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Mirror Localization of Catadioptric Imaging System
Using Parallel Lights

NoBUYA AOKI," RYUSUKE SAGAWA,’t YASUHIRO MUKAIGAWA,tt
Tomio ECHIGO! and YASUSHI YAGIt

This paper describes a method of mirror localization to calibrate a catadioptric imaging
system. While the calibration of a catadioptric system includes the estimation of various pa-
rameters, we focus on the localization of the mirror. Since some previously proposed methods
assume that the system is single view point, they have a strong restriction on the position and
shape of the mirror. We propose a method that uses parallel lights to simplify the geometry
of projection to estimate the position of the mirror, and so does not restrict the position and
shape of the mirror. We omit the translation between a camera and calibration objects from
the parameters to be estimated by observing some parallel lights from a different direction.
We obtain the constraints on the projection and can compute the error between the model of
the mirror and the measurements. The position of the mirror is estimated by minimizing the
error. We also test our method by simulation and real experiments, and evaluate the accuracy
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of our method.
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Fig.2 Projecting a parallel light to a catadioptric

imaging system.

O+t00000000000000000e6000
0O0oodo0ooooDbOOoo00o0oOoO pOOo0oOooo
go00000o0ooooooooooooooooog
go0o0o00o0o0oooooooooboooooooog
gooOooooooooono

2.2 JO0O0OOO0OOO0O

21 0000000000000000000O000O
go0o0oo0oo0oooo0ooooooooooooo
go0oo0oo0oo0oooooooooooooooo
go00o00o0oo0ooobooooooooooooo
go0oo0oo0oo0oooo0oooooooooooo
go00oO00o0oo0oooooooooooooooo
go00d00o00o0ooooooooooooooouoog
go0000o0oooooooooobooooooog
gooo

O2000000000000000 10000
0000000000 »O00O00O0O000O000
go0oo0oooooooooooooooooooo
Jo0o0o0o0odo0O00000000000

. sp—x
v= slggo lsp—=x | (2)
Oo0o0O00o0oO0oooooooooooooooog
—ﬁmzvm(w) (3)

0 (S)DDDDDDDDDDDDDDDQDDDD
godo0ooooooooooooooooooono
go0oo0oo0oooooooooooooooooo
OO0000 o O000O0DO0O0O00OOOO0ODOO0O0O
00000000000 200000000000
OO0000O0o0O0ooOooooooon kooooo
Oo000On0O0000O0OC0O0OCOOCOOOOOOOODOO
go0o0DoOoonD 64+3k+2n 00000

Oo00o00o0go0oooooooooooooooo



118 ooooooooooooooooooooboboooooooo

gbooooocoboboooboooobooooobo
goooobooooooooooooooooooo
goooboooooooooooboooooooo
goooboooooooobobooooboooooon
goooboooooooobobooobooonoooo
go0o0o0o0o0o00ooooooooooooooogo
gooboooooooooooboo 6+3+200
gobood
ooobooobooooooooooooooooon
ocoobooooobobooooobo 200000000
gooooboobooooboooooboooooo
ooooooouooboooooobOboooOooooo
gboooooooboooooo 20000 9000
goboooobooooobooobooooboocooobooo

3. bOoo0ooobOoooooboobooog

gooooooooooooooboooooooo
oobooobooboobo200000000000000
(1) DooOooOoooOoooOoo
(2) ODoOOOoOOOOOOOOO

g3bboobooboobobooooooooooooon
gbooobooooobooooooobooobooobo
gooooboooooooooooooooobooooon
goooobooooooooboboooooooooo
gooooboooooooooooooooono 20
gooboooooooooooooooboobo20000
gooobobooooooobooboooooooooo
goooboooooooooooboobooooooon
goooboobooooooooooooooooon
gooooboooooooobooobobooooooo
goooboboooooooooobooooooooo
gooobooboooooooooocoooooooo

Turntable ¢ (
Mirror
Parallel light
Camera
Q Turntable 6

03 J0obOOdbOoooboOoooooboobooooo
Fig.3 Calibration system using parallel lights: The
camera and mirror is rotated by two turntables.
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Fig.4 Finding the corresponding rotation parameters, by
which parallel lights are projected onto the same

point.
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Table 2 Comparison of three methods for estimating the mirror position. Methods

1 and 2 use point light sources as feature points. In Method 1 the relative

positions between points are known. In Method 2 the positions of points

are completely unknown.
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Method # of mir- | # of camera | # of fea- | # of exter- | # of param. | total # of | total # of
ror param- | positions tures nal parame- | of features parameters | constraints
eters ters

Our method | 6 1 6 3 0 9 12

6 1 24 3 0 9 48

Method 1 6 4 6 24 0 30 48

Method 2 6 4 6 24 18 48 48
01 0000000000000 MeanOOODOO [deg] 400000000000 200000000000

Std.00000 [deg]
Table 1 Error of estimated parallel light direction: The
mean angular error and the standard deviation

(Std.) of the error (degree).
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Fig.5 Error in estimating the mirror position.
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Fig.7 Experimental calibration system.
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