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Variable precision camera calibration using neural network
LIU Hongjian, LUO Yi, LTU Yur2cai

(Institute  Image Processing and Pattern Recognition,
Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: A method is proposed to improve the precision of camera calibration. Based on the radial disto2
tion model of a camera, the approach is presented, in which the partition number of distortion region can be
adjusted automatically. In a region far from the image center, where distortion is high, the number of par2
tition is big. While in the region near the image center, where the distortion is low, the number is small.
Through the partition of the camera distortion regions and processing pixels in the corresponding regions,
the neural network can be built. Then, the calibration result can be obtained. The processed results of the
novel method were compared with different partitions. The conclusion is that the number of partition is big2
ger and the calibration precision is higher. The precision can reach 99.45% at the maximal partitions.
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(a) Traditional calibration system using neural network
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Fig.1 Calibration system using neural network
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Fig. 2 The training regions in neural network
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Tab. 1 Recognition rate and consumed time

o , A0 [ . T
Tk WA HH PabiES m
1 ) 0 90. 08% 35 0.01
11 ) 1 91.99%% 23 0.01

ri= 180 2 95.05% 25 0.02
111 ri= 150 3 97.7%% 44 0.04
ri= 130 4 99.01% 60 0.06

ri= 120 5 99.45% 70 0.07

(a) r=180 B Uil A (X 46K (b) =150 il U el 28K
(a) Training region when r,=180 (b) Training region when r=150

(c) =130 T {1465 X (d) r=120 MR ERDCIE
(¢) Training region when ;=130 (d) Training region when =120

3 ANFEWIER AR WA IR XK
Fig.3 The training reglons with different inltlal radlus

BRL 71 007 VAT 205 V001, BIAR H 2 560 el 1%
DRI 43k 2 ANk BB R X s X
8, 43 0 2 A DRI PR AN ] R A 42 9 % 3R AT
k. Tk AT ASCEE M 5B AT I 25 5
PO, ANSE] HTEG 4243 A [R] 1) AR DX ekl 43 o

HH% 1, FTLLF B 152005 42 ) Wy 22 ()17 0 T,
PUNF AR o SCHR[ 7] 32 ) 05 v U0
BB I XIEEAT T I 4y, A FE X AR
WA, IXAE ES A0 — e FE P b3 REE U %,
{RJE NZE SR, IR AR A B N . 18
BOAFA SC7 35 S50 v K 40 46 142 43 il e S
ri= 180, 150, 130, 120, M350 &5 B nf LUE HA
SCHE ) A U 2 BT B R



% 4 1 KT, A T AR B R A 28 1Y 2% AR B L s 5 7 447

(1

[2]

[3]
[4]

[3]

L6]

[7]
L8]

[9]

[10]

100 4 R 206 A2 AR iz, B s Al
99t 1 SRR 2] - 12 Ak il 2k, A hek _EnT DUE 2]
98t - TR /)N, PR Ry, (E T A I i ) o B

< 97t 1 £
< gl ] Hs b ESCR Y n= 5 N 43k TR
s} ] FRACH 0 I, 24 n B'S I A8FE I B 5

%) - GRS TR MR I REA . AREERI n, IF S

) NN st — A4 T VU B RS, Ah A R O S [ 5
100 110120130 140 150 160 170 180 190 200
r./ pixel A HIE 2T F R, an s A 38 2 0] DS 2, nmax
B4 UE(%)- WK R Pixe) - min{ 12,7)= 7. SR L= 3741, 566,
Fig. 4 Recognition rate( % Q2 Initial radius(Pixel) r'imn= 100, Lmin= 20,

&0 4
ol - ASCHAH T 0 A B O 259 2
sof 1 PRAE 1. RNEBE FIAS [RIl AR X 38R AN [R] ) s
£ a0f 1 [ 2% EAT U145, K e T IR IR R . O HLy
;g VET DI Fi AR DY A [R] i A8 )™ ER B H Bk
ol | TR IR I ECH , RORIR/N T 45 ) Wy ARy K 1)
000 110 120 130 140 130 160 190 180 190 200 RE. ATEH T RARCERAOE L
r/ pixel X, WANH RGN R 2 RE R T — N SH K

P5o

5 WNgkitAl(s)- WIURKAE( Pixel)
Fig.5 Training time( s)2Initial radius( Pixel)

TSAI R Y. A Versatile camera calibration technique for high?accuracy 3D machine vision metrology using offshelf TV
cameral and lenses[ J] . IEEE Journal of Robatics and Automation, 1987,RA23(4): 322344
DAINIS A, JUBETS M. Accurate remote measurement of robot trajectory motion[ J]. Conf erence on Robotics and Au2
tomation, 1985:9299.
TSAI R Y. An efficient and accurate camera calibration technique for 3D machine vision[ R]. CVPR, 1986: 362374.
WENG J, COHEN P, HERNIOU M. Camera calibration with dstortion models and accuracy evaluateon[J]. IEEE
Trans. PAMI, 1992, 14(10): 9632980.
MARTINS H A, BIRKJ R, KELLEY R B. Camera models based on data from two calibration planes[ J]. Computer
Graphics Image Processing, 1981, 17 (2):1732180.
MALIK M, MUDAR S, FLORENT C. Automatic camera calibration based on robot calibration[ J]. IEEE Instrumen2
tation and Measurement Technology Conference, 1999, 2: 12781282.
JUN J, KIM C. Robust camera calibration using neural network[C]. 1EEE Tencon, 1999: 692697.
ZHAO Q, SUN Z, LAN L. Neural network technique in camera calibration[ J]. Control and Decision, 2002, 17(3):
33@342.
AHMED M, HEMAVED E. A neural approach for singl® and mult2 image camera calibration[ J] . IEEE Internaltional
Conference on Image Processing, 1999, (3): 922929.
AHMED M T,HEMAVED E E, FARAG A A. Neurocalibration: a neural network that can tell camera calibration pa2
rameters[J]. IEEE the Proceedings of the Seventh IEEE International Conference on Computer Vision. 1999, 1(3):



448 HE R LR 8 12%

4632468.

[11] , . CCD &G MU b7 w BEAL J]. , 2000, 8(1):9€100.
ZHOU F Q,ZHU J G, YANGX Y, et al. A high speed CCD camera calibration technique[ J] . Optics and Precision En2
gineering, 2000, 8(1): 922100. (in Chinese)

[12] , C IREHUbR E B R SRR T T]. , 2000, 8(4):372376.
JIANG J H, SONG Z S, SHEN W Q, et al. Constraint condition selection method in camera calibration[J] . Optics and
Preeision Engineering, 2000, 8(4) : 3732376. (in Chinese)

[13] , , , L EET N2 M M2 I FE LR B AR S D] ,2004, 11(2) : 152154,
WU GF,ZHATY Q, CHENH, et al. The vibration trouble of electrical machinery diagnosing based on small wav@new2
ral network[J]. Control Engineering of China, 2004, 11(2):152154.

SXVEIE(1977- ), B, INARFR RN, BUAE g A0 K 2 P 45 Ak B S A o VRO I 9 i 03 1 2 A7, 2 O 1)
HLEALHE -



