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A Navigation Algorithm of Modular Robots with 3 DOF Docking
Arm in Uneven Environments
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Abstract

In the paper, we propose an improved mobility method of modular robots by physical docking in the uneven
environments. The modular robot system consists of autonomous docking device, 3 DOF robotic arm, motion
controller, and main controller. Real-time location and direction of the robot are estimated using inner GPS and they
are used to control direction and path of each robot for physical docking between modular robots. We design a
navigation algorithm of modular robot using physical docking and cooperative navigation in the environment with
broken road and low stair. The proposed method is verified by navigation experiments of three developed modular
robots in the uneven environments.

Key Words : Modular robots, cooperative movement, physical docking, autonomous docking, docking control
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Fig. 1. Structure of modular robot system
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Fig. 2. Modular robot with physical docking device
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Fig. 3. Kinematic model of modular robot
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Fig. 4. Movement trajectory of modular robot
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Fig. 10. Edge detection of obstacles and robot
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Fig. 11. Recognition of docking device and extraction of
a central point

Fig. 8. Undocking and docking algorithm
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Algorithm : Mobility improvement nasvigation
recognize terain
if (terrain = broken road) then
execute Navigation across broken road
else (terrain = low hill) then
execute Navigation over low stair
endif
return execute individual navigation and task
a7 12, vgEE A9 o]FA A duEs
Fig. 12. Mobility improvement navigation algorithm in
the uneven environment
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Algorithm : Navigation across broken road
epeat
communicate (Robot,. Hobot,)
compare (,,., 8,,) // using iGPS
execute adjust 6,
calculate 6,
if (6, < threshold)
recognize docking_device
f (recognize docking_device = success) then
repeat
execute peg_docking
f {(peg_docking = success) then
epeat
execute cooperative move
jf (navigation across broken road = success) then
execute undocking
return (Mobility improvement navigation algorithm)
endif
until navigation across broken road = success

Ise (peg_docking = fail) then
T execute backward move

endif

until peg_docking = success

endif

endif

until navigation across broken road = success

a8 13 Bl A Yo Ao F8 duEH
Fig. 13. Navigation algorithm across broken road

Algorithm : Navigation over low stair
repeat
communicate (Robot;, Hoboty)
compare (6., 6,,) // using iGPS
execute adjust 6,
calculate 4,
if (4, = threshold)
recognize docking_device
f (recognize docking_device = success) then
adjust arm_docking_posture
epeat
execute arm_docking
f (arm_docking = success) then
epeat
execute low_stair_mounting
if (low_stair_ mount = success) then
execute undocking

return (Mobility improvement navigation algorithm)
endif

until low_stair_mount = success

else (am_docking = fail} then

execute backward move

endif

until arm_docking = success
endif

endif

until low_stair_mount = success

a3 14 WY 38 39 uelE

Fig. 14. Navigation algorithm over low stair
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