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Abstract

Image registration is a process to establish the spatial correspondence between the images of
same scene, which are acquired at different view points, at different times, or by different sensors.
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In this paper, we propose an effective registration method for images acquired by multi-sensors,
such as EO (electro-optic) and IR (infrared) sensors. Image registration is achieved by extracting
features and finding the correspondence between features in each input images. In the recent
research, the multi-sensor image registration method that finds corresponding features by
exploiting NMI (Normalized Mutual Information) was proposed. Conventional NMI-based image
registration methods assume that the statistical correlation between two images should be global,
however images from EO and IR sensors often cannot satisfy this assumption. Therefore the
registration performance of conventional method may not be sufficient for some practical
applications because of the low accuracy of corresponding feature points. The proposed method
mmproves the accuracy of corresponding feature points by combining the gradient orentation as
spatial information along with NMI attributes and provides more accurate and robust registration
performance. Representative experimental results prove the effectiveness of the proposed method.

» Keyword : Image registration, Multi-sensor images, Mutual information, Gradient
orientation, Feature

(8] el A e B BAE k] el 4
St e W, Qage] B ] Wt % Jge) WY
LM E s 2 Aol MAE A7 BUE 4 2l BAYo
ek BN (Feature-based A% 714 33e] 57
Al gl e A5 BE S LW AT WL g 229w, 220 24 09l 35E 54 ARE o8
A 0E 2R 98wl R A A 9T e e nasie) e gRaE Bl Ede
o erneize] Ashest S PP G E A L ot e bl 5 omes) o1 (edaco), 9
391 ANE o)8R 4T RAXR) AR g3 Ak Bl Z (contours), WA (line intersections) o] Utk
OO STk ol e BT Aol DA 2 e e =a0e olgah) dEo)] Ao
FATE B AU 5 ol B T )y ey aspine 42 7199 A BE
2 GPITE Ao, T W) SE B g 4 qam e e S99 kel det 43 4
o2t ARE Fol H58 W AR D A ASE Ly Ly abe
i 52 42 92 AALI 58 Pl K Az gE B49 AzE 958 9P i) it
FPIE AP ek A I G 0 0 e e o) msel gel Ade Sime el
SA AR MR FRE F A G g gg0) o we oelgel Aol o 5ol AR
(reabased) B 7S BY WA W71 BRE CI8S oppar s el 59, AN el W) A B
o B A S S GRRYE FARE WH o) oy el wols el wdl el el
oIt R BT A9l BE A W AR o gl e e ) A
WAZF S I A UK G BT AREMN e o) ) g pEE 20 2 BAVE BE, ol
B7) 3 Aol HESATIE 5o Ted WS SHHA g aopg gy 29T 98 59 AT U
A oS S e ) AR SAK SAE 8 gy gae) wrdie 947 AE AN 99 19
S ol AUSIREA, 1 T HEASE WEAR oy ae ene grasARE SR/ A5 SN
(ML : Mutual Information)®} A7dE4dR NMI st o] AekEATHI0N]. e ZBA 9
Nomplized Ml Information}$ #1822 018y 499 opg0) ool w) gte) WA 2T B ok
she W] SIEH3 6L ATIE W7 ARBY ORI B s eprn et SAse] e Eae el
@A 7187) A0S B ohashe Ol ARG ) o) o) a1k s 9 & el S



At AR} 7127] M ARE o83 g 9 A s 39

o

¥ gl e =
2 o] A%
,]

T

Q%o o7 ¥ gl dsEe 4
EAgth o]y st A9 EHER QI8
@3 7B @3] W) A A AR BAA
%7} “LEH9] ax 71EY
3t A
31x) 3= A9} “}E} = %LrOWL 3t
RIS o] &3 TF AlX AT 7] EAS B
THRZA 7127] (gradient) %

=

fo
~

LR

ok
it oo ox 2 o

oyﬂ?l’

ofr
-

7] Slstel e T ¥4
HE Adsgnet dgsla ofs the 5494 e %’Af&
AP A== o83 FE H&t& zﬂo}dﬂ ARHE A A

ﬂx\]—}\]?] _‘ibﬂ 7]J_
’bxéﬂ’o] 7¥seit &
s o 83 ( threshold)—e— o]438l=  Hamis ZY A&

72l B3l BAdS 28 A 9% 4 =

£ 5979 57} el ©

g Egslel ¥alel 4] AAF 7ol Zo,
B E9e] Uy e A9 Aol hskn 4% o
$ E970] WAE FPsAo] Zoklth 9ot 2e BAE 3
A5) SAsh & Rl G gl Jaslel DI )
o BARE F2T F At A$4 Hamis 2 AE71E
A¥sisiet

2 =19 4L vs3 2k 2300A = AtE o Al
A GERY 71O AAFZEE sk, Agksle 284
Harris 34 2&718 $3 544 5= Wil dial 2%
o} 2 ohgoll AR 71E7] WEF ARE o8-S o
< 5AA AE e Ads
(Random Sample Consensus) 7%
7 el disl drgitt 3elxe A3
A 71T 718 BTSSP EE o] 83 Y 71
o] Aeg vlushal, iAo g 4ge e ARS Yt

. = &

1. Motst= AR S 7ol MATF=

a9 1€ ARkl AT /M) 1A ol F )
€ W1 452 Yol YR, A S5

& EARE AEan) oz AEE
3of 7l=e] RANSAC 711318 7j48
Locally Optimized RANSAC (Lo-RANSAC) 7|H[14]
o BRE O B AASL, WE PE Fgskel 93

A S,

2l3 o
HEA HHB )

L 4 h

Sdd d&

2
alo
Im

dd 44

¥

Lo-RANSACE ol &8+
EETEE S

‘—"\.
. e es )
N A ———r 2
D2 1. MIQksh= JaiEst 71je| MA| 1=
Fig. 1. Overall structure of the proposed
image
registration method

N
M jm
2l
ikl
oY
oo I

P Hamis Y 7HE7112], SUSANIS),
5 #2o] Lower} A SIFIIG 5ol 9Iek. SIFT 71
3 = % o135}7] o] B4 914
oA Ee] BEHAT, Aol B N2 ThE ANZTE
5ol %—g W}t wiel o A
7ol olelre] glek, & =Rl

REE D ma—m Harris 314 54€ A1g3kgich
i Ape) 7ok A2 Wl v |

2 jEghe g 4d Pd MERQXQ% ol g3n o=
3} 2o
e 2(ay)  L(zy)L(ay) "

L(zy)(zy)  IAzy)

Y

g 9] 747} w9} yrgFo R 13} vl
) X2l Harris §% RS 4 (29}

A7V 9 [ B
2 Yein, 914 (zy
2,



40 Journal of The Korea Society of Computer and Information June 2012

olalo| e =75

T,

0= Linitiat>0 = Cinitiat

Harris 214 £&

-

{o". =Ty i T, <T,,

6,=0, ,, otherwise
t No

N(T)_Nlargel =y N(T)<Ntm-e?
v Yes

ag; 7
a,= H/,lfT”>Ti2

0,=0, ,, otherwise

T.=T  -o

T
I F& 248

212 2™ Haris T AE71Q|
Fig. 2. Block diagram of the adaptive Harris corner
Qdetector

R(z,y) = det(M) +k( Trace (M))? )

k& Harrisell 2JaiA] AIekel wh7js=0.04)01, det (M)
7} Trace (M) & 22t 48 Mo §827) 232 oJvja
o 919] Harris $% RO BEZh 55 5479 571 2
e, A2 Oe 94 Fud UG RERS 482 4
S Qg Aol weh F25)E 544 571 olshAl e,
) 550] U 2e 49 2ule the SHHo] REat
s

_]

o

7% Anegol F7hsta 228 Ul 590 B 7}
-0

o
570l AAA He BAF BT 9ok 22 ZAIE a2

BES U5l UUD e SR 25T & gt
284 Hamis 74 3%71% Aok

&
e
by
iy
1
+
2
o
=
.:A:‘T:I‘
)
rir
&
9
N
P
N
<
o
ol
_('&

A she 53] Aot 518 WA, HFHoR F2
3‘5 ’?,‘1:1 7H_/r“‘f ]vtm'get - 94— ]vtm‘get +’Y /\]—017 %q— g
S 23k FE(Step size) 02X, 29 2
B T8 0WF 324713 WU B
48 272 F O 2UE FEshe B
ol Il T7F ZAaE A A I
PRIk SHe A%, 0% AR FaAl7e,
sRzkAlE) o714 AE 03 1xjole] 3he

i

i
gl
N

o

7

N
N
£

O?(;(Tl
e
e
o

2 o o & ff
T g ooy 4y
o
N
T

Q
=

~
il
ofN

bt

nr <
o
> o

N
~

O

]

o

wW
=
olo
0
oz
>
uE

p
o
2, m
>
rir
ox
=2
>
o

o
i,
A
oX,
iy
ofy
=,
>
2

% 10,
X of

L)

rr

it

oX,

w2
O:

|

o oo

2 oo

of

oy

N

%

ol

=1}

ﬁ
ofN
o,
i

ox M
o
ol
N,
o
o 2 o
At
oX,
)

%
N

fz
N

0;

(

2

o o
s
i
o,
v o

ooz
o2
>
o2
o ox 2

ol
ﬂ?‘
o
i)
tlo
o

ofr

ol

R

£

ox X
2

i

o
2>

o
)
o2

(e}

A
oX,
o
>
ook
of
T
o Mt
:1>~
Y >
I tlo
iis
A
N o>
gg 2 oy
N
U2
A 3
R
) >
A E
0¥
o ey

>~
2 pg o

o
Fﬁj
=) Jo
B
b

X
(2

ol
o

At
oX,

4 e
°

oo o 2 it
2

|t
oX,
o)
i
i3
&
v

A8 A Jehlls HE
2A, PIRTINE F Fe W) glol ABRTL B 5
9tk F % A% Bel o 4% PR vhesh Lol elg

o719 H(A) ¢ H(B)E 22t 94 A9} Bl dE=ZY
(shannon entropy)2 o2} 2 (4)9} 7o) Reolgw, H(A,B)
© 7 93 A% gE £¥0 dig dEZGZ A (5)¢} 2
o] RjHrh

H(X) ==Y py(z)logpy(z) @
H(X, Y) == Y pyy(z.y)logp g (2,y) ®)

2 @Y pylz)e X9 FE EIold, 4
pyylzy) e X9 Ve 4% 38 X2 ek 949



At dEARES} 7127 W ARE o83 g 9 A

E?i:
mO
}-I
A
N

41

B et 7] W] oA 47
o Wge walel ek ol &
B A8 2%
074 63} 2o] G,

_ H(A)+H(B)
NMI(A,B) HAD) 6
33 71&7] Wk PR

e 71E71E el

= Sk RN oy B

o 2o HuE-S ALt 6}1 H&E} ArE-S Fohe Yoz s
712202 Prewitt -2 Sobel vlAT 2 FAHS DE]E st

Tk el JeHl7], B =RelAe & o AEd 71E
71% 78171 $18ke] Farid7}h Ak BE[18]S ol-&-sto] ]

B2 AL o o 19 72 BoiE LI 53
4% A Haris 4 82719) Hars 8¢ 9% Hol
1%8&4

19 97 (z,y) AXe 7187] Wake] ZwE ol
2] (3} ol AR & 3tk

o
e‘é
08.

oA & EX tig 7127] Bk 7Y
AN gde] 79 B iyl (contrast)7h BEAE
-°r 7 JoeuR 7)1E7] WEke 4% Aol AIE0° F
71 2 Fojtk wfghA 2 Ao tist 71e7] W
9] Z]r‘: zo] gro] BUAHE TAE Hash] ) & =&
AME ol A (99 2o 1% | 93] IS veli=
5 ARESITHI9)

r1r

8

g of

14 cos{2A6(x,y)}

AN (z,y) )= 3

()

A9 c{ A0 (2,y) }E 0014 1410]19] 7S 7HTh ol 1
o o) F 71e7) W] 4w o)z} 07 FL 180 o],
71&7] W] GXES et B glo] 0Y W) F 7]

7] W) b= Zo)7h 90 olal, F 7]27] W] YA

19 Vehit

o

ook

34 ARk A A=

UA AFIAR] 7M. 93Tt A @ A

73T BAdeARTo 2= tleA] A A AYert Aeke
ok YA o E 7187 HRE ol&e FIAT WHEL 7
27 =7l AR (gradient magnitude)®} WIF R
(gradient orientation) & ffWﬂ ARSI Ty gsAlA
Gl A dlgsle vY EAlZRT 93] ¥l uuivt o
271 & 7187 2 ]—‘C— AN YR E AT EHA| E
o} wbde 7127] Weke 5 EAd uisiA 2] i
oS AlA A3t o] 8erlel A3sitt B =AM uls
A AEe % AN AEE AdaRet 949 3y
HEA 7]1&7] Wake] YA Aes Aftehe WS vt

o] Agtai.
ONMI(A,B) = O(A,B) x NMI(A,B) 10)
oAk A2 = P =]
=3 =33

o x| Fak ZF FARE AT AN

A4

TAKE HEo) z|ofel ch 34 MY

T2 3 Ched™ M ofy e
Fig. 3. An outline of selecting corresponding
point



42 Journal of The Korea Society of Computer and Information June 2012

4714 A, BE 747 4 Ask BS YehiH, O(4,B) €

4 ()3 2

O(A,B) =Y ,c{A0(x,y)} an

T,y

d A el 9 4 107 (119 Ast Be 7
E °§*J°M F29 A% FH oA @] Hrk
47 B7} e %iﬂi eSS g R
2713 3 POME} 71&7] "WEke] YRk Fol F7t
gogn  0(4,B)s+ A Adske M F=
ONMI(A,B) 7} i3 Zo|t}. o|E ol83ldq ted&
Adshs Pl teire o FolA 23] bt

Q5 ehdrt
5 A ME i3
© 544 s s sl %"J’S% FHoE dl=
£ g5t 283 sYek gl o)
 ERHEC] 5A4 (locallzatlon)% =)

] “éoﬁl

7 G A (13)9h 2ol pilo} oigE & = 94 B
o] B4 FolN FANE 123 Fuse) WS ofvjgk

ch= {pf Idist(pﬁpf) < dth,} 13

= 547 Aole] AzlE T P o)

NMI> 107 104 1.06
(d)

2.36

o(x10%) > 2.04

JE 4 Hofst AR MEE 0|Zst TSR A TR, (@), ()
oM A TR FaoM FEE E2H (o), (o) ZH S2EC
IHR| 4t (e), () THR| Fafe| 7127] %@ (@ <e>et <2t
7I87| ek 2= Xjo|
Fig. 4. A process of finding corresponding points using
proposed similarity measure. (), (b) Extracted feature
paint from IR and EO images. (c), (d) Patch of each
feature point. (e), (f) Gradient orientation of each patch.
() Gradient orientation angle difference between <(e)>
and each <(f)>

He 729 SRS Vet ol 1 (h)e] 2 AR o
el SRHE0] @9 iWAl 544 pflol tiF g T
ot 5, = {pf, pf pi} oItk (@9 (e 22l
Zell oigh A2 Gs e, (@9 (= 2 2] o
tgh 7127] W e 9o, 717 B 2
£100(cos20+1) +509] ¥7] oz vEeRch wekA
(50, 250] ®919] ¥17) k& 7R, 718717 EA8HA o=
2 002 Ak (g @9 () 42 3)4] 719 71
7182 Xjo] ¢( Af) 2 100{cos (2A0) + 1}+50 <] B7] Zko.
Z e ot 5, 34 o] BeFE 7]87] k] 93]
She o] B Aolmg B4 7k fAMdel ¥ B A
02 B 4 otk AA AF Al B =RolA At fAM 3
= ONMICW,(p), Wy(p?)) & T3] 18l Axke
NMI(W (), Wy () 33 oWy (p!), Wy () & 2
ZH (D9} (9] A %‘*o ol T7IEIE Seto = e1gt
S I5%0] AAZ EAA ple piH ewen, AHded

M o> Al
_i,d o M 12

l-
>



At AR} 7127] W ARE o83 Al 9 AT dags 43

48 A5 S SYS 08 SHeT R A4 pF  FH ATEA W24 R 299 49 N4l
g s 0FE Wil Bk v 2wy AR TSI cl8se) Wa d Aerin g A
1A Aokt SAME AT ONMIE 088 Ao enle tje U A] Mg gate] oi-edS g 2014 Alker W g4
) of wha} WAl = 2] (15)9} Zo] WE o2E Arkec)

& il 94 B 544 pll theshs A opf & T ; ;
378 =0 P S =7 P; E:\/ZC—ZC 2+(y1_yi)2 (15)
g S g, of W dold & SAH % (pf, eopHst
(cpy, pyI7k A2 QAT A o] EARES AR S B o714 (2,,y,) = 717 949 Bl Hxolw, (2 ,y,) =
Mo A% AT  Sivk o9 22 s vin 7I01E WE 9are] gigde] wiske Hxolth,
TAFORA ARG Seo] MasE G4 Brel =&AL wdk oy} Akl d4E wERn A thede FE
g e NS 75 5 ok g os BEa
197E 3ﬂ477}ZH HHE 44 3 T B & v}
4, Hetgte 33 F B FE A Ze v 2 g E HE 4
kU }\%X &)
41 48} DR 5 B8} B e ‘E}' .
2 =wdxe 99 34 3¢ =% #HH3 (Local

optimization) #F8& F718le] 71€2] RANSAC 7]He]
HEwel 52 JNF LORANSAC 7402 e

540 vk o] W mg Qe 1 WAL OF ol g caae sgan,
= FEHE 2o ZH E‘i% 7 Aol B =1
olMe HEstazl hs 2D 9ol 3D AA] EX S0 &
48 Qafolng BHo) U T&?ﬂlg Al 8T 5 9l ln. 48 2ot
£ 923 ¥ (projective transform) FdS ARESIAITH
[0 ¥4 W 2o tga) o] Yehd 4 Stk A tslA g3 7T Bes B8] sk
TYS Aol sl 5 AR G HoHd s
 hgwthaythy Yo AUS stk A A8e Gael e il
L WD 5 S v 720 x 480010 A3 448 4] 42e] 2ol
,_ hrthsythg 60 < 6022 A5}k,
Y hox +hgy+1 71280l QI A= E Frlshy] At A LAEA

TRE (Target Registration Error)[2012 AM-3k= HPY

A7 (z,y)E V& Fde) Fxolw, («'y)E 7IE o] AL, TREE F49 Wd F52 mske w23
e AFh 2L hy, by, -oohgS AT A3 2 (target poin)EF AA W 4 (ground truth) 2 S
gehulEth H FAFESY B 9A] ApolE guigith 28U o] HEE
FAA ol9)e] AEol gk St =R ¢ Wil £

42 RANSACE o8t tgt B 3 wRoE A4 AA] tjg 24 THa] 919 oflel 2
M thed A S AT AR AR BT ) aoge 99 03 (Registration ErronE o151tk
o] WAIE 5 qld], olHd 2RE BSAE A A
gewo] gake XA Bk webd oleid AR te )
< AT WBFEE ook dok B =EdME tEe RE= %2 V@—2)*+ (-1’ (16)
9l RANSAC 7IH[131% olgsle] WS F52 Ak et

RANSAC 719& ol Maigs 34 wie oew 2t _ _
awd o Fol Yol Whe) e ek A7V A el idA Aol ARE (z,y,) 2 B9

pad

7] N& g vd welngE Ae 4 o Haskel o) (z,y,) 9 (2,9,) & 242 A4 M8 3 (ground truth) 9}

|

d
(

ml

N,



44

Journal of The Korea Society of Computer and Information June 2012

T2 5 (@) 7R QA (o) FelM It (o JEF ™ 34 o) HEZot
Fig. 5. (@) EO and (b) IR images. (c) Image before registration and (d) Registration result

206 (a) TN 2 () Sel B () 8 H o (o) Fgt 2ot
Fig. 6. (a) EO and (b) IR images. (¢) Image before registration and (d) Registration result



At dEARES} 7127 W ARE o83 g 9 A

oot
mO
Kl
A
i\
S
a1

FAE 93 g4 WekE s Yepdo A= W3 34
o] A PAg, &, REE W8 949 BE HE Ust
o AA W3 2 wdel HET 99 W = W
S JEY] Hit A (B9 - HAE ouigitt. o] wf APS
A3l gt P AAE A W FE g 5§
ol ZF G HZ 15712570 Alele] th-g-dS AA AEst
o] HE <4 (ground truth)E AXFSIGATE T3 G745
7313+ Hrkel] Hste] Y. S, Kim et all7]e] H7kgh w4
3} Zo] 7t X R 1009 9] AR TP, A A
o] REV} 484 ofstd wf A3te] 433 A= 11531
(e}

A ATES AN o) 4T 43 B 7)ERE A

A o2 BF A% PP Helslel AP0 e

1. FEE T Tl E 82 tiSEe| Jieet Hig, Het &
£ 3 ot AR ED)
1

Table The awrage nuber ad rate o corect  comesponding
pair, suooess refe, and computation time
Ve Hig e
100 86 B34 o 0%
200 22 23 029 237
300 40 36.63 060 275
400 518 3630 07 329
500 64 34.87 083 480
600 736 3340 0838 6.14
700 768 3090 084 822
800 81.6 215 08 983
900 &8 269 079 1211
1000 854 2536 0.76 14.43
S & =20l ARl 284 Harris Y 2E7]19] &
<

2
2 94e9, 484 Hais 2 @271 g
T itiar =50, Oiitir =5, A=0.5, v = 3022 4H3}S
ok

Mol sk g, 9T 4TE L A AR BT
o wker M7Re] theAo) A ES

A A O, & Tt 2ol Uerd & 9o,

Crve = {(pf, a?)dist (p, 7, (ep?)) <n fori= 1,2,...,]1,1}
a7

H 2. FEE I 4ol WE Haris SEIQ| 2R T
Table 2. Threshold 7 of Harris response respect to the number of
extracted comers

oegp T
Niarget oy s
100 b 25
200 45 75
300 15 25
400 10 1.875
500 5 09375
600 375 0625
700 25 0.3906
800 1.5625 02344
00 09375 0.1953
1000 04633 0.1563
AN T, (+ ) A ¥E3H (ground truth) 2 537
FEE HBSF= Poln, 71N dist( « )= FEE=
=5 (euclidean norm)-& ARSI HA @9t} = ddE
e (plep?), fori=1,2,... M ZNA pet 24 W
Fere AdE 7, (cp]) o AL 98 FER (2R A
n=2) 1T USHS &2 USHoz e o] uf &
S s A G, Y 94 AT &8 U et 5
o, o]& A8 E 3R JNFE vhe Aol &2 teA gl
o} 2l A3 AEES 3 9ol uidh 100We] A 53
< Aol A3 355 WA A3 A1 34 10022 Ve
FAh AR A% FUE VR A4 F2E A5 &2 UeA
o &7t BE3] A3 AFEol W AL B 4tk Wt
2 FUE YF go] 28 3¢ 234 usdo] Tvlst
WA &2 tSA HIgo] Yolx|1, 1o wEt A FE0
Fold Wk ope} A AlZte] HiFE FRRlE RS ¥ F

¥ 2 H9A 94 13 200 thsle] 2+ =34 A4 g F
Z317] 918 Harris S99 #E3L T8 Jepdch ek 712
o] Harris 34 AZ71E ARE A9, T'=52 A319<
w9 1o] dHE A9 oF 50070 Uyt FEE HH
Ad50] AN, G4 29 A 20073007 Atole) ZUr) &
wo] AR Aeo] A3 AstEe EA7F AT Aeoltk 1
g I'=12 4T A§ 94 20 disiie A 4ol
ZAuk G 19 Z-%elle FU7F U Bo) FEE o] gtk
Y7t Wojd Bwk ofel ATl thE F71E Ao

0N

o



46 Journal of The Korea Society of Computer and Information June 2012

14

333 <
Harris 34 72718 53l A48 ZUE F290hd, &
AL FE3] A8l 285E A 71E Haris AF
Hlal oF 109 A== wn|shA S71=A A3 435S B
ke AR &2 SAS AEsA Hol A Y
ol g EE AlRte] A=A S7kshe 2S WA A
o FHQl A% S I8 5 Atk
o Ui SAH A Al £ =74 Altet
HEE o] &3t WY 7129 IS HRE o &3 WY
[10]7+e] 435S wlagith o] wf 71&9] WL w5
A A HaA5H (Least Squares Fitting)S ©]83F A
o|E WHE AMESIGEt, U 20 F A o&
A Jesrlwetr] Hsia wg g FARES 2 =i
A AR83F Lo-RANSAC 71HE 71 Wdl Sd3kAl A&
sto] Wlarslinh A4S A3 53 F Nypper > 50002

ARtk E 304 & ghol FIRA Gt H9la

o,

b Al 2 ERelA ARkE A

pad

N

Yo Aoz BAH JuEe wASA £a)7) B
71E9] AT s g Huks o] &3 WHe g 54K A
7} gro} Agke] Qb do] Holzith Wil ARk e
71%7] Wk ARE Agsto 24 71E W) Blg) e &
A AYert Ea1, T wet A AT i A
< A% 5= Uk Axt AIRE A Wo] V)& KR
o i oF 30% 71T
H 3 7|E L0t Mokt 2o Mt Ms
Table 3 Regstraion  performence  of  conventional  and

proposed method

S [H o7 Ast OX

52 R oo e uig T o0 | i u3s
onr | % RE)

7IE | Mgk | ZIE | AHeH | JIE | Mt | ZIE | At

@

47 | 2870 | 3113 | 617 | 156 | 044 | 091

8 | B | H70 | 420 | 281 | 071 | 086

48

83 | 113 | 47.16 | 4829 | 351 228 | 073 | 0
29 | 41 | 231 | 2808 | 475 | 38 | 04 069
R | 43 | BO7 | 27R | 366 | 220 | 080 | 094
T | 46 | 668 | 226 | HB21 | 446 | 255 | 082 | 086

oW N

0!

a9 5% 6= A7 9 13 G 20l % =
& HAFEh 4 a8 HE (@9 e J4E€E 7rEAT
Hold Fdelw, (o Hodd Gl Camy AARIE
TR Gl AR Fe
Canny AAE 7B G733l BZ G vehdth
V. 2 &

H
a
e o
o
%
i,
)
fo
29
=
319_:

£ =oie Az g AMRTY 253 G

ol
=

E4RE 23T, AAE FA AEE olgdlel Uhg 5§
A A AP F RANSAC 71O Ma4s 243}
£ 9% Y M ALHET: 597 3 A AN A
34 Haris 1 13718 A8kl 33 o] gl
VAR o) EAVE FEFOLH, Aol BEAR A
el b5 sk Ea kg 597 A8 4] 7187 8
% 0 PPN AN 597 0] FAKIL B
WS WAL ARGoRA, e FFIEIRTS ol
@ Hnc e 5949 3owst AT 4SS PR
o @A) ArE 593 A5 285 dolz 43
sfgout, Gl mhet ARe) 597 RS AT 4 Ut
oJRA ATE GF AYY o gelek

el

i)

il

[1] M J. Kim H S. Ko, et al, “Robust Video Super
Resolution Algorithm Using Measurement
Validation Method and Scene Change Detection,”

EURASIP  Jounal on Advances in  Signal
Processing, Vol. 2011, No. 103, Nov. 2011.

[21 B. Zitova and J. Flusser, “Image Registration
Methods A Survey,” Image and Vision

Computing, pp. 977-1000, June. 2003.

(31 . P W Pum J B A, Mantz, and M A,
Viergever,  “Mutual-InformationBased — Registration
of Medical Images : A Survey,” IEEE Transactions
on Medical Imaging, Vol. 22, No. 8 pp. 936-1004,
Aug. 2003.

[4] F. Maes, A. Collignon, D. Vandermeulen, G.
Marchal, and P. Suetens, “Multimodality Image
Registration by Maximization of Mutual
Information,” IEEE  Transactions on  Medical
Imaging, Vol. 16, No. 2, pp. 187-198, Apr. 1997.

[6] H Xie, L. E DPierce, and F. T. Ulaby, "Mutual
Information based Registration of SAR images,”

of IEEE International Geoscience and

Sensing Symposium, Vol. 6,

in  Proc.
Remote



At dEARES} 7127 W ARE o83 g 9 A

oot
mO
Kl
A
i\
S
]

pp.4028-4031, July. 2003.

[6] Zeger F. Knops, J. B. A. Maintzz, M. A. Viergever
and J. P. W. Plum, "Registration using Segment
Intensity Remapping and Mutual Information,”

Medical  Image
Computing ~ Computer-Assisted  Intervention,  pp.
806-812, Sep. 2004.

[7Y. S. Kim J. H Lee, and J. B. Ra, “Multi-sensor
Image Registration based on Intensity and FEdge
Orientation Pattern
Vol. 41, pp. 3356 - 3365, Apr. 2008.

(8] J. H Lee, Y. S. Kim, et al, “Robust CCD and IR
Image Registration Gradient-Based
Statistical Information,” IEEE Signal Processing
Letters, Vol. 17, No. 4, Apr. 2010.

[99 M. Irani and P. Anandan, “Robust Multi-Sensor
Image Proceedings of IEEE
Intemational ~ Conference  on Vision,
pp. B9-56, Jan. 1998.

[10] W. C. Choi, S. N. Choi, et al,

Based on

International ~ Conference  on

Information,” Recognition,

Using

Alignment”,
Computer

“Automatic Image

Extraction of

Corresponding-Points ~ for ~ Multi-Sensor ~ Image

Journal of the Korea Institute of
Military  Science and Technology, Vol. 12, No.
4, pp. 524-531, Aug. 2000.

[11] Juan Kang, et al, “Image Registration Based on
Haris comer and Mutual Information”  International
Conference on  Hlectronic & Mechanical FEngineering
and Information Technology, Aug. 2011.

[12] C. Hamis and M. J. Stephens,
Corner And Edge Detector,”
Conference, pp.147-151, 1983

[13] Fischler M A, Bolles R C, "Random Sample
Consensus: A Paradigm For Model Fitting
With  Applications To Image Analysis And
Automated  Cartography,”  Communications  of
the ACM, pp. 381-395, June. 1931

[14] O. Chum, J Matas, and J. Kittler, “Locally
Optimized ~ RANSAC,”  Proc.  Ann.  Symp.
German Assoc. for Pattern Recognition (DAGM
'03), Sep. 2003.

[15] S© M. Smith, J. M Brady, “SUSAN—A New

Registration

Fusion,”

“A Combined
Alvey  Vision

Approach to Low Level Image
International ~ Journal of Computer
Vo. 23, No. 1, pp. 45-78, Nov. 1997.

[16] D. G. Lowe, “Distinctive Image Features from
Scale- Invariant
Journal of Computer Vision, Vol
Oct. 2004.

[17]1 Rafael C. Gonzalez, Richard E. Woods,
Image Processing-3/E, PEARSON, 2009.

[18] H Farid, and E. P. Simoncelli “Differentiation

Multidimensional ~ Signals,” IEEE
Transactions on Image Processing, Vol. 13, No.
4, Apr. 2004.

(199 J. P~ W. Pum, ] B. A Mantz, M A
Viergever, “Image Registration by Maximization
of Combined Mutual Information and Gradient

Processing,”
Vision 23,

International
60, No. 2

Keypoints,”

y

Digital

of  Discrete

Information,” IEEE  Transactions on Medical
Imaging Vol. 19, pp. 809-814, Feb. 2000.
[20] CR Mauwrer Jr, RJ. Maciunas, JM. Fitzpatrick,

“Registration of Head CT Images to Physical Space
using a Weighted Combination of Points and
Surfaces,” IEEE Transactions on Medical Imaging,
Vol. 17, pp. 733-761, Oct. 1998

[21] J. Canny, “A Computational Approach to FEdge
Detection,” IEEE  Transactions on  Pattern
Analysis and Machine Intelligence, Vol. 8 pp.

679-698, Nov. 1986

EaRN =

01 TRieekaL 27 RARdsk sk S}

A A Tvish 7R s s At
AFEHY

Tiheok WA

Bmail © jyju@isplkorea.ackr

207 iehetL AR S

2 A nedish 718 ds sl A
AREEE

Tilok s

BEmail : mjkim@ispl korea.ac.kr

o)



48 Journal of The Korea Society of Computer and Information June 2012

T 2 &

00 Feohst AoPAEE sk} T}
o0 Efehekan A B
008 TRffstE PPRAeiskat Bkl
@ A arefiet At wae

TRk 4 gA/F5, vole §3
BEmail : bhku@ispl.korea.ackr

M

1 sk

1982 Camegie-Mellon University #7]
33t FAL

1988  Johns Hopkins University A}
38 FEPA}

1992 Catholic Univ. of America ZA}
38 R}

A Al mEEk A7 AR mge

Aok o 2 54 Al oiE 12

Email : hsko@korea.ackr

ol

ry



