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ABSTRACT
The purpose of this paper is to improve the matching
accuracy in identifying corresponding points in the
area-based matching for the processing of stereo vision.

a new method is

The

For the selection of window size,

proposed based on frequency domain analysis.

effectiveness of the proposed method is confirmed
through a series of To

experiments. overcome

disproportionate distortion in stereo image pair, a new

matching method using the warped window is also
proposed. In the algorithm, the window is warped
according to imaging geometry. Experiments on a

synthetic image show that the matching accuracy is
improved by 14.1% and 4.2% over the rectangular window
method and image warping method each.

1. A 2
% o] 4} (Stereo image pair)& o|-§3led 334 o
AREg HFN= AF HRe G4
(computer vision) ¥ 7]A|®A} (machine vision) Eofof
A Wis] sl o3 gtk 7l 3 PR (tracking
systen), ERES 3aQ BA JAAA (robot vision), ¥
Q14}7}a} (autonomous land vehicle) 2] %} (navigation),

(stereo vision)Z}

A& er714  (photogrammetry), RER7 s
(navigation) & ©& Holold 8T ooy, 1980dc)

o] Eoloid: 2dldeddrlad HEA fd Y=
Hel A% 08 42 2@ E (Digital Elevation Model, DEM)
& Azpshe d7t del %= ook oleh ol 2 x4y
daeg Ry 3 Y FEE S A7 K88 Eof
olnj, Atde] WYt wzl 2 8Bt M2 HriHE
Mol glch

2L dANEE 24 S, Fivlzl 24, 42 0
A, o] AA, Wi} (interpolation)?] AP HEE 24 €ch
olg FolM 71 2F ol fddte AL 44 oA,
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L=

& 5 Qi BdAE A= EA
problem)olth. vt MY FPAo] olxiw slnjet 2y
& ol83te] uiaA AUINA AoYREFE HUY 4+ ot
FUd& 7] Sk id wyog s 53712ty
(feature-based matching)[1] uhy o oA 7| uto]y
(area-based matching)[2] ubyo] gith JFA7|ule|A by
< #% YW= (block vorld)e} & Azto] VE VHZ ¥
g o £2 AMSEY, 9710l $YS DM A3} g
o] A3tz v HejM viio] WAy Fofolx AlEHC

AZ 8 & o] &3t DEME AAshe AroME &2 ¢
daso] wfg G4 sgxel At wie ojA YYUEE @
oAFf= ol gasich o] WREY of ¥k d7H
[3.41ofM= @ 24 A7) oty oy A¥=7 2FFHD
itk & =AM o] Hel UL F AU %
Yol wjy AREF ushed Ei& Fch

GG A 7y o] glol A window size2 M
o] Alad Yeg FA e i adde] o, xF7HA]
WEH dFAME FUY AL 27] (grid size)F e A
2} window’} AME¥|3L Qlth. Window 27|71 3§ ool
X viA € Hfol 31, F "W FAUY Xz H Y
8ol wAXBR, window 27 A GAof njep @3
AREojol Yt AF7iA] WEY uvEE BT AYHe
(trial-and-error) Y& AHE3t A¥H L2 WYt A}
£33 i), & =RoMe d¥ 44 F3452t window
azlede WAL B/AZL URo] AUt Fulfgddely
window 371§ AA3l= & AHAgch

26l FEE Al ¥l utel A2 cl2A o3
ot wlztd FUYY YA vindowd ARt FYRR e
AL gyl £ =EolAs ol EAMAEE miebsln,
Az} ol wiel HYH windowd AHE3tAd wjR)AlFE 4f
22 9 (warped window method)& =}¢t{tch.

2, Vindow Size?] M3

4y d49 Fob4 9 3 Fdol webd window size7}

uj2] eilo] mlxle ERE A, 44 FYdel we}

(correspondence



window size@ WAtk WY& AAQch UYF P21 A
f (1-p) Az e EAF D2 st
2.1 ojx] 2z}

olMel ML AL (imaging geometry)g L ol
window size®} mix] 22} xlole] BAE simulationd 3}
o ABEr}, ol AFY vie} Yo| window sizest YUY
A F o] Fup4 apolol WHY ©WAJ} o Pz F
7] (T)ell chgt window size (S)&] W] (S/T)o] wid mix] &
g =AY #i%ld 29 2,13 e &4 FHu ABE
& Ydog 3o simulation stgich 2§ 2.18] Ay
Lambertian surfacel512 718 2lo] W7 ARE By o8
F3tdch

Left view

N\

Nadir view

/\/

Right view

N

Image

Terrain

3y 2.1 1-D Y3t 447 9l 12| Lambertian X%
Fig. 2.1 1-D sinusoidal image pair and it's
corresponding Lambertian surface
2 gE Jivlele) Aatzel watd Ay Yhe 34
BHez TN ejde) ZEE LA Lasbertian

Al (diffusion) o]&el oJiN ¥riBRE FHALh
Simulation AJolls ZH& 27]9] random FHS& 24 YAl
2718td:, shmiel Axpgel 07, 307 o FHee iy

simulation ZZ}F Y 2.2¢} 2.30] Xt} |3 Axrpz
2 B/F 157 2 39, o) FapzhE 23° o|cth Ay F
7] T 858 olth

Rt Aol gl AU I 2.200M SNRell BAlglel
window size7} S4& njx ex}7} ALS ¢ 4 i) wid
of X8 ko] gl AU 2¥ 2.302 ¥y slole} At
Z}o) E4F SNRo] &2 HEolA wfdste]l Uetds ¢
4 och MY F¥el el FL & diviet Falge] 0° o)
A Yol FBFY F L= LHAL ddgo] ME tiEA
A= gerg Ak AY (local) HBAAHCcI: Y
(global) H-doll oIsjA FBA Y} uwalA window size?} &
& & BEA= 2L 9o oz iyt AVl
a2 Aol At LuE FabEe] dFo] A
YAos Wy del Y 5HS A 47 fsA=
2} window sizeZ} R2|3HA Hr}. wialA window sizex:
dd Pl Fubpel AEFy], P A|ARA uietd
2 A3 A ojof ¥}
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2.2, F3g Fye AR
{ frequency-based window size selection method)

mx 2= oY AZe] Frlet viA| window size] u]
(S/T)2 e Az SR % A2 (Fhele Atz % )
¥ Aabel elaid ARVChe AE A Bold Yasia
ok weld, 49 Aze) Fue AWENI SR W A2
Z7} FolAH HAY window size&E FAAEE & Utk Fot
F Aol ARsh= wy
(frequency-based window size selection method, FBWSSM)-&
fopsld vhzt gk
Vindow size M A A

Step 1: 9 WAl R4 AuEyg P, 74 23
4o thsto] SNRE AT

window size

A3

A

T window size& M2




Step 2 : ol imaging geometryoll TH3lA], window
size 3 SNRel cf¥ oRx] o T (J¥ 2.2 & 2.3)8
2 Be oix] o ¥d4F Zatp Pt
Step 3 : ®}.}e] window sizeo] th3jA Step 13} 22] HR
& o] &3}l Frlo] tit wix LAF Aitgch
Step 4 @ FuE HE AVE JIFAE Foi A X
(E)& HEYcL
[ |Flw)| E{w)dw = M

-00

(2.1)
Step 5 : Window size§ HIA|F|HA Step 3 7} 4 § i}
H3le] ofx 22F £ M7t HLt He
E H=rh
2.3. Simulation

Fubt Gol M window size MNP F89& HA
5}7] ¢13to] simulationg $8sldct. FAF et 8]
A B L Fukg Jdolly 25 AL BFH 4 (2.2)
3l (2.3)3 A ABI61E Ao it

window size

1 .4 1x1 L4
f(x) = [ — |sin — x| + (1 - — ) cos —x ] Pz (x)
/4 T T T
(2.2)
o714,
1 for -zl x<T
Prix) = [
0 otherwise
ojth
1 +cosTtw
Flw) = 4z x? - (2.3)

(72-720?)2

4 (2.2)8F (2.3)olA f(x)%} Flw)e ME H8 #olth

AlzZrgze sielel FAg 29 9 BF 300, BE
AY AANEF 157 £ sden, SNRE Fu7t Lsz/T,
2.0r/7, R 2.5x/volM %2}t 10 dB7t H=8 stAdrh

21(2.2)2] YHAZ (77} 11 % 43 AF ol cizis 2
Helo gare THEel F9imR g sustdet AER
=%g utg wfel Az 9 AgY A7eS ofA eab o
% Aot BUA A g3qrch

ARA nja] ex17 H 47} #= window sized A 23}
W R 213 Yrh B 212 £¥ Fuge ddolM &Y
23 2] windoe size of AVE Tl T4 window sizel= T}
A& o7} wtl 1 o8 window size ol A] AMEY 1
d 2.3 2lme] AYE P piecewising 22, ATH
simulation WHEE4 2|3 B4echy] vhAol 2% oAbt
3 ol AsfA o]z} WA ol

Window sizeoll ci¥t mix] @xje] ofi&xle} H¥ A7}t o}
ato] 7} WhA|EE, 3 Qb= FE3] AHBIHeR $A ol
stergdel, 7rd AW window sized] Mol 27™ch

Eed
i
®, ol & window size ¥-ZollA AR wWyes s
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o] wpztaAsich. wlebd Aol QP ato] FolAL ul
AT F Fourier HWE ¢ F 23t ool vjx] QLS
o &3to] window size@ MABIE WYL $8% 3ty W
Hel & 4 it

E 2.1 A window size o FX Y AYA|

[
e
3

Table 2.1 Prediction and simulation result for optimum

window size

Freq. at which Optimum window size

T SNR is 10dB

FBWSSM of] & %| A¥A
11 0.4384 (1.5x%/7) 25 21
11 0.5844 (2.0z/7) 13 17

11 0.7308 (2.5%/7) 7 9

43 0.1096 (1.5z/7) 97 93
43 0.1461 (2.0m/T) 45 59
43 0.1827 (2.57%/ ) 31 33

3. =¥l (Varped) Winduwd o] &3t el wi3
3.1. Y2H window 2] WA
2HHL A4 7Y FA$ AL AH VA ue} A2
tteA AFdch 2y 3.1 3 Al Zol wAES] o
9t BES APolA utelE gatelch

/
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Fig. 3.1 Window structure deformed by imaging geometry
37 3,12 F97oly A A B3 windowE

gl st 2 EYelsivhs Zg galsz otk F
YRt ALY windowd AHESHE iyt EAHYL ojn] o7

3.7 8109 2134 u} glry,

Mori, Kidode, B Asadal7 ] 2} Quan[ &1 & o} & ofa}
71E22 o] ThE 3t G4 HBAA HAaye=
ool oA EE st 4 HF (varping) WEE A

tste] FY windowdE FH-E Yol wrel WAYTH: FAAL Al

Astelrt. @4 AFE AAAE A% 327} WesEE o
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3.2. v}A window 82} dA

o HAM AG#Fe ulet HFH  window
window)§ AMgSte] A 3h= Zlo] ElgE 4m Bt
gol gl 2 - delAM uA AFleE WS FHoE
dole) HAg ZH= windowEE 2| HA G4 patchE ZH 7
=31, 3 patch e w7 ARI A2 Zgrld o4 patchE
& vl A18-¥ window ®& oAt windowzti Wy 4 Qlt}
o] 44 window B2 FUsHA] ¢ T3] EAY
B4 342 ¥ vindowk Aol THE shibe ¢ele
Ba& Ze BAE &l o] F47t ¥F/ window B4
AASHE =EB2 AP 7 ik Y wiA sEe
FHe Aa ARE oln] dIJriF, F FH FHPE
gt of-2 4 (conjugate point)&& Qthd, o] Alx ARE
ol-§3lo] windowg I A|A olAFe] Y A #ol
NS ¥ 4 gk o] AZH windows ©| 43 window
% thutel siggict. AIXEE o83t window st W
e 29ty vt Pl
AMAES o] -&3}} Window 2

Step 1 : ojxstals A (FAHA) F4Y X Iy Alxglel
A FAAY AAgteE  wo] AUrAx
disparity map)& WHET}

Step 2 : Hzle] AAAH (rectangular grid point}E& 21
A 9Ixlo] Qi AbchA|XIZE THE X WO 2 olFA7IC)

Step 3 : Step 12] WH O R Y W HAAEE

Step 4 : Step 2¢f4 X W¥o2 AJH HAHES
38) YR} AiAXEE o]&3}te Step 28] WHo= Yyt
2.2 o]FAlqUct. o|FH HALFEol AZH windowd] Z=z}
Agolth

3. AFH vindowE o]-§¢ 2elel 2 ofY Wy

Window o) HAo] A2} ARG &3t U4,
3RE oln ¢ iz Pyl 1 FRE °|‘8‘ a4 st
£ A2 Egolth. e ¥ AAF AR S|
stz &9 AR uhioz vy £yt AAH AdE A
ARE Y5Y ¢ olS Zolth. 2¢ 3.20] HYZH windowE
o]-&% 4h& (recursive) Ael e viY WY& FAIstATL
Oy 3.2004 &7} Alx} AR (initial disparity data):

Initial Left patch
disparity
data
Left maga
SN llndow
design Right image
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ch
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1
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Step

At
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a% 3.2 QFE window§ o] 3 WHE AL oy why
Fig. 3.2 Recursive stereo matching method using warped

window
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zero datad AME8tAL TRE WY (A1AH window WY §)
of osiM oju] 2 Aat AHE Y £ ok AR
ARz} o} ropot g 2 AR AV ©$E LaE L)
2 g we Y EE B (swoothing)g] WH2E AR
A 2)3 F window JIFITh

4. 2FD VWindowE o[ 83 Aejze pi HUH
1. 2% 94

= 4"6‘0“*1 HA AXE windowE o|-& ofy 7YY
A gat7] sl olnl Alat ARE FHI] g2 ¢
—":Eﬂiﬂlﬁ’_ %4 pair7t Wosich AFHE Fatold
td dyes P UL A PRE Y& AL
E7he3tng AFA R A Y ddol Hasr} =
T Aol AHEY A AD G 2 Aol frale
o ¥ich ¥ =Fo| FAo| gt B4 wivte] F iAol gl
23 g8Eels} DM 443 B2 Aolme, YHEA o
Ay dges oAt AW A4S A w4 &
Absiche 2 A} random fractal process!91& o]&3led
it 448 H7)E Lambertian HRAMR JHAEI 29
BAE T4t elgZe 23 104 o8 spFsi

6‘ A
= a
Y A
%)

} O
e

th ole} o] WE B ogate] random FHESE F7IEl
SNRo] 10 dB2} 20 dBYl T iRl |4 wEo] Mo AHE3)
drh AFol e 299 MY 94 3d 410 FAY
=3

2 4.1 4" A% o 2H4d2 93 (F AL sivel
Btz 2 257
Fig. 4.1 Test terrain and stereo image (noise free,
camera tilt angle : 25° )



4.2, Ay ¥y

A AYTo] UL vlAE 2de sAsL Aok
&2 2t degel 2y i AP +Y3isch
Ay B

o giofat Aabzt ¢ 100, 15°, 25°, 30°
o VWindow size : 15x15, 21 x21

o Z& (SNR) : 10 dB, 20 dB

o @i a7 : 256 x 256

o A¥ 99 : 50 x 50 (B4 $¢AY)
o ®A uhy : 1-D search

o ©AM 73 0.1 pixel

A vl o oA whiEe
o A28 window
o B4 A% WY
o 24FH window WY
9] 37px2 sttt 2} ubyel oisiM $18] 2t AHBA
oy dEE& ¢¥stach
4% AF Wi AFE window WIS & T A WY
olEg slAoe P FA|AFok Yt AYHA I 4
Fo| At Ao FHMA U AF s Uy Mo
8 A7 71 oiglch o] H_Y windowe] P& H
3 e Hgkel 2 @S AEA A A4F Py
o oy exte] A7} 34 oy WEA] AFiRene, o
A = gy U FH window H O MR 4F 242 F
Fstadrl
4.3 4¥ 23

Z Ay zde) izl dEY FIE viA] 2219 x4
Bxeet 4uAc ogd IAHA Y H 24F 23
2 a3k Adge F99 471 gel BE I¥E of Bel
tt 5% 47 goBg, WA gt 1y 429
4.3 oxch AYEE ofA] oA JFdAM: A=
windowe} B4t A wbdE A window WY Hrl gl
48 Ao Jsigou, F upy Alely Aol S 2
22 uJelyith & 4100 2 ARUFG) oy ojx] o2t
(RS)E 34 &9t & 412 F8 I window %
Hel mia] @ xt7t Aty window WP 94 AF whyRch
247t 14.1 ¥ R 4.2 » AMHFAZE € Uch

B3] FRYUY A2 AFW windows} F4} AFY A
$& vindow sized] A7)l Al I HFol FAIIY A}
2ty windows] Z-9-= weol HeliE E 418 HE HAY
4 orh ol VLS AT window WY} d4 A= Py
o] Aty el %t fF B A FH Yok A A
F3 9lch

X 4.1 iz ex}
Table 4.1 Match error

1179

Camera | SNR |Window | Match error (RMS, Pixel)
tilt size

angle Rect, Image Warped

window | warpin | window

10 10 15 0.2386 | 0.2205 | 0.2149

10 10 21 0.3050 | 0.2599 | 0.2158
10 20 15 0.2232 | 0.2081 | 0.202
10 20 21 0.2851 | 0,2593 | 0.206
25 10 15 0.6554 | 0.6244 | 0.628
25 10 21 0.7175 | 0,6100 | 0.638
25 20 15 0.5916 { 0.5327 | 0.525
25 20 21 0.6940 | 0.6112 | 0,552
& @ 0.4638 | 0.4158 | 0.398

A4 AT whEe A G4 UAHA AFAD ¥ Y
A "N ALY windowd AMESIEE, JIH window WY
of ul-gsta, ©AjA] ot} ThEA HFH windowdE AHE31od
sk A2 ek €A oit ckE2A AFH windowd
AHg3hs 22 ofxidtele W 2o B el ©AMH
Hel Bdg 2otk Ay ZoBg, AF¥ window WYL
AY Hdol 3 dA AT S e Kol A4 Hch
AZY window Y& FEAS Fho] - TA o)A steep
A vehd R o] olFeollAl IR Zolaln wivtHT)
53] S8 windows] Zf= ABAE ol AY VA W
of whE W3lo] 3o} MY EEZLE A3 Lol B
&, Az B wel A YAV 4 d £ de= 2R
o] U&F HAY 4 dch

2050 7 Rect window

Worped window

a 3 N} - ‘mage  warpr

] ge warpng
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Fig. 4.2 Distribution of occurrence of match error (

camera tilt angle : 250, SNR : 20dB, window size : 21x21)
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Fig. 4.3 Correlation coefficients in the vicinity of
corresponding point (Camera tilt angle : 25°, SNR :
21 x 21)
5 4 2

2g#.L oiyolN G710k WP IUEE st
71 9130 window size§ A A3t Wby}l oA windowd A
2§ 7e] whet B iYL+ AFH window pjf
2 & AAddch

Window sizet= 919 94te] Fui4 Bz AR ALUE
2t dAol Ut FE) AN, Uy 434 F
Te sMERE Fod o4 QfelolA nja 23} ol
7} # 47} S window size§ AP YA A A
Yatdeh AEA A YA} vhe 2o]7} Wheny,
AHg7Het o HHleta RivtEch

EG X FREF o|3led windowd HWEAF|Z, MY
windowd ol &3lo] vy sh= HFW window PIY YL A
astadct AY Y F4E wEo] 71&Y Az window
Wy W 9y AF s 2 Qe viasiach AY Ao
29 window W] niy FH=E ALY window WP B
th14.1 %, 4 AF WY R} 4.2 x A=t AW
window 2 AR wel 2 H% W Aok A,
window size?] Z7]off M2 FYF LA Y=t A, 13
ooy Y 2EUE AL Soldichs F, Sl A
H24z ¢ ¢z

uj3 AYE) window sizeo] AAl P UxdEri=
Hold A2A window WY Q4 AT WP ofg R}
drh 2Ll Axks oA A7) oW dBY e 49
e o] Fake Al FAE B F ¥y 2R
AFAUTHE AolMEe RFABI, window #Fe] BFf= A
Y 54& 94 AR F9E #d 5E g AUk Aol
A& ci=c},

20dB, window size
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dog HIE window Pol cizt e SHHRY, YK
4 Fo| Zalxlolo} ¥rh AZH window Wle] B
& $%13A AAAY 9)¥& surface approximation 3}o] 2}
F3h= B A7t AL ez Paesicin gk
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