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Camera Calibration Based on Flexible 3D Target
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Abstract The calibration of camera with wide field-of-view is a challenging problem because a target of large scale is

hard to machine, while using target of small scale cannot satisfy the required accuracy. A camera calibration method
based on flexible three-dimensional(3D) target is proposed to solve the calibration problem of camera with wide field-

of-view. Flexible 3D target is a target consisting of several planar targets, called sub-targets, which are placed
flexibly according to the range of the camera’s view-field. The coordinate frame of the flexible 3D target is

constructed based on a sub-target. By using the invariance of the relative positions between sub-targets in the flexible

3D target, the local coordinate frame of each sub-target is transformed into the coordinate frame of the flexible 3D

target. By minimizing the re-projection error of feature points on all the sub-targets, the maximum likelihood

estimate of the camera parameters can be obtained. Synthetic and experiments show that the accuracy of the proposed

calibration method is almost the same as the calibration method using a big planar target whose area is similar to that

of the flexible 3D target.

Key words machine vision;camera calibration; wide field-of-view;flexible 3D target;small target
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Fig. 3 Calibration results with flexible 3D target of

different sizes
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flexible 3D target and large target

§ 4 _& small target @ § 41 -z-small target  (b)

S | <flexible 3D target o | ¥ flexible 3D target

3 a &

o2 - .-"J o 2 - ;

_C_‘G ,:.-—Fr""j.. } L 'C_‘VS ;.-—4—‘(")3. ; 2

£ o La=iy s [ o La=iy L "

SH) 0.5 1 550 0.5 1
Nosie level /pixel Nosie level /pixel

& 41 e small target (O & 4;-=-smalltarget @

— - .

£ |-flexible 3D target £ |~ flexible 3D target

5} a M

k5 i = e

© p—@"-a o) - _n"'ﬂ

5"‘6 0 |F" 2 3 . 4 x g 5-'c 0 !ﬁ F . * * *

S0 0.5 1 =70 0.5 1

Nosie level /pixel Nosie level /pixel

6 M AR BEAR 5 / N BT R o2 45 2R 0 L A
Fig. 6 Comparison of calibration results between the

flexible 3D target and small target

15
—+— flexible 3D target {,ﬂ'

&— small target -
—+—large target &
*‘;.o

I=
(=]

%

Residual error /pixel

=
=}

0 02 04 06 08 1
Noise level /pixel

T R0 OT AR E B 2E Y LA
Fig. 7 Comparison of calibration results of the

three methods
EUIER 216 TN W 2% P DP P NTTR AN R &/
P AR BE 4R I AL 37 1 1] A RS AR 5 0 dls o PR b
X SRR 5K BT A B A BRI N B S BOE REA SR
W37 25 18] 5 BRI T 2 ) @ AL e & . T TE
S = A S T /NS R A 3R R R AR R I 2 S

B BRAE RO = AT () ) RS A R S R AR LA
s (A1 B N 250 20 A s DA IR RFAE 55, 1) 250 4y
A 55 i W 2 AR — B0, B AR E 45 2R 20 5 A A e
WRMZ . X FLR /NS AR AL TR I
FA) AR ALE i A A 3 L A/ 0N 5 I ELAS [a) 428 A6 5 )
FRAE s B I A B R RN, 0 R AE SR R B AR AL
Wi 25 2R BRI R SN IS R Y 40 A R 3 S [l
T /NEE R B A 3 5k 0 I RR 4R AL /N Y BT i — 4 4K
i B S R B R A = T DU =R 5k
P A Bk 2 HEAS AR [ o (R FH/INEE AR A 2 45 R 5
I 0 7 3 A LGRS B AR
4.2 X

SEE R A — B ECA 50 mm %3k 1Y Canon 5D %X
M ERAG ML, AR 4 B0 4369 pixel X 2912 piexl,
RV M7 1100 mm X 900 mm, T /E B & H
1800 mm ZE 47 . UNE 8 Fi7R . Z2 Pk Sr AR SE AR Hh 4 A
THEAR 2 Y CFFEAR R AE S0 10 X010, R AE
FUEBEA 1003 mm) . WA 9 BT 7R, K B0 AR FEAE A5
KR 12X 10, FR-AE S R BE A 27. 3 mm,

area of the flexible 3D target
sub-target 1

8 Z kS A A R
Fig. 8 Image of the flexible 3D target

9 KL K&
Fig. 9 Image of the large target
G N HEAT = A S B — 2 S SR R R AR L 5E
15K 7 R B AR AL . B A LI SR R A ST AR
B AR SCH A 2 bR E DT kR E SRR L. AT P
S BARHUAEA R A7 B AR 10 W, 5 41508 R
REIESE S dvALS LY R S AN TR AR N GO RN (L% A ]



n2,

3438 ot 2

o 1l 29 %

1 SCRRE6 TR 7 ¥ 45 € B AR HL. SR BLAA 45/ #E
30 o N T H R ELE R BRR LN S AR A
1y IR A AR R Z T I 1 0 KRR

E SRR/ PR VPR e SO N W 7
14 b A 45 2R 5 R T 2 A S A B A 19 s 9 2R R
5 R FH/NEEAR (9 B 2 R AR 22 B . AERT AL
FNESLARHE R BT o X 5 S A T AR R M [] L 25
SRAE W R FH 2 P Sz AR AR T A3k 21 -5 48 ] S A XI5

RN R AL RRAR 2 B9 b 5 45 28 5 (7] It ik B 1 /N
BT A5 A A — A R AR X DL L4 v R 1R AL
BB A BE R PTAT I . 20 = 2R A B AR A3 R BO i
PILEL I =A% AR E S5 R B 22 . SR /N AR A E ik
AL B0 o 39 A 35 T RO A B R i 4R
BOUIRE RS L . SS90 25 2R — 20 BRI T 5 5%
B2 SR RN 1R 2 M S A HE AR A E R B 1A
PLEY AT AT HE

H1 KR LR

Table 1 Calibration result of camera

a, a,

Residual
Uo ky ks 0
error /pixel

Large target
Flexible 3D target

Relative errors between flexible
0.034 0.290
3D target and large target /%

Small target 6 637.459 6 642.095

Relative errors between small
1. 057 1. 310
target and large target /%

6 708.379 6 730.256 2 224.040 1 443.867 0.143  0.167
6 710.677 6 710.748 2 224.786 1 447.538 0.148  0.133

0. 345 0.492 5.594

90.044° 0.127

90.018°
0. 150
0.034 0. 254 3.497 20.359  0.029
2 216.371 1450.978 0.151  0.092 90.040°
0.105

44.910  0.004

5 & ik

b thy— % R MR 9 (R LR
Ho BT HAS /N T LR 1R B L%
AR A TE R DA /NP TR 2 ] i
BRIy Lo A T AT M G 5 b 55— 3
e S RBLER A bR R T WA 9878 5 s 0 4
A AR S0 T 4 5 BEAR WU S M I 7 ik
HEHE 5. 76 R0 58 R LB 72 B o 6 2 T —
A S HERBLIL HIRE & 1 KR S RE AN A7
{77 SN 52490 52 500 0 R PR L T L ik
5 XA/ 9 BB 4 1 B 7 4 2 )
00T R FH /I B F B e 5 S TR T/ B
i R P2 S S B T R 508 0 0 R
F R R 0T AR A S (L T
TR AREE S BT L) BLIRHE R G 5 e 2t
SRIMBLARH A A1 B S8R5 0 T LA B i R

2 % x #t

1 Shen Yehu, Liu Jilin, Du Xin. Simultaneous three-Dimensional
Environment Reconstruction and localization based on monocular
vision[J] . Acta Optica Sinica , 2008, 28(5); 907~914
TUWEMN, X0 TE bR AL Bk B H L 0 [ B = 2 g b A N
B[], k3 FR. 2008, 28(5): 907~914

2 Lei Yanzhang, Zhao Huijie, Jiang Hongzhi. A three 2
dimensionalmeasurement met hod by combining binocular and

monocular vision systems [ J ]. Acta Optica Sinica, 2008,

28(7): 1338~1342

TER, BEE, BEE. —FMASEH W REL A 0 =40 &
Jrkl]]. kS 54k, 2008, 28(7): 1338~1342

Xu Qiaoyu, Che Rensheng. Study on single camera simulating

w

stereo vision measurement technology [J]. Acta Optica Sinica ,
2008, 28(11). 2181~2186

BRI EATA BE T Oh I R Y ST MR B8 A bR I R R B Y F O
[J]. 54k, 2008, 28(11): 2181~2186

R. Y. Tsai. A versatile camera calibration technique for high-

S

accuracy 3D machine vision metrology using off-the-shelf TV
camera and lenses [J]. IEEE J. Robotics and Automation s 1987,
RA-3, (4): 323~344
5J. Y. Weng, P. Cohen, M. Herniou. Camera calibration with
distortion model and accuracy evaluation [J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 1992, 14(10) .
965~980
Zhang Zhengyou. A flexible new technique for camera calibration
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence , 2000, 22(11); 1330~1334
X. Q. Meng, H. Li, Z. Y. Hu. A new easy camera calibration

o

iy

technique based on circular points [J]. Proceedings of the 11th
British Machine Vision Con ference , 2000, 496~505
8 Zhang Zhengyou. Camera calibration with one-dimensional
objects [J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence . 2004, 26(7) . 892~899
9 Wu Fuchao, Hu Zhanyi, Zhu Haijiang. Camera calibration with
moving one-dimensional objects [J]. Pattern Recognition, 2005,
38(5): 755~765
10 Wang Liang, Wu Fuchano. Multi-camera calibration based on 1D
calibration object [J]. Acta Automation Sinica, 2007, 33(3):
225~231
FosE.REE. BT R 2B ELT]. B
R, 2007, 33(3): 225~231
11 S. J. Maybank, O. D. Faugeras. A theory of self-calibration of a
moving camera | J]. International J. Computer Vision, 1992,



1214 X R, BT IR R RS 3439

8(2): 123~151

12 R. Hartley. Estimation of relative camera positions for
uncalibrated cameras [ J ]. Proceedings of the European
Con ference on Computer Vision, 1992, 579~587

13 M. Pollefeys, L. Van Gool. A stratified app roach tometric self-
calibration [ ]J]. Proceedings of the IEEE Conference on
Com puter Vision and Pattern Recognition, 1997, 407~412

14 R. Hartley, L.
calibration and search for infinity[ J]. Proceedings of the Seventh

DeAgapite, E. Hayman e al.. Camera

IEEE International Conference on Computer Vision, 1999,
510~517

15 A. Heyden, D. Q. Huynh. Auto-calibration via the absolute
quadric and scene constraints [[J]. Proceedings of the 16th
International Conference on Pattern Recognition, 2002, 2.
631~634

16 Zhang Guangjun. Machine vision [ M]. Beijing: Science press,
2005
sRTE. BLEELMD. dbat. Bl A, 2005



