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Cll C12 C13
C=K"K"'=|Cp, C,y Cy , C
C13 C23 C33
C~HICH,. (17)
(17 C=(Cy,Cpp,C15,C,C5,Cy) (17
AC=0. (18)
, (18) (€,
( Hartley!™). , \ H, ~I, C
) , , (15) (16)
€ , &t cholesky ,
3
D P,P,,...,P,.
2 21
(3) 1 Pl’PZ’""P’”
4 222 o.
5) 223 a=[a, a, ay] .
(6) 2.3 Homography, ,
c, c* Cholesky , K.
4
4.1
, 200 , 1
680 ] 0~50 ,
0~5 ) 30°. 800x 800
411
, 40 6
800x 800 , ) .
20 , , 21 . , 1
2 , 40 , , 1 )
, (12 , , 1
2

© PEEREBEAD

http:/ www. jos. org. cn



2292 Journal of Software 2002,13(12)

oisedinipixel

NaiseAQ pixel

| S s B e W \-ﬁé‘% Image pairs

Fig.l Camera translation detection by voting Fig.2 Cameratranslation detection by voting under 3
under 3 different noise level for image pair (1,2) different noise level for image pairs (1,2), (1,3) and (2,3)
2

1
1,2 (12,13 (23
1 2 3 , 40 ! 2 . )
; (1,2),(1,3),(2,3) ) ; ,
1 2 3
4.1.2
. , 4 , 800x 800
f, =1200, f, =1200,s =0.30,v, =512, u, =512. 20 , 1 2
, 1 3 4 . ( ,
) 100 .1 , 3
Tablel Means of the estimated intrinsic camera parameters under different noise level
1

Noise level (pixel) Ju 1 S o Vo
0.1 1200.353 1209.963 0.257 523.359 528.942
0.2 1180.691 1221.478 0.412 508.039 476.598
0.3 1131.630 1178.377 -0.118 508.637 486.614
0.4 1114.052 1188.168 -3.700 501.767 470.962
0.5 1 078.502 1119.350 -5.638 534.754 522.163
0.6 1 090.707 1174.119 -7.864 489.047 449,535
0.8 1119.152 1184.229 14.599 441.035 427.348
1.0 1.029.340 1.079.690 -15.460 524.643 442102
15 955.839 1002.971 —25.928 451.183 459.109

|4f:) . 14s] o | o] y

e 50 s .-':.- .

P
100 / 100 .-__.-:.- -
S, , e
0 - 4 — e [4vol
0 0 +=

00 05 10 15 00 05 1.0 15 00 05 10 15

Fig.3 Standard deviations |4f,|, |4f;|, |4s], |Auq|, |4ve| Of the estimated intrinsic parameters
under different noise level
3 471411141 | Aucl, | Avel
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4.2
« 4 ) CCD
421
10 ( ) ) 5 4 )
Fig.4 Cameraplatform
384x288 ]
, 56

(a (b) (c) (d)
Fig.5 Four of the ten images used for camera calibration
5 10 4
422
10 , Ci =45 ; 45
, 50 , 2.
Table2 Cameratranslation detection
2
Votes 14 9 7 5 <5
Imagepairs | (5,9)  (4,5) (9,10) (4,7) (1,4) (3,4) (7,10) (7,9)(3,7) (5,6) (3,8)(2,9)(6,8) Others
2 , 10 ® 5 9 )
423
5 9 ,
Homography, Hartley!™ . ,
CCD 3.
Table3 Estimated intrinsic camera parameters
3
Ju S o Vo §
482.6196 200.8077 160.7043 124.7889 35638
424
) ( 6 ) ) 384x288 ,
6 7
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TRYEVE 1

(a ( C
Fig.6 Two images used for the reconstruction ~ Fig.7 The reconstruction results under different viewpoint
6 7
7 ., 1(b) , 7@ (o) . 92.65°,
90.0° , ,
5
, . Armstrong , Beardsley
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A Linear Camera Self-Calibration Technique Based on Projective Reconstruction®
LI Hua, HU Zhan-yi

(National Laboratory of Pattern Recognition, Institute of Automation, The Chinese Academy of Sciences, Beijing 100080, China)
E-mail: { huali,huzy} @nlpr.ia.ac.cn

http://www.ia.ac.cn/nlpr/

Abstract: In this paper, a linear camera self-calibration technique based on projective reconstruction is
proposed. With the camera undergoing at least a pure translation and two arbitrary motions, all the five intrinsic
parameters can be obtained. The novelties of the proposed method are three-fold. Firstly, it is a linear one, which
does not involve any local minimum problem largely plagued non-linear calibration methods in the literature.
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Secondly, the proposed method is based on projective reconstruction. Its robustness is markedly increased since all
the images are aligned in the projective reconstruction process. Thirdly, the proposed method does not require
specialized hardware support, as a result, can be used in a wide range of applications. For example, in an extreme
case, the camera can be merely controlled by a human arm. Simulations and experiments with real images
demonstrate the applicability and feasibility of the proposed method.

Key words: camera self-calibration; 3D reconstruction; projective reconstruction; affine reconstruction; plane at
infinity
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