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2} = (image pyramid)] F 14 #olo](two consecutive layers) Abo]eo] 3|

©

sl ol

]

3

A et

(noisy image)e]™, (c)

PR

[0041]
[0042]



[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

on

£=0l 10-1550665

S % H](unit scale factor)E AZAsh=, F4 FEu|=e dmtgoz Ao

o
n

2 e wE HA AT EF5 wiF Wy, (a) Al G4 2 A2 el digte] Abd AAE 8958 A
(required tolerance)ol Wt AFE HASES 94 Fepr|=e] #Holof(layer) F(AF )¢ 7 AF
olo](layer) Atele] siAF= H|(scale factor), & ©¢ A% B](unit scale factor)E ZAAsE= ©A; (b)
71 AR #olo] ok whe SN E e wal AL B A2 el digt A FAgv=E Adste Bl (o)
71 AL R A2 el digk 3 T =] HAAdE Holo] FolA Alztete] HAH o R o] Hth A

9 YT N O e APE dolo] 4om olFatM AFH B Y FAtE wAE T,
47 (@) BAE () AL % A2 G e g setuime] AANYE dolo] Bl 27 BE I &
W WA (2) 37 27 BE WS Bal FHE AEE olgse] AR Be AAE MvE o ¥
e AHE dolo] Ao olfdte AEHNoE AnePE dolo] AN F4 REE FPAE ASH B
A WA el

o, ® 4B Fxstel, A%T AA AFH B oY Pyol tete] nup FAHCR WP = 4x ¥
gol uhgAd duAdel we o A wEel AA AFH B wF PEe ddgem =AW

T 45 xS, B g mE HA AT ES ol G120 4 FEi=e folo —’F 4
(determination of the number of layers) ©7(S122), &% FZ(feature detection) ©7A(S124), 2E 7
ool 54 ¢x AXiH(computation of feature locations in every layer) ©@A(S126), %7] EZ )
(initial block matching) ©AI(S128) R AFA &d(hierarchical refinement) TA(S129)E F-H|gc},
ols}, Azdt 72+ WA dste] FAF o2 At

=9l gojo] & A7 WA(S122)=, Al B A2 G4 dvk 4 Febr| =(GIP) el gk A7
5 g8zl flalA, @3l 7 FHx e yod 3 a7EE Hd 8 W, & 87358AF
(required tolerance, §)7} H]g] S} ¥ ojo} g},

2
X
o2
o
&
ﬂi °

A2 E= wjH B oA 2] A4k (computational cost)S ol#le] =8t 28 EdE 4= Ut

Cost=nsnynsnc+ R

F1 ¥ b
7] A, = EAE9 7l4(the number of features), = 7 E5 Aol JAME9 )4 (the number
1,
of pixels in each block), = 7 g dr Q. Aol JAME9 4 (the number of pixels in each

search window), n< HBMol|A¢] WkE 314=(the number of iterations in HBM)¢} & yeln|=¢] golo] &=

C
(the number of layers in a pyramid), =4z

R & YA Ar(remainder )] T},

nol e At G =] 9] X ¥l(unit scale factor)(k)E §78H4 3o & FAMHoR A4
9t

N

A Ao th3k Bl ] (the cost for each pair of pixels),

_10_



[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

on

££40l 10-1550665

34 3

714, = 7 Fo 3 758 A8 (required tolerance per axis)ol™, ©<=3FA17]7] ¢Jste], k& A
el A g (search distance, s)¥ (2s+1)X(2s+1)Ql B4 1% 9-(search w1ndow)4 ot
o] FHoERE npXu JAo] X7t ] A EA AoHr)t. s o tal AAES oA AR, FE4 4

oo 2 2
¥
fru
N
o2l
ot
L0

+
~@,1‘.
&
N

Cost = ngnpn(2s + 1)°c + R

O|ERoRE B 2 AASE Aow vt gy B2 wjHoMe A 3 91X (ground-truth target
location)”} F-& A A& (subpixel accuracy)ollA < =4l A (boundary)oll ¢ 7M7F A5, &<,
zw, 718t W3k ol o3 A& dlglo] Y= wjH A3} A7) 1 AR olsd slsAdo] Uk, ol
S A5, O ol 85 v A, sid B Ax$w= A7) AA F JAE 2T ZA "o, wEbA
Yt A5 WRety] flete], 482 59 o] § & s& AAT.

¢

(e}

+84 5

s=x-+1

% 5% B U] upgA s dAA oo wE Gt A W oA, HH ASH 25 v UHS A8
JoiA, FA mEtuj=e] M2 Qe F #o]of(two consecutive layers)olAe] B %Ei’r(search window)
HAE EAG AoZA, A% Ar97t A9 iwA Holojo B A=Y u, _‘?_%é—‘? L= (i+1)HA
foloje] gl A9 sFErt. FAR o] oo, At i} Fgu =] ©g] ](K)7]' =
ZF golo] ool B ujAHoA EEA ¥ E(parabolic curve fitting) 59 Wyow HEZM AHIw
(subpixel accuracy)E FdZ 4 AAT, FEIA 98] (subpixel fitting)> AA 3 X2 Agsk A7k
(bound)& A&3t4] Z T HIEE AL o). o]t olfolA, B JA=LE TR ¢ HA
Aegk Aol
Aok, x7F AAEHE, old wet Zk FHol 3 2335 E A (resulting tolerance; 'd')E F78H4] 60l 93] +

[e]

— sk = (k + 1" !

_11_



S55451 10-1550665

[0061] @b sunk Hom AHBR(Z, d = §), FIH T £ 82 A 9L & Avh,

[0062]
T4 8
1/n 1/n (n—
d'/" = (k4 1)1/ M- D/n > 51/
[0063]
[0064] n=1 9l 4% £ 90 $EAS wEsrw, o|wiE S84 10 2 S8 11g Auw A 5 A =t
784 9
1/n_(n-
k< (k+ DHYM=-D/nge 4 q
[0065]
784 10
‘ 1/n .
ceil(d"™) = x + 1>ceil(s'/™)
[0066]
784 11
k>ceil(s'/™M—1
[0067]
[0068] A7, Al A4 xol Wal ceil(x)w x Bt} & &2 7 &2 AFE vttt 82 129} Fo] A=

_12_



[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

on

E=05] 10-1550665
o4 12

g=ceil(s1/™)y
#5413
k>Kk—1

AdZES AxsA717] Asids, Fold nollid d = 6

ceil(d'™) = ceil(5'/™) . k=R-1

il
rl:l
I
Qlt
rr
Y
B
Y
ro
>
I

il
-4
)
29
o,
o

ceil(d"™) > ceil(s'/™) . K=K

(

AN
o
o

Kk=K—1 K=K
webd, ke ol A ol
AARE, Bo)p dubr el Ao 9lolo] F Ad(real number) n = 1 2§ >0 o tidte] § Apdo] wkEE
o}, mEa ot A (theorem) 1& ¥& 4 A Hoh. A 1o dig FHPLE =804 & et
(Changsoo Je and Hyung-Min Park, "Optimized Hierarchical Block Matching for Fast and Accurate Image
Registration", Signal Processing: Image Communication, Volume 28, Issue 7, pp. 779-791, August, 2013).

(k + D 1>6

> 1% 6 >0 7k B Aol k>0 7 el
o] A% xel HEl  ceil() xmT A e M Ae A5 W, k& @

cezl(é” ) _ceil(s'/™)

= % stoltt.

2] (Theorem) 1 : n
o] A Zeolw

o

\

o
O>’

b o) 344 58 Bk, #4147k Ak,

Cost = ngnpn(2« + 3)°c + R.

s - N ny R g 3 - -
T84 140l 7] zehd, Fo1 : , ¢ % of thell 2] ne& JHE = 69 gholl wa} off 8}
A 1500 ejsf Tl g i

_13_



[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

on

£501 10-1550665

o4 15

n =arg mnin{n(ZK +3)? +n)

n
o 7] A, £ n9 HF AFFelH, A& no] FL #He JHHEE e FEtulEolt). AA] F&eMe, =
6ol AAE dagZo A ALgEE HE FEEt(ratio threshold)e] W3lo] whz} 0< A <200 ¢ Ao ulgHA s}

ch.owek §7b S AAu grbw, Bed AR 00 dgek: ARk T F At

A
el A 13 84 150 Azatel, AN AASHUAR, A4S 9] A Ao wE 25E 2

&S|
gote SaeFE = 63 o] AT}

il

7y ol st 25387 €l (required tolerance)”} F=oAW, & 69 LuF 1AFE FHo vk 354717
3l St HBMS] AAES ALttt Al A EE fFAS I A ng Wy 3] 98, A

s o o
Hog zZe W 32 FIE A3, A mAA) A 1.587 AA((n-DHA) At
A9, n-1& FHF 9 352 A48t o7]A 165 HE BEEeRA Fid & gholBE, o By 2+ ¢
AA o= AE '0'0R A= Aor FEIT

27, 28 % X 9¥ 717 & e nigE gk dAA o w2 HAH AFTH BF wjHdA e, 8558
(required tolerance, &)l thgt 3 I =9] #olo] F(n)e} FH dd% H](unit sale factor, k)(=
7), 8758 AZ ()9 I A& A8 (resulting tolerance, d)(& 8), gl L7-3EAZ(§)l g
=3l E Ak (simplified computational cost, F)(&= 9)9] Ze|ZEo|t}, o7|A, A& '0'o2 HAHZ H

Foltk. §5 FHaL 5000 HAZMA] Axteiglong, diitte] FAdel dE HA ATH 25 A 2 9% A7

47 Hgol b,

= 6ol ANE FALEFS olgstel, 47 a7 gAL) AMEA dolo) £ AFBTh. FH, eI o]
of 4w A4 A%H B wjPole] W (iteration) G55 . & 62 X el v A2 ool
WE g AT Pl Yold, HA ASH BE oY wel A 9w G s dolof 58 A4
S QuAFS BAF Aol olsh, ¥ 6% Fxs] A9 dolo] £8 AW AL FALOR 4
s,

T 68 xahd, 9 FEtr=e gk R golo] & AASY] Ast], WA 7 Fo didt 83871
(6; required tolerance for each axis)ol Wiate] #o]o] $=(n; number of layers in a pyramid)7} 191 7%
o] @<=3te AAEE(simplified computational cost), Fi& AlARet,

tgoz, #olol F(n)E 1% Z7A71HA 2+ dlolo] ol thete] sl E=n](k; unit scale factor)S 7|
Aretar, 2 ARG (k) ol&ste] T welo] (el Hg destd AR, Fg e

O

W

olg]d AL Foi/F, © A AAFE FEgk(threshold) B} e wi7bA] wkEsle | F,/F, < threshold

ofdl, n1 o % n ol UPT F FRAT. AV TERES dAd 152 44 5 A

o

of\

wheF, p=lolWl, k= AolEx @ow] s=d=6 = AAH, n+lolW, k =k, s=k+l, d= sk B

i

Az, o714, st B AP (search distance) ©o]v, B f%9-(search window)e] F7]E (2s+1) X
1

Aggow, A% A4H nol Folxl aTHgAe @ A Fow BN AAe dolo] 47 Ak,
47 AR AAel dole] 5 8 wslalAdmlel weh AL % A2 el v G4 vekn e AR 4

o 3 AR A,

_14_



[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

a9 o, 471 52 AE SAGL2) M E A1 Gl digh dik 98 et

z 2o F oA e delol
(5o mhet B dololE AEd FE &)l sht olgel 54 4B AU o W, G FF
S0 AHgE AR, B QAN E T (corner) E AHEIE AL o2 Sof Ayat,

olE Hrv} FAHoR AWy vy Ak EF wjA Y A AXE AT A YAES I A WellA
Atk o] w, RE W] djad] AEVbse 94 e AXE g587] A8, dEs dE7|(Harris
detector)ell 71%3l9 T E(corners) S HETTH TS (noise) E WA (blur)e] F&S 37| A&, g 3
ol digh @ Febv =9 = WA e Holol(layer)olA] ZUE HESHE Foh. o|HA

S HdE(feature correspondences)> HA ASH EF uwlHo 3 J¥ g dHe &

resolution)oll Al F-EI A A (subpixel accuracy)® Tald Aolmg HE wjx ZAzfolAe] stz Ag
Zd= ol EAE fitk. 5 AE dAldAE, EF A fElgk AAE Fofof st AR 5A 9 gl5A
QM (offset)S

< 7 U He G e BA B g9 wiAIATIZ] A, glde] dl el dis
% e

zt= A}Zb8 ROI(region of interest)Z A3 A7) LZAL o
1

2d 55 Ar|eok B A= A7)l o7t xSt Y] LEMES Zh W did vgEA dA4d

I
&

+
£

fru
b
o

Aso] =AY (multi-chamnel)o]il £2 wfjXo] RE dE9 &

e 9 d wE ARgEhE FgelE, AR AR
S #AaA77] AelA, M FE(neutral intensity (gray))olr EAES HAET == UL},

o2, Al d7del gk dut 4 =] BE AT 54 A Z2A dAS126)= A= 53
AE dAS124)0 4 AEE 5 AXE o]&ste] Al /ol digh gt 33 Fm=e g2 BE AFlA
o] B4 AL ot 482 165 o]&ste] AAtsirt.

w214 16

714 pe 54 A HE, k= 540l HdEH dolodl digk @A #oloje A sdE HloH, 1& B
E Aol 191 o)A #Eelth

FEA 162, G HS5 FE ZU9 Fagke] WEH] ZFowA, dFe] HAIL kel & fddsiA g =
Z45E W3 WA A (transform equation)©] HES FEE ZAoltl, =3+ 169 FEHRFE =FoA] el 7}

& 3Ft}(Changsoo Je and Hyung-Min Park, "Optimized Hierarchical Block Matching for Fast and Accurate
Image Registration", Signal Processing: Image Communication, Volume 28, Issue 7, pp. 779-791, August,
2013).

Ryt g sehElEalA ki 534 173} o] FojAinh.
#8417

714, i dHolo] ddxo)m, Air ddt 4 FFgu| =AY T Folo] Afeole HI Qe QY zb
(signed difference of the indices)E YEMATE 4=8+24 1694 p7} H] A S=(non-integer) HE 7} 7]

gZell, A4l &5 W A= 7P 77k A5 (integer) WEE A3

geor, 27 25 wi @AS128)= F dY G AL 2 A2 gAdel tid LRt 9 dtv =9 HA )
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[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

A% golo] oA EZEX 3¥ (parabolic curve fitting) ¥Ho= BRI A
k. E= wlA2 SSD(sum of squared differences)E 7|Hto=m & F 3|
SAD(sum of absolute differences)& A& % T},

olo] disl Bt} FAHow Mdugstd, F3H4 183 o], A #Holo] F(HAN G Heolol &)
AAEel oisf, G Ao txﬂo}t ng 7He SIAE FollA EF Fe] A4 SSDE e AXE
784 18

ql:argmm 2 Z Ly c.1(P)~Ip.co(Tiw)|*
Tiw ¢ “RGBb =1

471, b B elAe Fa Qlbzola, 19 Al WA dex9l 1B 2 747 A4
A9l 1Al wiz BA LS Aol Aol %] Qlux

e, r & g A= A gxoln, q & W A
Aotk 7] B85 wiAdA e, 72t B4 A% X7t 52 160 3 FolA = G a2 A9 2t
oz, AT &g SA(S129) =, 7] B wiA Al fARE Boez ) Al 9 A2 Aol oidt duk
A Heri=el ywr] golo] HAEd uE FEIA EE uAS ASHeR uty S35t ASH
(hierarchical refinement)S 3HAl ®th. olwf, Z} #olof o] tjs] o] #lolof FelA FHE E5 vy
EE 582 199 2ol Al dolo® WEts]o] ¥ X (search window)2 A X (TH)E *F‘li‘jr

0(1

gt 19

+

S; = kq;_1 + 5(k—1)1

o714 k= &9 A= b, i= WHE(iteration) JVHYA=(F, dolo] 1¥x), s& B AXES 9A, g2

4 915 Ve,

W3l
W OWE gYE)E F4stal, 1 ANE o] &3t
il =3 HAY ATH 5 WA TEE o = Azﬁoi =
= |y ARE o] &3t Al FFI} A2 gl gk o] 18 wE E%](geometrlc transformation
o ol Zlet ®E stepvHE FAstaL, FAHE st W gt EE o] &ste] Al
BT A2 B T st oS e WEskeE A ET%JE-E ?ﬂ‘:}. A7) 7ol 71sh W3 Hde SRy
(homography), ©}3<¢l¥&}(affine transform), HSWH AW S (rigid transform),
3] (rotation), ¥ &ol&(translation) T st

ML

rO L WY
r*d'
=
(/)
B
;
=
=
<
-
o
oy
=
w
—~
@)
-
=
2

H, A& G AT PES FHIT 4 AT A2E(200)2 2719 FAS dEw
Q1= 7 (210), ﬁa BHAR(220), A4 A5 B2 o A5(230), J4 HESF(240)5 9] 3},

rir
of
)

7] Ae BAR(220)= 94 JEFQIOEFH ATHE 2700 98 98, F AL % A2 g dEE B
Ashs AeRA, Ao 24 e ded A4y 2y WAE o%‘é}ﬂl T A& 5P . 7] A
o BARE AL R A2 gl 4 Ade] A REAAE ol 8ste], 7] Al B Al2 94l HH Aol

_16_



[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

47 AR ASH B2 PR30E AL R A2 QP detel AY ASH B2 S FYsHE A0RA,
A& A4 ASH 25 03 %741% FUS FAste A2 SHoR duh 58, 47 A AFH 22 o)
AR(230E G4 AV 24T, G4 v Y L 25 gRe s, MEe H4 A B
2wy AP 49 4 A

71 @3 Fers A5 Al 9% 2 A2 Gl kel Abd A E 295818 A8 (required tolerance)el

K E5 4 gz #olo(layer) ¢ F AF #olol(layer) Abolo] = H]

& w9l %= ¥ (unit scale factor)E ZAASCH A7) 94 dgvi= YPRE= A 24

H olo] F9} ‘“/P-& A% B](unit scale factor)oll weh A1 2 A2 Fdol tist JA mgtu]|=2 AA 3},

A7l BE wiARE A7 AL 2 A2 9 g HAEE Folo] AollA] AlAste Ao R aEFdE
fojo] Fo R o]Fsl ATH EF vAs s},

SHA, A7) 4 WEE(240)= A AITAE ES wiA ARE o] &3te] Al 94t A2 gl digh A9 7
3} W3l Rdl(geometric transformation model)ol] 7]¥+S &= 3} olate] 7|3F W3 defu]g (o] SHH HE Y
HA)E F4sta, F4E 78 W3 gevEE ol &ste Al JAT A2 F F sk ods 7l WEtsle A
& 540 drh A7) 24 Vet W e 5% v (homography), ©¥¢IW & (affine transform), &
S¥3%(similarity transform), Z#¥2H(rigid transform), 3] (rotation), 3o]F(translation) & 3h}
¢l Aol wpeghz] s},

S B oo wE oAk of S Wby 2 Ak obE A A Aed Ay By GA(AEF 7)) HA ASH
5 w3 dAE Fdstn, HA AFTH EF wjH AAE ol&dte], 7 4 Al diste] EHS F435kaL,
BHA F4 ARE o|§ste] A 4FS TSt Y] 9dE e AHHeR FEEE T ZEdY Gl
Adk, zde 2513 3D(stereoscopic 3D, S3D) Bl A A5 F AdelAY, ©hAA 3D(multiview 3D)
B A9 AR b2 Al 7 Gl 2 F= .

olgel A AHE upe} o], E "ol og, ATA EE vulH(hierarchical block matching, HBM)olA],
Al (computational cost)@ FFE(accuracy)E HASESF P I gv|=(image pyramid)e] o]
(number of layers)$} F <1 #o]o](two consecutive layers) Aol &A% ®](scale factor), = &9

% Hl(unit scale factor)& AAst EF wiAS st A AS54 EF v& (optimized hierarchical
block matching, OHBM) @, + 48 J4 ZF Ad9 H4¥ TEARE A, dld 7+ 948 349 2y
ztelE BAsHE A3 A (color alignment, CA)S X834, 94 AF 2 I 459 &£xo 48=g ¢

] ]T_‘ “’]’7]' M

EY

VeI & el ol 2 RS QAR FHOR APsgort, ol @ el AN B Y
W #AsE glo] ohum, o we] et Wobel BAMY A4 b Avhd B wye] RAKe 542
ol e WAl olge] A e oel sl wEs S8 Asue & + e Aot
aea, olel@ W 8ol BAN AolPEe WHE P WslolA wASE X wwe] Weld wgu:
Ao HAsolof T Aol,

3} 2 3 4 B I 2 A2RE AT, 9 dF sl g AgE & 9l
T, 2 oA w2 9 A W 2 Al2gle e of g Exlola, 3 REE, 94 #@X], 94 W
A AA, 9 W= & Sl g HeE 4 Jduk. 13 B oo wE g 4F U Z Aade
@(smgle—mew) 94, 2Hd 23 3D FH(FAGE 2 59D dA -  (multi-view) GG (FAGT 2

Bl porl 48 Ao,
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5

ur
M
ulo

Pz H9

[0116]

210 :

el

Zel B

220 :

1
wOw
Moo

Azt

—~—~ 5110

Y

A1 g4 2 R2 g el

Y

shde 23

g

M2 & ol cf

N

4

H1 2

Y

A

Ko
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=E=2
S =

=2
200
o glais T » HodE .| Al wEs
210 220 230 240
rHE3

Determination of the Feature detection Computation of
number of layers (S122) (8124) feature locations in

every layer (S126)
mp  abSosiio p

Hierarchical refinement (S129)
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k1

)
o

] [T | e | L Bk = | | = [ [l [ fon 2

Fi=@251 17 1|4
for 2<n<nmp.y do
# = ceil(sl/™)
o =R—1
if (x; + 1)x]~! < 6 then
Knp =R
end if
Frn=n(2xn + 3)% + n
if Fr_1/Fy < threshold then
nen-—1
break
end if
end for
if n=1 then
x=undefined

s$=5

d—s
else

K=Kpn

s=x+1

d=s«"1
end if

return n, «, s, and d

- simplified computational cost

: required tolerance per axis

: resulting tolerance per axis

n: number of layers in a pyramid

&2 unit scale factor (x> 1)

thresheld: ratio threshold (we set 1.5)
s: search distance,

A%

i.e., the search window size is (25 + 1) x (25 + 1).
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=m7
a
10 T x
MNumber of Layers n
8 mmm= Unit Scaling X
""" -
8 _r------- | 4
-
¢ J
2 -
(]
(4] 100 200 300 400

Required Tolerance &

: |

====Unil Scaling X

w— Number of Layers n

5 i
:: B ———
6 e —— —
4
2
0 i i i ]
0 1000 2000 3000 4000

Required Tolerance &

=== Unit Scaling &

Number of Layers n

L

k1
n
)

z 3 4
Required Tolerance &

5000
4000 |
3000
2000
1000 - Jo

Resulted Toleranced

Required Telerance &
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EHH9
a
1000 } [ —— simpiified Computational Cost
500 | 1
0
0 100 200 300 400 500
Required Tolerance &
2000
—— Simplified Computational Cost |
1500 1
1000 ‘ 1
500 1
0
] 1000 2000 3000 4000 5000
Required Tolerance &
C
2500 - : ; y
| —— simplified Computational Cost
2000
1500
1000
500
0 . . .
0 1 2 3 4 5
Required Tolerance & x 10"
EHI0

=200
108
E=) [
8
—e—BM
2 L =
%‘0 —=— HBM
2 —t— OHBEM
E n
& "u v
= 10 ¢ 4
E
k]
g
S PR CTPSII . PREPSIY S
100 ¢ 1
0 10 20 30 40 50 60 70 80

Image Pair Number



Displacement Error

Intensity Error

o
B

Intensity Error

100

50

—— B4
= HBM
—+—OHBM
—=— OHBM with CA

5 10 15

20 25

Image Pair Number

30

35 40
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