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Omnidirectional Stereo with Compound Convex Mirrors

YUICHIRO KOJIMA, NAOKI KURITA,"® RYUSUKE SAGAWA,t
Tomio EcHiGot22 and YASUSHI YAGIt

This paper describes a portable omnidirectional stereo system, which can detect approach-
ing close objects. The system consists of a single camera and multiple convex mirrors. The
system has omnidirectional observation and portability. Since an object is projected on each
mirror, the system simultaneously obtains omnidirectional images of multiple viewpoints. We
propose a method of detecting near objects without finding correspondences along epipolar
lines. This paper also describes a method for calibrating a multiple omnidirectional mirror
sensor and we estimated the ability of detecting near objects by a simulation and experiments
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in the real world.
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01 00doOdooOOooOoooooooooo
Fig.1 Omnidirectional camera with compound spherical
mirrors.

02 0D00000000O0OOooOoooOooo
Fig.2 Omnidirectional camera with compound parabolic
mirrors.

VenicaIl View Horizontal View
03 0DOOooooo

Fig.3 Configuration of compound spherical mirrors.

04 O00ODOOOOODOOOOODOOOOO
Fig.4 An example of an image of the compounded
omnidirectional sensor with spherical mirrors.
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Fig.5 An example of an image of the compounded

omnidirectional sensor with paraboloidal mirrors.
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Fig.6 The ray direction reflected on the center mirror.

* Image Plane

Image Plane
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Fig.7 The ray direction reflected on one of the side
mirrors.
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Fig.8 Flowchart of detecting near objects.
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Fig.9 The calibration system that the sensor attached on
turntables.
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Fig. 10 The calibration system using parabolic mirrors
for making parallel rays.
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Fig.11 Flowchart for detecting corresponding points.
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Fig.12 Examples of mirror shape for the sensor.
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Fig.13 Ray direction when the sensor detects objects.
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Fig. 14 Location of the projected points on the image.

00000000000 140000000« 000
00 1000000000000000 «£” 0000
ooooobDbO XxXoooooooo po0ooobDO
0p/0000000000000000zO 2”0
gooobooboobooboobooobooboo
goooboooboobooobooboboobooboo
goboooboooboooobooobbooobooog
gbobooooboooboboo t1 0 00000

{—Xl:ufl +p” (10)

Xe=u'ta+p

o00o00o0o0o00000 XO0O0XxX: 0 X200
gooooo0od x4, 0 X, OOOOooooooo
gpooogo

[t t2) = | X1 — X (11)
Ooo00oooooono
x o X1t Xe (12)

2
gooobobooooooooooboooooooo
OO0 XO0OoOooopoooooooooood
oo

00000 b0 b=p"—-pO0000000O0O0O0
goooooooooooooobooooooooo
0000000000 00OoooooooD 00O
O000ooUoOooo bisine 0000

6. U g

6.1 OJO0O0OO0ODO
40000000000O0O000O0O0DODOOOO
gooooooooooooobooooooobooo
gooooooboooobooboooo s aoooo
goooooooboooooooo 200000
gooooooooocobooboboooboooboooo
gboooobobo 20000000000000A0
goooboooooooooooooooboooooo
goooboooooooobobooobooooooo
gooooboooooooooooocoooonoooo
000000 1°0000360° 000000000
goboooobooooboooboboooboo 110

goooooooogo 157

TurnTable2

| TurnTablel

015 00000000D000ODO0O0DOoO
Fig. 15 The calibration system.

016 00O0O0DOOOOOD

Fig.16 Measuring result of corresponding points.
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01 D0oooooooooo
Table 1 Errors of corresponding points with/without the
peripheral area of the mirrors.

goooooao goooooo
RMS 0.745 0.633
oo 0.108 0.0403
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Vertical View
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Fig. 17 Configuration of compound spherical mirrors.

Horizontal View

(et

018 0OOO
Fig. 18 Input image used for simulation of detecting
objects.

019 O0O0ODOO
Fig.19 Scene used for simulation of detecting objects.
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Fig.20 Result of detecting.
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Fig.21 Parameter of the sensor that

calculates detectable distance.
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Fig.23 Detectable distance [mm].
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Fig.24 Detectable distance of
using adjacent side mirrors [mm].
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Fig.25 Detectable distance of
using side mirrors every second mirror [mm].
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Fig.28 Input image: Distance to persons are 1.5, 2.0 and
3.0 [m].
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Fig. 29 Result of detecting 2 persons.
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