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ABSTRACT

Multimodal dual camera system has a stereo-like configuration equipped with an infrared thermal and optical
camera. This paper presents stereo calibration methods on multimodal dual camera system using a target board that can
be recognized by both thermal and optical camera. While a typical stereo calibration method usually performed with
extracted intrinsic and extrinsic camera parameter, consecutive image processing steps were applied in this paper as
follows. Firstly, the corner points were detected from the two images, and then the pixel error rate, the size difference,
the rotation degree between the two images were calculated by using the pixel coordinates of detected corner points.
Secondly, calibration was performed with the calculated values via affine transform. Lastly, result image was
reconstructed with mapping regions on calibrated image.

FI9E : 2 el 1A, AsMa) rhdet, ojubel gk
Key word : Stereo Camera, Calibration, Thermal Camera, affine transform

Received 24 June 2015, Revised 22 July 2015, Accepted 03 August 2015
* Corresponding Author Do-Yeon Kim(E-mail:dykim@sunchon.ac.kr, Tel:+82-61-750-3628)
Department of Computer Engineering, Sunchon National University, Sunchon 540-742, Korea

http://dx.doi.org/10.6109/jkiice.2015.19.9.2138 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



.M E

A3t 7l Ets A QA BAF AR E o83t 70|
=07k 7HEt2 A, LukAQl FalrtetE o] 8517
off SAZE A= GG, AA A E A, A =oF, 7]

ALY A=, S A, =7 9 A Heb FhAROF
ofl A def AREE AL QT 1] o3t o7 RofollA &
3 7HHet RO R AR Ak O]X]Uh =%
o 2, A A 7, st 7het 5 o] 8%t
olFY ZigtE o]&3t thE hdet A|AR(Multi
Camera System)&7-2 t}oFol Hofoj|A] 0]l Qi)
[2]. o]=igt b5 Zhd| et AlAR B -8ollA Fag

714 GHA= el B3 3l olo) 7R o]AFE Q1 A]
2Ro g = 22 37 SRS 7HR FhElE 4,
THOE T YIS A|ATE= Al FHH S
22E O%X Xt 3, 3o g e a-go] IAyE
aeatoll glok whebA s AlA/S ARS-57] flsliAl=
B0 ;A& AAokgict.

2 ==oA= 7189 5 7159 et oid,
Felzrdetel 4shy 7Heks ARgE o) AHE
7hlet Al ARS o]-8-3tth. 3} et E FAS 'A
3 4= Gl A 9k, g3k siletE o8-8k
7 et 7he] AR S A3 Bekstr] 8l A& skt
deu AR OE 37, S, HlolAeele] B @
A= 7171 o] F0] AEH|E| @ Fh|et S o s HYH G
A& BAs= 1y o] E st

BAo] 2E 2 ThujetE ms} AR S 7
o] obd &7} 9 SAES} ThE AE e ﬂuﬂar ABS

g o] ez F3t JAF Alo] Q] 7]5}ErA 0l MFRS o]
&35 B S AAg o]F sHHEE EoR
x5l AR BAS] 3] AMgehs wHo R
Zhang[4]0] AAJSE ALEEHE WS o]gate] B
A gk

Qi Feirlulehe 7] E0) AARES o] §oto] L
3t = Qlx|ut AspAL 7o eks 2 942 o] f5to] o
2 ARH= A AEH0]7] wie, 7|Ee] HAHEE o
8sto] 2EH L wAe Ay 7) giek wEba &
oM 7h kel gtz et o] o] 2ol #-g-o] 7t
o 34 RES AHste] ofF Thlet ko] mHe
sy geh
o] 4L oha T ek 2ol A

2

i‘l

o
O

r

APy 7

HE|RE OIS Jloj2lel Sa By

Wetet etrbehe Bgst] igt Asky R Yot
dek A8 A HE A 2 Ay FlsketEel we
2 0§ 1A WS A, 3G ML A4 e
2 AT O] Y AnE HofFul, 4ol B
Q7o) ARE T,
I, HE|ZE 72t AHR 2

£ =RAAS 2HE 9 B % BHTHE <
shg Fhiletel Yot el FEoR WASH: Fu
2 T4 3903 et Aol o] o] ekl W= S
2 7170 of sem B Ael9) 4 #AS T

AAck. AL Fhoeks SAME 640x5129] FLIR Tau2
3Smm3Z 7} B 2kE A5HAF 7| ekel, sjAME 811x508
SCO-2120R 3}7}+ 3.94~46.05mm# 27} B35 7o}
2 AT QAL S okt Flol vt
AHE AR5t S =S 640x480- 0.2 117 5o 1o}
2t
2HE e 7hee} Al2glofA dubA o 3
FOV(Field of View) 9 T+ 7}131]3]—.4 A TA YR
o] T o= Q8f 7hwet Ato] 8] 7|44 EUXE Fo
R A7 k. e SEEgold 1A 74
s} ddbA 9] 7w 2} A (Camera Calibration )%
T 94are olgstol shulete} e A Alole]
AN S S Aotk 7|4 ApahA) @4&} =
A 2K, fy), —erq(CX cy), HIth A Al (skew_c), WA
o=} 94 9 B A TAKLK23 p1p2)
5o East Ul stelulciel Fleaol o] 4]
AS el olsuleel sueE Tae 44
(D~ (2)= &5 gl E S oJn|Rit)s].

]

PN'
—i
»

=

l‘”_
w*ml?imﬂj

of o
ol

=

¢

Y
)

J

t=[t,t,t.]" (1)

T11 7127130
R=|"1 72723 0 2)

317327330

0001
WAL 53 G5 HeEES o|8oto 7 7wt
A= A7 o) B He ¥, o] BAro] A,
& A4EE Fhvetoll A ZFE AAH HolA st A 0|



_ﬁ
_9..
i
ofs
ol
ok
&
_E

H S geometric transform)
oju}el Eﬂ?j{afﬁne transform)- 0|83} JA-&
s A A,

21, YE|RY 24 S5t HARE TE

EEI NI 4ﬂ7}ﬂﬂﬂ?% He Az iE dolgo
Bl AlA ol o]u| A& FhE= T o 2 Eoglx|ul,
P 7hlhs EARRE des Aol uAE
olgato] &= EL oJito g Wkl 1AL B4
AREAFON| A HofETH 7]

o]F7t et ko] F4ElS W 9| Aol
o], GAF WA J—]_Q_?S}- z—]]_/_\_
HAsk=E, 18 19 (a)= FsivlEE
o ]—iﬂ/\icg A o 7 Zdr| A
a1 19] (b)= g AARES} HS ‘Q—J*&]—x}
235} io %i X1]ﬂ5]o1017]

& Fol =

o

fob o> e X

o)
w2 o] Hx) gp=ch. uhehx

1
g5t 4 g A

°¢£ rxl

Follet mEo) A GAE
= A)akstolof sk,

lﬂ ne of a’O O"

F

|
|-
(a)

T 1. LRl HAREE
Eetd7tuet de, (b) sttt
Fig. 1 Images with a standard chessboard (a) Image of
infrared thermal camera (b) Image of optical camera

AR 3 A AR AR 9] Ao 28 ThE x A
Z(26mm x 26mm)Z T]R}Q13t 5x8AF0] 2 9] AR =
2 AIAE & do] Tk gt By shelow, s
HE7F RabE Bpao] Yie H2A B IYsH
o} HlAo] T HHoL oL uhlell guke Azh
stof wjx|skoict. webA s dioll ¥ st
Fo| A ARES] By Fito® o] vhen, 17 2

of (@)e} 7o) st kol i ool kel @
2 skl 892 5 glon, Yo ek 17 26
(b)e] EFEE F3L Ssto] 1N eple B o)
Roll 71 E2] £H§ ALHT} L ARS Tk

(a) (b)

O 2. M2 Mzret gty % Fsvinet T8 MARE (a)
Eatdstdet dd, (b) sttt Fd

Fig. 2 Images with the newly created chessboard (a)
Image of infrared thermal camera (b) Image of optical
camera
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Fig. 4 Image inserted lines to view a parallel degree
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Table. 1 The Error Rate of Two Images

Coordinate
Row X Y
1 5.2243 px 15.9838 px
2 6.6945 px 14.2328 px
3 6.0361 px 14.8615 px
4 7.5643 px 16.5549 px
5 8.3786 px 17.8473 px
6 8.4682 px 20.0558 px
7 7.5981 px 13.9415 px
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Table. 2 The Error Rate of calibrated Two Images

Coordinate
Row X Y
1 0.2243 px 1.2066 px
2 0.4702 px 0.3911 px
3 0.3416 px 0.2388 px
4 0.4718 px 0.4314 px
5 0.9429 px 0.3075 px
6 0.0897 px 1.3086 px
7 1.1298 px 0.6827 px
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