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Self-localization for Mobile Robot Navigation
using an Active Omni-directional Range Sensor

In-Soo Joung*, Hyung-Suck Cho**

ABSTRACT

Most autonomous mobile robots view only things in front of them, and as a result, they may collide with objects
moving from the side or behind. To overcome this problem. an Active Omni-directional Range Sensor System has been
built that can obtain an omni-directional range data through the use of a laser conic plane and a conic mirror. Also.
mobile robot has to know its current location and heading angle by itself as accurately as possible to successfully
navigate in real environments. To achieve this capability, we propose a self-localization algorithm of a mobile robot
using an active omni-directional range sensor in an unknown environment. The proposed algorithm estimates the current
position and head angle of a mobile robot by a registration of the range data obtained at two positions, current and
previous. To show the effectiveness of the proposed algorithm, a series of simulations was conducted and the results
show that the proposed algorithm is very efficient, and can be utilized for self-localization of a mobile robot in an

unknown environment.
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Table 1 Specifications of the implemented sensor system

ITEM SPECIFICATION
. 634 nm, 12 mW
Diode laser ( Power Tech.)
Conic mirror vertex :{n E‘ggqg‘:;l 13
CCD camera 12” (SONY)
Band-pass filter 630 nm
Focal length 7.5 mm
[ Effective measurable height Omm ~ 681 mm
Effective measurable distance 06m ~ 3m
Resolution of distance 125mm ~ 545mm
Distance between floor
and laser (H,) 390.0 mm
Distance between floor
and lens center  (H) 535.1 mm
Distance between floor
& vertex of conic mirror (H,,) 640.0 mm
Laser rotating speed over 1800 rpm
Resolution of laser swing angle 0.2°

conic mirror

3

.....
-----

filter

CCC camera

Fig. 1 The schematic diagram of the proposed sensor
system
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Table 2 Experimental results for measurement accuracy

of the proposed sensor system

real distance | mean error max. error | error/distance
(mm) (mm) (mm) x100 (%)
600 21.3 344 3.55
700 12.5 31.5 1.79
800 12.8 30.7 1.60
900 235 49.0 2,61
1000 244 445 244
1100 29.8 49.0 271
1200 253 46.0 2,10
1300 294 50.0 226
1400 354 57.6 2.53
1500 28.7 52.8 192
1600 30.6 57.0 191
1700 292 49.8 1.72
1800 244 48.6 135
1900 229 59.4 1.21
2000 15.1 39.0 0.76
2100 25.8 44.1 123
2200 326 60.2 1.48
2300 38.6 574 1.68
2400 38.2 79.2 1.59
2500 27.8 72.0 1.1l
2600 389 68.0 1.50
2700 36.4 64.4 1.35
2800 40.5 69.3 1.45
2900 448 67.6 1.54
3000 54.6 96.0 1.82
Total mean 30.1 - 1.74
o 9.86 - -
o’ 97.20 - -

Fig. 2 The proposed sensor system, mounted on a mobile
robot

Fov

Fig. 3 Geometric configuration of the proposed sensor
system
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Fig. 4 Experimental results of two-dimensional depth
data measurement
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Fig. 5 Error distance between two free-form curves
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Fig. 8 Estimation results of mobile robot pose in case of
the range data with 30% outlier (moving
obstacles)

Table 3 Comparison of estimation errors and process
time of localization by the general M-estimator
and the proposed localization algorithm

General M-estimator Optimal Matching
Point Determination
Error Proc. Error Proc. | T,/T,
(mm, °) Time (mm, °) Time (%)
T, (sec) T,(sec)
E,=1.33 E =259
E,=3.62 90.57 E =182 1538 | 16.9
No E,=0.11 E,=0.10 8
Outlier E=819 E=11.66
E =571 27.65 E,=5.06 432 15.6
E,=0.40 E,=0.06 2
E,=2748 E =26.04
E,=1655 | 11133 | E=1863 | 24.01 | 215
Exist E,=0.08 E,=0.03 7
Outlier
(30%) E=62 E =20.84
E =189 29.34 E,=190 5.05 17.2
E,=0.48 Ey=0.55 1
Average - - - - 17.8
5

® Two-dimensional range data of the arbitrary shape
@ Two-dimensional range data in a hallway
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