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ABSTRACT

Radar remote sensing technique is an important frontier field for the earth
observation owing to its peculiarity of all weather and all time. Speckle in SAR
image is caused not by the result of natural character of the earth’s surface and
electromagnetic wave but.the process for coherent signal. Speckle makes it dif-
ficult to interpret image visually and extract interested information from SAR
image. Consequently, it is of scientific significance and practical value to re-
search speckle restraint and information extraction of SAR image.

SAR image is of high spatial resolution, and TM image is multi-spectral
although spatial resolution is low. It is necessary to combine SAR image and
TM image in order to speed up the application of satellite remote sensing.

Xuzhou city is a typical mineral industrial city in developing economy and
transportation. The research on city expansion and land subsidence is required
for city development.

In this thesis, the statistical property of SAR image speckle is analyzed
and some of the nonlinear sciences - wavelet and wavelet packets analysis and
nonlinear soft - threshold theories are applied to restrain speckle. Multi-scale
textual information of SAR image is extracted based on wavelet decomposition
and it is particularly suitable for extracting information of object oriented from
image. A theory and method is presented to realize automatic information ex-
traction of SAR image on the basis of multi-scale textural information and neu-
ral network classifier. The experiment shows that the method is effective and
can improve classification precision. To combine high spatial resolution SAR
image with multi-spectral TM image, such data fusion method as color trans-
formation, standard wavelet transformation and the combination of wavelet
transformation with THS are developed after geometrical registration for multi-
source images, In addition, a new fusion theory and method based on extrac-
tion of multi-scale wavelet textural information and principle component analy-
sis is developed. The quality of fusion image is quantitatively evaluated and the
result shows that the new data fusion method is feasible and rational.

As a result, the city expansion, coal mining subsidence and spatio-tempo-
ral changes of land use in Xuzhou city are monitored and analyzed based on
multi-source and multi-temporal satellite remote sensing images. Qur research
can be utilized to direct planning and urbanization of Xuzhou city.



%*JTF&]@

A

# 1

o

A

K2 s e

Z

i
YA

=
>



FIEI3 At/ N AR TR Al £ R




T

”

BOHFFIETR

ST

15

0z

BI6 HT /NI STHSTERETM + b 2 2



21 TG 24 IR E SR [ B g el it b A = i Er L
2B R A St Y

HE EE o .y
BB B2 SIS TG A K2 R

PHE8 I XE A KGR




Wt E M RE X e e s
E ST R R A Fr R AR -

1.1
1.2

1.3

2 WERABRTEBEEBGAOTEIURISEM oo
B 3t T (Landsat) ZaFl -oveeeeeereereereeresrusnuetit et et esteeeen e e

2.1

2.2

2.3

2.4

2.5

1.2.1 SARB#smigpbeiws)
1.2.2 2 # SAR %1z 869 3

1.2.3 TM EB5 248 SAR BB 5% 5 B ATRRA - veererreme s
1.2.4 T REBMBT BIFIE woeeoreemreearoreernecrneceenens
EEIT AR AR TTEE o oveerrre o rrens e i s s s

2.1.1 H#AF -

2.1.2 RRILEBEWNMELFL- R 10
HIBR WL S0 TR (SPOT)ZEF +rovvvvrrreereenmnmrnenesneninmiienssennns
2.2.1 SPOT T B AGMLE B AE v oervvnrrromenrnenennnenesieniesaeeaeaeeens
2.2.2 SPOT Z B R B BH T BHEAE oo rrrrereiieiiine e
- 18
- 18
- 18
2.3.3 CBERS—1 B B cvevrreerersmirniineieeiiiiitieteesiiinnees see

hE M ERE T A (CBERS)
2.3.1 #Eik-
2.3.2 CBERS—1 #3#Li # 42

2.3.4 CBERS—1 # &/~ & --
B4R ER IR T2 (IKONQOS) -
2.4.1 #$ifd¥4e--

T W W NN =

-3

12
15
15
16

19

- 19
19
2.4.3 i&_}ﬂi‘ﬂ,...............................................................
T K 35 TLIR (RAdarsat) «+--sseeeeeeeeraeensnresnsnsnsaensusenenneesans

20
20
20
21



ZRZWEDEERBGUENSSUANR

- 1 = L R P
3101 S EIBRI BB e e e e et e e e
- 26
- 27
3.2.1 SAR BEHEE"E BT BAUIL  <rovvrorrvnrenraninnemnneneennnns
3.2.2 SAR BB BE 5% BAGa it oo
I T R IT RPN 30
IS a5 /N AN AT BB AS TS o oo vervreeee e e e e,
3.3.1 EESREFE B E
F) /N AR T 4] SAR FIMRBYBE SRS +orvererrrrnnninennianenennn
heseere e nas « 40
3.4.2 S EHDMSAR BAL P 3 55 B FTHMG AT coeeeerrnennrnenns
3.4.3 SAR BBt A S 69 Ao ik corerrrrrreerirrreannnnnieaan
- 45
- 48
- 48
- 49

- 51
/J\%..............................................................................

3.

3.

3.

3.

3.

3.

4 EﬁSAREﬁFE?EEX
4.2 SAR BEMEHIHL Y B B S BHLE PR SMIR ceoereerererereiinnenns

- 58
4.2.3 BB ERMERE L BB BAME e

4.

1

2

3

4

5

6

1

[S2 ]

2.5.4 Radarsat & A~ B 3% 38 3% B4 5

3.1.2 FxEBBEA-

E# SAR EIR Bl R A B RLE -

3.2.3 SARBE#gFagEER

3. 3. 2 ‘J /)ii«‘zﬁt

3.4.1 RFIHIEBMAES K-

3.4.4  ER e

%?A&EQ%WSAREﬁﬁﬁﬁmﬁ@

3.5.1 bk Lehi A ek B
3.5.2 EEHEMHINEELSBRE S
3.5.3 FHoHre-

SAR FEETFRALER v vveeeereenens

4.2.1 SAR B 1% A% 69 JLAT 4 5
4.2.2 EABBEHIE LI

4.3 SAR BEHLIERE BEEL vrorrererrreinnns

4.3. 1 LB AE S FTABBKELZLHBEL

3 AALE K B M T D B e eee e e
- 24

21
22

26
26
26

27

27

31
31

40

42
43

54

55

58

60

- 64
- 64



4.3.2 SAR BB ¥ A2 BRI F ik -ooorerenee s 65
1.4 %J%?*g%@ﬁﬁ%&ﬁﬁ@{% g A e 74
4.4.2 A5 BP W2 RMEHIFTEBSE orerrrrrrrr 74
4,5 FTF/IIESrESEN SAR BRAFLEHIIT orerrerrr oo 78
4.5.1 %fJ&aﬁu B2 ERES SAR BAR S £ H itk -ooemvenee 79
A6 JNGE e e 82

5. 1.1 %ﬁgng&A%&A;}uax R X
.2 SAR @{gl_ﬁ TM BUREIER 5 v ererveverorsvrenmnnnnennsneannninaeniees 87
5.2.1 BEBF R RBEIIZRE e 87
5.2.2 BEIEMHAE LR ERE] o 87
5.2.3 BB IE PR A STl rrerrrreerreeerieniiaaeies e 89
5.2.4 BRI EEE MBERFERE e 90
.3 SAR E/E5 TM EZAIBIEELE o rerereereerrrerereeieeeennenennans 9]
5 @AE{gmﬁiﬂim R 1+
.6 Landsat-7 TELZHERE 526 BRI BIRRE S - cerreerrmme 103
5.6.1 Landsat-7 #36 % A A $ 6 B AR A 6 &Aoo 104
5.7  JINEE ceeeee e e 108

(@21

W

o

01 (@3]

6 gﬁgﬁ#ﬁﬂiﬁ@Eﬁﬁﬁﬁﬂirﬁﬁ N K
6.1.1 WFILERFTYE - A N1 1
6.1.2 A RMMEAIBRRE «ccorevermrrir i i e 110



TRINEDEERBSEENSSUAHAR

6.2

6.3

6.4

6.5

6.6

6.2.1 TM BB E JUATE] B covveereeoeeomr et et et e
6.2.2 TMBEABE KA E orrrerrrrrreriare et ennen,

6.2.3 BB A -

ﬁﬁ&ﬂ%ﬁ%%hm

6.3.3 MMIEHEMHE -

6.3.4 BBAIASFUMNEFIHRARRE -

2 1R 25 i A 138 JER PR AR SRR T 7 R M 0 o o) 12

6.4.1 D REBAMBTHREBIE oo,

6.4.2 B EEs%

6.5.2 9‘5%4@:‘}” ﬁ;’aj‘ﬁfﬁ&&%gj—i Setaetesnsnatte e aesennarancevas
/J\% N

7T ETEBHBMNTHTT RREDHSH -

7.1
7.2
7.3

7.4

7.5

BrRXHES -
FEHER -
&R E RS BB

WHY R -

7.4.1 BIFHARBRTFIVBRMHER - . e
T.4.2 BT BARE B LM E T B IF oeeerrerrrrerrennrneansns

112
112
115

6.2.4 FAEEBDRFNIBESBBAATAML oo
. - 118

116

118
120

- 120
- 121

123
123

127
128
128
130
131

- 132
- 132
- 132

7.4.3 BA T B EIEEIE crooeeor e e e e

7.4.4 RBRFFRABZH H 54

8§ ETFERNSMBLFBRSELIHF -

8.1

Brov K -

7.3.1 }B‘j‘?}ﬂl&%@ﬁf{'fbﬁ/ﬂ‘lﬁ&ﬁ'}ﬁ#

7.3.2 ﬁ%ﬂ%?%&ﬁkﬁﬁ@{gﬁ/{—a fervecsuereesiraraasnens
cee 136
<+ 136

133
133

137
139

- 140

142

- 143
e 143



B ®

8.2

8.3

8.4

8.5

8.2.4 LuAHBETHBEHREAGLIE -
HmMT LA A EHHETESL -

ERAAHER -

\10301%03[\))—*

M T LA R KT R4 -
iﬂﬂmﬁiiw%%@ﬁﬁﬁ

8.4.1 g1x}ﬂj&)ég&ﬁmd]ﬁh\%

8.4.2 BEFRHARMIEIHMNT

T HF AL BB 22— creree e nneennennen
JINBE et et e e e e e e e e

9 ZEERRE ot ee e

# &

ERAMEREBY S AP TR RBH -

- 143
- 143
- 143
- 144
- 144
e 146
seresnerseencaesns 146
%ﬁ4\ii&a#’1)¥l%&@#ﬂi4bééi4t4ih*ﬁ
I A B AEABIEIE et
EHA AR EAL ccoereererreieeini i

147
148

- 151
- 151
- 152
- 153
- 155
- 155

+esee 155

156

- 157

ceseses 159

- 171



1 % B 1

1.1 HARNENFENX

gk 20 4 80 FRBAELERFEERMAX BB EE ERZ /G, #HA 90 4F
REE,AIABRNEN A TEEXR. B ANMRERT EFiE KZE R K &
BRIEEEEMEXRELATEMBHEARE , NERFENMTEDHRBEER
(BRRE,1998), BERBEE-MEFMBEEBRBEAR, ERFERXK. . XK
TSR BE T AR — Y F B, RBBEX LRI BRBHRES, X
3 RIS BE B A B O I R L B IR B B IR AL B R R T B LR
FRE ERLBREABREEAN R FRZ —. HRBFLEBREFL
BRBERM T ERABRENRZEE ML HAME.

2T, & b X 3 X I B AR BT 2R B 8 R B A (8] B R UR B BB
ENXEERBEN N AEEN, AEEER L RIFLEHN. HTRATEHER
HEERBETHEREUN LN, BREBBREENABARAR, ERTEE—-FTE
BHRREZEBBEENRBITER, 75— WUMRBRHR L REREERS
BFT 7, R R 2 18 P & 9 £ R 4 LA ST AT i ORI ) 4% , 1B RN AR B i
BMERAEERRELE FEEFSHRAER. R, ZLREMRL,
BERAZLSHFEFMEZERAESEARANIFH T, “BF K" (Digital Earth)
TLA WM AL, w21 #eH &F 8 A= E e RSk FPLE , Fit
MR ZG%BESFERMSHYIE, BERLER(BRRE,1998).

MHHRARERERAEM S STHRN, BE—RMEBRERTEER,
RABRTEFRWATE . —BERBRZEEZR, BRXIRATE N L E S5
M —RBERAXKBEARLE . SFARHLERBIBMM S 25 AXRMK
FE R AL U5 B AT . X A 5 T B4 B ST R AR R AR AR

BBREEAEU LW AR ERERT UIRE R B 5L, LB R A]
BRCNTHTEIBEMBR”AEE, RS T ALPRBERE B RERR T EEHE
FIRE A7 s FIK L i AT LAFE B ERATA i S 9 A BE R 3R 7, X — A R B 4 B R AR
BB B 18] 43 Bk S0 R 0 1) 50 4 5 0F 20 0 R A L AR M A TR G5 B AR SR R AT 40 T S
BE . NREUBBERENNAMREHBREERESITHNERE, BTR A 3H T



2 SRENEREERRDRYUERSSUAHAR

Z—RINMMESEEBRERE - FTENEEER HRBBEARHNEHk,
B LA 52 JR% Sk BB, ) FH e ] 25 HE R 25 (8] 43 A7 928 4k , BRI FH 25 18] R 30 18 9 B i) AR
LR 8 (BRE 82 ,1998)

HEWERRIBURHLBE B R Wl k— 38, R . FE AD
K ARBRELXFZEBRTHRFAYN . ABFE BEXENEREBENEER
B, XEEAEAEERR, &R EHAMKCEY 7, bEE o 8] 8 2E 8w & 4
EXTBUHSIEB-RINNHFE. WMTLE THEBXHFRIR, EBBATH R
BAL , BEEESTENSE, RAGFE NG, BB A %05 E B, EHH
FRFRAAMNTREEROARN, #T2FRANEE, REARTEEER
WHEELE.

BHAREARETRAE A LDHAT SEEXEHMK, A%REFHL
KOARMIEIBA L HFREZBRAE, AEUEMTTH TM B4 SAR B %
REEMPEE, R T SAR BRBEAMEHME . 5B ER.SAR BB
TM BB BEMRESERE, MAZHELHAN TEEREGLN T &M T M
B XM RIBE BMATHRT Y BB M 1987~2000 48 3 H#b F| F At 25 48
B, XTSI T R A+ H R B AL B IR 3h S AT B AT

1.2 BEARMNMARINRBERFEREY D)

1.2.1 SAR B3 2B A3l

MAETRNMHBERRESFBE . RETNESAFETLBEARMEES
RIEBEEAR. BEXAH A MEEERNFREEEAR. B8 SAR R
MBS, RERHAEZMAEE R, (BBEH SAR B4 RN H AR T, K2 64
PRMOERAHRS, UL EEARCREREER, AT EEREREAR b
R AR RERE R R BN D PR SAR ARAEE EW/. 20 #4E 80
LR, BT i £ ERBE AR A gB B B vk, H b BUE MR A R A S T R
Oxf e 11 MR 75 AR Ot BB AR R AN ) , HF Z B A H S RIBEE R (ASE
7 38 52 ) KA I IZ W 9T ML AT (XU Peiliang,1999;]. C. Cabada %, 1998; Jong-
Sen Lee %, 1998; BEBE4T 45,1998 H%,1999),

FEXNEHBIBB LA : Lee B ; Frost 383 ; Lopes 32t Xt LA |- %6 b &
B Mt ; Gamma MAP B3 ; Kuan 3.

FAEG R 2 BB NP AR S EEE M BB RS RE e
BRARFRBENRNBETHEGER, AR BEREEEEEGETHRE
S M A% (FFT) , B N R B S A M S s S N A R ST,



