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Cooperative Transportation of Robot Swarm
Using Pheromone Communication

RyYUSUKE Fusisawa,t HIKARU IMAMURA 2
and FuMITOSHI MATSUNO3

Ants communicate with each other using pheromones, and their society is
highly sophisticated. When foraging, they transport cooperatively with inter-
play of forces. The swarm is robust against changes in internal state, and
shows flexibility in dealing with external problems. In this brief paper, we fo-
cus on the robot swarm that achieves cooperative transportation making use of
ethanol as a substantial artificial pheromone. We also propose a swarm system
with a newly developed algorithm that enables cooperative transportation of
real robots. They will transport food to the nest analogous to the behaviour
of a swarm of ants. Emphasis will be placed on the systematic task solution
process. As the result, we found when low individual density, pheromone com-
munication is effective. We present a number of experiments demonstrating the
robustness and flexibility of the system and also confirming the effectiveness of
the algorithm.
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Table 1 Behavior selection of algorithm for cooperative transportation after collision.

Robot’s behavior after contact
with other object
rotation on-site after disengaging

front from contact point by reversing

Collision processing Contact position

Collision Processing[1
9l1] rotation on-site after disengaging

back from contact point by reversing
front stop on-site
Collision Processing[2] - P - - -
back disengaging from contact point by proceeding
Collision Processing[3] entire circumference  disengaging from contact point by reversing
. . front disengaging from contact point by reversing
Collision Processing[4] - - - :
back disengaging from contact point by proceeding
. . front disengaging from contact point by reversing
Collision Processing[6] - - - =
back disengaging from contact point by proceeding
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Fig.2 Construction of a developing robot (ARGOS01).
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Fig.4 Snapshots of experimental result by 10 robots using pheromone communication.
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Fig.5 Experimental result of comparing cases using and not using pheromone communication.
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Table 2 Comparing average times of transportation starting in cases of using and not using

pheromone communication.
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Fig.6 Experimental result for robustness (ratio of disable robots: 2/7).
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Table 3 Events of robustness experiment.

event detail time
A finding food 89 [s]
B starting transportation 309 [s]
C task completed 2,990 [s]
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Fig.7 Experimental result for flexibility.

goboooobooooooooooobobooooOooobooboooobooOoooooDo

4.3 000000O0O0O0OOOOOO
oooboooooooobobooboOoOoOoOooOoooooOoOoObOObOOObOOObOObobO
ocoooobooooOooobooOoOoOovroooOoObOO0OOObOOOOOObOOObObobOODODOOO
00000000000000060[sec)J00000OO FoodOODODOOODOO 3000
00000000 358kgl 000000 400000000000 5.28kgl0OOODO T
goooobooodoobobooooooooooOooooboOoboOooboooooooOooooDooo
gooobooboooooooooobooooooboooooooboooooooobooboOoOoo
ooooooooboobovyoOoOooDOoOOOOOeOOODOODOO
O0000000000000 40000070 A000O010000000 FoodO
oooooOoOoODOOO0OO0OO0OO00O0OFeodO 10000000COOOOODODODODOOO
gooboooooooocoobooooooobOOoobOoOobOOolbobooobooOoboooooo
00000040000000000000000000600[sec)DO0O0OOOO 400
gooooooooooOooDOoOOODDOOOODODOO00O0O0FoodO0O00O00O0O0OO
oooooobor0BOOOO10000000000O0OO0O0O00OOO0OOODBOOO

© 2011 Information Processing Society of Japan



17 O0O0000O0O0O0O00O0OCOOO0O0COOO0O0O0O000O0

04 O00OO0OO0OOOODOOOOODODOO
Table 4 Events of flexibility experiment.

event detail time
A finding food 233 [s]
B 1st transportation start 702 [s]
C changing food mass 762 [s]
D 2nd transportation start 923 [s]
E task completed 1,509 [s]
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