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A Self-Calibration Technique Based on the Geometry Property of
the Vanish Point
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Yang Wei* Yang Ming”

? Control and Simulation Center, Harbin Institute of Technology, Harbin, Heilongjiang 150080, China

Abstract Based on the geometrical property of the vanish points determined by two perpendicular groups of parallel
lines, a self-calibration approach was proposed to calibrate the camera’s intrinsic and extrinsic parameters. Some
constraints on the intrinsic parameters were established via the perpendicular property of the vectors, which connect
the optical center and the vanish points. These constraints can be solved linearly by using variable substitute. Aiming
at determination of the lens distortion coefficient, a nonlinear optimization approach, based on nelder-mead simplex
algorithm, was proposed when the center to center distance between adjacent sensor elements is known. The
intrinsic parameters obtained by the linear approach can be used as the initial value of the nonlinear optimization
algorithm. The extrinsic parameters were obtained by establishing a transitional coordinate system. The approaches
proposed in this paper do not need the actual coordinate of the calibration points. Extensive simulations and
experimental results with real images show that these proposed approaches are both accurate and robust.
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perpendicular groups of parallel lines
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ignore the lens distortion. (a) main point error; (b) main f, . f, error; (c) attitude angle error; (d) position error



470 b =

¥ 30 %

E LR R IR
5.1.2 HEwF T a3k &M R s &
X5 B S AR B b = 0.0002 i) — K12

102
100 (@
98 | |

Mean value of the
iterative times
A0 ON =D

| ]| |
0 05 10 15 20 25 3.0
Level of the noise /pixel

00 00 00 Q0 W © © ©
NSl

Mean square deiation of the lens
distortion coefficient error /10
=

0 05 1.0 15 20 25 30
Level of the noise /pixel

6 25 R I L Al 2 VAR A8 45 R 5 B i 22 R S 2 A i 22

IR AE s foc, sey MORIE AR AR RE T7 155K o (]
7 W A 14 A LA de DI A T R A L I B RS B
A7k T AR S RN 6 7R .

(b) N

= =
DD 0D N

error of focus length /um

(=]

Mean square deviation of the

0 05 L0 L5 20 25 30
Level of the noise /pixel

) N C

N W s O

Mean squre deviation of the
error of mean points /pixel

00 05 1.0 15 20 25 30

Level of the noise /pixel

() IEAUHAL AL 5 (b) FE B I 22 5 (o) Mo 28 28 000 25 5

() F g 22

Fig. 6 Error curves of the intrinsic parameters determined by the nonlinear optimization algorithm in different levels of

noise, with the lens distortion. (a) iterative times; (b) focus length error; (c) lens distortion coefficient error; (d)

main point error

6 Py FL S 45 R o AR S S5 L A AR
8 A 26 M Fe U0 Ak 125 R DA S 30T R A2 B A 0 S B A
i HE 55 MR 7 R/ DL SR PR SC R L MR AR IR R 3
AR A5 E S50 A X R 22 B R R 5 X 1077
DI Z T AR RS . B &a B Rg
I A AR BB KRR BETIZ IR & T
R MET Y A R FE A B ) 6 ) AR W {1 )
BRIFEEAR /N o A 2252 W AR E
5.2 ERREGER

S R R B A A T A ) ] R G A Sy
45 mmAl 35 mm [ LED %] [ 8 4z . 41 AL 5 5 Pulnix
TM-6710, 43 B % 640 pixel X 480 pixel, J&% % JC 8] B

9 pm,5ik K54 Navitar 12. 7-75D/F1. 8,

W7 TR A 4 AR OLE RS . P
A UG ABCD B 25 054 Jo bR £ B 2 1
5 4 IEATAT F R B LA 15 W E L AD L AB 43
1K sy B A AR PR R LA — R i A
PR LR NISE AN 3 4525

1) i 22 81 Tsai Jy kb s

2) MEFH 3.1 N L R R E A B
B AR E WAL 5

3) i F 3.2 AT LM T B AR G S K
o PR Al 2 e A 0 b o W A

LERANFE 1 IR,

P 7 SCBREA SR A b A 1 IR R R 8 D I B A %)

Fig. 7 Real images of the calibration pattern (the circles lines and letters are artificial marks)



2 3

AOMEAE. ET RS ILATRR R SR L A bR E T

471

1M PR R AT ML N D2 H0hr A 4

Table 1 Intrinsic and extrinsic parameters obtained through the real image data

Calibration method Intrinsic parameters

Extrinsic parameters
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i r 0.9587 —0.0767 0.27397 [—70.6473
k=7.0875X10 ",
Classical Tsai method =1—0.0786 0.8539 0.5145|,T=| 9.9508
¢, =290.9193,
L—0.2733 —0.5148 0.8126 14595, 9576
c,=112.8735
Linear clibration method  f=65. 3452, r 0.9851 —0.0216 0.17047 —281.57207
without considering ¢, =644,9943 R= | —0.0553 0.8993 0.4337 |, T= | 103.0620
distortion c,=—46.7220 L—0.1626 —0.4367 0.8848] L 3060. 9708
£=70.9091,
, r0.9745 —0.0383 0.22127 [—366.82437
Calibration considering k=3.3567X10""
R=|—0.1247 0.7272 0.6750|,T= | 1028. 0544
distortion c.=791.4565
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c,=—1609. 3015
BB ER T O EMR R S A BLSE XX 48 A s AL ik AT SR A AL E AL, &

BRI AR S 3 48 Al . i Bs E 1 2 A

oy A o 5 S B A o 14 1% 22 il R AN AL 8 TR

E0.7 18 By ; ‘ ‘ 1.6 -
) i )
FERY 25167 R R A -1 LY
T = | | | 1t 4y ] {
“"jﬁ | ""\14 77777 T \7777777771‘77P7
o 0.5 b~ | 4 =
== °Cc12r---- ISR m---d-A--A-/--1 38
58 || 55 YAy,
EgOA E&IO 77777 ---- el A il
2503 R RS
gﬁ 3 %m 6r---- :,,,,,%;,r“:,,m,‘,,,, S|
‘ZSO.Z S & \ 1 4 ““:5\ I o
58 ES 4—%»—,4‘—\434~94\~“J4a‘°~\4~4~+4~4— =
= 0.1 RE LA AL !
LV VAR 1y | | 0
X k3 1 Il 1
% 10 20 30 40 50 % 10 20 30 40 50 30 50
Serial number of the points Seril number of the points Serial number of the points

K8 bR EL R EMA S, S HESENEERENL . (OZRME Tsai JrikiniE ; (b)) AL MEFRE I ik .
AN A WS 5 (o) AR 30 i e A8 7 1

Fig. 8 Curve of the distance error between the re-construct points and the actual points. (a) Tsai method;

(b) linear method; (c¢) nonlinear optimization approach

S B G S 50 2 BT Al P AR 2k s 0 Ak oK i 2%
FIIAR F AL bR 25 g bR & iR 25 4E 1. 6 mm LA
o AH B R AR E Wi 28 1) 25 2R AR KRR L4 & 1 bn e
K BE e i ik LR A . 54 Tsai PP
2 HAL BARAE BE A T 2P I AR AR SO A AN B
R B BB 52 o, AR A o D0 T X A 0 15 A ) KRS
H 5 R AR 55 57 = AR B A AT Bk BT
BHERZ. AR B R E T B REAR E WL, 2
FHT M 055 S 05 B SR AN = 9 & AR A S5
P EHATAR G ANE S0 B 0] 52 4% B 22 AHIZ O Tk
AN B AR oK ML B H AR 4m DL b AP
BIBR B 22 0. 64336 mm, AHXTBLA B B b5 € J7 ik
anscrkS 1 i 3 3l Ao bk g O CREAILBE B B AR
L5 m, AP E IR ETE | mm, HFEZE® 37
B TEbRE RS BE RS BT M O AR R .

6 45 ©
S5 L 5 W8 2 K16 T B9 35 T 90 B LA
ORI 0L 1 b A 0+ = 2 T MR T T 36 39 3 K 2
I LA 0 6 R 5 T S B O A R TS K0
[ R S 7 R 0 A 2 S eI T L T
KT SR B R 2 195 4 R T A AR T I
FHATUSR . 7 52 B0 Ak o 07 40458 8 5 o o B TE 52 10
WALV AF L% 0 B AT 5 0 2 . I 25 RE
G R 5 U1 T R 1 HL 1 4 2 M A
BB E TR 5 %07 2 T S i
Eo

S & X

1 Roger Y. Tsai. A versatile camera calibration technique for high-
accuracy 3D machine vision metrology using off-the-shelf TV
cameras and lenses[ J]. IEEE J. Robot. Autom., 1987, 3(4):

323~344



472 ot

K

¥ 50 %

2 O. D. Faugeras, Q. T. Luong, S. J. Maybank. Camera self-
calibration; theory and experiments[ C]. Proc. the 2nd European
Conference on Computer Vision Berlin: Springer, 1992,
588. 321~334

S. Maybank, O. D. Faugeras. A theory of self-calibration of a
moving camera [ J ]. Int. J. Comput. Vision, 1992, 8 (2);
123~151

R. Hartley. Self-calibration of stationary cameras[J]. Int. J.
Comput. Vision, 1997, 22(1): 5~23

Songde Ma. A self-calibration technique for active vision systems
[J]. IEEE T. Robot. Autom. , 1996, 12(1): 114~120

Liu Yuankun, Su Xianyu. New camera calibration technique

w

e

ol

o

based on phase measurement[ ] ]. Opto-Electronic Engineering .
2007, 34(11): 65~69
XUoeHh, SRR, BT AL G R e k)] ke T
#., 2007, 34(11): 65~69

7 Li Weimin, Yu Qiaoyun, Liu Chao. Calibration method with
separation pattern of a single-camera based on difference
coordinates[ ] . Acta Optica Sinica, 2006, 26(5): 697~701
BRHE, ATz, X B RSB a2 b Y B R AR LA
FEJTEL]. R FR. 2006, 26(5): 697~701

8 X. Q. Meng, H. Li, Z. Y. Hu. A new easy camera calibration

technique based on circular ooints[ C]. Proc. the British Machine
Vision Conference, Bristol: ILES Central Press, 2000, 496~501

9 Wu Fuchao, Wang Guanghui, Hu Zhanyi. A linear approach for
determining intrinsic parameters and pose of cameras from
rectangles[J]. J. Software, 2003, 14(3): 703~712
ZAm. EOUME, W . BRI E SRR ML S8 LR
P EL]. %43k, 2003, 14(3): 703~712

10 R. Hartley. Multiple View Geometry in Computer Vision[ M ].
London: Cambridge University Press, 2003

11 J. A. Nelder, R. Mead. A simplex method for function
minimization[ J]. Comput. J. . 1965, 7(4); 308~313

12 J. C. Lagarias, J. A. Reeds, M. H. Wrightet al.. Convergence
properties of the nelder-mead simplex method in low dimensions
[J]. SIAM J. Optimiz, 1998, 9(1). 112~147

13 Liu Hongjian, Luo Yi, Liu Yuncai. Variable precision camera
calibration using neural network [ J]. Optics and Precision
Engineering , 2004, 12(4) . 443~448
Xz, B B, XA W AR EE M4 W2 5 AR P AR 1
[J]. ek 242, 2004, 12(4): 443~448

14 Z. Zhang. A flexible new technique for camera calibration[]J].
IEEE T. Pattern Analy. , 2000, 22(11): 1330~1334



