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Visibility Sensor with Stereo Infrared Light Sources
for Mobile Robot Motion Estimation
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Abstract: This paper describes a new sensor system for mobile robot motion estimation using stereo infrared light sources and a
camera. Visibility is being applied to robotic obstacle avoidance path planning and localization. Using simple visibility computation,
the environment is partitioned into many visibility sectors. Based on the recognized edges, the sector a robot belongs to is identified
and this greatly reduces the search area for localization. Geometric modeling of the vision system enables the estimation of the
characteristic pixel position with respect to the robot movement. Finite difference analysis is used for incremental movement and the
error sources are investigated. With two characteristic points in the image such as vertices, the robot position and orientation are
successfully estimated.
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Fig. 2. Visibility sector.
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(a) A sector in which el edge is visible.

(b) A sector in which e2 edge is visible.
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(c) A sector in which e3 edge is visible.

(d) Common area (a) N (b) N ().
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Fig. 3. Finding sectors based on the visibility.

ZBAZE ooz}, o] Tglell M= AollE SINES] visibility
TG AIGith whoF o] = fAelA FolE A9 el, 2
edge BT} ollE B9 €3 edges 2UHA olol| dPE= 79
=5 3L, o] WS e mite] A & o=
o] TR 3).

E Ao E HAE edge 52 HEH o] A &3
= A8k AS v ® 250 54U imageol A <1
A edget edge2] WA vertex2] 22U SZHE 29
FAYE Fhse WS ARKETE olE et WA
vertex s B @abdow Q] 93 WS v Al
Atk



o
02

L 2HE<2 HAM =¥ & 72}

o] -3 OIHIX]*: & 2 Aol o
Arellds Aol =21
7%]%**01 ofBE AREAP <l
AdE =ol7] skl Fhvleke] dl=
%" LED®| 774 %(850nm) %< A%t S3}A)7]
4= %‘EV} €l
d7] Slst
*JZhHOﬂ A

S "Hlom g

il

oL 1%
fll

ol 001'

7IH
ol ?Wlﬂ Aot 7heletket ”34014 7%‘ﬂ
A Aegel wet 4] =4
AMA| 2 ollatele] Ao wel A=
AP A= 97 13 7 folrt

L
_%‘i
& o
=
f
)
_l
N
5
>
_>L‘,
z
).
o
rlo
3

HN&—E'
d

e oo ot TN
fo

i
A
2

e

Held SuEH

0l0IXI
dA
I3 4. A9 EAEEE I Ape,

Fig. 4. A camera with infrared light pass filter.
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(a) Components. (b) Assembled projector.
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Fig. 5. Infrared light projector.
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(2) Day, fluorescent light on. (b) Day, fluorescent light off.

(c) Night, fluorescent light on.

(d) Night, fluorescent light off.
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Fig. 6. Effects of sunlight and fluorescent light.
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Fig. 7. Sensor system.
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IR light
camera Right

(b) With right light source only.

IR light
Left camera

(c) With left light source only.
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Fig. 8. Projected edges with left and right illuminations respectively.
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Fig. 9. Experimental results with left and right infrared lights.
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Fig. 10. Position of the corresponding pixel when the camera moved

forward.
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Fig. 11.Position of the corresponding pixel when the camera rotated.
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