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Development of a Simulator of Environment and Measurement for Multiple Autonomous

Mobile Robots Considering Camera Characteristics

Kazunori Umeda*!, Kazunori Asanuma*?, Toshifumi Kikuchi*?,
Ryuichi Ueda*3, Hisashi Osumi*! and Tamio Arai*?

In this paper, a simulator of environment and measurement that considers camera characteristics is developed for

multiple autonomous mobile robots. RoboCup 4-legged robot league is chosen as the concrete target. The simulator

introduces a sever/client system, and realizes separation of each robot’s information, introduction of each robot’s

difference and distribution of processes. OpenGL is utilized to produce virtual images. So as to make a simulator

reflect real environment, sensing noises should be considered. The simulator considers the effects of blur, element

noises, vignetting, lens distortion and delayed exposure for each line of the CMOS image sensor. Experiments show

the similarity between actual camera images and simulated camera images. Consequently, it is possible to verify

programs for multiple autonomous mobile robots on the simulator, and therefore the proposed simulator is a useful

tool for effective development of algorithms.
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Fig.5 Virtual image
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Table 1 ERS-210 camera parameter
CMOS 1/6 inch
Pixels 178 x 144 pixels
Angle of View | H:57.6 deg V:47.8deg
Lens F:2.0 £:2.18 mm
White Balance | 4300 K
Frame Rate 25 fps
Shutter Speed | 1/200 sec
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Fig.7 Camera characteristics

(i) CMOS filter x 4
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Fig.8 Lens distortion
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(b) Virtual image with-
out exposure delay

Fig.9 Exposure delay and shutter speed
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(b) With consideration

Fig.10 Color detection for distance measurement by the simu-
lator with/without considering camera characteristics
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Fig.11 Comparison of ball distance measurement
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Fig.12 Self localization by uniform MCL

Table 2 Comparison of self localization

(a) Real robot

Root Mean Maximum S\;:rrigj tic:)t;l V];Ell: in
Square Error Error Width Distribution
X 186 mm 393 mm 580 mm 61 %
y 141 mm 375 mm 395 mm 58 %
[ 6.5 deg 16 deg 19 deg 67 %
Xy 233 mm 393 mm / 47 %
xy60 / / / 47 %
(b) Simulator without camera characteristics
Root Mean Maximum S:;i:fﬁ t?(fn VFZE: in
Square Error Error Width Distribution
X 272 mm 731 mm 603 mm 58 %
y 218 mm 542 mm 527 mm 61 %
[ 9.9 deg 23 deg 39 deg 77 %
xy 349 mm 704 mm / 42 %
xy6 / / / 42 %
(c) Simulator with camera characteristics
. True
RoorMean | asimam | fener T e
Square Error Error Width Distribution
x 291 mm 731 mm 570 mm 55%
y 201 mm 564 mm 426 mm 60 %
[ 9.4 deg 26 deg 26 deg 66 %
xy 368 mm 807 mm / 45 %
Xy / / / 45 %

$. Table 2 (a) 2VFERETOFHHFER, Table 2(b), (c) #"ZN
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L. LDLEGDOREOFERIIEIIEH A THEEDOEE DR
BEEZECIE AV, F/20 32— 9 v TOBEENERLD D
KEWERICHBHS, ThiEy I ol — 5 THEEREEHED
DD L TV 2720 ADEIRIR D 25584 L (FRICHEig
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