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Reality gap reduction in real robotic swarms using an omnidirectional camera and incomplete data

Rikimaru MURAKAMI*, Masanori GOKA™

ABSTRACT
In recent years, robots have been widely introduced in society, performing roles in disaster relief and rescue, household
cleaning, manufacturing, and more. Computer simulation is commonly used for real robot development, and is particularly
prevalent in the development of robotic swarms consisting of many robots. However, there are various differences between
simulation and reality, which can compromise the efficacy control algorithms developed in simulated environments when
applied to real robots. This is sometimes called the “reality gap”. In this paper, we investigate methods to reduce the reality
gap by training robots in a simulated environment using incomplete information. In this way, we aim to make embedded
machine learning methods that implement machine learning on real robots more efficient, effective, and practical in the future.
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Fig. 1 Overview of robot
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Fig. 2 IR sensor mounting direction and detection
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Table. 1 Simulator distance and pixel

distance on omnidirectional images

simulation distance[cm] | pixel distance[pix]
10 59
15 63.16
20 66.6
30 73.6
40 77.5
50 79.68
60 81.2
70 81.7
80 83.2
90 83.7
100 83.72
110 84.2
120 84.25
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Table. 2 Coefficients of polynomial

az

-0.0031

ail

0.5883

ao

56.8872
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Fig. 3 Polynomial approximation of

mirror deformation
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Fig. 4 Simulation environment
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Fia. 5 Schematic figure of the simulation system
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Fig. 6 real omnidirectional image (a),

Simulated omnidirectional image (b)
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Fig. 7 Image processing process

ANjz2=v ’Mx 22, ==y k2 CTLEEE
— X ZFNFhoRizEs Lz BhE 2, 1o
=v ;N 20, FET7 T Y X AL PPO & iz,

Fig. 8 Robot behavior

(visualizing the detection beam of the IR sensor)

27



B

Fig. 9 Behavior when two robots are detected
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Table. 3 Task completion rate for controller

controller B

33.954 %

Controller A
44.973 %
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