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AVNIR-2 and PALSAR Images

Student : Hsin-Yu Chen Advisor : Tee-Ann Teo

Department of Civil Engineering

National Chiao Tung University

Abstract

Remote sensing is a technology which acquired data that is not in contact. The sensors of
remote sensing include optical active sensor and radar passive sensor. Optical image is an
angular projection and receives the measure energy that is naturally available. Radar image is
a distance projection and provides its own energy source for illumination. These sensors
contain different information. The integration of these images may be beneficial to many
applications such as disaster monitoring, classification, image fusion and change detection.
Image registration is the most important-part before data fusion. The proposed methods
include mutual information matching, patch-based matching and edge-based matching.
Mutual information (MI) matching uses the entropy of moving windows to determine the
mutual information between images and find out the area with the highest mutual information
as the most similar area. Patch-based matching uses watershed segmentation for region
extraction. Then, it calculates the similarity between regions with a cost function. Edge-based
matching uses Canny edge detector and minimizes the distance between edges on the pair of
images. The image pyramid is also utilized to improve the result of registration from
coarse-to-fine.

This study contains two data sets. The test image are AVNIR-2 optical image and
PALSAR radar image. Case one is an AVNIR-2 Level 1A image and a PALSAR Level 1.1

image which are located in Tokyo Bay. Case two is an AVNIR-2 orthoimage and a PALSAR
I



Level 1.5 image which are located in the northern part of Taiwan. Three matching methods
are applied to different images as well as different land covers. Then, we use the independent
check points to assess their results. In test 1, the accuracy of initial registration is about 25
pixels, the root mean square error (RMSE) of M, patch-based and edge-based matching are
4.27 pixels, 23.38 pixels and 3.41 pixels, respectively. Test 2 is a mountain area and the
accuracy of initial registration is about 5.3 pixels. The RMSE of MI, patch-based and
edge-based matching are 4.65 pixels, 4.51 pixels and 2.15 pixels, respectively. Test 3 covers
complex surface and the accuracy of initial registration is about 2.92 pixels. The RMSE of Ml,
patch-based and edge-based matching are 2.38 pixels, 2.69 pixels and 2.62 pixels, respectively.
Test 4 is a watercourse area and the accuracy of initial registration is about 3.72 pixels. The
RMSE of MI, patch-based and edge-based matching are 3.76 pixels, 3.25 pixels and 3.21
pixels, respectively. The experiment indicates'that these three methods can improve the results

of the initial registration by a few control points manually.

Keywords: satellite image, image registration, image matching, feature-based matching.



AEFELAFRNELT LA ER RHARE PR ES R AT IR
oo MHEATE L E DRI RS B ] AL R S RSN S
BEARA - B R B A GRE enF A B R Flt A e ot R ER A o
ATl f B

=

BEEFRRFREF AT BT SRS R BB T T

5

Gtk REL b L E o B#HA KR o
B AE Y 2 AR TR S 0 GA - BITRSE R R o
REBIEE ARTEERE B T A4 > R FER SRR BRI o

éﬁ:ﬁﬂi,i}éﬁvﬁﬁgﬁgg_&\?ﬁljg_g \—F;}ixpﬁﬁ \W&%\B@,fig %’L—RW\'%:,{ \‘t‘:'ﬂi-\

LB EBIRFPRE T IR FSERER RAARY TR AR L REN SR
Pt LR RN R A K A RET RN e R A IR AR IR 22T R

@,\\

~
v
e
I

Bofs RARH- B LA A SRR G S s R R i RT3
PoaE %‘3‘,}2‘_%‘%1@; o WA RS hF F AN A L L pE g e fg B A E ik
’?*’ —ERIA B%D o AN ;ﬁ;@:ﬁquq%;;;;g;ﬁﬁ;\ ) ,,\,, et FA gl B

;];uﬁ ERUE A



ABSTRACT ..ottt nn s 1
= S SURRUPRR V
B A ottt Vi
B B A5 oottt IX
Fe B A o XII
o e - STEUS PR USTUREUSRRN 1
L1 AT T B BT B e 1
I i R 2
121 BT J2 coveerieereesssss. Seestanss kst A 111t ssss bbb s st 2
22 - N 516 1 OO 12
L3FTF P ST 3 72 et 15
LA 2 2B oo 15
e - I RO 16
2.LALOS BFE I /1 oottt 16
2. 1L PALSAR Bl B /1 2 oo 17
212 AVNIR-2 B IBI B /1 52 oo 18

2. 1.3 PRISM B iBI BB /i 52 oo 19

B B T T T i ettt 20

I AT OO 20

3101 B B i AR oottt 21

VI



IR - A L 1A 21
3.1.2.0 AL FE RS i B BE B Tt 21
B.1.2.2 A B TE LT oottt et ettt b et aerenre e 22
3.1.2.3 &3 ;‘I,é,“,ﬁv? .......................................................................................................... 23

B2 F 7 I B L e 23
TR I = = TSSOSO 25
B3 T T o ittt ettt teabeebeeaeaneas 25
B.3.2 B BT I covoeeeeeseeeeee s 26
BB = = PR 27

AL HBUEHTZ Po ettt et teabeateanes 27

BA2 BB HCT B2 covvoerereoeeeseeeessoeeseseees s 28

I A== TN 29

KT - A e o PR 30

351 I 3 A TR e ok I it 30

BB 2E B BT e 32

E D L 34
L AN 34

SIS e O 40
BLL IBIZE T = 795 B 8 oo eeeesesseeeese e s 40
R 41
R R 44
R B 46

S.LEPBIEE T = A B PR 50



B2 B3R T 2 B B A T oo 51
B.2LIRIER T A7 5 B & o 51
5.2.2 IR T T T 3 T R ettt 52
B.2.3 BIZE T = B LT BT et 55
B5.2.4 P13 T = AUEFET FIo coovoeeeeeeenseesee s 57
B.2.5 BIZE T = B F FU B i 61

5. B 8 T o B T Tt e 62
D, 3. L B2 B 2 A7 B & it are s 62
5.3.2 BBIZE T 2 T 3 A T B e 63
S. 3.3 BIFE T 2 B AT 2 oot 66
5.3.4 JBIZE T 2 AUEFTT Bttt 68
535 BIERE T = 2 F P Bt i 72

OB T e A L SRR 73
BALRIZET T A7 B & i it i ettt ettt are s 73
542 PIFE T T T 3 L 7T L ittt 74
BASBBIZE T T B FFHET B2 cooiveeesesseesseessees e 77
DAL BIZE T B HUAFHTT BT oot 79

SAS BIFET T 50 F FL B i 83

VIl



@@@@@@@@@@@@@@@@@@@@@@@

WP &

1-m a‘%éﬁzﬁnl%qao ] (Abbasi-Dezfouli and Freeman, 1994) ..........ccccccvevevivennene. 3
~ 1§ 8L Ao & Bl(Hong and Schowengerdt, 2005) ........cccoovveineneneincniens 4
s o ARG T R Bl(Zhang etal., 2004)......cccciieie e 5
4 ~ shape context i# & i # | (Huang and Li, 2010)........ccccoerrrmmrirnrinniinnnns 7
A T R BI(Suetal., 2007) o 8
IR e -3 OO 20
T R B B e 21
8 R4rT R AR E(Z) > AR EAILIE(F) e 22

10 2 475 B B B ittt et et 24
11~ A REEA BZ i i 26
12~ 253 % RS R Bl 28
13~ SAFHCT e L H = e 5 Bl i 28
LA~ BUFFHTT L o 29
10 v B e B BB s 29
16 v A 2B B E 7 BBl oo 30
17~ 3 L7 A2 E T HE T LB o 31
18~ T M A T BB LB o 32
19~ BlEE T — 2 PR T 2 A T BB 36
P IR - Oh A G R I £-C81 A €2 TS 37
21~ Bl BB H(Z)E T EF(F) 37
225 Bl EZ E PR TR T AT BB e 38
23 BERZERFREG(Z)E T EFF(F) 39

IX



F 5 5 5 5 3 F F§ H F F H F F H FH F H FH F FH H OF F H

24 ~

25 ~

26 ~

27 ~

28 ~

29 ~

30~

31~

32~

33~

34 ~

35~

36 ~

37~

38~

39 ~

40 -

41 ~

42 ~

43 ~

44 ~

45 ~

46 -

47 ~

48 -

Bl ;é“ T

B ;ik‘ T —

BlFEE - 4

PR ® -
PR -
PR ® -
PR -
R R -
PR -
R F -
PR -
R F -
BleR % =
Bled % =

| ;f‘“ e

I

Iy

5E'J ;4%‘ T

| ;f‘“ e

I

Bled® =
RIFE =
BIFE =
RITFE =
e .

5?'] ;f‘“ T =

W

5E'J ;é‘“ T

'

5?'] ;f‘“ Fe

KEFR(L)E T
i)

R UEaR LR 7S T S 45
BT e e P B R
AT e & e gEA T )
BT 2 20 B 5 T 49
ST R g A
T T h A+ Bl

»

2 B
3

O py T

A BB B 52
b5

3

I TR 2 BT B T 54
S N Rl O 54

BOEACT AR 20 HE B s 56
BT fe et EEA T OB
MP T fek R A T B
BT Fe 2 HAE B e 60
MR fez te i BEA F R
g A T H

I Ny U A 63



¥ H ® F$ 5 3 F F$ H F F H FH F H FH OF FH FH =

49 -

50 ~

o1 ~

92 ~

53~

54 ~

55 »

56 ~

S7 ~

58 ~

59 ~

60 -

61 -

62 -

63 ~

64 ~

65 ~

66 -

67 -

68 -

Pl R =
Bl E =
Pl R =
Bl E =
Rl w =
Bl E =
Rl w =
Pl R =
PR ® =

P ;?L‘ T

Bl " w 3

B ;ff“ T

Bl ®w 3

R E T
RTF e
R E T
RTF e
R E T

P ;4%‘ T

TALFTAREELRE o, 64

I T A2 B B 65
IMAL T IRZETIEEAS F B e, 65
=yl RS o 1 3 66
BT 2 HAE B e 67
BT R B P EEA T ] e 68
Byl D L5 13 69
Byl R - - - A 71
R =yl DR L 1 ) 71
T BEA T BBl o e 73

R AR TR T O A 78
R R R T TR . B 79
BT e £ B BEA T ] oo 80
BT Fe 2o BEE B T 82

AT Fe 2 A T Bl o 82

Xl



P

% P&

1\%&Tﬁ1¢%w@ﬁ% .......................................................................... 11
20 BT EL 2 PEF R R 14

32 ALOS B E BB i 16

¢ 4~ PALSAR J BT B HFE oo 17

5~ AVNIR-2 & BT BB A i 18

6~ PRISM /B 58] BB 24 oo eesee e see e 19

T B T = e 34
I e O 35

CIBEET = A B A E e 41
R A I g T 42

12~ BIRE T — B AT o 45
13~ BlE % - SEFHCT B T (RMSE) i 48
14 ~ PIE T — SUAFHTT 2 o 5 (AVEIAGE) cveveeiiieeeeeee e 48

15 v JPFE T — 20 3 FE B 50

16 ~ BIZE T 2 A7 B B B B e 52
17 ~ BIEE T 2 I3 35 TS F e 53

18~ BIEETe = B FATT 2 B oo 56
19~ BlE® = SEFHCT B T (RMSE) i 59
20 ~ PR R 2 SUAFHCT 2 N B (AVEIAGE) v 59

21 ~ BIFER T 2 B B P B 61

7R I A e RS 62
i R I R N R e 64

Xl



24 ~

25 ~

26 ~

27 ~

28 ~

29 ~

30~

31~

32~

33~

BIER T 2 5 B AT B R B o 67
T s e N (= 11V 1) Y 70
BITE T = SFFHCT B D S (AVEIAGE) v 70
BIRE T 2 20 B P B o 72
PR T E A7 B 8 5 e 74
e N R v N 75
R R N 78
BIEE T AT AL D F (RMSE). i 81
P12 T 2 AFFHCT FE S T (AVErA0L) oot 81

BIEE T T S Je U B 83

X1



¥-F W

‘“M“

11 =g e p
H R 4P (Remote Sensing) i ALifip] > H1 24518 0 2S5 R 7 ERLP| LT
FHR TR P R R B S RILA o T U A S48 (Passive) fri #5% (Active)

RPIR o R R B ERcd PR i B blder 7 Ak kSR E

wid

PR R R BRPRRS S E B R FIRARNRREE LD GRS i

HGERRET A LORENTHEILER G AHF R RERNLI RRFLERE

iz,r
g

T oRiFHy ket o @ ¥R L ERE R > b4 X-band ~ C-band % - )

Lt
L

MEEIFALFFERE P RPE FLhakgREF 7 (Radio Detection
and Ranging, Radar ) o v fji s 5 fod 2 50 5ea g RIE » B GLIRA 5 0 R ER
ehyraian 4 R ERE  EFRER DR a5 0 FER FUIRE T PGS o

TR B ARBIEF A R OFALERE T R F RS BRGNS PR R R G
PEARRNZE o * BRI G 0 BBP R AP T BRI S o Bl
G ARBEE P X 2 A € e PRI % o FE R R E YRR R
Ao M- RS T BRI B R OB AR G § it - B 155
Bl G kBRI R E K P HE Sk d SR A S g d ol A A
ek Stk o Bldric d e B R SO B aio R s 5 (TR S TE R BE S A &
kwm E bR S itk o BB TR R R ST R 0 B DBk ehE
RPN ok Sendk R E > blde ! Tiand g ank i Rt~ B
FE b R o0 A BTN A RS Ik ERETABETR O RTRERS
FirfF st 1 fas e ER TR RY -

At v ez By magi ik & (Image Registration) 2 = ‘@ = Mg’
it &4 (Orthorectification) ° #: 2 & 1% S R P Mt chE £ 25 I a8 R P Hun

kb 0o TFRE R GRS R AR LR L5 A R E BT R



LH BRI AP G T e F o B R R RS P I N v Mo Bl
ELIZ A5 s HiEk » W - SRR R T i A 03] (Digital

Terrain Model > DTM) > ] * B i+ G B8 R and 7 B LR85 o ghant B B3 ~
DTM } ¥y 7 B &4 > 12 ‘}}i"‘ff‘.,“& PR SEAPREBRE G VI rE B By
o g FHREE IV NI ER LN B E TR B AR
1.2 = ﬁk?éﬁ

B T e ey i} B G (F120 0 0 2003) 0 B TR ST ek U AL A IR A
oo B * a7 e Kt ¥ AR P frw B A o & 23R F iE (Synthetic Aperture
Radar SAR) ¥/ iffrk BB L1 RV A 53 BHI 442 Efold R £ & (Dare
and Dowman, 2001) e 4= 452 & 5 WA 1 BB S et frEhid X o H B R S P EuA 4R
£ A#H D M BEESHIY RILG Fi (Zhang et al., 2004) {-su#F i (Hong and
Schowengerdt, 2005) T fe 2 4 » gt bR B RN T fes ¥ % % Mutual Information
(Suri, 2008) & {77 fie o A F HF 2 ¥ gkwéﬁ%-u 4 #c7 fe (Feature-based) fr % 32 7 pe

(Area-based) :& {7453t ©

121 $FHE™ B

Dowman et al. (1996) 41#* % :#2, 8 it 7 fffrs Behp d it 2 Lo & & p| "
i B g FHT REFTA R E 0 B P G FikahT fe .41 Abbasi-Dezfouli
and Freeman(1994)#73& 1 e B AcE B3 o Ficdp it 3 R FEHKI B S T
e it o G HHcE B 2 8417 3x3BBFTLFLBBAF LRTETP AR
EARDFE FETPM ZEAFARFRLE  TBD g Fikts > JI* B o> g

SR A R Bt @

k=N

WG FHA R doBl L AT o Bl SRR d i B
EAjenE B o fFcans e (Linearity of the Patch) f=w & (Concavity of the Patch) & »
R AT e o RS K BFHCOEGRAPEE IR PR R e B i R

ﬂ»me’ﬁ’)ilE"mb 59 (8P| T peenk e gk o 3"37‘ 5\1”75'55? Flix * % SAR B



«3}1]’# &J_—El_;gujg

function i& {7 7 pz >

2 i
BT

v Sk AP PO H -

ffr— H A 2 - chie e p

mean square error) B 5 2 B if o e ko] A

Chaincode 000333222111
o012 3
Frequency 3 3 3 3

Direction

Differences 300300300300

Direction 0 1 2 3
Frequency 8 0 0 4
(a)

Y
/

Chaincode 030033222111
o1 2 3
Frequency 3 3 3 3

Direction

Differences 331030300300

Direction 0 1 2 3
Frequency 6 1 0 5
(d)

fd P e A4

25 o %

Chaincode 003033222111
Direction 0 1 2 3

Frequency 3 3 3 3

Differences 303130300300

Direction 0 1 2 3
Frequency 6 1 0 5
(b)

Chaincode 030323212101
0123
Frequency 3 3 3 3

Direction

Differences 331331331331

Direction 0 1 2 3
Frequency 0 4 0 8
(e)

7 923 B % #=2 > RMSE (root

o

Chaincode 00033 2322111
o1 2 3
Frequency 3 3 3 3

Direction

Differences 300303130300

Direction ©0 I 2 3
Frequency 6 1 0 5
©)

Chaincode 030033212211
01 2 3
Frequency 3 3 3 3

Direction

Differences 331030331030

Direction 0 1 2 3
Frequency 4 2 0 6
[¢3)

Bl 1~ o # /75 4 & (Abbasi-Dezfouli and Freeman, 1994)

Dare and Dowman (2001) # ! 3

% oo AT R G P e

P F1* M P iR T TR 0 I%F

i
»

#F'-B"Jﬂaﬁ!

BEEZEFANLESE

(512 pixels x 512 pixels) i
fefox B8 T fAa

LR i = T EE SR

BB URPHL R KL RS o G BAF PR

£ A fod ]

BIE & g o {512 Sobel operator 3B~ & £ £ jm

2 € 4o SPOT PAN Level-1A s 5 8 iz 47 & 5 10 2 ¢

SN SRR S

4»1

3

TLPE o X R A TA N § ik

~ £ & i SPOT # fjfr SAR ¥/ £ & cfcd) >

s A1 G F T feit - B e L A4k & e

jfaE 82 > 2 Thrute

force | e 3% fi 45 1 e i3 e R MR RS A T en A x 0 3 59 0 F] e i e g B

¢ Fl4E2, ek B8 e e cost

B 5 et % PR 5 ERS-1 ¢ SAR B iz 49

¥ 12 SPOT % ff s
= = }'.5& N

HEF SRR EE PR

B o e M %P



BB RIEE T E DT f B e AR B R i D] %K) 24% 0 10 T feBheh— 2 0E
¥t  RMSE #3595 5% 1.5 pixels o < F s (s » T4 #3173 M along-track {r
cross-track + RMSE &4 £ > SAR B e 2530 & € i = cross-track b «hgf- 4 < o
Hong and Schowengerdt (2005) ™ & e s A#HE (7L E 2 SAR #Fh ¥ ke ih®
EOABMBELEGAIAIANESL FHAFTE - BGAGEE -2 EBUR 2R
Wi frB G EATPHR o A 1 de B R A E R HI IR SN EE o AR
£ % 15 pixels - £ 4] * Canny operator % B~ 118 4 & » 1 i/,a“,lf ERTEA R bR AR
e SR RN E‘«%?;‘/,a“ﬁ% d Fe AR B B AR o I B AR ik 1T
LR enpEd{o & K& 4 = hcost function 2| %78 F 5k egh o H ¢ & R {opEdp o (o d

Arde B Lenm £ AT w o 4ol 2 B BRFI B MEER T B o

Optical Edge Map Radar Edge Map

b(Xy,¥o)

Search area
with 5 pixel
radius

“\[(-\-I')']) is
the match
of B

Predicted position
Distance between predicted and actual match
B 2 27 fie o % Bl(Hong and Schowengerdt, 2005)
TR DA B0 o~ gk Sl B LR S L R i B AT
A A ;

PE N RH SR E D) B AR L (5500 RPPEE - @ kB B

% Landsat-5 TM 251345 & » 3 28.5 2 ¢ ;SAR %5 ERS-2 SAR & fw fa45 & & 12.5

4



2% 0l SAR B h S Bt AT HWE Y 2 U B S PTRIER > £ A4 AR
BRIBREAL S B9 2 E BT IEEL S 5 058 B ifm > Bk 5 3.02 B e o

Zhang et al. (2004) & * % kR (multi-source) fFkh B ifEimp F itz 2 & > 4
EPHE R PELENAENREN IR ER RS R FBE L IEE S LA X
FHH o - HBE G PP E S R TR B BRI B H T T
e e S % M-E 2 T e B g Bl T fie o ‘FT o ZBe D AU AT - e A 3
B2 B L8 B3P R PBF AT o Faci * o 8 g BiehE w0g 0 T35 7]
oA EERE o Boid HEBEM g #-0GMg 1 Og 5 Flw i 3 (0,-1) % £ 0 4o 3 97
TR A ﬁ*“él# TH G AR E € o R R D REEE IR - e 0 T OGOk
B2 AR g s & eng 58

Shape Matrix 5(7)

B it

|

B 3~ & FHE T £ Bl(Zhang et al., 2004)
PFERHAAGR DL R fon FHch S R L R HES Ba BT R R B
¥

\“ﬁ’

B e FiehE et BB S F o A BT B - B R T I e

HY - R EHI T - BPG  L5E R BRI SRR 2 T e S ha B
e 7T E 0 B (S PRI ehT feat & Mei fy e L A HCA] o 2 L TR Y e ERS-L
F1SAR B i fr SPOT-1 2 ¢ fiersk B B o f347 A 4 B 5 125 2 ¢ 4010 2 ¢ » ¥ 12 SAR
Polps A0 SBFMHEPAFE > B RPGIEP T - B P B85 % - B

TR F RS T e #ahm B ¥ = HF T feis G o #ﬁrﬂ:"i" fles 3 o A



BLE 24 $HE BT R MR & X % 9 ) hRMSE 5 591 A0 Y % % 5 358
i » % RMSE & % 6.91 i~ o
Yang et al. (2005) # 5141 % % fas it (7 8 R e SAR F R £ 60> j# > 4 & 1
#fra 5 T fechiifc o § 4 0 f1* Watershed Segmentation ¥ B~y & e o H (e £
ho BEAC KA R LR AR CHAR L L REHREFE A Y AR B
B4 * ratio of averages (ROA) f 4 i ip] » 345 & $& * differential box-counting (DBC)
17 228 o DBC AU s 2 NxN 4B » L 3-A R @A = L A& » 2475 B
TR B Bkl BT AP R B AT E R AR B AL R (T P
BRI AR T L RIS B R HA kB A R T 6
Mo AR o 12 BAEBOPA T F B0 he B e T R o B F 11 Hough
transform o] = FdE &2 o FACGE S P RE PME > © K B RN BT L £
BB o 1 BUD P R BT S IR R R g Rl ¥ - 30 s BN i
Prgh e % I SAR # %k 5§ SAR Bl R 8 i s Quickbird ik # i © 2 SAR
B s
P8k > 48 RMSE 8% 1.24 B o e % 8L RMSE i 3 2.77 B o o St &

\\\Xr

Folfod P2 XS L EEBBR g BE P 6B FLI4rdI8 23 5%

SR LEFLLBLpEEE Y 36 B ITEIAIE18 B 5K 48 RMSE & 5 0.99
Bk~ > %1228 RMSE & 5 1.32 B i~ o
Jiaetal (2009) 1% % fasrfcie (7 SAR Foijfrk F R Heh® £ 5 L 116 B iicivs-

o

MBI TR FREFBCERL T > 2 R0 R RISE R ¢ BRI
local filter - lee-sigma filter » iz @ gk F 30T i SAR B ijfein sk » § % = % &
7 lee-sigma filter s»c % 43 o & FFfcF B3 * mean shift segmentation ;& & i » #-3% i%
EATERR G AT ARLA TP LB F R FHE P od 205 < & 5 g FART TR
AP G ER O e P AT ,Hle o P fiedk ¥ e 2 E_¥ % ghcost

function » # RIT 5 K475 Fhz Fehm ff ~ B £ ~ b ¢ BB hE o £ FEApiT o



Mg Rl R AR B A d BRI (T 0 B RS R B % L Canny # R A R
EAI* A RS w ol 2 e R R A B e - SRR BRI A AR
PRI PR > TR E R AT R 2 e e B R Y - SRR HF o )
R L s s O HOE AT ¢ s T A g Ap i T A e R
B3 L LR UG FHTA S R AR R 95 10 B A SEH R R S5 2177
HEpeg HP 150 T e BB R ok e BEIF L i dl8k o

Huang and Li (2010) 41 * shape context 3= ;2 i& {7 82 4.2 & - shape context & _d +
Bt Wikamarg B a3 2 > 2 F ¢ 4o x T B e i@ shape context at 9 i * >t i i
B g7 fie o Shape context | * $AcBLARITBEcHA # > JE A B 2 JESES 8 S| Ur e

SRR B E G 2 5% 0 B 4 5 shape context i 2§ &) o

a 7 o ) o
| |

B 4 - shape context /% % ;2 #%| (Huangand Li, 2010)

DR T USSR R Sk L REE T SR Sk S
o 3R F oA R (R4 0 se i > 1A 8§ ehT e o i 2L 1w Harris operator 2 Canny
operator 4 %] E B~ 41 3 R B B R MO B d B AR T B NxNep AT

% i shape context ™ fie {8 3| = ge Bho | * T e B dF ez B PR Y S S S
T e A B g ts AR s GPBES o B 1202 Thin-Plate Splines (TPS) <& % % it
Lo R REIET A BRI ¢ HEIPRERGE SAR P ik £ {rz 5 LK SAR
Plfent £ 3 BRI RS 05 2% o Ak F R SAR P ifehE £ 3% ¢
X > wenRMSE B 5 188 B i~ »Y *> wehRMSE & 5 1.75 B i~ ; CBer L £
SAR# enz &% ¢ » X > »a7RMSE & 5 114 @ f=~ > Y * » 7 RSME & 5 0.96
B i o

Suetal. (2009) FI* s amsrfes Bt K R+ ché Bfom 5t & BE 7R FF e



SAR ¥ ifenB ih B & o L B AR T fie 5 A#H D M EHRE BEIT S 2B ik 2T
TR AIEER Y 2 R BRI P ERFRLSIAHEEIHEREEAINL o4
HELEEY  FREEHEBD > 245 B - B RS BT Sl g SR
FEAIT D A RP G FRPAF A FE SR E A L T g o #
A e d BT L Bavai b o B SlcehR R A Y AR e G iR R
FORP G n AT R OR Sl 1o TH S EchE 3 AES SR UTE aE

2R ORAAES > FED A R e AR A 0 SRS U R 0T A B

W

HE @A ROXEE Yyihd T 5 A R foenT f Slice 3T 4 Slieen 2 F 4
I SAR B ij? chm SRt Bl EREGABHEI Pk 245 o NA L ERIFF B
BPBEE R A EEPHRY L 205 B A B E LY P AT R )
*E - BT B R S B LA R M B A2 TH G e
F oo TARR AP DL o MU T e R R MU e SRR R B ¥ - SR 0 R
HEARITREET T e BP ERERPIL TR G EHEENE R L EA R
Boind B e > 8 T e S0t BB EAELEDT e AR R o T e fic? 0d B AR ik
BRENE L R 2 S R L R S R D B A e b B L MR A
% 30 B A Ft s REHEE R FATE 30 B G R A R T e T OUHE ] T
hge [ o D] 7 iR FEAELS ) AR BB R DR R B Y D SR

R R FI5 L AR RS L -

B 5 &% & 2.7 1 H(Suetal., 2007)

d SIS BB AE Lt 0§ BT R LTI 1Y 2 S PI E A
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oA A ORI RN B0 E £ 2 % RMSE Bi5n - B ik

Zhang and Chen (2009) f1* B2;:07 %€ SAR B if 2 £EF T2 & > 7%
ARA NP HCE B s BT fe ol kB £ = X %A o FEF P-E A% Canny operator f
BRI BN ARPCEORE R R T R SR T N R [ bR
- RPN T AEERE S R M ERERORREIBE N Z LSRR TR
Pl F A b - B EAE R0z A AR T e XS B REAR B
WA - Bz A% 2 BaEai S ) Hut 1962 £ 4 4 0 # R 1@ F S BCED TR
THENEZ G THF R B2 57 R E - B 2 A AR
AAI* = 42)hp & & T8 g2 ¢ R R 2 REEZ £z F AT H 2
HRLIESARP o BEVRABZ £ BARENLE A BP APLR
22 AR NL BB ITRA KBEHA B LA TR DA LR o
BE e SRl Al Y SR PPETEL © 4 gk BRI s bR
FRP B L TR Gk F R R R S 6598 SAR FiiffEtr R 5 5 2 v > ¥ 1 SAR
PHE R B ThRA R R L AR BFE G BE Y 2] Bl il o
10 B (F 5 4% 0 32420 RMSE &4 5 1.47 Bt~ > # P 29 RMSE &4 5 2.03
B o

Bentoutou et al. (2007) 12 3 fc™ fie it (7 SAR B2 i@ (5B & F7 AR b Bk ¥
B BT ROE £ o BABRE LY B R Bl R E LT A PR
BRB S 35 e Fac o £ 41* Harris operator 45 ) 3% #c gk - Harris operator :x 2 7
Moravec operator e 2L > ¥ 02 iR F 2o andE gk o PR B A R PR gl
B gt R R eATR AR 0 - Harris operator i & RIZEE e e R 2 K
VR LEEFARDELLETEIE BRADRE MRS R £ F 1
PR o FHKEET AR 0 R RAEGPLE 0 U F B Bl TR R - XS e R

B I 2 REEREFT Ao TPSEFRGOPFE L TPS E- A&



EEE AT LR T TR E AAS PGS AT BT SAR Bk
R GE S 0 hw BT 0 ARE A I ERRFIEGE LS F LR A1 R
RMSE i 5 5 15 B o » 2 & 974k e 2 # 5|enRMSE &5 4 0.14 B o~ o
MG AHAR TR GRS W Mo FHE RPFHGEF T e o g FHE B 2
¢ 3% watershed segmentation ~ mean shift segmentation & & 4 3 B~ s e o 3B ensn
P o Pk @ R HeenE B~ 2§ L g7 Canny operator 2 Sobel operator & 4%
B il ¥ 1% 6 FHCHEBES PHFERE S bldo A0 B E S G B ¢ R
A E > P fnT FR A R A 5 2 R DR (T T e o 2R B ik Sl R B
SR Tl G DAL T S B o SR T R e Bh R R

B~ 53N NTPS.. 5 - i &0

\\\?{r

Mot ehBRIT S AR BIERHCAIR G o Sl
SELE S R T s TR E I o AL chil A 2F 5 0 F -
R AR BRI R LG LB e A LR P AR R
E e
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Bl BT e 2 v A

Dowman, Dare, Zhang, Hong, Yang, Bentoutou, Jia, Su, Zhang, Huang,
1996 2001 2004 2005 2005 2007 2009 2009 2009 2010
initial ] region ]
~ |manual manual - manual patch matching |- ) edge analysis |- -
registration matching

feature feature-based |feature-based |feature-based |feature-based |feature-based |feature-based |feature-based |feature-based
) ) feature-based |feature-based
detection |(patch) (patch, edge) |(patch) (edge) (edge) (point) (edge corner) |(edge corner)
cost function ) ] ) 8 neighbor o
feature ] ) cost function, |cost function  |pixels by moment moment ) ) invariant shape
) (with chain ) ] ) C &Y )" constraint distance
matching pixel by pixel [(PCA) pixels invariants invariants moment context(CF)
code) method
transform ) ] ] ) : polynomial ] rigid mapping ]
affine affine global affine |- affine affine polynomial affine
model model model
image Cubic thin-plate thin-plate
resample re-sampling spline spline
Quickbird, AeS-1 airborne airborne
1:10000MAP, |[ERS-1SAR, |SPOY-P, Landsat-5, ] ) SAR, SAR, ]
data ] airborne SAR SAR image, ] ] optical and
airborne SAR |SPOT PAN ERS SAR ERS2 SAR Optical Optical
x-band SAR EuroSDR SAR
RMSE :
1.5pixels o
RMSE : 2 RMSE : Average error : [RMSE : RMSE : primitive : RMSE : RMSE : RMSE :
result ) (subimage) ) ] ) ) ) ) ) )
pixels ) 6.91 pixels 2.02 pixels 1.32 pixels 0.14 pixels 10 pixels 0.81 pixels 2.03 pixels 2.57 pixels
10.8 pixels
(full scene)
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1.2.2 %38 ™ e

BURZEORGEEEY Y 0 2 S R T PR 28 ( Normalized Cross
Correlation, NCC ) » & SAR B frk E R ez &7 > d 3t 3 —*fztg,ﬁ#;}_;ﬂl = NCC ;=

RN S o F 3 4,

=

M # 7fe (Mutual Information, MI ) E_f] # & = & 3§ b

TEE B X SEF (entropy)t B R A RE I AATAE o F I AL TR

\F‘b

£

BT 1P SR Ig\ﬁ Ap 0 ﬁ BT 0 R 3 52 lg\ﬁ F R o
Chenetal. (2003) 41* MI ™ feie {7 SAR B} Z Lk E R 2 &> THFH F
R FES ZHBP G EITERROL R c AT P REAITE A 2P R eR £ R

AR GET L o TS ST BTN R R TR E S ko AR AP R

BEAR A B 3o BN EARITE 0 B E S BRI PR P EFERY AL TR e
7k 5 Landsat Thematic Mapper (TM)# i~ India Remote Sensing Satellite (IRS):7 2> ¢
F. % ERS SAR ¥ F 5% ABiEF b 12 B FE G e B FEHGT 1" IRS
F 132 SAR # i} Landsat TM 2 IRS B HRie {7l B R EF7F ©

Li et al. (2007) 1% MI ;2 $F5 2 Bk & B i3 2 SAR Bl 7R i E &

Simoncelli filter & i* &R R 5 & F ¥ > Simoncelli filter ¥+ T 45 ~ *zd& 2 e h

BB 54 o @ PR S ASTER VNIR £ #ifj» H B % m s LIB: 3 FF
R4 R A 15 % » Tt BT E 2% B JERS-1SAR B2l ik E & i L2217
BT R 5 18 o= o A 1 ERIT #Hi BT ZHRITR RG> £ 1 2 & ¢ RMSE
B 5B~ %L NELESERMSE &5 3B -

Suri (2008) 41* MI 7 fe$t% 247 R £ 5 2 SARwh BB 2 £ 1 B ¥
I RAOBGE L G FAEERNCCEFFHELE M TREARHGEE
PRSP 2 AU region growing 77 5% 0§ AR T BB A BT L ACREL 0 d AT
Bl hAFSR IS R G BA o B G B s B GR T NCC TR o i * el i
AL F TerraSAR-X ¢ SAR ® i » d 247 & 5 1 == > F ik Geocoded Ellipsoid

Corrected (GEC) 2 &% & ; % 2 i 5 Ikonos eha ¢

=4

-V ARSI I e ) S NS -
12



% % % Standard Image ° ¥ % = % 4 W& NCC ™ fiefr % ¢ RenMI 7 e 73 - #
BRiPman™ N A% X TRy FoRan BB VRS [0 2T feehiz g 3% gk
&R > e 2 582 w coregistration differences (RD) - = % %5+ NCC T fe<nRD 5 (2, 4) >
3= B MI;#5RD 5(L2) -

Lietal. (2010) 1% % = Rl Bfc Ml " ez & Lk E R 2 SARF > B2 iF
—“Ff 2007 EArF A ene FATHRY hE L3 2R o B AL S ® R o Simoncelli gk
B CRORRESRGEFE L R EFRY FITARLOVGR T e o #
¥ @i F R S ASTER L1B Band 1 f#47& 5 15 = = = PALSAR fine mode - # 12
PALSAR %15 %4 ®ifeo fI* A 1 £ 53] 10 £ gt S ffiBR " > k%~ 3§
e 22 X5 RMSE 7 113 3B A1 2 E 2% RMSE &
Pl 53 7 B o

Suri and Reinartz (2010) F 4o MIT fe 2 & B 347 SAR B i 2 £ R - 77
SR AT MIT R R R P SARE: fod AR A & X PR
MiFE g2 3 ,fﬁagm%fgﬁo SR T HE NXNBREALSSUMIZE J 5 BF
B &7 BB R AINE & Sl (R T3 Terra SAR-X 9 SAR # i
BfERE S 1 2% B AL E % L GEC & & 5 Ikonos-2 12 ¢ fi B i » B 152
Bilos s ik ad2® s s lkonos Geo o §F 5 = % &1 %4 B @ % 5 30%PF > 2
o A B F T 51% 0 wEre 59 93% N 0 B Rt - LR R o B IvE &
Bt B 3% RANSAC ;‘1,@“,%5:’;9“1. TR A ERHRFHADEESAE X P e b
B L AL 10240257 Bifr o &Y % w1+ % 1.054-0.96 B o o

BT Y S X MG S A 0 b ML T R S A R e i
EHE AR G RE E R BB S SR T b e gkwéav‘
STERF L GTALA S L EES P RE PRSP E SAR Friho £ 2 WRER T 2

IR S TS YR

13
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Chen, 2003 Li, 2007 Suri, 2008 Suri, 2010
initial registration|- - region matching -
feature detection |area-based area-based area-based area-based

feature matching

Mutual information

Mutual information

Mutual information

Mutual information

image resample

partial volume interpolation

data Landsat-TM, ASTER, Ikonos stanfard product, |lkonos-2 Geo product,
SAR JERS-1 SAR TerraSAR-X GEC product|TerraSSAR-X GEC product
result Registration consistency : 0.36m |RMSE : 3-pixels - Standard Deviation : 1.97 pixels

14




137 % B ehgr 3 &

AT PpaiiEgEE RFR TR BT & RIETH L ALOS(Advanced
Land Observing Satellite) ek cng £ 2 K FE R PR o ZIFEFEGE TR 2287 > 3
PR R AR T fe 2 0 ¢ AT L s g FHCT R ML T e o e iE
BARE PR EFREFTHRAIT O FFFHF BT E LT RV RREY T
ARErPHREFEETHR > ¢ 2 RABTE RAR o~ & SR E kit o

AN R BN Z BT T e R H0 7 R BRI R e
FLadre odft TALT G BT R BT R AT R R R
P IEHDE L35 TAE7T RREFR O FH T2 % o P foii AR
WA ARG IR on i BRI REDEEHA > FEETRY TR I R

WooRE I ANLTRYTEDNEDEEHAR -

L4~ %
FoR PR RAPTAEP AT OB POy SRR
$-F 4% ALOS Fk 2 3“1 §Ue  PALSAR - AVNIR-2 g iB| & -
FZR BT RGEGREL > ABALE AR AT R G T

Jﬁ’c’» ~ éﬁ;}'ﬁr:{g{{ Jﬁ'oa fp Jﬁom MI /2- o

Sr g AT AR RTA N S R RIEE R
:3/;3:%-:'?,%5"\'5‘ f\:v\:'m;i;:’i
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¥R WRLERREAL
21ALOS #FE f§ 4

ALOS wk Bd p A3 i /My B %}&fﬁ (Japan Aerospace Exploration Agency,
JAXA) #7745 Sfendts LRI GFE o P AW FEBIFE 3 E Y ¢ 70 UK Fos AR
A EhpliFEE LR LA RIS A ihiEk A k> B Y ALOS G 0 L & B S RE
FIHER C LT ERIeF AR L o ALOS 22006 £ 1 7 24 pgF st o S - SR
h > H IO B R 5 69156 22 > g A M h 5 9816 & g ¥ H 5 46 %
ik & P47 PALSAR (Phased Array type L-band Synthetic Aperture Radar) -~
AVNIR-2 (Advanced Visible and Near Infrared Radiometer type 2) % PRISM (Panchromatic
Remote-sensing Instrument for Stereo Mapping) = B Rk F - % 3 5 ALOS f#Fkh 4p i 2.

¥

7 3~ALOS fFh R

Launch Date

Jan. 24, 2006

Launch Vehicle

H-11A

Launch Site

Tanegashima Space Center

Spacecraft Mass

Approx. 4 tons

Generated Power

Approx. 7 KW (at End of Life)

Design Life 3 -5 years
Sun-Synchronous Sub-Recurrent
Repeat Cycle: 46 days

Orbit Sub Cycle: 2 days

Altitude: 691.65 km (at Equator)

Inclination: 98.16 deg.

Attitude Determination Accuracy

2.0 x 10-4degree (with GCP)

Position Determination Accuracy

1m (off-line)

Data Rate

240Mbps (via Data Relay Technology
Satellite)
120Mbps (Direct Transmission)

Onboard Data Recorder

Solid-state data recorder (90Gbytes)

16




211PALSAR B RIE i &

PALSAR ¥ - j61i

1E2H%2 40

WiEfe 2 i E o a0

mode * ¥ 4 4
88 = =

100 =r =

57?._& PlARS 27

EBtE s 4031 70 22

Bty s 250 1

B 50 m}:i iR B? ’? | L B e 3B (T LR

% 31T H hisfel

350 = 2 - Polarimetric mode

72 PALSAR R P| % crtp B S8 o

> ScanSAR mode # &

B jati R 5 24 3

B4 o At JERS-10 PALSAR 4 f Likenk 5t

v H 2 BT R A Y

89 = =

# 4~ PALSAR R Pl %R+

< g R E
&3’5&]\, ﬁF—ﬁ»

¥ 4 % Fine mode ~ ScanSAR mode % Polarimetric mode - Fine

w13

'j\ ,‘ ﬁ*'}fﬁ'}i -

PR 20 2 65 02 o A 4K

> 21dB (Swath Width 60km)

Polarimetric
Mode Fine ScanSAR
(Experimental mode)
Center Frequency 1270 MHz(L-band)
Chirp Bandwidth 28MHz 14MHz 14MHz,28MHz 14MHz
HH+HV or
Polarization HH or VV HH or VV HH+HV+VH+VV
VV+VH
Incident angle 8 to 60deg. 8 to 60deg. 18 to 43deg. 8 to 30deg.
100m
Range Resolution 710 44m 14 to 88m 24 t0 89m
(multi look)
Observation Swath 40 to 70km |40 to 70km 250 to 350km 20 to 65km
Bit Length 5 bits 5 bits 5 bits 3 or 5hits
Data rate 240Mbps 240Mbps 120Mbps,240Mbps  |240Mbps
< -23dB (Swath Width 70km)
NE sigma zero <-25dB <-29dB
< -25dB (Swath Width 60km)
> 16dB (Swath Width 70km)
SIA >21dB > 19dB

Radiometric accuracy

scene: 1dB / orbit: 1.5 dB

17
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212AVNIR-2 B RIB A %

AUNIR-2 % kR PI B ¢ 51w Bkt 1Tk ok v B k2 Fh g o
& - B EFF 7000 R k4m & < (Charge Coupled Device, CCD ) » &7 4p &P+
CTHIEE G F R R S 70N Lo FiET R G 10 2 o MARPIE R RS 44 R o

4 5 % 7] AVNIR-2 & iB| B cridp B $-#c o

% 5~ AVNIR-2 i | BH#

Number of Bands 4
Band 1 : 0.42 to 0.50 micrometers
Band 2 : 0.52 to 0.60 micrometers
Band 3 : 0.61 to 0.69 micrometers
Band 4 : 0.76 to 0.89 micrometers
Spatial Resolution 10m‘(atNadir)

Wavelength

Swath Width 70km (at Nadir)
S/IN >200
Band 1 through 3 :>0.25
MTF
Band'4:>0.20
Number of Detectors  |7000/band
Pointing Angle - 44 to + 44 degree
Bit Length 8 bits

18



2.1.3PRISM g BB /i

PRISM £ > ¢ > REPIRBIE EF 2R3 F > 2 g P ELB L0 5T 2
eSO TR T P ER R B BRBIBZ T b L 24 B R AREF 5 - >
5P ABAEBE o r TRASERMEGIFL 0L 2 B2 S URE 3BT 0w
TR FETR S 25 2% PRISM £ 4 A7 AR » bl4c Z B2 ek

P A B e 4R H - S e i MR HER o 6 5 R R E e

9

o

% 6~ PRISM j 7] B 245

Wavelength 0.52 to 0.77 micrometers
Number of Optics |3 (Nadir; Forward; Backward)

Base-to-Height ratio |1.0 (between Forward and Backward view)

Spatial Resolution |2.5m (at Nadir)
Swath Width 70km (Nadironly) / 35km (Triplet mode)

S/IN >70
MTF >0.2

28000 / band (Swath Width 70km)

14000 / band (Swath Width 35km)

-1.5 to +1.5 degrees

(Triplet Mode, Cross-track direction)

Bit Length 8 bits

Number of Detectors

Pointing Angle
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2% PPz
AR HHE ] AR B 4- B 6 7 0 F1 5 PRISM 2 PALSAR ez B j247 A £ Bt
AVNIR-2 2 PALSAR 7 $jp iuehz B 247 R - #7 7 © 5444 AVNIR-2 2 PALSAR i& {7
PGB L > X RARB AT e b AT RE MI TR A LR MR - L

1 1EIE P IR AT o

/ AVNIR2 6 / / PALSAR /

v
B Gl
Y

VrES

A 4 A 4 A 4

PRRFELAC RFHEILAC MITLR
| |

N A
/ P /

Bl 65 5 i A

3.1 B ijoin AR

FHEZERFRHASGLFAADLE A BRGORRIET B TAR A ER
R R R B F - B A R EER RS T A P TS S R AL
CARPHAL B I N R L T ROT o AT TR kR0 AVYNIR-2 B
o @Bl PALSAR Bl kB R adl i &8 §47 Lk 2 kg R s 2
2R FER T RIL Y FRAER G L FER G PR R BT E fe
BN
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3.1.1 & 8§ i Aum

LE R AT TS R S 2 BB T d 5 ks BLE A u

BAEL R LA E o B G0N ()

Ipan = Z w;B; (1)

FP oW RE B AR R R RN 2 B AL REA R PRE

“ %{%R\G\Bﬁ IR m Bt f BT 35 Bd® {8 cnat & &2 R4 it p PRl % 30 02
THFOREL -

3.1.2 & i W g AR

THPGHAILE 5 2 BIA 0 A U5 AFES M FER Gl R R A

R W% od T ERGEAER o QRIS ERGAISF AT RITE -
FABGS AR B TRR PR, B AL Bk TRk R AR < L
B BB R BRI ER ) R R BRI 0~255 0 § i soS pes LAt
¥R BB RURY S AT LR

3.1.2.1 A RER thid 3 R T

TP GBI AR G LR URP I AR 4B T 4T o A IER e

Gt B FF AL B AT R TPt AR R Tl 2 b R T o
i ——» across frack
&
&

8= Depression angle

H
C
O"S‘é
90° ('B
A - B
Disty

Bl 7~ AR

AIER G AL DR REA AT AT TP Blanhl o Gl Raead 2729 4o r pERF s
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J L F B AT TR T I0Ag R AL G B R R A R e I fFR
SPLGE B R o R P hh & T S 0E S R M ROA EER kR S 2 R o 4o B 8 AT o
PGB BEE g 4k 2 38 4eT > Distg i # BE 0 Distg i ALFE 0 0

Dists ~ Dist - cos (2)
3122 % B EASE
FRUGSARES TRATADRRE > BRFPHA R EF R PL R -

TIPS TR S EE N F AT LT

0~255 > #-7 :

el
5
«%,11
®
f@i
&
oo
=3
7]
5
=
o
s
‘??;
R
?_ﬂ;
3\
Wk
ek
&k
e
b
N
s
P
[
(i}
-
Sk
P
1
=

BE.2548 255

i
133998065 133333065 ™

234819

=13
o

Il
194.761 256

f
29305

Bl 8~ R4sT E W A B B(2) S4B B AL (L)
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3.1.2.3 k%
FER AR P R A R ERE Sl PR R R
B g FRBGS §FF 5 IR BB RN E RPN T

B FI AR R L T T R R o BT B e g S i 2

ud

P Rapa a8 & @ Ao Lee filter #1200t SAR BRI AR AT A 6 2 2 G R

s (Jiaetal, 2009) > w287 7 5 eI ;‘/,iﬁf =2 5 Leefilter > 4055 (3) ~ (6) - 1 *

BELETFELTP AR BNTIOERE BE Lo, d B Lo,froit 8P o

A B Ex frxz B £ B BB FlenE g e v o o o

fOe, x5 o xy) = By + (1= Blx 3)
= Zl 1Xi 4)

2 2

B = max <% 0) (5)

X

- —1;@@ - %) ©)

32 Wijchih 2 &
LF RGP GRS THE RG] R LR B E AT
GELR R EES ST Y AR R IBE F R L o ALY A1 R

Z B N FER A B S 0 Aol 9 AT e
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NO=w & 2@ X » & AV = =5 B bai

Posed 8 P Oag Fowt O (= ot ¥ hrgas = > Alet Y Flet Z et X Plesahual ¥ Resdus *
e 1 > S183 125 TH L ] 8742 00X [ )
s 21N 019 625 578 290 SHE7 = 000000 X
3 merus 3 4165125 806 625 5381 947 17887 500 ) DOCO00 000
+ s 4

AL RNz BB R R S BRSO R ERGE LT X
et o N(T)~(8) 5 T e 2 o H P g ~ag % by~by 5 7 Sl B A Sk o
(s, 1N:XER GG (D5 TGP
s'=ais +ayl +a;z (7)
' = bys + byl + by (8)
B 10 52 6= S GBEP RTAFLIQEZE 657 i Fpd v RmRiaw
BAGTER G ¥ BV R R S REEE R o B oz BEERIALA 1 £ R4y
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3%kt &

BOEHCE S B R R IT S G # o & PALSAR B iP o 3N fR4T R e
FIVRPEORREY SN WK I 5 BARE P BS SE RRT LG
B d o E NG FR e BT e o w BT R R A1 6 P e g R s

ELS

GO ACATE TR o T4 M R ESETS g AT 3 TRV A 0w A T Y

o

a0

v FHRT RS R BEER Y G e F A G e BR § R e

Li- H T e RETHRT 5 PP (T 5 R Rk
3.3.1 & $HE B

G OEACE P K A B IR B AR S LT RBATE P s

Hoi® 5w i * o 3w A hF7 7 = % (Shuang Wang, 2011) » 4 -k & &~ &];

(Watershed segmentation) &t 43 &% C? R B-dlg B Tl AR T B Behn BiE

Bt i TG A A B o AR B S A TR R R B B R A
PP 58 # VAR VR R KBR e TR AL T F1] 020

FHEOIFESARE T A AS B ISP RFE foiLi &2 (flooding process) « F A3t

ERGAREDER AT D S 9) FEAE

v =magp = [(2) + (2] ©

FlRBEarg R L RIVAEG R 0 52 ISR RVfE g

|-

, e /L/rrwm#hmij‘ﬂ %

Jofl 5 e ”Tt@g#ﬁ,};@ﬂ ,ﬁ,';‘}g\a Fg&iﬁg;&‘;:‘gﬁqu;,,k@,&,&jﬂ;/},kgﬁ
BRI T EIA BN e FREL RIS FE A HARFE IR ES

B BIFAATIOFT Y FIHR E6 ] BT RBFHR LI o BB EID PR ERS

ﬁﬂ%&-.ﬁﬁq\lﬁﬂﬁfkgﬁﬁ_%’_ v W N B E] o ol 11 v 0 PRl - A

—=

x

BB
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W11 A kA B

(Image Segmentation and Mathematical Morphology.

URL:http://cmm.ensmp.fr/~beucher/wtshed.html)
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