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Distortion Correction Method for CCD Image Based on Calibration
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Abstract: In order to obtain an accurate correlation between the 2D image information ob-
tained by filming and the information of its corresponding 3D object, and to reduce the effect
that the distortion of CCD camera lens has on the image, a correct mathematical model is set
up. Based on the MATLAB camera calibration toolbox, the projection matrix consisting of
the camera’s internal and external parameters is obtained. Thus, the correction process of
the distorted image is completed. In the process of calibration and solving, detailed descrip-
tion and analysis of each step in operation is given, the data results are constantly optimized,
and by simultaneously calling the space stereo image model, the experimental data is more
directly presented. The verification of the correction of the image captured by the same
camera, using experimental data, is made. The experimental results indicate that the distorted
image has been effectively restored. Overall, the proposed method is simple, time-efficient,
direct, accurate and of significant utility.
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Camera calibration model

Lo-6J 3X4 [R.t]
(1)
7119712 9713 9 L,
[R.t] =

721 9722 9723 51

7319732 9733 502

(R, 2] R
, 3 N
3 ,
, ()M .
fe v o«
M|O f, ¢,

(X

@Y)

(2)



635

A/D )

4 s CCD
o ’ A I
; Y u v o 5
Bk ARG ik
’ 0 H dl» d v Y } +
X Y ,s.=1/d,,s,=1/d, 1: [ ~ B
) ’ ‘ E7E- S e N o b
’ f‘l fy .- h\ F T P
o= X fy=1Xs,, X .
y o - - CCD %) 2D 5Bl
9C.z-aﬁyayvf.x-7fy cCh HHL
b b 2
- Fig. 2 Image acquisition and processing system device
qx,y), q (xqsy4) 5
_ [8] °
, Hoek-Brown cCh i
x = zy(1+kiri + kork +kyr) +
[p1 By * 4+ v + 2prxqyal 3 Auto CAD
y = ya(l kit kori k) +
[Pz(fdz+3ydz)+21)lxdyd] (4) 35 ) 25
77’321‘3+yﬁ7 . ,
’ , calib gui. m , 25
’ ’ ) 3 (a) o
| ERE T
° ]Q1 ’ kz s /33 E "‘é.
b : ae SRR
2.2 o
) (camera calibration ﬁm%ﬂ’
toolbox) , Jean- (a) Read images
Yves Bouguet ) a2
C dy
’ n
e 5
6 , Levenberg-
. (b) Corner extraction of the 9th image
Marquardt” .
SONY CCD 3
, PAL . Fig. 3 Read images and corner extraction
UC580

(i 3 (b)



636 28

’ X y ’
. 4 , 4
3
0.1 . ,
, , 2X1 fe oo 2X1
D) D) cC 1)
K. Y (
9 9 ’ 9 kl’kZ’Pl7P29k3 )
. 5X1 ke,
, , 1 2, ,
kc=[0.000 00 0,000 00 0.000 00
. 0.000 00 0. 000 007, ke=
, . [—0.266 04 —0.321 01 —0.00031 —0.000 16
(D . , 0.000 007, + Akc, [0.024 16
, 0.122 95 0.001 18 0.001 22 0.000 00],
;(2) ’ ’
s 160 .10 matlab 13 .
150 , s 4
Tsy ’ ’ ° ’
, 25 , .
’ 3 b o
1

Table 1 Calibration parameters after initialization

X Y
Focal Length ( f¢) 855.192 04 855.192 04
Principal point (cc) 359. 500 00 287.500 00

Skew () 0. 000 00 90. 000 00




Table 4 Extrinsic parameter

4 PR CCD 637
2
Table 2 Calibration results after optimization (with uncertainties)
X Y
Focal Length (fo) 846.205 07 894,321 74
+Afc 4.191 29 4,390 98
Principal point (cc) 347.556 44 313.024 35
+ Acc 3.087 67 2.465 76
Skew () 0. 000 00 0. 000 00
+ Ay 0. 000 00 0. 000 00
b .
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Table 3 Calibration results after optimization (with uncertainties)
X Y
Focal Length (fo) 848. 408 07 863.071 74
+ Afe 1.352 11 1.562 10
Principal point (cc) 351.877 91 302. 834 46
+ Acc 2.644 33 2.431 86
Skew () 0. 000 00 0. 000 00
+Ay 0. 000 00 0. 000 00
4

Translation vector

Rotation vectort

Rotation matric

(Tec ext) (omce ext) (Re ext)
—78.251 911 —2.009 496 —0.047 213 0. 959 583 —0.277 437
—89. 462 087 —2.114 557 0.998 542 0.052 618 0.012 066
418. 447 256 0.271 333 0.026 177 —0.276 463 —0.960 66
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Fig. 6 Distortion component in the distortion model
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