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ABSTRACT

In many vision applications, optical axis of a camera is assumed to be orthogonal to the image plane.
Conventional methods for calibrating distorted image under such assumption consider the radial distortion and
de-centering distortion only of a lens, When the optic axis is not orthogonal to the image plane, for example in
surveillance application where the camera is looking down a subject, the planar perspective  component of
distortion becomes a part with existing radial distortion. This type of distortion that appears more seriously
especially in the relatively inexpenmsive camera such as web camera, cannot be calibrated properly with the
existing methods, In this paper, we propose a method that is applicable to both general radial distortion
environment and compound (radial with planar perspective) distortion environment. The algorithm to extract the
extrinsic parameters is derived by modeling the compound distortion and minimizing the error with
Levenberg-Marquart method. Experimental results are presented for synthetic data and real data captured by an
off-the-shelf web camera, and comparative analysis with the existing methods is also provided. The results
indicate that proposed method is superior to the existing methods not only with conventional distortion models
but also with the compound distortion. The accuracy of the calibration with the compound distortion model
suggested in this paper is close to 97%.
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of 3% 43 AS e B ¥ o A 128 A
Abslsict.

B-A

(1—‘ )x100

(12)

28 8ol gt i Al 22 AAE Vel
B 2+ xo|Z7} gl oY dahe 7 AYe
T Zloln] njAA 29 Falo] QlHEE A4 g
FAE 7P ARS Avks o3 119455 204)
viehlfiL glel.  Calibration Gridel| oigh A#| w3}
A Akl 29 113} 17¢ RY.Tsai' 9] wx) w
2 AR 712 wle g uAY ZHnlkel Aokt
W WA ANE g4 22k} 94 e
B2 % 3¢ vhehigich

 3ol4] B wleh o] W T wige] 52
s PAAFIIE T el slelNE 37

Translation
@ Coefficient(TC) a3 = 22.675877967678, by = 39.400341309193
. a; = 0002034718231, a, = -0.003733004624
Affi = Jo)
@ | CoficientAC) Babes IS) =I) A% & a3 = 23.069135758841, b = 0.096980380253
LEEL b; ~ -0.009805792697, bs = 13.285943224894
a1 = -0.004657121612, a, = 0.010860192833
Planar(2-D a3,b1,ba, by, & y
® P:;’;Ziﬁve) ‘(’é‘;f] a’é’;}:z%;t a = 22.299780755363, b, = 0.086480240258
Cooflicient®C) o e b2 = 0.011812667917, by = 12.355118338201
i ¢ = -0.000372387188, c; = 0.000587400112
Cotnpound gz,ﬂsé?;rz,gf,cl,czt
@ | Distortion ko1, %310, v.=200
Coefficient(DC) » Xm0 ¥e
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E 2. 3% 89 disle] A uwbies e A5 AT

L
99,99982

-

299.999749146012 -0.000250853988 99.99992

300.001238311913 0.001238311913 99.99959
a 0.01 0.010006788069 0.000006788069 99.93212
az 0.0001 0.000112232024 0.000012232024 98.77680
az 20 20.000015049096 0.000015049096 99.99248
by 0.1 0.100010951638 0.000010951638 99.98905
by 0 0.000008263817 0.000008263817 99.99917
b3 10 10.000471207928 0.000471207928 99.99529
€7 0.00001 0.000009982387 -0.000000017613 99.82387
[ 0.00001 0.000010026483 0.000000026483 99.73517

E 3. AW s s1E wbge) v
, T

AR T 7 i

;ﬂ

| (Error: 244, Ratio: FAlE)

BAET Ao gaest g9l Aol 27
95%9F 91%o)4ke] BAEE APdE wEY T
HAAE Bl P R wizhe] AlRF ¥ AT
oAt diskde 71E WS AHE e A
2 vehdol g AR v it wialeiFo]
1} Eghelao] ARl oAl wF BT WAL F
o odarealeddeldel RAED)o] A 9TRAE
o] Ang werk

V.2 E

4T Qo) 1A el G A1E ATE B
3 WA} iR AT SR sleh e
Aok =EalAE BT Bk ohizk WAt o)
2z} shleh Aok Hwiel W Fof wge] 4E
gl vehls 3343 A%eke s
A 15ER B BAEE HANE Aze W
g Adset o] W A1ES] A5 md Aol
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off

o 2ed W@ Mg AEsle] mdIsiglen ¢
A3 odare] 71&E HFE 3R G 71E F
FE7EE] 22} R Ae w9 dF AGE wA
3435l 47e]54q Levenberg- Marquart HWHH-&
olgaled FFalgleh AQK whioR &Y AT
B diFedate] wAel A4 A oy g
A7 2 HF A AF kel AL 9
0B F B 999% ol BAEE fAIEl e
AA T g4t BAle] AR A xol2
o wl oRke Aole slort HFE 97% o=
BAEE AL 4 Aseh ol2A AR e 2
&) WALl Bt opel FES] whieRE M
o] oleify Wl ToJwige] AT BT 4
A BF A4 7P AeR vehgenE
B2 et AHgshe  AFE wAA A
PCoI2}E o]4a) AT e 43 ket
Follxle] &4-& 7|Fck

o
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