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Anisotropic Omnidirectional Imaging System for Remote Surveillance of Devastated Area

Kazuaki Kondo™ 0 0 Yasuhiro Mukaigawa*!' 0 Toshiya Suzuki*?0 O Yasushi Yagi*!

Abstract — The Horizontal fixed viewpoints Biconical Paraboloidal:HBP mirror is an
anisotropic convex mirror that has inhomogeneous angular resolution about azimuth an-
gle. In this paper, we propose a remote surveillance system with a specially designed
HBP mirror system for collecting information of devastated areas. We used a virtual re-
mote surveillance environment for investigating effectiveness of the HBP mirror system
compared with conventional omnidirectional imaging systems. From results of object
searching experiments, we confirmed that objects can be detected early and with cer-
tainty by the HBP mirror system. We also developed a real remote surveillance system
for actual surveillance experiments. Through those two types of experiments, we got the
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results that the HBP mirror system effectively works for remote surveillance.
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Fig.1 Outline of a remote surveillance.
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Fig.2 Prototype of the HBP mirror system
and its geometry model.
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Fig.3 An example of input image taken
by the prototype HBP mirror system
shown in Fig.1.
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A) Virtual devastated scene
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Fig.4 The virtual surveillance system.
(A)Construction of a 3D scene and
an imaging sysytem. (B)Creation of
route images. (C)Image display.
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Fig.5 Objects placed in the virtual devas-
tated scene.
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(c) HBP mirror system (high resolution direction)

(d) HBP mirror system (low resolution direction)

07 00000O00D0O0O0O0OO0DOO0O0O0O000 (DOoo0ooooooo (bo
0000o0o0ooO0o0ooU0oOo0oooOoHEBPOOOOOODODOOODOO
00o0oOd ()0O000OO00 ()ODoOoooOooooo

Fig.7 Examples of the displayed images for each imaging system and direc-

tion.
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Fig.6 An example of virtually constructed
devastated scene.
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Table 2 Image display methods for each subject taking into account learning

effect.

“HBP” and “ISO” describe the HBP mirror system and the

isotropic omnidirectional imaging system for comparison, respectively.

Subject Number || 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8
Imaging system HBP HBP HBP HBP ISO ISO ISO ISO
1st | Moving direction Forward Forward Backward | Backward | Forward Forward Backward | Backward
Vertical flip No flip Flip No flip Flip No flip Flip No flip Flip
Imaging system ISO ISO ISO ISO HBP HBP HBP HBP
2nd | Moving direction || Backward | Backward Forward Forward Backward | Backward Forward Forward
Vertical flip Flip No flip Flip No flip Flip No flip Flip No flip
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Fig.8 Virtually constructed route used in the

experiment mentioned in 4.3.
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Fig.9 Distribution of detected distance.
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Table 4 Switching of image display for the
experiment in 4.4.
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2nd 1ISO ISO HBP | HBP ISO ISO
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03 0000000000000 000 (0m)OOD0O0O0DOOOOOOO.
Table 3 An example of experimental results.

000 || InjuredA | EvacueeA | Hole | FireDisasterA | EvacueeB | InjuredB | FireDisasterB
gooboogoo 3 10 13 6 13 5 10
HBPOOOO 5 19 20 7 18 6 12

—&— Subject! —#— Subject2 —+— Subject3 —®— Subject4 —— Subject5
—>— Subjecté —A— Subject7? —O— Subject8 = Average

Detection distance ratio
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disaster A disaster B
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Fig.10 Dyqtio values for each subject and ob-
jects.

_—

Hole Fire Disaster Injureds Evacuees

Detecting distance ratio

01 Dilo00obO0oOobDbOOoobOooboo
gooooo
Fig.11 Average value of the each object type
in Fig. 9.
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Fig.12 Earlier detection probability.

05 O00ODOOOO0OO0ODODOOOOOODDOO

Table 5 Overlookings results in the
panoramic display.
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Fig.13 A virtually constructed route used in the experiment with a fixed

panoramic view.
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Fig.14 Histograms of the detection dis-

tances.

16(a)). HBPOOOOOOOOOOOOOOOOO
goboooooooobooboooobooooboboo
goobooobobooooooboooon HBP
gbobooobooobooobooooobooobooooo
gboboooboobobooooobooobooooaoo
gobooooboobbooooooobooboooobooo
00 2.0km/k0000000 70mO00000000O
ooo020fpsO000000OOOOODOOOOOO
1vr0o0o0000ooo0o0ooooooboooooon

6 0O0OO

gbooboooooboooobobobobobd
gboo0oHBPOOODOODOOOOODODOO
gbobooooooboooboooobooobooboboon
gbobooooooboboooobooobooboboon
gboobooooobobobobobobooobog
gbooboboboboboboooooboobobb
oo0000oHBPOODOOODODOODOOOOODO
gobooooboobobobobobooobobo
gboooooboboboboobobobobon
gbobooobooobooboooboooboooooaoo
ooo0oOo00o0oHBPOOODOOOOODOOOOOO
gobooobooobo.

gooooobbobbbboooooooooo
ggoobooooboooboobooooboooog

‘ ¢ Pan-camera M HBP mirror system

< < Detection Total time (sec)
;\: 25 failed ratio (%) i
~ Isotropic HBP Isotropic HBP
-(% ” Average | 121 858 | 405 | 307
_‘6 u S.D. 9.40 5.79 106 52.5
2
T 15 5
5 L [ ] [ | < *
©
2 ¢ " * o .
L 5
[a] u u u

0 -—

200 250 300 350 400 450 500 550 600
Experimental time (sec)

015 ODooooooboocooooooooo
uboboooboooooooboocoooo
goboooooooooooobooooDo
gobooooooooocoooao

Fig. 15 Distribution of searching scores.

016 0U0O00O0OO0OO0OO0OOHBPOOOOOO
O00000000()OOOOHBPO
o0o0oooooooooooooooo
o0o00o0oooOooooooooooo
Oo0oooOoooOooooooog)o
oooooo

Fig.16 The HBP mirror system mounted on
an electric cart for remote surveil-
lance.
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