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ABSTRACT

The image registration is a fundamental task in image processing used to match two or more
pictures taken, for example, at different time, from different sensors, or from different viewpoints. One
of the major challenges related to image registration is the estimation of large motion, when input
images contain small overlapped area. Common image registration using the search algorithm can
accurately finds large motion but requires high computation cost due to large search space. FFT-based
technique is an alternative approach since it can rapidly achieve the registration results through its FFT
algorithm. However, only FFT-based technique cannot produce the correct results in the case of large
translation.

This thesis presents a FFT-based technique cooperated with best-first search algorithm to
analyze the correct translation between two input images. The FFT-based technique is used to estimate
the candidate translations to decrease searching space while best-first search algorithm is used to
further search for the correct translation. The proposed technique can estimate large translations,
rotations , and scalings in images by an extension of a well-known phase correlation technique.

The experimental results using various image details show the accuracy of the proposed

technique to detect large translations compared to the other techniques in frequency domain.
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o3y o ' 1 £ Vv (Y Y do o 9
Wunsueuany a1 v0Imw wuduas idu 1 Jag 9o iduidany iduvey 1w
£
au
2.2.2.2 orveRuanyuziawmziunan (Feature-based methods)
dmsuismsiassanmuuundoguanvauzmwizitundn (51 idumsuos
o a o d0 o do ' Y Y S Y Ao o g
amludnvaziilugadnvus iduius fuvesnmau iduns 1duTds ea iduiidasu idu

vou 1udu vosmwdadaazmmdunaunumsuesluFalnseadreveanm
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2.2.3 msdwundszianmudsziammsn)asdye il (Transformation model)
Msswunlsziamminsoduundane’ suveIn1sdaioan mawlszaanmsuilas
o U v o (S . . 4 Yy a Y v d,
o ldedaning lasordennuduiusvesnmdwdanzmmthvine 18de
2.2.3.1 msuﬂmﬁ'tyqpmﬁsm’fu (Linear Transformation (Affine, Rigid))
o a Y < v @ a °
malasdymrangudu [6] wmtlumsdouniunin 2 mw Tasnmnaziimn
4 @ @ 1y - a ] [ = 19 4 '
Fouivuiu vz lulimsnasugdluFamenn su mwedvrzveayananuidoiu uameas
¥unmiu Jmnse lsmsulasdyanansasvindga 1dun msideulunuunuueunas
b4
HAUAY MITHYY HAZMVIONTDAAYUIA 1A
2232 msuﬂm&'mumumﬂﬂn%m’f'u (Non-Linear Transformation (Elastic,
Non-Rigid))
msudasdyana bigadu (7] WdmSunsdewivam nfemsnldouzli
- = ' (3 9y P 1 [ A 1 -
unsnlasundamenienw e mwedeazuedilonuanmenuriolivuiauaz s i
uanafuiudu d115U Non-Rigid Registration 21in131szgnalfinaiiasmaitonins
Ysunldougimidiullmudeans demamy
* Thin Plate Spline
* Radial Basis function
* Approximation Method
* Piecewise Method

* Piecewise Approximation Method

2.2.4 msdmundszanmuzuuvesmsdum
2.2.4.1 m3Aunudundn (Search-based Methods)
mITaGesan o uunauuuvesmsduni lasiunmaiinnmsaum
] = = @ 9y [ ' A o [
n¥w lumsmganiuganuguined i msdumedednyaziauyun mmiwsasog
i dunse dulds Fagmelunw dudu deodrsdimsvesmsiuunaugiiuuvesms
b4 o ' v A Y = A o
Aunnuundn (8] wavesnuuand i ldlaumguinnmsnasuntasvosn it
v a ' = = A B Vv A o VoA o c’/l
39584 wnsziiunwaznlSeumeume 1dlunisdumgansedumisnasatuuuninig
4 9 4
qA09NQNADINGA
2242 puaniAveunntnlaunse (Direct Methods)
A20819M3 VAT BININAYIT Direct Method 19U Lucas Kanade Method [9]
1tz Phase-Based Method [10] 1lunisiszmamsnlasunlasveanmdrsdaiaznmduns

TasofsuauimFataveninawiuaazmaiinmnua Tasdsiainmaiunaiinms
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AUIIBIE T M5V Lucas Kande Method 9170M153AAININAANAAUAUTEH AN
391509 Tua VD3 Phase-Based Method ®1/BN13 IAMINISIAD UMM UIHIUA N DA RIS T 111

Yy v Auy 1 Ao Y] A o " oA Y o
AU ﬂ']‘ﬂ"lﬂlﬂﬁ'lu‘lﬂil11‘5'1.'531”11!??1113ﬂﬂ1uﬁu@'ﬂﬂiﬂﬂuﬂuﬂ']ﬂﬂﬂﬁﬂ\i

2.2.5 msdwundsziammumsldinveanw

2251 Wuudaouuae (Single-modality)

danostuvesnisiassanmuuudaeuduier (111 szauluamzns
fasvaazdsznounmiiipiudndu vy 140nns 1¥gunsaidwnmsiiadendu)

2.2.5.2 HUUDIABUFINAA (Multi-modality )

ganestuvesnistaissamniuudaeuaiad [12] sraulomisiasoauas
Usznouninit 185 umnengUnsalsun miuanmeiu det wesmssaivaazilsznou
amuvuasuFaiaalunudwnialszuranammitemssnumemsunnd sz nende
msdafoaazsznoun muenesiissni1 “CT/MRI images” nienndauvessramed

’ ¥
[30n31 “PET/CT images” dmFumsszyvouwaniuuSnuveuiiown fudu

2.2.6 m3duundsziammumsiszyanlyau
° @ as v v 79 ¥
mMInuunlsziamdaneisuveanissai sanmlasldlszinnvesnisdszynd ldau
¥ v
iy Wsanvnnuvesdoyaimunzauvesdanes sudiniumsvams nuilszgnd
4
HaENQUNUFIMVEIBandT 5L InMsdsInuTamIIadumlsznnvesnulszynd
mhanuindunmssassannll1danu 18dail [13)
22.6.1 mM3nwnuszez1na (Remote sensing)
o 79 ¥ 44 9 o o
Medumsdizgndlsaumsaiugusze: InafiNeavestunoainiazwa
v
FOU 1B OUAMUNISINBAINTSH FTAINGT ANIAEN3T MITEITIINANINTY HAZITBIY
a o A vy a & 4
MUBITNNA Wan1z N ludlesazivath IwSewumihmane
22,62 MSIATIZHNNIMIUNNG (Medical Image Analysis)
a (4 o v A aa o
M3 ANTEHNUMIuNndsznoualsnsdszuiananiminonisitene s
b4 ' H
NIMSUNNG Modraru nsasrenuiiosenuazuinaiiiulsn aaeasuauiseden i
4 g ' o /3 A 4 yy v o Y
1DBIDI 15U MITwunmmvesadlation 1as Tulaw dalduninndesganssmi udu
2.2.63 M33913Uu0U (Pattern Recognition)
Tuilgiununiinumnneninerdestunsiiigiuun dmedruru msis

v @ a

g M3gidnus msfanumaindeulna msadanweuida msnldsundasglsie ns

wiaduveegnw iludu
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Reference Input
Image Image

l l

| Add Padding =

)

Edge Detection |

B

Hough Transform l

.

1D Phase Correlation I

.

Candidate Angles |

!

Best-first search l

.

De-rotate Input-Image |<—

.

—’l 2D Phase Correlation |

'

“’L Registering Image ]

—

r Outputimage ]

v v
3N 2.6 AR uADUMITAGTBIMNINNUINE [14]
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2.3.2 14398904 B.S. Reddy and B.N. Chatterji [15]
° a @ s ' A o3y ' a [
tuauamauamsdnissanmgesolsznoutlunminglulamuarui laverds
a = o aa aw A A [ S o8
mataaneafisdu 2 Tanazmsuasiinanen Inaueninisidou 4 anvae 1dun s
» v
MU MIVOIWHToaAVLIA Nstaousumia lunuiueu nazuudne msudasivdanin u
Wiaaen Ina1 MaIUMINI0INNUDGIHIU (Highpass Filte) M ldannsaldmaiinme
ABARISYY 2 UA Tumsmimsideuiinaeinnisvyu uaz Msvorwnazaavinald lasinny
Y 1 v W o v A =% 4* [ A v 9
gnaed luvufudnyuzvesn it o uaninsvufuviavesnuimsiudou
¥ ¥ b4 ' v
sEMINMNAduneaesed a1nmiwiie 1dayunsuyuazansvoenseanvuiai
a o A a (9 Y v a
wWasuuasl sximsnyunmmiazverorseanvinavesnmduyandy qaieldimaiin
s o aa A o ' A o 1 Y = sy Y u’:
mlaneadis vy 2 NAMMIIMImIMveImsoudmus ez ldn misitinesyn 1a ludunou

» v '
Wmssunminea i1 msan Ing uansduneunis dns sanmuesnuive [15] daz1li 10

Reference Input
Image Image
'l
1
v
FFT
Module
Highpass
Module
l I ¥
Log-Polar —> Phase Correlation > Transformation 3  Translation
Module > Module > Module > Module
vE g
Angle Scale

v b
JUN 2.7 namstuppumsdaissanwanauive [15]

v ¥
WUAUVDINUINY [15] Ap nsiamuu Tamunnudianuailiimaiianisdases
:Iy v 9 =< ° a aQ o &
muillgnarlumsdszuanaissnin saudansiiumatanisudasidauuuaen Iwaids
£ v W 9/ 1 b4 v o ' IS DA Y = o
yunvanyuzvesnmiasdinalianugnaoslunmanyuzaieg IarlndiRveadunay
x » s

aunsonmsieudumie 14 4 dnvaz 18un madeulumunuueunazunuds msvyu
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2.3.3 14I98U09 Hanzhou Liu, Baolong Guo and Zongzhe Feng [16]

o a (3 -~ 1 d’ Ll d‘ o

iiauemainmsiaBeanmdesivelszneuilumwinalulawuniudlaverde
malawaasads ¥ 2 TanazmsudasinaaonTnauiioy (Pseudo Log Polar) IiNDHIN3

@oudumie 4 dnwag Taun n1snyu nisveenseanuuia MaaeudmunualuuuIuou

¥
Aav A

v
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v i 4
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AIFU 2 TAMNMAIMTHYUIAZNITVBILH5DAAVIARANAIA

Interpolation to Pseudo-log-polar
16,5}

s

2D Phase correlation
6, axes

A0, S

h

2D Phase correlation
resolve mambiguity
T

v

(Ax,Ay)

v v
JUN 2.8 uaaaTUABUNMIIAG BINNIINNTUITY [16]
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3.1.3 szuuRinaaenInal (Log Polar Coordinates or Log Polar Grid)
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® Zero-order Interpolation H3o Nearest-neighbor Interpolation
% o U ° ' v P P
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X, yreal x', )" integer
(x,y) »| Transform | | (x,y) [/ Round(x) (x,y)
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X backward X
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X backward X
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33 mil!ﬂm?j!%ﬂid (Fourier Transform)
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3.3.1 fmuﬂmrjn’ms‘uuu‘lﬂdmﬂm (Discrete Fourier Transform)
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09N ¢ = cosf+ jsin® Mnaumsi 3.11 v 1T
1 & 27mux . ( 2mux
. Fu) = — X)| cos — jsin 13)
- Méf()[(M)’(M)] i

o @ S J gy o ' v A A ' v - '’
dmiumsmsulasyiSesiidedmuad vinavesdoya niefien M vzdesiiaoglu
v ¥ 1 H
suves 27 Tunsdindia ludlu 27 szdosiimsi@uaaduielae 27 vinaunisi 3.12
o ' { o o [
uag 3.13 WuaumsmsmsuasyiSos IideyaegluTawunmuddmsumsulasdoyandy

910 TAmUAUDI59n 1 Inverse Discrete Fourier Transform (IDFT) Haun1saatl
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3.3.2 mslulmvhmdﬁ'ﬂs (Fast Fourier Transform)
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3.4 ansaas vy (Phase Correlation)
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M,(r,0)=M,(r,0 + AO) (3.28)
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3.6) Root Mean Square Error
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I. - Log Polar Grid , Phase Correlation and Iteration Search

II. Log Polar Grid , Phase Correlation and Best First Search
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I. ~ Log Polar Grid , Phase Correlation [15]
II.  Log Polar Grid , Phase Correlation and Iteration Search

III. Log Polar Grid , Phase Correlation and Best First Search
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39% —20% 19% — 10%

I II III I II 111
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I. Hough Transform, Phase Correlation and Best First Search [14]
II. Log Polar Grid and Phase Correlation [15]

III. Log Polar Grid, Phase Correlation and Best First Search
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100% — 80% 79% — 60% 59% —40%
I II 11 I I I I II I
Simple 8.87 0 0 9.34 0.51 0 12.08 1.42 0
Detail 21.05 0 0 28.12 0.34 0 63.12 1.07 0
Complex | 48.57 0 0 54.85 0.76 0 57.21 0.96 0
39% —20% 19% — 10%
I II 111 I II I
Simple 24.02 9.42 4.39 79.61 | 74.15 | 47.81
Detail 70.58 8.86 6.76 85.55 | 74.15 | 48.44
Complex | 66.57 10.59 6.81 9442 | 80.44 | 54.14

I. Hough Transform, Phase Correlation and Best First Search [14]
II. Log Polar Grid and Phase Correlation [15]

III. Log Polar Grid, Phase Correlation and Best First Search
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1 4
MNIER U UMBYUIAA1Y (GUTR)

100% — 80% 79% — 60% 59% — 40%

I II 11 I 11 1 I I 111

Simple 11.74 1.58 7.82 11.96 1.75 8.10 11.08 1.48 8.48

Detail 11.85 1.60 4:95 12.06 1.46 7.84 12.33 157 8.10

Complex | 11.53 1.43 8.01 11.91 1.67 8.18 12.58 1.40 7.94

39% —20% 19% — 10%

I II 1 I I 11

Simple 12.13 1.67 8.54 11.46 3571 8.36

Detail 12.51 1.78 8.45 12.38 1.74 8.51

Complex | 12.20 1.72 8.47 12.42 1.51 8.45

I. Hough Transform, Phase Correlation and Best First Search [14]
II. Log Polar Grid and Phase Correlation [15]
III. Log Polar Grid, Phase Correlation and Best First Search
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a T s - 1 A o s v '
MTNN 5.1lllﬂﬁ‘“ﬂﬂ’lq‘uﬂﬂq'lunﬂaﬂﬂﬂﬂfﬂlﬂ‘“lﬂﬂz']ﬁﬂ']’ ﬂ"“’ﬂﬂ‘l““”ﬂﬂﬂmzuﬂﬂﬂ'lq

e 5
fu Welldgygusuniulunin (%)

Variance = 0.05 Variance = 0.10

I I 1 I II 111

Simple 32.15 41.17 | 5594 | 15.10 | 38.23 | 47.12

Detail 26.70 40.78 | 52.01 10.37 | 36.50 | 44.45

Complex | 15.11 39:12= 1-51.76 7.64 35.12 | 42.89

Variance = 0.15 Variance = 0.20

I II 111 I II I

Simple 12.54 37.41 | 46.17 4.16 23°83%N| 38.59

Detail 8.44 36.34 | 42.88 .02 18.22 [R36,87

Complex 3.12 31.10 /] 39.23 1.07 17.84 | 36.04

I. Hough Transform, Phase Correlation and Best First Search [14]

II. Log Polar Grid and Phase Correlation [15]

III. Log Polar Grid, Phase Correlation and Best First Search

J o A o o b o
911021317 5.11 aunsni Wad s miNenaasnnuduius U avesdyaa

a1 s d & ) | ad o o '
71]ﬂ?ﬂﬂ”ﬂﬂﬂ“llOilcﬁuﬂﬂ']'“JQﬂﬂaQ‘JU\“lﬂﬁ31ﬁﬂun1"aﬂﬂmzﬂ’n’] ﬂizﬂﬂua’"’n‘lw

Simple 1aAs 1AAS31R 5.19 NN Detail nas 19AI3UN 5.20 uAZA M Complex uaalanagaln

5.21

nniuaasulafidudanugadanadozasuaais
Auninuuy Simple Wanmwildganaisuniu

(=]
o

/

£

|

————

o

nhdidudimmugnansiaiu (%)
~N w

0.05 0.1 0.15 0.2
awnuulsisiu

71 5.19 nsmluamanle Sidudnnugndes

\ ad o X A IS
VOUIAATITAUNINUUY Simple momwuﬁryapmmmu

——1
-1
—a—III



84

nruaavulasiBudanugadasadorasudazis
Auninwuun Detail ilanwiidyanaisuniu

60
e **—h\.\

-
40 H \
30 \ \ -]
20 \ e | -1
- iz \ 2

0.05 0.1 0.15 0.2

nladidudarugndasiaiiu (%)

adnuulsiisru

31 5.20 nsmluaasnle fidudnnugndos

4 ad o = A -
VOIUADSITAUNINLUUY Detail momwuﬁtyiymsumu

anvuaasulafiiudanugndasnadanasuda’s
Aumwuun Complex lanwiidganasuniu

60

g

2 o ——

'E 30 —>4
20 = -1
10 o ——1II

0.05 0.1 0.15 0.2

ArInalsisiu

Ui 5.21 nslumanlesidudniugnies

1 Ao A -
VOAUADSITAUNINLIVUY Complex momwuﬁq;q;msumu

nnnsmuanaesiudniugndosusanaiimsnuansdsgui 5.19 - 5.21 wudh
o
Y IUTUNIUUVY Gaussian AHIHAADAINYNABIVBINIIAITBINIWII 3 35 Tasu)swndiu
J & @ ‘ J
MuAMINsUsIu (Variance) vosdgygasuniudie wemimsulsdsiuiosniugndes
o - A a 2 o -t o
VBINIIAFHINNNIN 1AL WomMIul TUTNNINYUAIINYNABIVDINITIAG BIN MY
' ' a o 4 o - o axd
aAny NuUNANUNUMURBdY Y INTUNIUYEIEMsIinauailni S sufeuduiEn 1

v
s a a - ' 1d o ' ' o
uaz I MYszAnSnmiianh uaRdmumudedygusunIMILY Gaussian ‘18 liwmin



85

d' o J :; Vv ac d' °
5.4.8 m‘mnammammmnumunanmﬂnuuuﬂmmmwuum'uanﬁms‘nmmua
» b4
A w '

s LA ao <]
MINAADANDIANNUNUMUADANUTULAIVDIITMIMInaud 111 Tuandseility

b

[

' v
_MIinaasninwnianyazianaany 1msusuanuainlunnwnilsu Iiiaauazanng

€

¥ H

¥
Yu Tagyimsdsunadu 6 41e flo -00, -60, 30 , +30, +60 , +90 aRIRa3UA 5.22 u&IM
o 1 o : = = o aw {
msdanulesisuannugndeundonlSouifsutuauise [14] uaz [15) msndsunlaans
» H x » v x
@oumimmaasszneudismsioulunuiueu msideunuIdIEZMIMYUITBINN
¥
11u39y [14] Timuisesessunisverenieaavuiaveanindunald duiusudenya
Y 4o A v da = & & o
dayanmmimiwmanessneyadoyaniniiimsndsunaimsidounuiuey msiaeuuIng
o o 4 o 4 = &
uazmanyu dmsvgadoyanimimhmaassiegadeyanmiimsldsunlasimsiou

2 ¥V ' H
HUIUBY MITIDULUIAIAZNIT UYU HATNE N 1ADINMINAADILAAIAIAITIN 5.12

GNP T
(b) Brightness = +30 (c) Brightness = +60 (d) Brightness = +90

(e) Brightness = -30 (f) Brightness = -60 (g) Brightness = -90

U 5.22 ugmesnmmdingniSuanuiduumaiauanaiadiy



86

P /d o - 1 aa o Ao '
MI19N 5.12 llﬂﬂQujﬂﬂmuﬂﬂ’nuqﬂﬁﬂilﬂﬁﬂ'llf)illﬂﬂ:’)ﬁﬂ'ﬁ ﬁ“"’un“““u AYUTUANAN

& “
M Welimsnlavunasanuduuaalunin (%)

Brightness = -90 Brightness = -60 Brightness = -30

I I I I I 111 I I 11

Simple 24.51 72.31 | 89.08 | 52.59 | 77.01 | 95.31 | 61.15 [ 78.12 | 95.31

Detail 15.13 71.94 | 88.14 | 38.73 | 76.65 | 94.46 | 42.81 | 76.30 | 94.46

Complex 8.40 7045 | 87.74 | 20.94 | 76.04 | 92.82 | 24.11 | 75.81 | 92.82

Brightness = +30 Brightness = +60 Brightness = +90

I I 111 I II m I II III

Simple 61.70 78.68 | 95.31 | 54.78 | 76.71 | 95.31 | 36.80 | 73.40 | 91.10

Detail 41.53 77.15 | 9446 | 38.50 | 75.12 | 94.46 | 28.06 | 72.11 | 90.44

Complex | 24.46 76.33 | 92.82 | 21.44 | 7479 | 92.82 | 17.34 | 71.78 | 89.76

1. Hough Transform, Phase Correlation and Best First Search [14]
II. Log Polar Grid and Phase Correlation [15]
III. Log Polar Grid, Phase Correlation and Best First Search
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YUNIIHYUDF RMSE, _, g la RMSE_,_.
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4 5. 0.066 6 0.074
5 10.3 0.062 10 0.062
6 10.7 0.066 11 0.074
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MIAOUTI RMSE, . RMSE,_,

e nmuonla 5
1 0.3 0.020 0 0.020
2 0.7 0.022 1 0.022
3 30.3 0.019 30 0.019
4 30.7 0.021 31 0.022
5 60.3 0.022 60 0.026
6 60.7 0.022 61 0.024
7 90.3 0.016 90 0.017
8 90.7 0.017 91 0.019
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M3 13 uaeadefisudnnugndeunds dmsunmanyaaien e muasmauy

msvyuisudwiiu 1,2, 4,6, 8,10 uaz 12 yuauddy uSnuwAIUUgNOY

Log Polar Grid, Phase Correlation (%)

=1 N=2 N=4 N=6 N=8 N=10 N=12

Simple 85.22 87.15 87.31 86.89 89.20 93.28 94.11
Detail 85.28 87.16 88.52 88.94 89.56 92.03 91.53
Complex 84.70 86.35 88.20 88.79 89.00 89.83 89.92

M3 9.4 uaawranlszuaramdo fuSuNINANEEZAN WA MUAS I IUYUNTHYU

Gudwilu1,2,4,6,8, 10 uag 12 YUMUBIAY UTUUADUUNYIY

Log Polar Grid, Phase Correlation (Auan)

N=1 N=2 N=4 N= N=8 N=10 N=12

Simple 1.64 1.99 2.84 423 4.85 6.25 6.96
Detail 1.68 1.99 3.47 4.14 4.98 6.34 6.75
Complex 1.52 2.18 3125 4.76 ok, 6.13 7.47
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A v A Ve 4 v ° : — o
ADNIAUNUVUIADNAINANTANDU (BFS) uaznmsauvuunig (ITS) TﬂﬂﬂW"ﬂu'ﬂJ”l
¥ '
V]ﬂﬁﬂﬂlﬂuﬂ'\WﬂTUﬂTJﬁ’lUlltlllﬂil?ﬁl!‘lmﬁuﬁﬁ'lﬂﬂizﬁﬂ AUUYNITU Nﬂﬂ’li'ﬂﬂﬁﬂ»ﬂl’dﬂ\ﬂu

A9 9.1 — 9.2

L USnMYAMIANIELY

ot 3 ¢ Y AR A = a dqu
MITNN 0.1 llﬁﬂ@lllﬂﬂ‘]fuﬂﬂ']’lllgﬂﬂﬂqmﬁﬂ AIAITUN AN D ULRAY nmmatm“l‘v

UszunanaveanalinmMIAUINUDA1Y IMFunIMRLsnYuZIANA1aY

VIDUUAAIANTSUN (%)

precision error Time
I 11 I 11 I II
Simple 94.12 85.44 12.75 18.80 8.10 4.34
Detail 92.58 84.20 13.77 17.31 8.35 4.60
Complex 92.10 83.68 13.54 19.74 8.03 4.15

II. u?nmumnuuqmnu

- s 3 o v al$ A 4’ A Aqw
MITNN 0.2 llﬁﬂ\ilﬂﬂilmuﬂﬂ?’lugﬂﬂﬂqmﬁﬂ AU IAUATDUIRNAY l'JﬁTlﬂﬁU‘Vﬂ‘lf

@ '

UszulanaveANATANSAUMIITUAING FIMSUNNATANYULUANAIAY

VINUVADUUGNEIU (%)

precision error Time
I II I II I I
Simple 96.50 90.04 8.13 9:92 8.42 4.50
Detail 96.34 88.26 8.31 11.49 7.99 4.42
Complex 93.54 88.40 10.84 10.72 8.39 4.81

I.

IL

Log Polar Grid , Phase Correlation and Iteration Search

Log Polar Grid , Phase Correlation and Best First Search
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H30aAYIA NMINAaENINWANY LAY MAYATyam NI msAsunasmsuyuiay
M3 oM 3DV WYUIANIMIIMIFAT 8an N B smmsn)deunlasnsideunuuveienseo

A o =l S o e d‘ o - W d‘ o -

anvua ¥ lunisnaassiimsfSemivusuauideves [15] NHIN153%e509n159a504
amlaoldimatianisulashay5es maneadisdu msutlasiidauuuasn Inar uaznis
v o~ 9 a

¥ ’
FATHINNAWNAUAMIAUNIBUINIE (TS) Tasnmitimaasuiunmorear ey ly

} 4 H H
Ushawaunaanszlis ouugne vamsneassaaslumsnii o, - .2

L USnavAaIAN3zUY
a Va2 ) P s A P a4 dew
M50 2.1 taaulesiruannugnasunde MnuManIeNRas NaRdsN 19
UszuianavouaazIsns dIMTunMNLSNEUSUANA NN ULS DIYA

AANTL9 (%)

precision error Time

| II 111 I II III I 1I I

Simple 79.45 83.08 | 93.55 | 0.071 | 0.069 | 0.034 1.84 4.81 7.34

Detail 79.01 82.46 | 93.64 | 0.064 | 0.067 | 0.040 179 4.89 8.35

Complex | 77.23 82.11 | 93.04 | 0.097 | 0.069 | 0.043 1.81 .12 7.98
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MINT 2.2 uaaulesiIFuAnNgNADIREY AINUAIAINADNEGY NAIRALT 1Y
> Uszunanavenazisms aMSuUNMNNTANYUSUANANAUUTNUUYADUY

Nneu (%)

precision error Time

I I 111 I II 111 I II 111

Simple 79.45 83.08 | 93.55 | 0.071 | 0.069 | 0.034 1.84 4.81 7.34

Detail 79.01 82.46 | 93.64 | 0.064 | 0.067 | 0.040 1574 4.89 8.35

Complex | 77.23 82.11 | 93.04 | 0.097 | 0.069 | 0.043 1.81 512 7.98

I. -~ Log Polar Grid , Phase Correlation [15]
II. Log Polar Grid , Phase Correlation and Iteration Search

III. Log Polar Grid , Phase Correlation and Best First Search
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A v J
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mwhidnyauzunnaenu Tasdanaluisesvesnulesisuannugndounde Amnuaaia
A a Aq v ' 9 ' Ao ¥ [
navUMdY uaznmn 1¥dssurana Tasulwenwadn s LY UIAYDIAIUNN UFOUNUYDI
n’: a ' 4 o [ ‘dy
M utazn mdunadIsa1aY dsznoudinlesidudnisiudeusatl ( 100% - 80% ,
£ d" Y o = o
79% — 60% , 59% — 40% , 39% — 20% , 19% — 10% ) F¥alumsnaassil lamsiSeuinsuny
U3 [14] MIMITiTeamsiaisanmIagldmaianisullasdeyanvudn manea

'
ey o '

Ay sawdunisAumaiaiganommznSoufouduauddo 151 Mnsiseisoans

saseanmlasldmatinmsmlashayises wanoadisdu mswlasisauuuasn Inat Tay
{ o o 4 a F o

ammhwmaasutlunmmeariioyluusnaetuiiainnszila auugnou #ansnaaea

A luaIs NN ¥.1 - %.6

L USnMYAaIAnsLg
a P ¥ P WY e 4 L7 da o '
A3 .1 uarauesIFUANIINYGNABIR AYVDINAAZITMS dIMSuMWATdnYUZIANAI

) v
AU PN MNIARIN UFOUAIBVLIAAIIY USINVAAIANTZITS (%)

100% — 80% 79% — 60% 59% — 40%

I II 111 I II 111 I II I

Simple 84.38 100 100 81.04 | 97.62 100 74.30 | 96.06 100

Detail 70.85 100 100 63.84 | 97.10 100 34.85 | 96.22 100

Complex | 26.90 100 100 28.12 | 97.01 100 27.64 | 95.87 100

39% — 20% 19% — 10%

I II I 1 II 111

Simple 61.59 78.20 | 9730 | 30.24 | 42.12 | 77.84

Detail 27.84 7843 | 96.78 | 2542 | 37.59 | 73.18

Complex | 25.70 77.01 97.12 | 24.88 | 37.35 | 66.20
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M3 ¥.2 HFAIAINIUAIANAD UIR ALV UADZITNT AIMSUMNALAN YU UANA AU

N NINIAB M UFOUAIBYUIAAINY VTNNUANANTLITI (977)

100% — 80%

79% — 60%

59% ~40%

I 11 I I 11 11 I 1 1l
Simple | 9.64 0 0 9.78 | 0.87 0 13.72 | 1.60 0
Detail | 22.31 0 0 2930 | 0.45 0 63.84 | 1.26 0
Complex | 49.14 0 0 55.44 1.04 0 58.30 1.05 0
39% — 20% 19% — 10%
I 1 11 I | 1l
Simple | 24.70 | 10.10 | 4.88 | 81.02 | 75.09 | 48.90
Detail | 7123 | 938 | 731 | 8644 | 7523 | 49.12
Complex | 6680 | 11.20 | 7.85 | 95.01 | 81.02 | 54.86
M3ai ¥.3 laaananlssnanamasvoudais msdmsun A nanyazang ety e
mwﬁmmﬁm’s’auﬁwwmmm Vinavaaanizila (ui)
100% — 80% 79% — 60% 59% — 40%
I 1 I I I Tl I I I
Simple | 11.32° | 148 | 812 | 11.80 | 1.62 | 782 | 11.15 | 150 | 835
Detail 11.41 159 | 834 | 1232 | 152 | 796 | 1220 | 145 | 8.14
Complex | 1197 | 1.53 | 798 | 1231 | 1.63 | 821 { 1222 | 147 | 805
39% — 20% 19% — 10%
I I I I 11 11
Simple | 12.43 158 | 846 | 11.68 | 1.80 | 857
Detsil | 1220 | 162 ] 854 | 1214 | 168 | 880
Complex | 1235 188 | 867 | 202 | 147 | BS

I. Hough Transform, Phase Correlation and Best First Search [14]

II. Log Polar Grid and Phase Correlation [15]

III. Log Polar Grid, Phase Correlation and Best First Search
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L USOMUADUUNEY
:i ¢ o o 9y = ' ac o o Ad o '
MINN ¥.4 1TAAYDIIFUANIIWYNAD AR AVVDIAALITNS IMSUNMNNTANY UZUANAI

» v
AU N WA M UFOUAILVUINAI VTDUYADUUGNOIU (%)

100% — 80% 79% — 60% 59% — 40%

I I II1 1 I 111 I II II1

Simple 85.86 100 100 83.86 | 98.98 100 74.60 | 95.30 100

Detail 71.99 100 100 64.72 | 99.96 100 36.57 | 98.26 100

Complex | 30.24 100 100 28.74 | 97.61 100 28.80 | 99.03 100

39% - 20% 19% — 10%

I 1I 11 I 1I 111

Simple 62.91 78.94 | 99.44 | 31.88 | 43.66 | 78.52

Detail 29.30 80.43 | 99.26 | 28.18 | 39.51 | 75.38

Complex | 26.90 79.59 | 97.68 | 2646 | 37.93 [ 67.20

M3197 1.5 LATAIAIAIINAIAAAD MR AYUBIUADZITMS TIN5 UMNNNANBULUANANAY

» ¥
HBNMWINADINUFOUAWYHIAAIE VTNDVUVADUUGNEIU (D3511)

100% — 80% 79% — 60% 59% - 40%
I II 11 I Il I I II I
Simple 8.10 0 0 8.90 0.15 0 10.44 1.24 0
Detail 19.79 0 0 26.94 0.23 0 62.40 | 0.88 0
Complex | 48.00 0 0 54.26 0.48 0 56.12 0.87 0
39% —20% 19% — 10%
I I 11 I I III
Simple 23.34 8.74 3.90 7820 | 73.21 | 46.72
Detail 69.93 8.34 6.21 84.66 | 73.07 | 47.76
Complex | 66.34 9.98 5.77 93.83 | 79.86 | 53.42
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M3190 ¥.6 LaAIasTIARAIRABYDLAALIT NI AINSUN NN DA NHUUANAINY 11D

v
mwﬁmmﬁwff'ﬂuﬁ'wwmmm UINUVADUUYNIU Qum)

100% — 80% 79% —60% 59% — 40%

I I 11 I II 11 I I I

Simple 12.16 1.68 152 12.12 1.88 8.38 11.01 1.46 8.61

Detail 12.29 1.61 7.56 11.80 1.40 7.72 12.56 1.69 8.06

Complex | 11.09 1.33 8.04 5 b 1.71 8.15 12.94 1.33 7.83

39% —20% 19% — 10%

I II I I II I

Simple 11.83 1.76 8.62 11.24 1.74 8.15

Detail 12.82 1.94 8.36 12.62 1.80 8.40

Complex | 12.05 1.60 8.27 12.82 'y 3] 8.35

I. -~ Hough Transform, Phase Correlation and Best First Search [14]
II. Log Polar Grid and Phase Correlation [15]

III. Log Polar Grid, Phase Correlation and Best First Search
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° 1 o ' @ o Q’ o 5 ¢§
msnaassthmwnlanyauzuanateiu lhimsiidygIusunuiny Gaussian Faiy
dyaasunauing 121U Tumal §iid € 1) lunmTas s nars (Mean) mady o0 wazih
msdeuntasmanuusysiu (Variance) 181 0,05, 0.10 , 0.15 , 0.20 AWy Aouth
v ° o & s o v a P
M NFy s umMuNIMsIaGenmineian e idudnnugndeunds Tasnwi
b4 '

inmeasaiiunmdwaiiionlupSnawanuiaaniziis auugne HamINAaBILAAS

Tuas1an .1 —a.2

L USnavAMAnI=1Ua
:‘ d o v - ' ad o o d':: o v
A1519N .1 uaaalasiIFuARNUYNABUNABYDIAALITNS SINTVNNNTE YN UANAIS

nu Welidyy i suniulunmusnauvamansyii (%)

Variance = 0.05 Variance = 0.10

I I II1 I I 111

Simple 30.84 4096 | 55.10 | 14.55 | 37.33 | 46.48

Detail 25.50 38.81 | 51.66 9.51 35.79 | 43.32

Complex [ 13.25 38.74 | 50.40 YA 34.71 | 40.60

Variance = 0.15 Variance = 0.20

Simple 11.90 36.12 | 45.81 3.88 22.65 | 38.08

Detail 7.72 3546 | 41.40 2.20 17.55-].36.12

Complex 2.84 30.66 | 38.84 0.51 16.20 | 35.79
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a s 3 o 9 a ' . an o @ Adw '
AITNN %.2 uﬁmnlaiwuﬂmmgnﬂmmaummsma:aﬁmi AHIVMANNVANBUSUANAN

o d’ - o a
AU Y IMITUNMUTUMNUTRUADUUGNEIU (%)

Variance = 0.05 Variance = 0.10
I I 111 I I 111
Simple 33.46 4138 | 56.78 | 15.65 | 39.13 | 47.76
Detail 27.90 4275 | 5236 | 11.23 | 37.21 | 45.58
Complex | 16.97 39.50 11°°53.12 8.11 35.53 | 45.18
Variance = 0.15 Variance = 0.20
I i 111 I I III
Simple 13.18 38.70 | 46.53 444 | 2441 | 39.10
Detail 9.16 3722 | 4436 | 2.84 18.89 | 37.62
Complex 3.40 31.54 | 39.62 1.63 19.48 | 36.29

I.  Hough Transform, Phase Correlation and Best First Search [14]

II. Log Polar Grid and Phase Correlation [15]

III. Log Polar Grid, Phase Correlation and Best First Search
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L USnMYANANIZUN
4 g 3 o 9y a ' as o o et o '
A13199 a1 uaAalesiFuAnNgNABIRRLYDIIAAZ IBMS AIMTUNMNNTANYULIANAT
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Brightness = -90 Brightness = -60 Brightness = -30

I II 111 I 1 I I II I

Simple 22.60 70.85 | 88.04 | 51.10 | 7629 | 93.97 | 60.38 | 78.04 | 94.68

Detail 14.78 70.23 | 88.59 | 36.83 | 7520 [ 94.15 | 41.88 | 75.46 | 93.06

Complex 8.14 68.26 | 86.65 | 1942 | 74.11 | 91.18 | 22.79 | 75.37 | 92.20

Brightness = +30 Brightness = +60 Brightness = +90

1 I il I I m I II 11

Simple 60.85 7724 | 94.60 | 54.14 | 75.09 | 94.57 | 35.10 | 72.21 | 90.88

Detail 40.83 75778 | 93.72 | 37.30 | 73.92 | 94.01 | 27.86 | 71.94 | 89.50

Complex | 23.66 74.59 | 92.51 | 20.70 | 74.63 | 91.89 | 16.80 | 70.34 | 88.13
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.:; Jd < o v a 2 b ad ° o Ao o 3
AITNN N2 tlﬁﬂﬂlﬂﬂil‘-‘ﬁuﬂﬂ’nnqﬂﬂﬂﬁlﬂﬁﬂﬂlﬂﬂllﬂﬂt']ﬁﬂﬁ MNIUNANNUANE UTHUANA

o A~ a 9 a
nu manmixﬂauuuﬂmmmnluum"lumwusnmwmuqumu (%)

Brightness = -90 Brightness = -60 Brightness = -30
I I 111 I 11 11 I I 11
Simple 26.42 73.77 | 90.12 | 54.08 | 77.73 | 96.65 | 61.92 | 78.20 | 95.94
Detail 15.48 73.65 | 87.69 | 40.63 | 78.10 | 94.77 | 43.74 | 77.14 | 95.86
Complex 8.66 72.64 | 88.83 | 2246 | 77.97 | 94.46 | 2543 | 76.25 | 93.44
Brightness = +30 Brightness = +60 Brightness = +90
I I I I I 111 I I 11
Simple 62.55 80.12 | 96.02 | 5542 | 7833 | 96.05 | 38.50 | 74.59 | 91.32
Detail 42.23 78.52.}-95.20 | 39.70 | 76.32 | 9491 | 28.26 | 72.28 | 91.38
Complex | 25.26 78.07 | -93.13 | 2218 | 7495 | 93.75 | 17.88 | 73.22 | 91.39

I.  Hough Transform, Phase Correlation and Best First Search [14]

I. Log Polar Grid and Phase Correlation [15]

III. Log Polar Grid, Phase Correlation and Best First Search
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[1] Olan Samritjiarapon and Orachat Chitsobhuk , “An FFT-Based Technique and Best-first
Search for Image Registration”, International Symposium on Communications and
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An FFT-Based Technique and Best-first Search
for Image Registration

Olan Samritjiarapon
Faculty of Engincering,
King Mongkut's Institute of’
Technology Ladkrabang.,
Bangkok. Thailand
notskill 100@hotmail.com

Abstract — The image registration is a fundamental task in
image processing used to match two or more pictures taken, for
example. at different time. from different sensors. or from
different viewpoints. One of the major challenges related to image
registration is the esti of large when input images
contain small overlapped area. Common image registration using
the search algorithm can accurately finds large motion but
requires high computation cost due to large search space. Fourier-
based technique is an alternative approach since it ean rapidly
achieve the registration results through its FFI algorithm.
However, only Fourier-based technique cannot preduce the
correct results in the case of large transiation. Thus, this paper
presents a Fourier-based techmique cooperated with best-first
search algorithm to analyze the ¢orrect translation between two
input images. The Fourier-based technique is used to estimate the
candidate translations to decrease searching space while best-first
search algorithm is used to further search for the correct
translation.  The  propesed  techni can  estimate  Jarge

Orachat Chitsobhuk
Faculty of Engincering.
King Mongkut's Institute ot
Technology Ladkrabang.
Bangkok, Thailand
keorachatkmitlac.th

rclated to the Fourier-based scheme is the shifting propertics of
the Fourier transform [2], which allows robust estimation of
the translations using phase correlation [3]. In order to account
for rotation and scaling, the image is transformed into a
uniform pelar grid or log-polar grid. However, only phase
correlation is notsufficient since the registration results usually
contain errors in the case of large translations with small
overlapped area between the input images.

In this paper, we proposed a FFT-based image registration
algorithm  cooperated with hest-first search algerithm to
increase the performance of the image registration process. The
Fourier phase correlation technique is used to estimate the
candidate translations in order to decrease searching space. The
besi-first search algorithm is then applied to obtain the best

slation of angle and scale from candidate translations

translati and r i in ges by an extension of
well-known phase correlation technique. The experimental results
using various image details show the accuracy of the proposed
technique to detect large translations compared to the other
technigues in frequency domain.

|

Keywords — image registration, phase ceorrelation, best-first
search

I.  INTRODUCTION 2

Image registration is an important arca of computer vision
and image processing toroverlay two or more imuges. The
process ol image registration 18 10 take a pair ol images and
register them 1o create a new image with details of all images
in the correet position. This problem was analyzed by various
features. such as contrel point. gradient, spatial correlation,
mutual information, and diserete Fourier transform coefficients
[1].

The Fourier domain technigue derives the optimal match
according to information in the frequency domain while other
techniques search for the corresponding featres in spatial
domain. Searching in spatial domain involves ina large search
space and requires high computational time even though it can
guarantee the correct results. Due to the benetit of TFT
algorithm. the Fourier domain technique is a competitive
approach used to match images that are translated., rotated. and
scaled with less amount of registration time. The basic notion

978-1-4244-2336-1/08/525.00 © 2008 IEEE

obtained from phase correlation [4].

1. FUNDAMENTAL THEORY
A.PHASE CORRELATION TECHNIQUE
The phase correlation technique is based on the Fourier Shift
Theorem. This method can deal with-only translation between
Iwo images in X-y axis.
Let f; and  f, be the two images that dilfer only by a
displacement (Ax.Ar)ie.

L) = fi(x+Av, v+ Ay) (1)

Their comesponding Fourier transform F| and F, will be
related by

E(u@Pe 9™ *F (u.v) 2)
and
F,(u,v) — o 2a(uAxivay) 3)
Filu.v)

Further robustness to intensity differences between the
image is achicved using the normalized phase corrclation duc
o Fi(u,v) canbe zero.



F,(u.v)F':(u.r) =
|F,(u.r)lF':(u. r)'

F2riudys vA
o F2riudvevan) 4

by Fa(u,v) is complex conjugate of Fy(u.v)
Thus, the translation parameters (Ax, Ar) can be estimated
translation in xX-y axis, by computing the Inverse FFT of (4)

(7()/"‘(.\',)') = 3-! u,/’ll:m.h-m}!:
=0(x+Av, y+ Av)
and finding the position of the maximum value of the
correlation function Corr(x, )

(5)

B.POLAR GRID
It /, is a translation and rotated replica of f; with
translation (Ax,Ay) and rotation 6,
1(x.¥) = f{xcos 6, + ysing, + Ax.
—-xsin @, + yeos@, +Ay)
According to the Fourier translation and rotation properties,

(6)

ransformation of f; and. /5 are related by

F. (u ‘_) _e~jl¢mA\+m.u

g y (7
* F(ucos 8, —vsin G .usin O, + veos 6,)

F (u.v)l -—-'I'} (weos, ~ vsinG,.using, +vcos,)| (8)

This means

I'2| is also a rotated replica of l[“ll with rotation
0, and without translation. The rotation can be obtained by
representing the |F| and [F] with polar grid as shown in (%)
and Fig. 1.

Fytr. 0] = |Fr.0+6,)] (9)
FEE :T-"“

Then, the angle €, can be obtained using phase correlation in

the direction of 4.

C. LOG POLAR GRID

If f; is a translated. rotated. and scaled replica of f; with
translation (Ax, Ar) . rotation 8, .andscale 5 . then
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Si(x.v)= fi{s-x-cosf, +5-y-sinf, + Ar, “0°
2 : )
—5-x-simé, +5-1-cos6, +Ay)
The Founer transtorm of (10) in polar grid system is
Fi(r,@)= "™ 0 s p (717,04 8,) (1)
F:(r,ﬂ)l:s-"zlf‘,(x"r.()+ 0.,)| (12)

I'he rotation and scale can be obtained by representing with
log-polar grid as shown in (13) to (15) and Fig. 2.

Fz(lugl'.0)| = 4\"2|I",(l()gr ~logs.0+0, )| (13)
FA&.0)|=s7|F(£-c.0+6,) (14)
FUE.0)| =|F (£ -c.6-6,) (15

where &= logr, ¢ =logs

Fig. 2. Log-polar grid or Log-polar Coordinate

Then angle 4, and scale 5 ¢an be obtained by using 2D
phase correlation in the direction of & and ¢.

D .BEST-FIRST SEARCH

Best-first search is an instance of the general trec-search or
graph-scarch -algorithm in which a node is sclected for
expansion based on-a Heuristic' [unction /(n) . Traditionally,
the node with the lowest evaluation is selected for expansion,
since the evaluation measures distance to the goal [5].

In' this paper, log-polar grid and phasc corrclation are
adopted 1o estimate rotation and scale between two input
inwges. Inany case, if the input images contain noise or large
translation. the results of rotation and scale parameters may be
errors. Therefore. best-first: search algorithm is proposed to
turther explore the most correct angles used to de-rotate the
input image.

The RMSE (root-mean-square-error) is chosen for the
heuristic function to determine the node selected for expanding
and the position to finish the search. The angles, which give
the most value of Corr(x.y) values, are chosen as the start
nodes of best-first search. The RMSE can be calculated as
followed

MY A AT

RMSE = ,\Jl‘, £ (16)
n

where /, and /5 are two input images and n is the amount of
overlapped area of two input images.
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The start node is expanded then the selected path (left or
right) is decided by the next node. which gives the least value ¥
of RMSE. Fig. 3 shows that the selected path is the left one -
because the next node in left (node 45) of the start node has
RMSE less than the right node and start node. The search is
finished when the next node (node 44) has the value of RMSE
greater than the current node (node 45). Finally. the current
node is the goal of this scarch.

Although best-first search algorithm does not guarantee that
the result is the best solution from all possible candidate angles
[5] and [6]. However, it gencrally gives accurate results while
requires less amount of searching time.

Fig. 3. Example of best-first scarch

Input FFT HPF, LP D 8| De-rotate 20 |BX
— - b— — P!
Image 1 Module Module Phase Best And FPhase Fegistration
C oernlation [~ (= De-Scale M Corraution Image
Input FFT HPF, LP Module Input Module
— . Search ] oy
Tmage 2 Module Module S| image 2. Ay
Fig. 4. Block diagram p s the proposed regi: ion algorithm

11 THE PROPOSED REGISTRATION TECHNIQUES

The proposed image registration technigue is presented in
Fig. 4. The beginmning of the process is to transform input
images from spatial domain to frequency domain by FFT
Module. Then. HPF (High-pass filter) Module is used 1o filter
noise. The input images are mapped to log-polar gnd at LP
(Log-polar) Module so that phase correlation can be applied to
detect an angle and scale as the translation in log-polar grid.

(b)
Fig. 5.Two input images (a) and (b)

F,(logr,8)| = 57| (log r=log 5.6+ 6,)|
|Fy(&.0) = |F(&-c.0-6,)

where £ =logr . ¢ =logs

Each of the best ten angles and scales obtained. from the
most ten value of phase correlation is expanded according to its
and (g, +180). These angles, which

associated angles are 6

gives the most value of Corr{x,y)is chosen to be the start £ . T &

. * 5 % 3 Fig. 6. A new image that contains details of two input images
node of best-first search. The besefirst search acquire

appropriate angle and use it to de-rotate the input image. The

next step is to compute the translation in x-y axis using phase IV. EXPERIMENTAL RESULTS

corrclul‘ion. Finally, the input images are rggislcrcd using This section presents the performance of the proposed
Fr:msluuun parameter and create a new image with details of all registration algorithm for satellite images with various types of
images shown Fig. 6. image details in the databasc. Examples of the sutellite images

from the database are shown in Fig 7.
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To show the registration performance of the proposed
technigues. 126 combinations of 14 rotation parameters (0, 3 .
32.45,87.90.135.180. 187,225 .270.315, 339 and 353
degrees) and 9 scaling parameters ( 04 .06 .08, 1.0 . 1.2,
1.4.1.6,1.7.19)arc examined.

The efficiency of the proposed algorithm is measured using

precision. average error (error ) and average processing time
I 2 2 ik
( Time ). which can be calculated as followed:
e
2X
precision = -1—x100

7
i

i

(17

where X is equal 1 if the estimated angle is correct but equal

0 when the computed angle is false. N is the number of

experiment images.

— &,
error = —Z.l i —.\'i[ (18)
NG
where ¥, is correctangle . v, is received angle.
(19)

—— Sl
Time = — E 7;
N o

where 7} is the processing time of i" image.

Experimental results are shown in Table 1 and Table 2. Both
experiments were performed on a 2.33 GGHz Intel Core 2 Duo
computer for a Matlab implementation. Table 1 presents the
efficiency of the propesed algorithm (111) compared to other
algorithms in frequency domain: (1 Hough Transtorm. Phase
Correlation  and  Best-fisst  Search  [4]. (1)  FFT-Based
Technique and Phase Comrelation [7] in the case of small
translation with the overlapped area greater than 50% of the
image. Table 2 illustrates the registration performance in the
case of large translation with the overlapped area less than 50%
of the image. From Table T and 2. it can be seen that the
proposed registration algorithm using a FFT-based technigue
cooperated  with- the best-first « search  algorithm  can
significantly help increasing the precision of the registration
results especially in the case of large translation with the
overlapped area less than 50%. The deviation of the results
(average error) obtained from the proposed algorithm is greatly
lower than the other techniques.

V. CONCLUSION

In this paper, an image registration technique using the FFT-
based technique cooperated with the best first search algorithm
is proposed. The Fourier phase correlation technique is used to
estimate the candidate translations while the best-first search
algorithm is applied to analyze the candidates and finally
determine the best translation of angle and scale parameters. It
is proven to efficiently recover large rotations and scaling
factors with superior precision and significantly low average
error compared to the other techniques. The experimental

results demonstrate the robustness, efficiency and accuracy of

the proposed algorithm. Since the proposed registration
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algorithms at this time consider only the translations at full
pixel resolution, the registration performance could further be
improved to sub-pixel resolution. -

o i

pecd
Fig. 7. Examples of satellite images from the database

Table |
A comparison of the registration efficiency with small translation
precision aror Thne
! 56.54 3598 28.08
1 77.35 0.78 342
n 100.00 0.00 9.28
Table 2
A comparison of the registration efficiency with large translation
precision error Time
! 35.73 % 30.24
1 75 66.86 3.66
mn 93.75 95 9.15
i Hough Transform, Phase Correlation and Best-first Search

Il.  FFT-Based Technique and Phase Correlation
HL  The proposed FFT-based Technigue, Phase Correlation and Best-first
Scarch
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