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by Stepwise Application of Camera Models
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In an imaging system composed of multiple cameras, in order to integrate images taken
by the cameras and to derive valuable information from them, both internal and external
parameters of the cameras must be accurately known. When a target scene is large, conven-
tional calibration methods, in which the camera parameters are estimated by using objects of
known shape, are difficult to apply. In that case the methods of self-calibration are effective,
which estimate all the parameters including the internal camera parameters from 2D point
correspondences alone. In this paper we point out that previous self-calibration methods tend
to be unstable under the existence of noise, since they need an intermediate step of projective
reconstruction that has redundant d.o.f. In order to cope with this, we show a novel method
that caluculates the parameters in a more stable manner by incorpolating prior knowledge of
the internal parameters. Starting with an approximate camera model that has limited d.o.f.,
our method upgrades the camera model to a more accurate one in a stepwise manner and
improves the accuracy of the estimation.
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Fig.1 Reprojection error vs. iteration. 0-10: Ortho-

graphic camera model, 11-17: Weak-perspective

camera model, 18-22: Perspective camera model,
23-last: Perspective model with lens distortion.
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Fig.2 An example of the reprojection errors at each es-

timation step. Upper left: Orthographic cam-

era model, Upper right: Weak-perspective camera
model, Lower left: Perspective camera model, Lower
right: Perspective model with lens distortion.
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Table 1 The number of failures by the previous method for

1,000 trials. I is the case where even initial values
could not be computed. II is the case where the
final minimization did not converge or converged
to wrong solutions.
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i 4 30 207 322

11 0 9 8 49
Total | 4 (0%) 39 (4%) 215 (22%) 371 (37%)
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Fig.3 The dependence of the proposed algorithm on the

initial estimates. The initial estimates are per-
turbed with a random value following a uniform dis-
tribution with a range from —z to = (%) of a true
value. The plot shows the percentage of the number

of the trials resulting in wrong solutions.
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Table 2 Estimation error (RMS) when only focal length
is estimated.

ooo 1 2 3 4 5 6
f 106 32 58 6.8 3.0 7.9

03 0000000000O000000000O0000O00O0O0
0000000 (RMS)
Table 3 Estimation error (RMS) when focal length and
principal points are estimated.

ooo 1 2 3 4 5 6
f 11.9 4.5 8.4 10.1 4.1 9.0
ug 15.4 8.8 20.5 13.7 6.7 109
Vo 16.7 123 26.3 14.2 6.5 164
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Table 4 Estimation error (RMS) when focal length and

principal points are estimated using known 3D

point coordinates.
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f 8.8 2.7 6.1 7.9 2.3 7.6
uQ 10.1 5.1 17.1 9.7 4.2 8.5
Vo 13.0 6.9 23.5 11.3 4.0 10.8

05 0D00000OOOOOOOOOOOODOOODOODOOODOO
0o00ooDo0oooooooo (RMS)
Table 5 Estimation error (RMS) when only principal
points are estimated using known 3D point co-
ordinates.

ooo 1 2 3 4 5 6
uQ 10.1 49 155 9.1 4.1 8.3
vo 12.7 69 228 83 3.6 11.5

06 OD0O0OO0OOODOOOOOOOOOOOOODOOOOOOOO
000000 00o0o0ooooooooo (RMS)

Table 6 Estimation error (RMS) when focal length and

principal points are estimated using known cam-

era poses.
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Vo 03 05 03 03 06 04
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Fig.4 Appratus for taking point correspondences across

images.
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07 0000000O0O0DO0OO0OO0OOOOOOQOOOOO 00000
Table 7 Estimation error (mean + std. dev.) when only focal length is estimated.

ooo ID 1 2

4 5 6

f 424 £9 392 £ 8

401 £ 11

394 +6 381 +4 408 £ 18

08 U0O0OO0OO0O0OODO0OOOOOOO0DOOUOOOODOOO0OOOOOD £00000
Table 8 Estimation error (mean + std. dev.) when focal length and lens distortion are estimated.

gooo ID 1 2 4 5 6
f 434 + 8 388 + 4 387 £ 7 383 £ 7 385 £ 3 425 £ 15
k1(x1077) —-168+77 —-16.8+35 —180+7.6 —124+55 —125+3.6 —184+7.5
09 O0000DO0O0O0O0ODDOOOODOO0ODOOOOOOOO0
oooooo
b 'S L J Table 9 Results of Euclidean reconstruction using results
obtained by the self-calibration.
i, Bt v 0 ABC 0 BAC
- Ao 0000000 19.04 84.80
: mg’ 0000000 | 48.9840.13  84.76 £ 0.13

05 0U0000000O0O0O0D0O0OO0O0OOO0OO0OOOUOOUDOO
go0ooo0oO0oo0o0ooooOoooooo
Fig.5 Recovered camera poses, focal lengths, and

distribution of feature points in 3D space.
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Fig.6 Images taken by 6 cameras used for the experiment
of Euclidean reconstruction. Three points in the
images are extracted and their 3D coordinates are
recovered. Then, they are compared to the mea-
surement by a theodolite.
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