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Abstract: In this paper, a linear approach is proposed to determine the camera’s intrinsic parameters as well as its
pose. At first, the images of the two circular points are derived from the images of two unparallel coplanar
rectangles in space, then some linear constraints on the intrinsic parameters are established via the obtained images
of the circular points. In addition, the necessary and sufficient condition of the constraint system for a unique
solution is also provided. Having obtained intrinsic parameters, the camera’s pose can be computed from the
homography between the image plane and the space plane. Besides, a linear approach is also presented to retrieve
the metric information (i.e., the Euclidean one up to a scale) of the rectangles by means of the Laguerre theorem.
The main advantage of these approaches lie in that neither the metric information of the rectangles nor the
correspondences between images are required, and the involved algorithms are all linear. Extensive simulations and
experimental results with real images show that these proposed approaches are both accurate and robust.
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Fig.1 The rectangles on the world plane (left) and their corresponding image (right)
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Fig.6 The absolute errors and standard deviations of the rectangles’ Euclidean measurement

and camera’s pose under different noise level
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Fig.8 Two images with correspondance used

Fig.7 One of the three images used
for calibration for reconstruction
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S SR — AN 1E J5 T HEAT 52 A, D6 £ 2 18] 1K 92 A1 0 900,75 3 @ 4% _E B sk 4510 Je TR 45 b 90°, 5 B sz
564 AH )R R SO 8w g B e BERNL T A, S0 A R A kB 1 e BB e R Rl
[0.8808,0.4339,0.18951" e #% ff1 & 25.0231°,° % J7 Ii] Jy [-0.0538,0.0258,0.9982]"; XJ 55 2 I 4%, Jie 4% il h
[0.9498,0.2851,0.1288]" 4% M 26.7237°," %% J5 i) 4 [ — 0.0375,0.0241, 0. 9990] Xﬂ‘% 3 IR AR e B T Ry
[0.8329,0.5153,0.2019]" e %% £ 4y 23.7492°,F-F J5 [ 4 [ — 0.0690, 0.0378,0.9969]" . ix — & YL 55 &I {5 11 2L 5 H1 43
(R N 23 i 0
N T RBE D UG UE A SCE b 4 B AR FRATT R S B SCHI R 3 PR A5 5K I A AR T T s b R T
Bt AT b a2 FR YRS SR A 3K 1 AR 4E Y Easycalibration, T2 lik 2 http://research.microsoft.com/~zhang/calib/.
SE BRI BATT R FH 2 S S BOR it 2 40055 1) 5 V70 3 M b BER B4R ELT 36 S REIUCHAC A, @ dr g W& 2885
F 5 b SO [ 11 A5 A0 DG I ECHs o 1 bR B 3 AT, JE A H WP T AR 40 7 ok
P1: —0.0364.X +0.5638Y +0.2293Z +1=0,
P2:0.1694X —0.1022Y +0.2773Z +1=0,
P3: -0.4412X —0.1401Y +0.2304Z +1=0.
3 ANV Z 8T B2 #1343 509 90.06°,88.87°F1 91.84°. M T ) 45 J K T, AR SCH E bk BE XM AL T3k 16 K /Y

Table 2 The calibration results via Zhang’s method
R 2 CRHKIE AT SRAG NN S B8 8 b 2R

Ju I Uo Vo N
2 603.36 2 635.75 776.52 192.04 121.53
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ASSCHR T 2 (A T YA AT HTE () B A5 R e SR AR LK) 7 3, RT LA 2oL 1 9 () 2 1k T 35K
BB A Z R IF I A SR g 1 2 P B R P ST 1) B PG B2 S AR ML T (L ) — SO T vk KR R A
AN P 5 S 36 3 WL, AR ST BT Y A 5 075 26 D B AT, O R A 5 1 2 ol FEE R A )5 e P AR SC TR A £
R SRR T R K DG PR 8 R SR AR ML T3 67 1A 7 42t R A e 0 SR AP 2 AN K ) s ) 1

AR SCIRY T3 12 000 58 bR 52 i 393 4k A W LASE 5 R Al e o 2 S B B+ iU B R I G 4R . LU B & TIE 5
T AN TG 93 320 T2k PR SRR P2 TR 6 S5 e 2 P e R v, 2 AR 3 B 24 ) 3 A 0 A ) 2 400 5 D vk, I 4
e U A R RRE T
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