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A Method of Camera Calibration Using Geometrical Invariability of Line

FU Dan""* ,ZHOU Jian” ,QIU Zhi-qiang” , YU Qi-fen”
Y (The Second Artillery Force of the Chinese People’s Liberation Aemy Model Office at the First Academy of China
Aerospace Science and Techonology Corporation, Beijing 100076 )
2 (College of Aerospace and Material Engineering, National University of Defense Technology, Changsha 410073 )

Abstract Many algorithms in computer vision usually use a pin-hole camera model. An image is caused by both projective
transform and the lens distortion as fish-eye lens or wide-angle lens have large distortion. Unlike the traditional methods
which need much information of the scene,a novel approach using geometrical invariability of line to perform camera self-
calibration from a single image is presented. In order to correct lens distortion and calculate vanishing point from the image,
projective invariants are used: collinear points should be in the same line, Parallel line should be intersect at one point;
metric invariant is used: the included angle of orthogonal straight lines should be rectangular. So camera lens distortion and
internal parameters are calibrated. The result of emulation and real images are accurate and reliable with this method.
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Tab.1 Geometric properties invariant to

commonly occurring transformation
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Fig. 1 Before and after Distortion

(a) EF5 HR

— BN R R 2 AT LA A3 il S AR ) AR 22 AT 1] 4R
25 o H R R 2% 7 AR Y W AR R i A W A s B R
87 ] B W AZ U ] 45 22 77 A 1 W 722 5 3% 7 ] 2
Ho FBREANBERRBINT .
x,=x, +x, (K, rh + K,rd + Kor§ +-++) +

[P, (ry+2%)) +2P,%,9,1[1 + Pyry + -]
Y. =Ya +9A/d(K1rf1 +K2ri‘l +K3ri +oe) +

[P,(ry+29%) +2P &, 7,1 +P,ry+--1 (1)
Horb, (v, ,y,) REFFLBBY AR ST Y R Y 3
TEARAR, (v, y,) A BRI S PR AR B, TE 4R 22 B Y
SR A — R AR s b PRSI 22 R
B, AR — e RN LR £, =0, —x,,
Fo=aly,—y) WA ry =& + 5., 3 r, HER
B EREE . (x,,y) BELPOALT, o« HEHR
BEYPRELL, mAT LIE )« Ay 5 1) b Y AR
EHMEGREANMER K, K &P (i=1,2,3)K
BBRHLIR 2= R EL



1060 ] &1 5 B R 24 4

KA1 2 BB TIIR &, Tsia AN, i F 1%
LA S 110 W 25 152 22 T A0 I 1 2 722 1 Bl X R i
2, DA I AT AL BB S R R 2 A B K, e
Wk (7195 H | 55 U IR A W5 25 3 AT LA 1o 75 e W A5
O B R R ke S st B0, SRR I T L6 2 RS
BEBESR MO K K AT Ak T BB AR S L 5 22
A Ny

X, =Xy +xAd(K]rfl)
{yu =% +9A/¢|(K1rfl)
2.3 HSHEE

MR g S W AR B U B R ML AR 7R SR P A AL
B R rb 0 7 A B BLARREE  o B EA BL 1 P
SRR Ky

fosoa
K= af . (3)
0 0 1

Horp, (g, y) AL OATR,f MR, o HEHR
BEMAB L, s FHMH 7, Xl EHBILANS
B DSHAEA, HFIE s =0, 0 (3) fijfbh 5%
BHLANSE U S HEE R % 8 o = 1, B EHR
s Cug yvo) FE R 8% 3k rfno B D0 PN 2 50185 780 ) i —
ARG o AR SRR AL IE B ALR SR AL N 2 50
WSEARL, (x,,y.)  foa KA, s =0, BIVE Sk w242
hoS5EERPOAES, BBRIERIRE L o IRIF
A 1o RS2 Br B BEARALEE Sk R U, X BE 7 4L 118
B XA RSB o
34 H bR Al b S B AR RO 1 B 2 4
K&, T BAr 5 R P A — DS e e, 2
P BE AR o AR SCR SRR AL B i 1815 S
BN B ARG 5 S BR B bR Y OC R 2 AR 25— LAl K]
T, BB — DA RS, ST R K
& @S bR B bR, 78 3R LB K5 S 5 R R e, — ik
T A RS e B AT R b B B E A (metric
reconstruction) . H T4 %7 "R ik i 14 B Ik
it £&
w=(KK'") '=K 'K (4)

HAS5BEIL NS P AL, 5 BRI
BLE IR R FE A TE T 8 Sk AR
Br 1 B B @ AL T, I 45 1 45 B0 A A8 S el
PAB I B, AR e TR o, F5 DL AS B ERAR ALY A
SR IR 1 () IR R 1(a) o

%14 %
3 HZMJLAATH
3.1 SBREM

A0 B A A 6 A R AR HE 2

FAT HLW B AT SR T — i, HR B W
RS,
3.1.1 &SRR ILIT AR E
AXFEFEMTEEEL, BEAR AL R
IR R DL R s B AT SR SR 2 S S, 1 X
(1) B 15 22 B8 Rl 7 2 RO O7 A2, A AE i 3 oh & 22
WA 1(h) Bz, JEOR AL T R — 4% BB A5 0 1%
PRI o I8 A I FL LR 1 o 52 B A5 31 114 h 2 A7
WA B LR L A2 PR, R FR K
Az Wi 728 T B TR o

2 H&WBIE
Fig. 2 The distorted line
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