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Multi-Camera Calibration Based on 1D Calibration Object

WANG Liang! WU Fu-Chao?

Abstract
It is generally believed that a camera can be calibrated only when a 1D calibration object is in planar motion or rotates

A one-dimensional calibration object consists of three or more collinear points with known relative positions.

around a fixed point. In this paper, it is proved that when a multi-camera is observing a 1D object undergoing general
rigid motions synchronously, the camera set can be linearly calibrated. A linear algorithm for the camera set calibration
is proposed, and then the linear estimation is further refined using the maximum likelihood criteria. The simulated and

real image experiments show that the proposed algorithm is valid and robust.

Key words

1 515

TGS E, B E SR BN S, 2R
PRSEAIE S B AR BEAT = 2 A w] Bk 1) 2
B BEHUR € B VIR T 5 240 A AR T
SEHLAL D S 0 AR XA ) /B RE T K& It
GRS R BT o 0 P 45 mT LK SRR Hh A
B IARE TR RS hdn R DYk

i+ =4 (Three-dimensional, 3D) #x & #) A&
b s 7RI X b U5 1 SR AR BN — 4
JUARIAE BRI AN I bR s AR BEAT 40 5k, iR 52
VAR IR = 2 fURT R AR 0 N ST 2 T R, R4
TBHLRIbRE. XA IR E NG B . SR R bR
FEBECE G B D

BT 4k (Two-dimensional, 2D) 45 & P41
b 7L~ 2D P IAEERE 3D AR e, A
AN T A7 47 £ 1 T ASEAR £ 22 Wt P 5%, R P P 1 A A
F1Ry 2% ) )M PR ] R R 1 3 37 2 SR e S B AR

Wk H 91 2006-3-29 B Sk H I 2006-6-13

Received March 29, 2006; in revised form June 13, 2006

I B R E 754 (60575019), HZK “863” 11Xl (2006AA01Z116,
2005A A118020) %)

Supported by National Natural Science Foundation of
P.R. China (60575019) and National Hi-Tech Research and De-
velopment Plan of P. R. China (2006AA01Z116, 2005AA118020)

1. R B B SR TR TR B 5 A28 % kst 100080

1. National Laboratory of Pattern Recognition, Institute of Au-

tomation, Chinese Academy of Sciences, Beijing 100080
DOI: 10.1360/aas-007-0225

1D calibration object, multiple cameras calibration, general rigid motion

PURIARE . XI5 AT DR m HRORS 2, I HAS
s SV SR A2 B A5 RN 1% 07 %1148 5 .

5T —4E (One-dimensional, 1D) A5 & ¥ 14 1)
b 710 1D A e A H 2 A G ER 2 O
IR R, FATEAN RO 28R B 1D bR 2 Wi 2 iR
KI5, FIH 1D A5 P B R TR R0 B BL A 1D
B e P2 5 10 ) LA A5 SR S22 RO R SE BB AL I
bR, IXFPOT A k) B AR .

HTF Yk (Zero-dimensional, 0D) #5 & A 1)
b 7 i, B A bR 18 | by g5 i
(1) B8y S R T ANAR FEAT AR 5 58 ) Kb 2 3NN 2
e, AR 0D ArE. 280 A bR T kA S A
7 K2k (The absolute conic) B H X £ %
Z T (The absolute quadric) B FAEHL
(15 N 280 S5 S AR LIS B 6 R R TR s 2 1.
H bR € T R AR € J7 72 R0, AR R AT 55t
LT AR S SR LI 3 5 B A SRR AR, Iy
HUNSEINGRERFS PR S5 eI | S S R
 ELbR 8 45 A AN B

W5 LT 3D 2D M1 0D A5 & W (A5 5E T
ROTTE T RERA BT, HEET 1D ArE PR
b 7 B B sk B S, SRIEE T 1D WikI
PRIEJ e 1D FRE PR th = e = AN B R4
Wb 2 T S L SR R e e kg i, il s B b — A Rk
1D bR W5eiz ek, Mk 6 1/ L 1D FrE A
A2 B G AT DL BB A b € . P. Hammar



226 H | 1k

F {1

33 %

stedt®) 2548 T HF 1D bsE Wb 2 J7 1Btk
oL, 5t T 1D ARE IR FHEs). RAESC [10] H
2 T I 1D b Mg T IR LA, HFH
BT 1D bR e bs o JHAREA T, SR AT I
BEK 1D FRED bR E .

BT 1D bR IR E T E R ALAAE T 1) #
it 1D bR Ykt T, 78 S B B r ORI
AR B =A PR RRS R IE 1D AR EY. 2)
TEZ ARNIIAEL T, 7 SR AL AT LU U 5% 21 4
AREY. IXREAT Z BB 2T 1, {H 3D A
2D FrEW) T B S AFAE IS EIE AL, BT 1D
B3 E TR AN Z AAE T 75 B 1D e O —
SERFRR 2 S, S B — A R B el
TEFIES). 2 1D bR P AAe 2w A E NI s
BN, 3w DU RIEAT BB M UbR E 7 AR SCHRG T
XA PEL R AL, Bl AR NS B
1D A€ Pk s B bz sE B0 0 T 2 R, A S
FUEARARN]: N AR NIAIZ 301 1D 4R
SEVINS, ZAERARHUE T LLSEBLRRE K.

ARSCH G UNN: 5 2 WAl T BRI R
1D brE e s, 58 3 TR AR Ak, 7
A BEENA NI SIE. 26 4 TR SLRgIR. 5
5 WRASCINEAIE.

2 TR

2.1 BIEHEE

AR, 2D A M= [u,0]" R, 3D X
MM = [z,y,2]T &R, W55 K m &4 50
H:m = [u,v,1]", M = [z,y, 2, 1]T. TGN AHS
BUREF AL 3D & M SILEE S m 2 E R

KA
Up
Vo )
1

Hob s BRI E, P = K[R8 i &0
(R, 8] F% AR ER 2 BIBERHLALER 2 (0 e 4 A
B, K W3RN S 506K, b ol 8 NER
s v R IEB T, [uo, o] 4 ERHG o, v Sl
RH T BHGBLRRE R B ik LS
2.2 1D WREW

WHLE: AC 1145 B, D, E, F, Jf BATH
2 BB B 501, T LLRREE B AC h 1D bsE
W, S [8) 691 1D B D R B 3 ML B
ELAIREELR A 7 T AL 2O A R 1
S T L P 2 T 209, 1B % 16 ELEOR T R

o o 9
o @ 2

sm=K[R,t|]M, (K= (

AT R EE, DAL A S B B R 2 [
AESR bR e . AR I 3 S ik 1D A
EPRX—m/MICE, EE R Uy RS EZA
W SR, BOE 1D bt 3 i A, B
C &, ¥ H [|A - C|| = dy, ||B - C|| = dy. Nk
WIFE, 1D bR B (ABC). Jf HliZ B
(ABC) & XHHZILN Lape.

3 WEHEZX

K1 AT ZEEHER 1D bRED

Fig.1 1D calibration object for multi-camera calibration
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Fig. 2 Linear 1D calibration errors with respect to noise level (Three figures correspond to the 1st, 2nd and 3rd

camera’s calibration results orderly)
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Table 1 The calibration results of the first camera

« Jé] Uo Vo 0
4t 1D A 1156.88  1197.70  558.10 274.72 —29.99(91.48°)
EEISE Y 1141.79 1156.44 510.18 412.47 —3.10(90.16°)
2D bR 1140.85 1141.02 510.73 396.11  —0.001(90.00°)
AHR 22 0.08% 1.35% 0.05% 1.43% 0.27%(0.16°)

® 2 FEABBINSERRELR

Table 2 The calibration results of the second camera

a B Uo Vo Y
401D FRE 1009.82 1049.93  474.04 285.32  18.83(88.93°)
TR 4% 1071.85 1085.65 489.76 420.10 —0.23(90.01°)
2D isE 1063.30  1061.77 495.56 395.70  0.002(90.00°)
AR 5 22 0.80% 2.25%  0.55% 2.29%  0.02%(0.01°)

R 3 BTGNS IR LR

Table 3 The calibration results of the third camera

« B Uo Vo Y
&Pk 1D hisE 1158.97  1196.68  548.36  246.23 16.98(89.16°)
TR 25 1194.61  1201.04 457.05 413.33 1.50(89.93°)
2D FrE 1178.57 1177.41 503.49 405.39 —0.001(90.00°)
LERORP 1.36% 2.00% 3.94% 0.67% 0.13%(0.07°)
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