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Abstract

This paper suggests a novel hardware architecture of a real-time rectification which is to remove vertical parallax of
an image occurred in the pre-processing stage of stereo matching. As an off-line step, Matlab Toolbox which was
designed by J.Y Bouguet, was used to calculate calibration parameter of the image. Then, based on the Heikkila and
Silven’s algorithm, rectification hardware was designed. At this point, to enhance the precision of the rectified image,
floating—point unit was generated by using Xilinx Core Generator. And, we confirmed that proposed hardware design had
higher precision compared to other designs while having the ability to do rectification in real-time.

Keywords : Rectification, Calibration, FPGA, Real-time implementation, Epipolar line

A : .M 2
A, " dAsd, AFEdstn HFgEey =
(Dept. of Computer Engineering, Sejong
University) A vk BEA AZE 7% v oz olsle] o
A 3 A, FFANEANATY A THAA 7 &A 5 . ]; cen e L7£‘jTrO leel dde= Lo}OlLE
AV AN B =0 = 5
(Robot/Cogmtlve Convergence Research Depart AL ~utEE AFETV 59 71718 ARgs
~ ment, ETRD thekel Felx g An| 2 gigk An)7E Steka 9l
“ Corresponding Author(E-mail: dihan@sejong.ac.kr) 7]1Z9] TV ol&xEe 2x=doa u 2 8
5 B ATe vdTeddnel BTRI @ARARL o PBARE S S vHelE 78
2l(No. 11921-03001, Beyond 2WFETV 7]Z%Au)  orc B &S SidARh 2rke Tvel wios
7} dmdFAge] 712 AFAG (No. 2012-007498) leto] 2wab=e] Al FEi7E AAF sEH R W
37’]’ /;_P?_j%/;}x}%{l?_ }‘]”Oq OEL%Z47]€7HHL/‘]'OJ(NO 3 7= i/q o o] o] ~nlE TV 29
K10041900)91 4| A 5] 9174 o I e7bs FAele el we snks TV H» -
AEAAk 2013999129, FA SR 2014919289 AREA QlEsel 2~ 7R, TV Alo] 2 Zel= 7]



20144 28 MX3E =2X M 51 E A 2 &
Journal of The Institute of Electronics and Information Engineers

12

&olstA A2l

a7t
FEl= e
S ol&s] Wzl A e
A= dilo] EAFTh o= <lste] 9
o

A% AzA 94

o)
AN .

N

Tt =
2

=7}sla

A AN A=

iy

ot
-

ox
H
lo,

QA @ 2

G
o o
o,
k1
lo,
wW
)
Y
i
ol
=
il

M LR
Lo

ot

(stereo matching) 7
QoA HE L dicto g
2H#Ee w3 7HE 19

>

L)

rot

~N

i

(o

f

[

N
S
r i

2EE e w3y 7ol AAEAT o]y gt 27] 7]H
B e gl wgksha At shazte] At
Fggste] HE Ay ojv|xo] HELErl "WolA=
o] gl ol HFE 7= WEE DP (Dynamic
Programming)"”,  BP(Belief  propagation)’”,  AD

(Absolute intensity differences) census® 59| i1z
o AH&ste] HAF Aol I A ol
Hale A 7IHe I ®As Ha Js AvETV,
2ntEE I AAEAL SoA AbEe

A

%7@— o
st7ledl 78 7lsmA Qe :

9
o}

el vy s -
AFS) Atz Ao oiolet shriete s
o Foz ANA LA WAT + Ak T

F ozt Abole] 7%k

o oS KR

tef FhErt AAd

2 3o i fo

-

rg tjo o2

©, >

N do S

i) X

o

oy fil
°
%
4o
™
i)
[
offt
N

oz

ANM M2 &H=
(Epipolar line) ¢|g}ta 3}=d] o]
TR i 2 gl

o

Bl to 2

oxl
fr
i
Auh
|
N
$
¥
)
2,
o2 o
oz
e w2
~

2 o oo o 0 M o2 Q@ S H O
S
(o3
-

103

Vol. 51, NO. 2, February 2014
AP B FuelEe LS o Qo) 24
(Depth estimation)©] 1A= o] A7|A Aot =

g at=glo] o] golaiAle Aol A7IA Hrh
ol 7|\-& A-&3t7] A= Zhvlet WP shebvE
2o st HE nlg] grajobgitt. o)) g 7|t
sebrleE grstr] fsiA 17 19 de} o] Al
Brol 722 BASE (Calibration pattern)g ©]-&3F =~
el e BAye] ARRE L Qlvk A gt E = 7
2} =" AE (Focal length), 5% (Principal point)e] $ A,
g3 H1eld ojwjstn, &7 stetuE = 7hv
1 72t 4 QA E oujgitt. 99}
3 g5% FiHet sebvE
(Epipolar resampling)S $J3+ ¥
, o] HEgES T3 ~HH S

o
o =

o o ol
Og(:’r‘
i)

Edges 0|88 AHY 2F

Off-line stereo calibration step.

jl_|.7('|



104

=2
BoolN
£ w
g
A
N

X
2

ol
-

do
El

AH A HE 45 G4
Agstel AHEH7] W] 8
1 o) =717

f
L

L

fn 2
=

N
N
i
K

e =,

ko

= =2

R
i

&7

riu

ko
-4
tn

2
N
=

QE
£
x
A
S

ox M

off 2
o
oxl
i
o
1o
0,

S g
i
rlo

e 1
)
>
50
°
(o3
o

ot

et
e
ko
ol
ol
o L ogo

o
v
lo = g

[o

N
X

ol
ol

b
Y

ol F-E(J
do

R
ol
NIV “u
ol
tlo
o

[

o

ol
ol
)
Lo

>
>,
=
]
S|
o
N
=
e o
" 2

o
ol
o
[
:\_‘2’4
2
LT
)
o,
ok
2
bt
o
2

ixed-pointE AF&3]
(Distortion) &< A
[g-35to] AA ALE 3
th gk RAE glo]

i
e
ro o
L

fo W

o

oﬁ
=2
2

roag

o g
n
rl
o
=)
>
il

g X fo o do o ope L oqf [0 X2

ox rlr mb b
ol
hul
rir
ae
juind

oZ

PR
58 e Auy
A s,

Floating point IPE &
Zgsto g =o %

]o] TZ /dy;ﬂlﬂ]—tﬂ KR

mlo ol

o)
=1

El
(M ox

do

4
Aokt

ol
o

II.

rc

1. Caltech®| Matlab Toolbox
A 7 de AR E I e Heug EF SWe
California Institute of Technology(Caltech)oll A 7]2-5]
o] Matlab Toolbox® A& % il R CES)
(Calibration), A%] 37 (Rectification) Jilﬂm] S 5
T lom FE SW FellA = dA Hael X R
okl ek ZhletE o]&-she] IARAS] 33k A
ARE FE8e A 22 AFY s AHEsid
T Fhdel 5] 7leketA xR Qe sivel R
‘1i tE ¢ =t(distortion)o] TAEHA Fr} ol W
Foof=3 7 o] e 9IRS 3Ak e #iE
zpol = QA F o] FhHetE o] &-ajA F|ALA S A
2"dQ md @A o]Hel Fhvzt
A nY dAE oz S}
HAHL exERlow o] Fojx =1
AXE oo Fheere] 28 A2 (Focal length), 575
(Principal point), Bt Al5(Skew coefficient), 9=

o) =
pr g

=
Kol
=

=

A& HAUWH FPGA SIE/ £ A stsd <
(Distortion) &< st UF-¥ S (Intrinsic

parameter) & A48k, T Fhelel 7o) Al 3
(Rotation)#} ©]%5 A 2] (Translation) & AXFsle] 2531
4(Extrinsic parameter)Z A4 gk},
A B4 Heikkild @+ Silvend] &
7|WEO R Fto] AAZIOR o] FolA| =1 “Zﬂ;%
gl v o] el o] FojA= ARA ‘%74]31
B AN BAH
FstA =Hm 4
coordinate)§9] 22 HEL T /9 FhvlEt g el A
ZE 270 gl o u &g} gdle] BAEHES G
AFas AAFe R AAT & 2HH uAF

AEatA ot

OJE

=

7. ZE|=20]M (Calibration)

Aelnalold AAAN ARHE WEEsE AF
et mAPe g3 d9e) sbseith 2HAY: A
=9] F43} olu A ANske] ALE SJuise F4 @
95 A8, T 1004 2AAYE sl ghol ol
Vhel gom FEF olfr olvA ANe BeHQ
A Aol Az gt AZ Pl 4 F A B
9eay) gl FALe el dze) Betol o
A MMl s o] GaARERA e 718ket
A FAE grlatn A @9 E ARgETh B Al
= olmA] AlAe] Al < (cell array)o] 71&ol7 HE
S vty FHzo] Fhvigke ol @ WY o7t
719 171 W2l LRl Fhvlel R A= HtA
A4S 719 aejshA geth =52 FAo] d=s
3l =dEEA BAskE 9 AHradial distortion)
oF g/dol F=o] TAolA ot wAsh= HA
42} (tangential distortion) & Y& 4 9t
A Beold Aol AE i Wes #E1 9
Zom &3 0 2% JiuetellA A4z ZAow A
AHh Z4zke] wizl¥<4 Fe, Cc, Alpha_c, Kce 74|
1 Pys e
Table 1. “Intrinsic parameter.
parameter Description
Fc=(Fc;, Fcz) 2x1 vector, Focal length
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