6.62 6.96 5.77 6.23 6.35

6.61 6.21 6.63 6.88 7.12 7.03 423 2.90
6.87 6.38 6.89 7.16 7.40 7.28 4.45 3.16
6.58 6.04 6.67 6.91 7.16 7.03 424 2.92
6.87 6.38 6.89 7.16 7.40 7.28 4.45 3.16

YT RIREER, 2011 4F HI-1A SEAR 58 3 9B 007
If) 55 4 P BT 7 0] SUAEFIEE EE 2010 45 HI-1A 248
T, i At i B AR 3 LU O E 7 T s A5 T s IR
R T TRE A IR B B AE A S T BN BT, X 3
s AZ AT 5 93BT (Principal Component Analysis,
PCA) , ERRBLZ M ZRE R SMHIKE, B 1 5B
2 WO E RS BT A T e B . R B 8 R o
(KD %1 ERG (PCDH WEFTMBT 80%LL Ef
TiEER, W3 ANFEREE T AR 99%LL
A .

Fx7 EREEERS WL

Table 7 Principal component analysis of remote sensing images

pC 2010 4E HI-1A 2011 4EHI-IACCD 2011 4 Landsat7
CCD #1% P ETM+41%
1 88.24% 83.60% 82.21%
2 7.82% 13.45% 14.65%
3 3.07% 2.35% 2.48%
4 0.83% 0.60% 0.51%

FERA MR 2 AN ERS DR E T A B
95% LA 1175 ZE 45 I WO IUAT 2 /> 32 i oy B B AT 8L
FRIEVEY (R 8) o« MG L Rl LLEH, 31 £
BB (PCL) [P R P 4875 ] HI-1A CCD #1588
3 Mg R, IEEFEGEITIRGIRZ, 2011 4
Landsat7 ETM+3¢44 8 K, 6B 4873 W 5245 1) S0 BRI 55
%, AR R T IE W G aris T B S PC1 1A
AR G AR S IR A A AR AR, 1T Landsat?
ETM-+5544 19 4505 [ A1 13507 [ 48 0 bL B P9 A%, 10
TEFF W5 IE A IS AT A AR QU AL, Landsat?
ETM+3AE IS 41 5 PCL IR A 2011 4E HI-1A CCD
AR R 0077 1046, HoAh 75 R34 L 2010 4F524411K, Landsat7
ETM+E AR A )4 fe =i, UiW] Landsat7 ETM+5#44 %
WIS B E, IEWAma T PRy, ai
W BN A% 28 2 RO (PC2) %77 In] I35 WA
' Landsat7 ETM+%44 4 By, 2011 4F HI-1A CCD 514
JEH, 2010 4 HI-1A CCD 5445 5 fik; PC2 [ [k
#2011 4F Landsat? ETM+E 5 A%, SE4 W HI 5K
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Z, 2010 4F HJ-1A CCD ¢ 55 =, ¥ Landsat7 ETM+
AR 2 BB ISR, T IAR L IR A
i WA b i S Wi PC2 HOMRE v S 5 3 3 15
Jarh, IEE ZEaria AT 5 51K, Landsat7? ETM+32 5

e, Ul EE G AR A S 5 BRI T 1B 77
GrIBATRAS, T Landsat? ETM-+5215 5T I i i) 045 5,

o

ES

Hof

i
o
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Table 8 Textures of principal component bands of remote sensing

images
Y 2010 4F HI-IA 2011 4F HI-TACCD 2011 4 Landsat7
IPZ;{ CCD #% AL ETM+i%4%
WeBt

PC1 PC2 PC1 PC2 PC1 PC2

0 48.36 9.23 46.18 1752 137.06 4294

45° 99.16 12.32 84.47 21.87 24451  67.62

90° 61.33 6.95 49.11 11.08 14570 4135

135° 99.29 12.33 84.48 2191 24455  67.61

0 0.001 0.007 0.001 0.003 0.001 0.002

oy 45° 0.001 0.005 0.001 0.003  0.0005  0.001

T I

;i 90° 0.001 0.007 0.001 0.004 0.001 0.002
135 0.0007 0.005 0.0007 0.003 0.0005 0.001
0 7.43 5.63 7.49 6.28 8.06 6.99

45° 7.80 5.83 7.79 6.45 8.35 7.25

90° 7.57 5.55 7.52 6.12 8.09 6.70

135° 7.81 5.83 7.79 6.45 8.34 7.25
i PCLOWEE 1 ERB: PC2 A 2 FRAr kB,

ﬁ’;j‘_

PC2 BB 545 R R 7s SE A7 W 5 e 2 b
LEH A iy L AR R G o 37 W JSE M0 B B 1 5 e S X
B, GBS S P RIS A M
SHEL K ) A X SR B (O, oK, EAR AR B M A5
ARSCPTIE I T AL S ) . AR TR bRt
HL R, FETF IR 1025 T SCE AR b 5 1R A5 i )
BRI, DiWISEAFII AR AT LU A o 108 45 Bl
Ay ml 45 J5 1

3 HR5IE

AL BT AR, AU 25 K PEREAE AN
SURLRFAE 3 A7 T Ab T 42 73 B11%) HI-1A CCD s¢44 i
HHAT TV 5008, JF 5 I 23 aria AT 1 HI-1 TR
[F]3#] Landsat7 ETM+Z BT T XL 4T, BFFT4s e
I

1) IEFAN HI-1A CCD 395K . SO SiHFRE
SIEH A arig AT ) HI-1A CCD 485 i, Reiilys
AR )RR S A S S . Ul 22 71, 4E
T3 B AR I LA R AR FR REWE K, LU IE W aris AT W B
KRR R, (AR N TR IR, KE R
W R A VN FH A5 7 Th R T AR SRS B, T BA, 75 58
G ATy AT N H T RS 5

2) SEFHHIN HI-IA CCD 4% 5 [ i %] Landsat7
ETM+3Z G AL, BisEmg{%, {1 HI-1A CCD &L
Landsat7 ETM+52A4 3R &), X AT R = T 1 8 FH 4
BRI

3) A 3 WEARHAT A b, FRIEECHT AN 32 Rk
Iy BT EBRFIE LR, PCL 5 PC2 ISR 545 R
$JZ W], 2011 4Ff) Landsat7 ETM+564% 40 B L 4E 45 1)
HI-1A CCD SR8, SURIEAN, M m, 4 i)
S W RgUR B A B R

zi b, IEFFWIM HI-1A CCD S22 155 4 IR B IR H
FE e I HY Se QT REAY iy, 1 LA B SRR TR
FEm I H 5248, 55105 75 an WEAR 1 A T F e s AR 0T
BT CASE T 545 52 4 vl LS U HY 28—k, N
IREEIRIN ., g, B R R RN L
FUXISE 7 1H

(& £ x #

(11 ate, Mty 5L KERNEERN LA A &2 CCD
BRI, 44K, 2009, 31(3): 167—172.
Li Shihua, Jiao Yuanmei. Image quality assessment for the
HJ-A CCDIJ]. Infrared Technology, 2009, 31(3): 167—172.
(in Chinese with English abstract)

(2]  Phher, RESCHE, B, A MBS 1R CCD R R
EIFM ). Z04, 2010, 31(9): 30—36.

Sun Zhongping, Xiong Wencheng, Wei Bin, et al. Image
quality evaluation of HJ-1 satellite CCD sensor[J]. Infrared,
2010, 31(9): 30—36. (in Chinese with English abstract)

3] Moo, e, i, 45 CBERS-1 1L GHE
TR VPMAFFE[T]. WORIR M S, 2003, 24(4): 34—39.
Yang Yuanyuan, Wang Hongnan, Wang Jing, et al. Research
on the quality of exceed images provided by CBERS-1
satellite[J]. Spacecraft Rocovery and Remote Sensing, 2003,
24(4): 34—39. (in Chinese with English abstract)

[4] JHW5E, HEA, KFHL. CBERS-02B DAL CCD #i fiht
VPO S R VE (D). REE R, 2008, (6): 47—52.
Zhou Yuji, Tian Qingjiu, Zhang Xuehong. CBERS-02B CCD
image data quality evaluation and application potential for
vegetation classification[J]. Remote Sensing Information,
2008, (6): 47—52. (in Chinese with English abstract)

[5] v, WiEmE, TSR, 5% CBERS-1 L2 02 £EIGHE
FEVEN[I]. MORIR IS RERK, 2004, 25(2): 34—38.
Wang Jing, Yang Yuanyuan, Wang Hongnan, et al. The
Quality Evaluation of the Image Date of CBERS-1 of No.2
Satellite[J]. Spacecraft Recovery and Remote Sensing, 2004,
25(2): 34—38. (in Chinese with English abstract)

[6] FKER, wkiv, BUKE, & opUHEEE -5 LR Z0E

HAH#E SRR I]. P EEREEER, 2002, 7(6):
581—586.
Zhang Xia, Zhang Bing, Zhao Yongchao, et al. Image quality
assessment for the infrared multi-spectral scanner of the
Chinese-Brazil Earth Resources Satellite[J]. Journal of Image
and Graphics, 2002, 7(6): 581 —586. (in Chinese with
English abstract)

(71 R, e, R h RS TR R iR o
JUPTAIESH]. REIERER SR H, 2000, 15(3): 170—174.
Zhao Shuhe, Feng Xuezhi, Zhao Rui. Evaluation on data
quality and geometric correction of china-brazil resources
satellite No.l data in Nanjing area[J]. Remote Sensing



170

Ak TREZAAR

2012 4F

(%]

[11]

[12]

[13]

Technology and Application, 2000, 15(3): 170—174. (in
Chinese with English abstract)

BUENL, Ak, RO, AE T 02B RGBT P LT
FOEAHAD]. W25 REEE R, 2010, 23(4): 31—34.
Hong Zhigang, Cong Nan, Tang Xinming, et al. The elementary
study on the geometric correction assessment of CBERS-02B
data[J]. Geomatics and Spatial Information Technology, 2010,
23(4): 31—34.(in Chinese with English abstract)

Kamel Soudani, Christophe Francois, Guerric le Maire, et al.
Comparative analysis of IKONOS, SPOT, and ETM+ data
for leaf area index estimation in temperate coniferous and
deciduous forest stands[J]. Remote Sensing of Environment,
2006, (102): 161—175.

Kari Kallio, Jenni Attila, Pekka Harma. Landsat ETM+
images in the estimation of seasonal lake water quality in
boreal river basins[J]. Environmental Management, 2008,
42(3): 511—522.

TEE, HIRA.IRS-P6 ILi LISS3 G H T pPA ).
S FRAE BRLE, 2007, 23(3): 11—14.

Wang Qinjun, Tian Qingjiu. Quality evaluation of LISS3
image from IRS-P6 satellite[J]. Geography and
Geo-Information Science, 2007, 23(3): 11—14. (in Chinese
with English abstract)

WRiksZ, BAOE. &2 AT M]. dbat: Jg s,
1990: 148—150.

JE 5%, HERA. EO-1Hyperion 1561 i ) 5 = PEANT[J].
RS BRI, 2008, 10(5): 678—683.

Zhou Yuji, Tian Qingjiu. Image quality evaluation of EO-1
hyperion sensor[J]. Geo-Information Science, 2008, 10(5):
678—683. (in Chinese with English abstract)

[14]

[16]

[17]

Robert C W, Don H C, Christine A H. Thematic mapper
image quality: Registration, noise, and resolution[J]. IEEE
Transactions on Geoscience and Remote Sensing, 1984,
GE-22(3): 263 —271.
Azadeh Mansouri, Ahmad Mahmoudi Aznaveh, Farah
Torkamani-Azar et al. Image quality assessment using the
singular value decomposition theorem[J]. Optical Review,
2009, 16(2): 49—53.

Corner B R, Narayanan R M, Reichenbach S E. Noise
estimation in remote sensing imagery using data masking[J].
International Journal of Remote Sensing. 2003, 24(4): 689 —
702.

MR, A, B AR IR A CBERS-1
PREMZRI]. BURIRMSRE, 2001, 22(3): 40—45.
Zeng Shenggen, Zhong Haiquan, Xia Deshen. Analysis of the
CBERS-1 image based on image engineering[J]. Spacecraft
Recovery and Remote Sensing, 2001, 22(3): 40—45. (in
Chinese with English abstract)

J R, S S, ety S5 SR IRGE R 7 SR AR 5 20 A (M.
JEt: BlEEfrat, 2001: 17—19.

Wei Su, Jing Li, Yunhao Chen. Textural and local spatial
statistics for the object-oriented classification of urban areas
using high resolution imagery. International Journal of
Remote Sensing[J]. 2008, 29(11): 3105—3117.

TR, B, R, G BIBEHE VRN AT
W E % B 2E ], 2004, 9(7): 828—831.

Wang Hongnan, Zhong Wen, Wang Jing, et al. Research of
measurement for digital image definition[J]. Journal of Image
and Graphics, 2004, 9(7): 828 —831. (in Chinese with
English abstract)

Quality evaluation and usability analysis of CCD image in life extension
period for HJ-1 satellite

Su Xiaohui', Zhang Xiaodong®, Su Wei'*, Sun Zhongping?, You Daian?
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China; 2. Centre for Satellite

Environmental Application, Ministry of Environmental Protection of the People’s Republic of China, Beijing 100094, China)

Abstract: HJ-1 Satellite has made an important role in monitoring and prediction of disaster and environment since it
launched successfully, and it has been serviced for 3 years, and it is in extension period. In order to evaluate image in the
extension period, the study selected three image features: geometric deviation, texture feature and gray level feature. By
comparing the images of the same temporal Landsat7? ETM+ and the forepart HJ-1A CCD, the quality of the extension
period images from CCD sensor onboard HJ-1 Satellite was evaluated objectively. The result shows that the quality of
extension period image of HJ-1 Satellite has declined a little, but it is close to the forepart image of HJ-1 Satellite. Image
of HJ-1 Satellite in the extension period still can describe the types of the surface features and details. It still can
provide service like the forepart image in environment monitoring, disaster monitoring, land and natural resources
management, city planning and agricultural application.

Key words: image quality, geometry, calibration, textures, gray levels, HJ-1



