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ﬂ. o - 4. o o ar = dl = A.
9 1A dnYazFInaUYeIAIATINIY (Detector) ATAIMBNITIAAY (Spectral splitter) A0S
' - = . . da v A9 o a [
Tuniniu A2uAmA (Chromatic aberration) Niidmd Ay iides 1d5umsinsaguanyuy
a w LS o a 3 - [ v d & A P
Weiidvesgunsaivesgunsal iaFaaaniuguinmsnlasunamasimuiman Wi Fundeun
¥ v
Amuszuunaaiy 1dun  anwannsalumsianauvesszuy  aawldendsam 18un
MAIANYAVDITYYIUTUNIY (Noise Equivalent Power ; NEP) WauWaIA(Dynamic range)
onTdIudyIUADTYYIUTUNIY (Signal to Noise ratio;S/N ratio) 1AL dQIUTUNIUDYA
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2.5 Auanyuzveun I TAITana

o A 1 ar L) o
UnsaiasI9TANea (Detector) ApgunsaidandouuramdsanunimanTvilmidy
o @ a1 a J " e = @ & L o
nszua i qunsalnsaedaiiegnarvriiaduegiunnuannsonzasiniaganau ¥l
A 0w o v d =2 s o a A a '
awonaauaniueenly gUf 2.9 naadddinudiginseinaeia 3 ¥iia fio sianldaes

(Photo emission) NIAUITNAI (Optical excitation) 11a¥DINBAIIMSOU (Thermal effect)
o MaoANaa
’—wmﬂmum —[
MOOAVYIVIIA

— laToandaauuas
—  aadasums

AINTIVIAF ALY

FyianszduiFanes —

— masrvdaunni Wi md s ues
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“ytiaorfuniiuiou 4‘
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o L o ) 1 A i L L o
Arednvesglnsainsiviasianlawas Fevziinnuldendsuuaaludmdans
Tileavutanasiivowiu 14uA naoauaa (Photo tube) HAZHABAVLILIE (photo multiplier

- L4 [ -
tube) iWudu 317 2.10 uaaudulfinimhlumsaouaussvesgunsainsiniasianaen

HEAIFUARN

arwhlumsaouauss (ma/w)

anweondu  4m)

3u1 2.10 'l lumsaevaussvesnanaues

[ ' o Y 3/ & a L] - Y

AeunvesgUnssinsvianuunizduuas dedinouhludwdususa 1dun lalen
WOWE (Photo diode) AMaa (Photo transistor) gunsainsTauumi i masenuas

@ - o
(Photo conductive detector) llﬁtqﬂﬂi nf’ammumnﬁ'u (Linear array sensor) lﬂue’fu qﬂﬂsm
asdanuy laToandsnuuas  1R5uussiu iihonmsnszduvesdidansou dauginsaisa
uuianfases uazgunsains s i wdsonu Wnszuali Electric current) i
° 3 o o o [ o/ & 1 [ ' A
liihnuvesginsaivesgunsalassiaedoanuiou dsiinamlanendsnuluguaiy
¥
a a o ' [ o Y
dursusalnd audedunsusalnaniu 18un Uszamgunsaliannunaeimeawumes usia
o ad - .

(Thermocouple barometer) ttazgUnsei Ianamnaomenuy In 15813 n (Pyroelectric barometer)
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4 o o - a J 1 = )
MINi 2.4 uaasqudnyuzvesgUnisinsvinFudedeziuegiu wila qungi

¥RAMeNIu anvenadugaga awhlumsasieda lugl D° anmasedald

(Detectivity) H0232021901 1UNISADUAUDY

M9 2.4 JuUAnYuzYeIRINTI AT

Marnda | wia | dundu | domesndald | gadavesnawd guMglvuzim
(Am) D* (Hz)

Pt-s PV 0.35-0.6 30 108 295
Sip-nPD PV 0.4-1.0 50 107 295
Si p-i-n PD PV 0.4-1.1 80 108 295
Si APD PV 0.4-0.8 80 1010 295
Ge p-n PD PV 0.6-1.8 50 107 295
InSb p-n PD PV 3.0-62 8 sx102 77
PbSnTe p-n PD PV 5.0-11.4 >15-60 V/IW 107 77
PbS PC 0.5-3.8 15 300 196
PbSe PC 0.8-4.6 3 ix 103 196
PbTe PC 0.8-5.5 0.16 3x 103 196
p-InSb PC 2.0-6.7 2 1x 103 7
n-InSb PC 1.0-3.6 30 1x 103 195
PbSnTe PC 5.0-11.0 1.7 1x 103 42
CdHgTe PC 5.0-16.0 3 104 42
Ge:Au PC 2.0-9.5 0.02 104 77
Ge:Zn,Au PC 5.0-40.0 1 10° 42
Ge:Cu PC 5.0-30.0 3 10° 42
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dmsnda | wiie [ dundu | anmesndald | gedavesnanid gamgiivaz i
(Am) D* (Hz)
Si:Al PC 2.0-16.0 1 104 27
Si:Sb PC 2.0-31.5 1.8 104 4
ATGS TC 1-1000 0.03 10 295
(Ba,S)TIO, TC 1-1000 0.011 100 295
PV wuaauasuas
PC  wiaaasaviauuuih Idimdsnuues
7C  ¥iamainiauuy Inlsdidomsa

d [ v 1
2.6 gUnsaimsIvdvszeylnaszianndesnhann

}
ndvstenmimari  18un ndead13I9nee 1Al (Aerial survey camera) NABINIATN

MO0 NAAY (Multispectral camera) HAZNADINWNNIONTN (Panoramic camera) Wudu ndos

o = Yo 2 " 9 U = o & Vv 4'1 =Y -~
1329010 A U1Qﬂ€ﬂﬂ1uﬂ1€l?1ﬂﬁENE!'IUﬂ’mllIJULNFIﬁﬂ"B ma"lamwmwmmﬂﬁmuunsamu

d'l o -:; = [ " .i [ o Y a aa 4 ai
oImA ehukungiUszma Tavordumstwnmmasuiuiliinaszvuauida Faudlun

§inmannldun ndes RMK uanaldlugiit 2.12 uaaanalnvesndes ZeissRMK ndeadionm

&AM

9I1N0IMA (Space camera) 33NAUARD NADINWAMUVLATAY (Metric camera) 71191y
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2.7 #UT15D

. [} ) ¥
IUNIMUE 130 InT0dudnINAnfunToalanInszuz 1na (remote sensor) 30AT
' ¥
011399 (Platform) Taona luvuriianudrsaumari laun sudioy (Satellite) uag

. uyw = A a dw w v = o ] HAq ¥
91MAYIU (aircraft) UONINUYIDIVHUIYTIVD INTOIVUNIAVAWINY uaguuamnwh

]
ar

Tumsdiseluszauanugshivn nm&y’amﬁﬁﬂnu'lﬂqa (Ladder truck) ~ M3050n32190
iuna sl (Cherry picker) 1% umsdst luseduituaudae

A 2.5 uaraailizangeg veseud1sae srRuRNGs tazSAgRdeImI A
smdsi U Giaeulusesugegateaifionduiusfulan (geosynchronous satellite)
wimaileugaiivnIng GMs vesdijuitiiFeiiut Geostationary Metcorological Satellite fiog
STAUAINGA 36,000 filawasmileiduguigas  dmsuadoudhieiian 019 Mos |
LANDSAT uioy SPOT 1 daulngjeciidnuaizms Tnesduiusfuanseriing Tuszduanuga
Uszun 900 Alawas

dsniiiiaalnesegluszduniugeandiann 18un nsvaaseIme (Space shuttle)
g luszAunamiga 240 - 280 Alawns inSesnsanaoueimaluiigalauing (adiosonde) &4
ogluszAuauged nd1 100 Alamas in3oediulowuszAugs (High altitude jet-planc) i
szAumALIiY 10000 s A3 eadiufifiszdumanidutunarmies Aedszana 500-8000

& a do o ¥ a 4 a 1 Y ° v v
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manvunInvsnay 500 NY.- 1,000 0. | dupamsaliuudsed1 | LANDSAT, SPOT
(dhsanlan) MOS-1
NITAIWLINA 240 nu.-350 nu. | danamseinuyTidsed
manaaodluoImea
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(gAHuNINy)
ndoaiiulonuszdugs 10 AN, - 12 N, M3d3e
msAnuluiuiinden

A - W o' 1
INTOILUANNGRTEAVA | 5000.-8,000%. | msAnmAuaidiuang

faszdunan MImsNueIme
inTesanuuuLINIA 5004.-3,000%. | m3fnuAuandunieg
wanolined 1003.-2,000n. | msdnmfuniddg
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indosduianudaning #0500 . msfAnnAuanduang
MIt1529N190IMA
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MIdIIIININA
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. g - P o
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ar U 1 -
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HULFIAINTBITANITNTIAT (attitude sensor) YDIDINALIUNIG 11 Hdane Tyl

A o o
INTDIIANIINLT T (speedometer)

m%"aﬁﬂmmqq (altimeter)

- wuninlels (gyro compass) FIMTUIANIINTIAD

- afuuuaeiiles (Doppler rader) dmiuiannuge

- Wea (szuuarafivuueniiia — GPS) dmsudadumisiing

- inFeaiauiszauveafirlals (gyro horizon)

- ndoaTnsvimd

- inSeaiuitnmsiu

mMInuquMInsaivesaiouiuun’ld 2 35 Ao msmuquasmyuediud
(Spin control) 1aEMIAIVANIUAWIUINAY (three-axis control) dmiuSiusmiu Unaldy
mufiuagaiionIngt 231nesdath (geosynchronous meteorological Satellite) Baan1fivn
senyusoudaeslindonqfumsmpuveanioinana dadindniu daannldfumiion
d13aminensTan igumafion LANDSAT §sdosnsanuuiuvoapuesluiimmiegTan

msnuquasnyuegiui iiitineushedn uaiimeasidiu SN d luvariims

augu luamannuduFouINnd ualin SN g9
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- ] ad [ @ e
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(sun sensor) HaziVunA e Tsud) e wsnTamInssdavens 3 uuaunu'ld Tasiinuuiu
& E1 'ﬂ 4 o 1 d . o ﬂ a A4 a4 & 4
MLy 0.1 - 0.3 8N 1NTDIIAUNINAN (magnetic sensor) NTUBMIATOITONIIY
¥ "
A1503AN1INIIAINT 3 uwaunuld  udvzlinnuaziduaiuiidind laonisaousy
o A' =) dyn i 4‘ Y 9 @ 1 o e o L]
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" ¥ v
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5 . n‘: a A a Il a v v a = w
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r = A o o ' =4 1 0. 1 o
6 1389300 g lunsdivesnszarwoama  inFesiadumisaniinnuuiudini Taviiios
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4 ° A ﬂl ar =Y 9 9 L Y q'q [
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(n>2) 1Aun MmsdnanuduiinsaFdaiay Falianuuiuigs undeslfinannn uazis
a sd o " v ' aa q ¥ ° d y
INNEHAaMuugesn 35usn ualdnarduluiini
° ° ' ' o 1 1 &
wilmsinadumisvesmuiionluaInvsluyndrsnarfidoudrauiveu ey
A U L 4 -4 l

annsomnlaes a pamieg  Tdnanmsdsznaumlugedesinisutaualnsves
aisudisiihdsdeniosqa dmfumIndTulvaddugs nielasisusznaalugag

o
1UVAINI U (Lagrange’s interpolation method)



26

2.10 arunendIsIanszeslna

a da o A4 o 4 o & = ' -
magunaadunissiannszez Inamedisaviulan  Sonhaniioudisienn
£ ¥
szozlna nieaamioudianlan dmivaaifougaivninemiu vnsignialszamuen
AaMINInaIiondIsvszes lnaduq
aiond1nnszos Ina Tpudnyauziirdimnziuanasnuauanyae 2 1nes
o s i o [ ¢ o = a o
szAuAMUguUIAzdnYusAIeia  Jaguszaeananvesaifivuggiivuingslnesdath
J ar a 4 o - =
GMS ¥31Av3IusEAUAMGS 36000 Alawns Aviemsdisameagaioninn luvae
H & - ' o i g -
farufioy  LANDSAT daiinslassimdnlan fiszduanugalsenim 700 Alawas
" ¥
finquszasAndnivodisaemuusudn anifioy NOAA Tnvsgqa 850 ATamas uuuaalaes
' : @ 4 a a 13-
Adaan  1dsunmseonuuuielFlumsdisimagaiionine uanmmnsaldlumsdiss
anmmduiswssuldiuedeade
luewnn anfoudisnnnnszeylna  selldumszussynvesanuiionvinalng
4 o y o d @
Uszneuduniesianarszan wiel¥amludnyaziounlszaed dusululnsamsen
¥
132923 1A9s 2 Tan (polar orbit platform; POP) muldnnusauiiesenialsemeves
o - " dl U d’ o =4 -
anigawim  nquisznanglsy  Qiju wazuawnen  wenvndiuddeesd Insanisiay
4 4 qu - d a o & -
mWiFee Falgaradionvnaan musmaumniulueunadndae
- y o [ o g
szuuaisndisnnzey Ina Uszneudae 3 ssuumdniidin Al
n. STULAAMNIAZAILAN UMM Iassarifion  naugunlnes Auliunsis
Tulsunsumithu
v. sTUUMURUMsUHIROU 1w Nsumsdfidvesaaiioy dsziiunadeya
1Msd15I93mdoya
a. szvuiudeya wumsiudygra mstuiindyga nssuitdeya mudviay

' ¥ Hy ¥ )
mMsuIntiedayan lavinsdrsan

ANINBU JERS-1
H [ i W ¢ A o

Aoy JERS-1 WluarafioniiannTaodszmeqilu  TaoiiSaquszasdimensdiss

UHAMTUATNAINY ARDATUNTHLINTUAZANMWIIARDN A20m3 1Avs IudnyueduRuTRY
a Jda [Y = d = "y [ -~

ANBMATNTZAVANNTS 568 A lawns Tavgdnsaidisdeiiegdlonu 2 52Uy Ao szUY SAR
4 L] \ 4 - -} U
FINWNMAANND 1,275 INSIFTAT AI05WaziBon 18 WATHAZUUIT NN 75
= . 4 [ 4 3 =
N 1aIAS 1OLIZUY OPS (Optical Sensor) Ao 1unmlurrnauNaWBITUDBUNIUSATNE

» ' " E ¥ ¥
3 ¥29NAU HALFNAAUBUNITUIANNUUIAAUAUDN 4 ¥29nAU UBNINII Sallnnuaise

L o -y 1] 4 ) Y 1] -
Tumsowamludnuae 3 178 90 1 92908U MwmaiiituuIene 75 Alawas  uas



27
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< 4 4 &
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R =V [(ﬁﬂ"ﬁ—)] +R_. (2.4)

=

Taw R : MINSUHTIAGIga
R, : MMsuEiaddga
D,,, : 11255 M5y T™ uaglia1 127 My MSS
MINA 2.7 10 2.8 UAAIAT R, 11z R__ 489 TM 1z MSS AmaIsy Famumanii
Husneiisauuanadion WlsTauuituiy mﬂ:ﬂzﬁy’uﬁaﬁﬁwﬁwadwq VOIUTTUINIANUIN
aylusmsSamaniiga
2. msldlszlomidoya
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MINN 2.7 MMSUATIFMITANDIgAYDIATITALN LANDSAT 5811 T™M

, amlasad ANuN VB ILA
HUUA :
Mga/gIga (lauTasmas)
1 -0.0099/1.004 0.07
2 -0.0227/2.404 0.08
3 -0.0083/1.410 0.06
4 -0.0194/2.660 0.14
5 -0.00799/0.5873 0.20
6 -0.00375/0.3595 2.10
7 0.1534/1.896 0.27
(MU mW/cmz.sr)

M3 2.8 AINMSUATIFMANALFIgAYIA1ITUN LANDSAT 521U MSS

, ANUAIN
Huua LANDSAT-2 | LANDSAT-3 | LANDSAT-4 | LANDSAT-5
(lalasmns)
4 0.08/2.63 0.04/2.50 0.04/2.38 0.04/2.38 0.1
5 0.06/1.76 0.03/2.00 0.04/1.64 0.04/1.64 0.1
6 0.06/1.52 0.03/1.65 0.05/1.42 0.05/1.42 0.1
7 0.11/3.91 0.03/4.50 0.12/3.49 0.04/2.38 0.3

(M mW/cmz.sr)
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3.5.3 35Wau (Combined method)
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Projection
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Polynomial
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Local weighted mean
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Piecewise linear

Local weighted mean

6~12 90

3.6.2 M31szanam 14y (Interpolation)
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A8m35UszumA1 14924 (Interpolation method)
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uaudulszanimsudammsemsowlowrudiy  Swaududseanitoe s auminy

I a w d’

Sugiian 1annmsiTmasdunmeds (Reference image) HaznMBoUTyAAIUAN

“u

3 1
=) =1

mafiva e lRamdniuinmsuamiemssinlounds  Sunsusemdonsiimuasm
VoA Iny Lfi'ﬂ@nwntﬁa'ﬁmﬁuﬂmuﬁ’iﬁﬁﬂn1wdﬂu1ﬁmnnﬂuﬁ‘nunﬁaﬁmmsmzﬂﬁ
Tunnany 1‘jy'uﬂaumsf'imuﬁfiwmgﬂmw"lnﬂﬁﬂzﬁun'hms‘%umuﬁa (Resampling) 1u
ﬂﬁzmumsﬁ,‘ﬁy’uﬂﬂuwﬁ'ﬂn:'ifuag'ﬁ'umiﬂsxmmﬂ'ﬂuﬂhﬂﬂuﬁmum‘unﬂ'wmgﬂmwsan 9
AN mid AR NI msﬂs:mmﬁﬂuﬂhaawﬁ1"I.ﬁ'v'i¥ﬁ§ﬁéwuuazﬁ:mn'ﬁqﬂﬁ'ﬂmsﬁmuﬁfh
voagAnINAWegAM AN IndTige  niemsdmuaganwainmsdszanamlugag

11 Bilinear #30 Bicubic 15Uy

4.1 ms%%mm%’umwuuuwmu (Coarse image registration)

a A = a i g ' @
ANvAEAmeNveIn s VIRdinamisoutuiluesnsznend1s q fe MInmsdsy
Y119 (scaling) MINyUl1/voIn N (rotation) MstialilveanIn (skew) taz msidoulinig

a w . & °
WNA (displacement) mmmmﬂ%mﬁutmumammnmsuﬂmmw 11U affine transform

4.1.1 m3sudaanuy Affine transform
4 i .
Tumsulauuy Affine transform Fudlunvunilavesnisulasuy spatial transform
3
HaYRINIU A affine 1 nua 1@ty
- mseu lveann (image translation)
- MINYUNIN (image rotation)
- M3USUYUIANIN (image scaling)
= = . =
- MIWATINN (image stretching)

= = 2 :
- MIVAMDUNIN (image shearing)
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Affine Transform | Example

Translation

Scale

Shear
Par

Rotation 4 D
N /]
~

JUN 41 Auavi@msudauy Affine transform

[ 4 [
Auaian 1dnnmsudasuuy affine 919duil annsoagliluguanialafe e
¥ 1
msuaadunsadan affine transform id@unsNiUzdnatuduass uazdionaaduvuy
=1 ar @ i [ =1 o P P & 3/ 3
nezdamanuvuiuey 0o lsnaummimsumlasglamasmpunindalseneudiodunase
o A . 9y P a 9

YU 2 9 Weiimsuaauy affine 182 019 Idnwaesdimdonduvui

msudasuuy affine Saermisadszgnahdumslszusananmuuy box Tasudas
box WiBuAnzUTHULBLVRINIZgNURILY affine ethaifudaszAeiy doAvoams

td v
waddsiife uAaz box aunsadmuadanlslumsulasldedidassilinmiunaal

¥ 4 ' =3 o ¥ A o Y a
ANNYNABNNNYL B8 IsAmundsnnmsudasuduiimihinmamlszaoudu  erfams
1O shifting) HaziiA1MIUTuvUIA (scaling) AU Ml nms i 18 Lidanudeiioes

mautauuy affine daamrsoi1U 195w umsulas spatial transform wuvdY 9

' . . & o ) Aa 4 [ £ 2 aca -
1% projective transform  Foilimsulasiidaszuiniuuas Idnagndeaniu 35msil

3o composite transform
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4.1.2 npudraeamsuasuuy Affine transform
ﬂ'rmﬁmﬁuwmmwﬁm1nﬂa‘fﬂmu15nuu'uﬂumﬁﬂszﬂauﬁn q fie 1MUY
YU1A (scaling) M3NUl1JvBanN (rotation) M3tialUveenn (skew) uaz msiaonlama
NNA (displacement) éemminﬂ%"laﬁ‘]uuum’mmmnmmﬂmmw UV affine transform 1Ag
smsuisnAadouiuaesdiuio
1. anwAamoulusssumsnasuuiFady (linear system transformation) 19
91nM5U5VUUIA (scaling) tazmitia l)veanIn (skew)
2. amwAafmounnnsdeu luuszuutanm (The displacement of the

4 o e
coordinate systems.) Fagwrsouaas lanede i
y=Hx=Ax+t (4.1)
= @ o “ ; = Il = ey
TﬂU waIn A i]m'ﬁUﬂ'lﬂ'lﬂ'uﬂﬂ']'li]ﬂﬂmuul‘lﬁli'lﬂﬂﬂl91 IﬂUHﬂﬂlﬁNUﬂtﬁUnon-singular matrix

a, a
o G
A ——[ :I
8y Gy

o o o A a o
INABT t fnzt‘ﬂummnuﬂmsmau'lﬂmqwﬂﬂ

PNABS x 1AL y HAAINAAYUMNABULAZNE 19151 AUV affine

X
x:[ 1:’ uaz y=|:y']
X, Y2

1 - o ' o a a o 3/ ¥
nouNzIIMImImaNlseansnisudas A uag t 11&“1]1!1]']30\1‘1]']»5?]\4

a o aa o s ¢ &
vnmsudasyiSes 2 4@ dmuald Fo) dufSeinsuesuves fx) lauh
ul x] aw - aw L) o w
u=| 'luaz x=|"" | dudidamedmanuduaiisanifiFounwdidy

X.
2
a0

F(u) = ” £(x)e D) gy 4.2

=0

f(x) = u].IF(u)eUz"(“"”du (4.3)

A.l =) 5 1
o (u,x) HuEn Naﬂmmﬂu (inner product) 31219 u AL x
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o - - v
wazdmuald Gv) WhaSvinsmesuves gy) Taui v=[ ‘] lag y=[y ’}
v, Y

aoar { a I A o @ { a a ﬂy
l.“f]U‘Wﬂﬂ'ﬂ'NGSIJ'I‘IJﬂ’J'llla!t’ﬂzT’Iﬂﬂfﬂ:i'YIﬂ}'U'Llﬂ'mﬂ']ﬂlJ'iJ'uﬂ"lWﬁmﬂﬂ'J'l‘NNﬂiWUN‘i]'lﬂﬂ'l‘.iu‘ﬂﬁﬂ

WU affine oy = Hx = Ax +t

e0

GO = [[g()e™* I dy (4.4)

—a0

o0

g = [[Gr)e v 4.5)

4.1.3 fuaniamsulaanuy affine transform
iipann y FURAINAMUARAROUMAUSIAGANLY  affine VUARA x 39T
avuduiusuuuFudu v‘iﬂﬁ'sﬁﬂﬂmﬂnﬁﬁmidwiauﬁax{
1. uanlanNuAd1enaeny (Similarity property)
fmuald x famsn/founlaslidesnnmsulasuuy affine daoilardn

awlou H

J(X)—— f(Hx) = g(y)

¥ ¥
@ o - o

awludiohimsulayiSosee 14

G(v) = F{f (Hx)} = ﬁe*”’““"‘""’F{(A")"u} 4.6)

o J Ao 9 ladouveansuila (The Jacobian of transform)

5= 901,2)
a(xy,x;)
v w da a o .
2. ANUAUNUTIVITEUUNNA (Relation of Coordinate Systems)
L) a aawo o 1 a o 1
ﬁl'lﬂﬂ'zl'li.l'CTiJ‘W'Llﬁl‘ﬂ%ﬂﬂﬂﬂ]iﬂl%ﬂu‘izﬂ']NWﬂﬂ X naummﬂ‘nmm‘u affine LY

WA y 1aan1suasnuy affine (MUUUUSI00IANVAANDIATUTVIANA) y = Hx = Ax +t

¥ v
o o s v da aw
AUUANUTUNUTIFINNAAIIUAAD
v=(A")Tu 4.7)

3. anaTuWau uaz T1ugadad (Energy Spectrum and Modulus)

anlnasuanunuuniundsnuvesilandu £(x) Ao
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E(u) = F(u)F(u)" =|F(u)| (4.8)

o & ' a
99 * N8R INOUYPNAITIFOU (complex conjugate)

d' 1 - | 2 o A -
Tuvashmeunuaaardmdadu eV270A™ amind1al Gauaastennuiludase

" L
ADAIMIIADUAIUNLA tuazAnium Tugadd Ao

Mw = {Fay “9)

4. ANWANNIATYDI TURAAT (Symmetry of the Modulus)

' ¥
dmsvdygruiiiuniese dniu
F(-u)=F'(u) (4.10)
o 4 <2 a g -
NI * HUWOININOUNABIFOU (complex conjugate)

5 qmﬁnﬁ'ﬁnmﬁﬂu‘lﬂumﬁumﬁq (Translation property, t) Ll cross-power spectrum

f;tufmﬁﬁnmﬁ"auﬁumﬁwm'l’faqmﬂﬂmmsme’l'r’r'a;j“luTﬂmummﬁﬁ'wﬂﬁus’
nswadesy amnsoedueldlavnuauiansidonlvesiSes (Fourier shift theorem)
fmuald f(x)uaz g(y) dunmassnmiuanmefuiionnninmsidon ldvesdum

L4
(displacement, t) uaz VNAMIUVAUTFATVIAUAUUY  affine (y = Hx = Ax+t) Ay

1 0
A= o

v @ da a e : - o n’:
HAEINANUTNNUTIFITZUUNNA (Relation of Coordinate Systems) D v = (A™")"u dariu

G(v) = F{f(Hx)} = eV Ffy} @.11)

v=u (4.12)
g i 2 a
TuN38iA1 cross-power spectrum Y9N INNATDA (FLDE g) D

F(u)G'(u :
( )G ( )=e{;21r(u.t)} (413)
|F(u)G(u)
e Fuaz G AonamsutaiSeivesnm fuaz g mudidu uaz G ilumneuginmidadon
Y03 G
< 4 a4 ' ' o
uoNIINTIN@VDY cross-power spectrum FafoAnmAramasznamWRIABIVY

Tansuanud iWeviimssuidsdyiSoins e s i Idmmaiaou lvesdumia @ 1800
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o " a a A - o’ o
AMNUIBUNAAVDY cross-power spectrum FaTTUMATAvBIENFUNUT MU (phase correlation

technique)

d
4.1.4 m3dszanamaudszansuninmsaaney (Estimation of distortion matrix
coefficients)
o & & .
- MINWINIADINMTAANDUITEINNMSIABY 11JuD90 W (Displacement)

auyAlimsaaneunnmsulasuy affine 1WAvINMsHONYIIARLIBIRY

3 ¥
o Qs Yo A

aariu aumsmsulasnnaausotimua laaail

=AX+t (4.14)

2 1 0
Tavin A =
0 1

i o a o ' i o d o
wWehmsuamidaldegluTamuamddySeinsudesy Tavsmuald v

v L
oz u Wuifauu Tamuanudves yuaz x muddy daiu

v=u

o 4 =
Tavnnmasmstaeu t awnsam ldanmaiin phase correlation

Fu)G™ (W) _ 20y
|F()G(u)|

- MINUUATANTAANDUITDI1INMTIAvUIUIA (Scaling)

Tunsainwasnmsasneu A gnangyIdindeiivanisn/dousuia (Scaling)
v

Hd
NumwasnmMsaanouiljduyvai

A [a[. 0}
sca.l': (415)

0 a,

w

o ar = J = o s 3 o
Tﬂ&ﬂmuﬂiv’i’m‘nJ‘smlmmnﬂwmmmmnuwnﬂ AIHU ANUTAUNUD

1 a e a o v l:id
FTHINNNANNUAZHAANTNATUAINUNAD

v=(A ) u=

1 (4.16)
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Wevhmsulasnasidaveanuita i uuuuaenm3iy (logarithmic scaling) A3

aanou A awsnaaglldidummsdeudumis devmsazinomeunaga 1|A,.,

log(v) = log((A},,)" u = logu - log(diag(A_,)) (4.17)

scal

wasnnsapusuma log(A) annsam ldnnmaiinauduiusmane (phase correlation
technique) S ahmsuasiisasudasiem log(A) nduiel¥1dmma3nmsaanou
A MUMIAY

- n15Huuﬂ?nmsaﬂmmﬁaqmnmswqu'lll*ummw (The rotation distortion
matrix)

o/

4
wainmsaaneudmivmsnyu ldvesnmanansoidonld asil

cos(f) sin(@
. '( ) (9) 419
—sin(@) cos(0)
[N n’;‘ @ o d ' a a o a 3 ar dy
muuﬂ:n:ummuﬁz‘nawwnﬂmwuazwnﬂmmnmmmm"lﬂ AU
v=(A)'u=A_u (4.19)

3 ar 1

nnaumstedy dunaduiioinamenmgnsuniuldifamsmyuludoyumiiiy
A r a w A aw ad 3 9 A 1w e a
6 weagluiinaniud WinawdngnIunIudwmvyu Tl reyuiiniiu ieszniyun
A L g a Y o aw Hq ¥
myu'l) vieluiniiile waSnmsasmounnmsvyu desimsuasiidanimia ey uouny
1B93¥ (Polar coordinate) Ifunow

fmuald v iuidauuunudag

v, :[‘; J (4.20)

cb 1 o — L 'ﬂ’ o = ]
W p, Aoszozianngasuiiadega v uuinanm (uiil dAmualdyaduiiaeg o

AMNUAYNUFEVDININ)

p, =V +v2 (4.21)

A 9 A ' v o a =& — )
lag 9‘, ﬂﬂlalﬂﬁlﬂﬂlﬁuﬁfﬂuﬂﬂizﬂ')‘]Qﬂ‘ﬂﬂ‘“uﬂﬂ\IQQ vV INYUNULAUUDU

0, = atan(v, /v,) (4.22)
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£
YY) v o o 1 a o ' @
ﬂﬂu'lJﬂ'TIlJfTI]‘Wuﬁi%'ﬂ'ﬂﬂ“ﬂﬂﬂ'lﬂﬂﬂuuﬁﬁﬁﬁﬁﬂ']iliﬂﬁﬁﬁ'lﬂ'ﬁﬂﬂﬂgﬂ%'lﬂ V=Am,ll ﬁ'lu

A a o A o - a Y a o =
mstaeu lmatida diehmsulasinalieglufinauuuiFag

0
V,=u,- 9 (4.23)

dy a v w da . . y o o a
nniveldmatinanduiusiFayn (phase correlation technique) tonm @ M ldiAans
P
aaneuiiiesnnmsnyull
a o s ] o
mimwasnmiaaneu (A) Mldlasmsguinsgninesmlszneumsaaneunin

o 4 -1
mIdSuvinauaznnmsuyu Feaunsouaaslaaeil

A= AmlAscan' (424)
img1 —» e — B Phase ™ scale
FFT Log Polar .
img2 » - L —»| correlation |y angle

4 ¥
3N 4.2 laozunsuuanatuneumsmmaaneusinmsUSuvnauazyumanyy

daumsmammsaaneusuiiesnnmsdoudnis  esninm lugadavens
s o aa ré) w 1 A o v 2 1 o’: ' o
waayiGesuny 2 Ja Tuvudummsiaeudunis « Fhilina luduasumsmammsdivvina

Hazyuvyu

2a o a .. . .
4.2 MIIIWATFUMNUVVALI98A (Fine image registration)

" ] ¥
NMITIAAITUMNILIAzBEA  whignndaninnsiTamsFunmIuUoIIRT ¥R
’ o = ) a aa o Y 9 0 Y]
mmalivvnatazumyuvesnmim Idnnismssimasdumunnudedy - sggminnly

9 v ' I
TumsdSuud lvanuRaiouFusvnsiaosdu Muaunsn 4.14 wag qun1sn 4.24

y = Hx
= AX +t )
A= Ara!Ascal (424)

A - cos(@) sin(@)
| ~sin(@) cos(0)
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1AuMsunuA scaling factor UAZ rotating angle TuauMsn 4.15 uaz 4.18 Muddy
[ J » ¥ v

luitiawnsoazioofInsIfouR WNLA ¢ (displacement) 1119991 AINITIABUANMUA t A17150

1 = - el ] n’l o a n'v = 1
mldetnazidvanazdasziluusnudes Auduneumsivamstunuvazidoane 1

A 1 9/ 9 9 n‘: 1 -:i 9/ o

WAHUNTZUIUMITTNAUNAY aian Taosamsenanamindeamsdiuud uaznw
9 a [ 9/ a’ Y Yt Y Y daa o
ondnzgnlivudidesauvimmsdivaavinauazyuveanimasanuy - MsIAATTUNIN

= a 3 1 2 : “a o = d a o M
uvvazidaszisuAmayaii ) dureumsitmassunuuaziduafaemsI vamssuuuiahJ
; ' 44 v &
nldnandwd luuni 3 Gsannsoaql 18 1aodedsil

1. Msfmmuad eI minseuaquuinunlguauifdefuiuganIugunm

v L
(Ground Control Point) fefidnyue hinlasuuasllamwna Usingeudavunmisaes
~ O'J - ‘y‘ A U ﬂ'ﬂ o o J
uazlimaniznie lusnunmiamua de'ldnmdesnianyazainanuda
o “a o ] a’é 1 4 ot 9 -
2. msivmassunmamdesiiguiluduvesnmideamsdiuuduuninsress

[y b=

"a ° [ 4 e M (] " ay o @ o o
ginanIodumish lannmsiimasdunmdimdesii  szgmirlumanuduiusvosms

A‘ o o ” )
wlasnmmwimenmsdsuudmasnda

¥ ¥ ¥ v

3. YuasumsUsuud lvanuAamouFusvingia  Tudunoutsznouludrodunou

] v o o ' a e
oy Ao M3UUaIN N (Image transformation) HIBMIMIANUFURUTIZHIRAAVDIYANIN

" J LY o ° o o
i awgndesvesmsulasnmeziiuegiunimdudeuveanuuinosmsuasiidmua

¥
a e o

= (] L - A’lﬂy [] ] o
Tuaddeiilsnsudasuunuy luadios (Bilinear) $1ududuszandiieilsumiiy

"
1o o

Snougiian 190nmMsTTmasdunme18s (Reference image) uaznMGDLNTYARILAY
A’ a A @ w ) v : ' - ° '
mauay  weldnuduiuimsumlamiemsawloundr  Fuaoudemfonisimuam
| A o Y aaw ' ] ° oA
voagan i ieanindioimaulawdiinanmden hinnasludumisiamsoszy1d
¥ ¥ »
Tuwidady - uaoumstimuamivesganminiiiszGonimssuanals  (Resampling) 1u
d’u’: o J LY 1 L] [} '
nIzUIUMIHTUABUNINIEINBgA UMY sTInm lug Tasimuannmvesganmsey 9
¥ ¥ 1 "
nmimaingen malsanamlugievildneisidoezazanigatemssimuanm
3 a - - [ o 4 - J o
Y9I9ANMIINAMVDIIAM AN IndNga at1a lsimmiWenugndoaintevu luvasziing
o - o 9 J o 9 aw ;d 3 o 1 ' [
MwungureuIuanios Ut ldmssmuaniganmuinmsdszanamluguny
Bilinear

o A
4.2.1 QUINDALAZNITHNHNUAYANILRMMANUAY

- 1

v
TIUIUUAZMITNTTNWYOIAMIVAUMANUAY  szlionEwadenuaiui1veIns
b »

o ¥ ) = o - ' e o
'lJ‘iULlﬂﬂ'J'liJlﬁUul‘]N!iﬂﬂﬂmﬂ nmm'uawnmuf]umﬂ'ﬁ'uﬂuﬂﬁﬁmnﬂ'mm’mmmm

] U 3 ; ] = " Y ) ac o o 3 P
ll.'lJ'.i11.l‘Vli'l‘Uﬂ'l MIUNTIZNANUHANDIAN ﬂzQﬂﬂiUllﬂTﬂU')ﬁﬂ'l‘iﬂ'lﬁxlﬁﬂ\‘luﬂtjﬂ’qﬂ

¥

M3nsENIBYoIAMILRUMANUAY Msllunuuna:  ualiszozviefeudhaiiAy saud

¥ ¥ v L v
vinauiunde msdenyaniunguiiamnsodmualdeiedamuiunmazumudi i
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@ EURE P =
ANUANTAVDININ ﬁj'L!i!ﬂ’n‘hlllﬂ‘ﬁ!ﬂﬂuullﬂaqgnunﬂ'l UYUIPNDIHUIS Hﬁzrﬂ'ﬂ?ﬂfnﬂ

[ [y ] u ] o ' ey o
seAuANgalndifosiu 15y seudavesnuu yuveajaun  imeidng uiewii dnvas

¥
(Y )

NiAYYINd I YeIgARIuRUMIATUAY

4.2.2 MITAMAHTUWUS (Correlation)
Wumaidalumsmannuduiuisenieaosdauieiannuadiondady (Similarity)

]
o =

v [ ¥
smuald fixy) WunmiituTnaniauls viedaghaulelunmmiu q uaz1¥ neoy) Wunm

-

1 = a:i o 4 é o = U LY
gouilunmuinafiaulinonmingiiauly duiluauaznmiunmusniioaddiaguse
= L s l& Al U C;- o
vinaruleswiu de19nan1d9 hixy) Wunm template NlFNIMBAUNW fixy)
& A ' A 4 Ao 1 g & & y & o '
nniwihmsaeudumisliises q dendumiclannmisaesasandeunniaa o fumis
dwd 3 v w o
unwimanduiuigega
¥
15! Cross correlation A1115911 1A
o YV -
Amuald Fay) uay Hewy duwanamsilasfSosvesnm fry) uaz k)

v
MUAIAY AN

f(x,y)oh(x,y) & F (u,v)H (u,v)

=

M-1N-1

f(x,y)oh(x,y)=ﬁz f(mn)h(x+my+n) (4.25)

m=

o

3
]

o

é = 1 1 = o/ _ 1 L
#9amN3005110 1471 i1 cross correlation luiiaFanm sziiAwhnunaguasuging

sen I Iulamunud ez INeNANIALIHANUAANAIAIINNAYEY wrap-around error

b
=

o A 9 a 3 a & 3 o
awsananidos1d Tao s 0 1WduN N fxy) uae Aky) Faaunsouanslddadl

f(x,y) 0<x<A-1 and 0<y<B-1
Je(x,y)=
0 A<x<P and B<x=<(Q
h(x, 0<x<C-1 d 0<y<D-1
h(x,y)= (.7) N an d (4.26)
0 CLSxsP and DLxs(Q

i AxB Wuvan e hk,y)

cxD Wuvnanimues fix,y)
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Template 4
B
i l (window)
¢ A )
Search
area (f)

b
>

<
=

C

gﬂﬁ 4.3 UAAINNNFUWUTIZNI1 Search area 11T Window area (Template)

A 9 . [ ' A (TN ] =t = a A o
uazie 111 cross correlation 8¢321319 0 uaz 1 e IwAeMsISouioudy awdu q A

#1113011 19910 normalized cross correlation LAAIATNANNIST 4.27

M4§h'(m,n)f(x+m,y+n)
R(x’ y)= M-1N-1 = H=OM-: N-1 i A
[ZZh'(m,n)h(m,n)ZZf'(x+ m,y+ n)f(x+m,y+n):l
m=0 n=0 m=0n=0

" 4 '
1AuNAI (m,n) ADAAAYDININ template N3DRUNVDINIIAI (Window area : W) Tuu1a

& ' i 4 4 o
A*B 98 O NOYUUNMWHT DN UNABINSAUM (Search area : S) Falivwna Cx D yasiagyl 43

4.2.3 M31U5u1§938m33AM Cross correlation

Tuns@ifinm fixy) uag hxy) Saranduiug (comelation) iiulilodande Suiiioann
anuaduadsmuannyesnmiides H?amwﬁqffﬂaﬁmmnz;ﬁuwiﬂﬁgﬂﬁﬁﬂmn AR
#3001 cross correlation A9 IAAIIMNNTUIINYLIAYEIAN Cross correlation
fifluuiane 9 AufuA1 Cross correlation AyAgegA TumsiuAIALTAv0IgAgIgA HiB
f1 Cross correlation ggA ﬁqﬂmmfu 9 awsonldTasds aavuIAYeIA1 Cross
correlation 79U ¢ UTNWUAIYIYA 1A8NIINIAT Cross correlation 301 9] JAFIGADINAITAS1S
nmiraesdromadountaluesnin hixy) W10 h'(x,y) éwxﬁﬂ’fﬂu‘,nﬂﬁ'wﬂﬁaﬁumw
h(x,y) llﬁﬁ$1ﬂlﬁﬁﬂuﬁuLaUﬁLﬁUJ ﬁufufh cross correlation ﬁ"lﬁ’mn flx,y) Uag h’(x,y) RN

AYIGAYDIAN cross correlation 10w 1A

o 5 ' 3 9
fvuald c(x,y) 11U cross correlation S¥MI19 flx,y) 182 h(x,y) ag fmualy c’(x,y)
¥ '
iJuA1 cross correlation ITUIN fixy) g h’(xy) AIHUMIINUANIUFAIDUUDY cross

correlation @ NIDUAAY 1RA 1IN 4.4
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27e(x.y)c’y (ykcy(x.y)

M ' ¥
gﬂﬁ 4.4 MIRVANVAUTAYD Cross correlation TUYUADY Image registration DH19ALIDYA

addr aa &4

Tumsadunmiiaes k'xy) awseaduldnannads Fnheiininely

L ]

ao d'| ) ] ) -~ 1 9 - | "
FMIouAMUeININ hixy) Tlu 4 fism1efe vu a9 9w uaz v Natlioszanm

ol ¥ ¥ ] "
cross correlation U@ UMY IDY 9 YN 4 NANIN AIUY A1 2- Cross correlation lﬂBQﬂmﬁU’Jﬁ']
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Abstract

New Image registration techniques are developed for
determining geometric distortions between two images of the
same scene. First, the properties of the Fourier transform of a
two dimensional function under the affine transformation are
given. As a result, techniques for the estimation of the
coefficients of the distortion model using the spectral
frequency information are developed. Image registration can be
achieved by applying the fast Fourier transform (FFT)
technique for cross correlation of misregistered imagery to
determine spatial distances. The correlation results may be
rather broad, making detection of the peak difficult, what can
be suppressed by enhancing cross-correlation technique. Yield
greatly improves the delectability and high precision of image
misregistration.
Keywords: image registration, affine transforms, FFT.

1. Introduction

Image registration is a fundamental in many images
processing to overlay two or more images, especially for
remote sensed image application. The geometric
distortion can be occurred according to many reasons
that need to correct before used. The precision of
geometric correction depends on the efficiency of image
registration of each ground control points (GCPs). The
conventional correlation technique will be poor when
these two images different in detail due to noise
corrupted, and sensor variation. One method to solve
such problem is dividing process into two steps. First,
the coarse correction serves the global image registration
that models the distortion problem to be the affine
transformation. The advantage of this model is invariant
on FFT transformation; therefore, the scaling factor and
rotation angle can be extract from log-polar coordinate
and phase correlation technique that mentioned in
section 2, The fine registration will be consecutively
performed; sub-image set will be selected as GCPs to get
the precision registration and local geometric
transformation correction. In section 3, induced search
images set will be generated and enhance cross-
correlation method is performed to get the precision
registration. Finally, the geometric transformation and
interpolation will be performed to achieve the image
registration.

2. Affine transform theory and its parameter
estimation for coarse image registration
For many data sets regional misregistration can be

represented as having the following for components: (1)

scale, (2) rotation, (3) skew, and (4) displacement. Such

misregistration can be completely characterized by
means of the affine transformation is given by

al!]

ay

y=Ax+t
Y, X h ay

The usefulness of the affine model results from the

fact that the misregistration can be interpreted as

consisting of the geometrical distortion by a linear model,

(M

and the displacement of the coordinate systems.  The
Fourier transforms of these data.
F)= [[f()e>=Ddx (2)

The spectral domain coordinate relation isy = (A™')"u.

The non-singular matrix A characterizes the geometrical
components of the misregistration.

A =9 0 i = cos(@) sin(@)
L0 a, | ™ |-sin(@) cos(6)
For special case of the same aspect ratio (a;, = a;; = a),

the overall distortion matrix A is some combination of
these component distortions

A = AmlAscui
log(a)
vlog—polar = ulog—polar —|: 17} (3)
0
Where, T =[10g(p,)] is a polar representation of
_ 9'

vand p, =+[v} +v} and g, =tan"'(v,/v,)
im311 Polar [ Log | prr [*] Phese - Scaling factor
img2 L > - |_,| correlation 5 Angle

Fig.1 Rotation and scaling factor extraction by Log-Polar
coordinate phase correlation
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Fig.2 Enhance correlation technique

3. Enhanced cross correlation for fine image
registration

If two image, f(x,y) and h(x,y), broadly correlate, the
maximum peak of conventional correlation hardly detect
correctly. To enhance the correlation peak, induced
image set were generated to suppress the adjancent
correlation. The induced image h’(x,y) should contain
the same content of image h(x,y), but do not exactly
same as h(x,y). Let c(x,y) is a correlation of f(x,y) and
h(x,y), and ¢’(x,y) is a correlation of f(x,y) and induced
image h’(x,y). The 1-D enhanced correlation peak can be
shown in fig.2.

The induced image can be easily generated by
shifting the search image to left and right for horizontal
and shifting up and down for vertical correlation peak
enhancement. This process is straight-forward but also
drastically increasing the computation cost and do not
practically use. To simplify and limit the computation
cost, new induced image set h’(x,y) will be generated by
flip the search image h(x,y) up-to-down and left-to-right.
The enhancement scheme will be changed to

cenbanred (x’ y) = Zc(x! y)

- C'"P—w'awn (x, y) - C'leﬂ—bn'ghr (x, y)
4)
crup—»dawn (x’ y) = f(x! y) B hup—pdawn ('x’ y)

= F7 (F(u,v).H" (,%),ton)
 toprsrigh (X, ¥) = f(x,)e hreff-mghr (x,»)
=F" (F(H, V).H.(N, v)leﬁ—righr)

HU,V),pdom = H(u,v).exp[j—”"] :
v

max

[ 7o
H(, V)1 pigne = H (u,v).exp[ :: )

max

i . .
and F™ is 2-D inverse Fourier transform.

The shifted version of h(x,y) have a same the
magnitude response of Fourier transform but phase
response linearly increasing up to 180 degree along each
orientation. Therefore, a few modify of H(u,v) is needed
for generate the induced search image (H'(u,v)). The
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H(-u,~v) can be also added to account for further

enhance.
4. Test and results

To completely the geometric correction, the first step
is estimation of scaling factor and rotation angle, when
coarsely assume the geometric distortion between
reference image and unregistered image is affine
transformation. In this study uses the SPOT image
acquired on 24-11-1998 and 16-11-1998 to be a
reference and unregistered image, respectively. These
two images are performed sequentially as mention in
section 2. The results are shown in fig.3.

After coarse registration, sub-images will be selected
as a set of ground control point. Then, each GCP image
will be fine registered to referenced image. Figure 4
shows three methods of correlation (only one GCP was
shown). The results clearly show the proposed method
(enhanced cross-correlation) efficiently improved the
image registration when compare with the others method.
After all GCP were registered and the geometric
transformation was extracted, yield the accuracy image

registration and show in fig.5.

(a) Spot 24-11-1998 (b) Spot 16-11-1998

(e) Rotate angle (&) = 1.8 and Scaling factor (a) = 1.12

Fig.3 Multitemporal Spot image central area of Thailand
(a)Reference image (Spot image acquired 24-11-1998)
(b) Unregisted image (Spot image acquired16-11-1998)
(c) log-polar coordinate version of (a)

(d) log-polar coordinate version of (b)

(e) Coarse registered image of (b)



(e) registered area

(f) Normalize cross-correlation (g) registered area

Fig.4 Fine imager registration

(a) Selected GCP from Fig.3 (e)

(b) and (c) Enhanced cross-correlation (propose
method) and its registered area

(d) and (e) Phase-correlation and its registered area

(f) and (g) Normalize cross-correlation and its
registered area.

Fig. 5 Completed image registration
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5. Conclusion

Phase correlation given the best result when search
image is a part or exactly same a part of reference image,
otherwise, will generate multiple correlation peak and
lead to mis-registration. The pre-processing is very
important and the necessary for phase correlation. For
normalizing cross-correlation, the context in the search
image (GCP) is a main factor to determine the
correlation result. If the context broadly distributes, the
correlation peak will be blurred and results a poor image
registration. The proposed method (enhanced cross-
correlation) utilizes the search image to suppress the
adjacent and enhance the correlation peak. The
efficiency trade off to computation cost.

6. Reference

[11 W. F. Webber, 1973. Techniques for Image
Registration, IEEE Conf. on Machine Processing of
Remotely Sensed Data, pp. 1B.1 - 1B.7.

[2] R A Emmert and C .D. McGillem, 1973.
Multitemporal ~geometric  distortion  correction
utilizeing the affine transform, Proc.IEEE Conf.
Machine Processing of Remotely Sensed Data,
pp-1B-24-1B-32.

[3]1 G. Wolberg and S. Zokai, 2000. Robust image
registration using log-polar transform, Proc. on
Conference on International Image Process 2000, pp.
493 -496.

[4] B. S. Reddy and B. N. Chatterji, 1996. An FFT-Based
Technique for Translation, Rotation, and Scale-
Invariant Image Registration, IEEE Trans. Image
Processing, Vol.5, No.8.

[5] A. Averbuch and Y. Keller, 2002. FFT based image
registration, Proceedings IEEE  International
Conference on Acoustics, Speech, and Signal
Processing, (ICASSP '02), Vol.4, pp.IV-3608 -1V-
3611.



87

sy Y

sz iaiae

wwdydoer  wauRdaia iadieiun 14 wnsaw we. 2514 1@5udSaan
gadmnssumansiudin  mdmnss i vinumInndonuniuda  Tegiudise

o " o o - a = .Y o =
AunuIn1nsodsziavInisnssy Wi umIinedunyuiugia





