08 % 44 W] w o 5 B O Vol. 28.No. 4
2013 4E 8 H Chinese Journal of Liquid Crystals and Displays Aug. .2013

XEHE.1007-2780(2013)04-0633-08

— » * A A \) Yy
BT b€ ) CCD B G i AR 1% 1E )7 L F 9
wmoFgalt . E 7
L. P EEE G K F AR IR S ) BRI T A2 62 e 5 i S SR =,
EHH K#H 130033, E-mail: smilefang2012@163. com;
2. P E BB dE st 100049)

 OE: A RIEREY 2D BRAE B 5 H TR 3D #S [R5 B 22 ] B 09 X0 Rz 56 & L B R CCD AR L
% 3k AR Xt AR B 5 W 5 i SCEE ST T IE B A B A IE AR Y L SR FH 3 T MATLAB ) Camera Calibration Tool-
box T H 48 % A AL #E 1745 22 45 21 H AH B P9 38 S BOR S0 35 2 50020 b ) 8 58 50 B o DT 58 8 0T 16 48 ] 5 AT A%
TEANIR, TEARE 5 SR A AT AR % A — 2D B P g AR AT U A UL BT A BT, S WA Ak BSOHE A5 SR TR e A
Vi) 7 A PR A Y e S T B R I B . R A5 30 A 5 30 B X e [ — AR I A Bk 0 PR AT AR TE B, S
0 25 R 3R BT A PR A5 B T AR AT A I R, R SR 1% T vk 1RT PR P L DU T MR L S T PR AR B

X B BRBRYURE s IR S EG AN S EG AR ALE

hE4SZES: TP317.4 XERFRIRAD: A DOI: 10.3788/Y]YXS20132804. 0633

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.

Key words: camera calibration; internal parameter; external parameter; distortion correction

Wi BHEE: 2013-01-07; f&iTHHE: 2013-05-13

E&WA : BRI EAT LRI £ 3 (No. 201204515)

EFEB A R A987—) A LRI YT A B W58 2k BTN F T FPGA (1 R 05 A8 £ E 5T
* i B & N E-mail : liul577@126. com



634 W Al 5 A N 28 %
1 5 = 2 mERERAE
CCD(charge-coupled device, Hi faf # & %5 7F) 2.1 HIKBEKSESBTER

i G AR IR 1) — B, ] L3l 2 O 24 B Sk
B H i 5 AT WOGAE 5 5 6 Sy Bl L ) Y H e
A T8 1 H 7 BIS JF AT v ey RS R B
PTG 07 T i o G BRHE i AR . 244K,
BE & AT TR0 R AE B A R R R B 4 L R
T %k iy CCD AHHL AR R 48 3 1A At 25 A
KRVBEIF AR Tl I AL & 60
L ZR G0 A U T3z s DL AR BOR Y R R
UG HE = 2 e {5 8 . HAE CCD AHBLSEBR T
ERL R, B T2 R0 B it n T A E I B
oo B AR LA L AE A5 BRI FA 4 R 15 1Y 2D
KGR AE BTN RE 58 4 ME B b [ [ 3D 23 [H] 55 PR
H P AE 2 TSR TR ATR H A5 B BN 5
BT RN T o Sy 2R S ) 49 A A5 40 3 T A Y — 48 L
i {7 5 AR op ot A% R AR e e Rk
T L FRATT T AR AR WL BLAZ A JL AT 55 7Y, A )t i
filt b AT 53477 FAE AR LR E o

FARPUAR E — B BG  5 B2 4058 1
FH AR R S Al A0 A 4y, B ST SR L IR
BFE AL B G  F S AL E Z R X R OC R . i
T MR S50 PR A B oK il SR AL B 1A 2 8
MAEC A ZMbr o ik, FE 0 WG E IR
SE AR AL A br g kY MR E R A E
) S S5 A AF B AT F LB AT A R vk
DLT J5# R, Tsai ) RAC J5 ¥ 5K 1E & 191 1
B 5 J7 ¥ a5 04 T T8 B B 58 7 i SR B2 A -
TR bR € J7 85 A% G b € 7 v6 v L TAE B 48R
BURE AL, b A B sy (E R bR i B e, HfR B
R T B E A R A5 25 AR L B bR E T AR
T 28 2 IR AR B S8 AR HLAE 12 3 2o 72 v J]
B B 45 22 T R =2 TR B OC R AT o s RIE 5 1
HEBEANRRE GBEERNE, ZXECHMW
AHOC IS JE Al |, T MATLAB ffi ] camera
calibration toolbox T H.4f 528 T & LR &,
FEXT AR (b 2 it B R 2 ik B R AT T 40 A A
I J5 R S B B AR LN S S 8UE e H AR S % 22
HEAT A3 AT o REAARR U L 1% 5 3k 1T SR S A P, T
A HAE A 5 R RD AE B R A R R e T R

g T IR ARAL B AR LA OC 2 L 75 B A AL
HEAT B AT G B SR FH BT FLBE R o R Ry 2 P A
A KRR AR — A GRAGED S5 22 e, =483
ST AN AR AR R ORI B BR R (X,
Yoo Zo) BRI bR R (XY, Z0) s R ) 32 A
FRER (. y) s BAGAG AR &R (usv) 55 8] — ) 45
Q Z WG G s G | g A& Ab .

Bl AR E R

Fig.1 Camera calibration model
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Fig. 2 Image acquisition and processing system device
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(a) Read images

(b) Corner extraction of the 9th image
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Fig. 3 Read images and corner extraction
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Table 1 Calibration parameters after initialization

Z X Jrln Y J5 Inl
Focal Length ( fc¢) 855.192 04 855.192 04
Principal point (cc) 359.500 00 287.500 00
Skew () 0. 000 00 90. 000 00




5 430 W FF. TR R CCD EGm A8 B IE 7 B0 5% 637

®2 RUBRHRESH

Table 2 Calibration results after optimization (with uncertainties)

% ¥ X 5[] Y J5 1]
Focal Length (fc) 846.205 07 894,321 74
T 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
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Fig. 4 Reprojection error
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Table 3 Calibration results after optimization (with uncertainties)
% # X J5 ) Y Jim
Focal Length (f¢) 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 (y) 0. 000 00 0. 000 00
+Ay 0. 000 00 0. 000 00
x4 HEBH
Table 4  Extrinsic parameter
Translation vector Rotation vectort Rotation matric
(Tc_ext) (omc_ext) (Rc_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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Fig. 7 Physical figure and gray histogram of before and after correction
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