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Abstract : A multi-robot control algorithm using Petri-Net is proposed for Svs5 robot soccer. The dynamic environment of robot
soccer is modeled by defining the place and transition of each robot and converting it into Petri-Net diagram. Once all the places and
transitions of robots are represented by the Petri-Net model, their actions can be chosen according to the roles of robots and position
of the ball in soccer game, e.g., offensive, defensive and goalie robot. The proposed modeling method is implemented for soccer
robot system. The efficiency and applicability of the proposed multiple-robot control algorithm using Petri-Net are demonstrated

through 5vs5 Middle League SimuroSot soccer game.

Keywords : petri-net, multi-robot, robot soccer system, place, transition, discrete event system, offense strategy, defense strategy, the

condition event Petri-Net model
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Table 1. Place of the offense strategy.
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P2 : Robotl wait, robot2 attack,
robot3 defense(left), robotd defense(right)
P3 : Robot1 defense(left), robot2 attack,
robot3 wait, robot4 defense(right)
P4 : Robotl defense(left), robot2 wait,
robot3 attack, robot4 defense(right)
P5 : Robotl defense(left), robot2 defense(right)
robot3 wait, robot4 attack
P6 : Robotl defense(left), robot2 defense(right),
robot3 attack, robot4 wait
P7 : Robotl attack, robot2 defense(right),
robot3 defense(left), robot4 wait
P8 : Robot] wait, robot2 defense(right),
robot3 defense(left), robotd attack
P9 : change action

< T3
/ D
O

- P4
P2

1% 4.PI : Transition 3 fire : P4.
Fig. 4.P1: Transition 3 fire : P4.
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# 2. &4 Aol thet Transition.
Table 2. Transition of the offense strategy.
T1 : Ball left plane, robot! is close by the ball
(Positive{GBR1},Negative{GR1B}, Singular{GB=R1} ),
robot3 is defense //right plane: robot2 wait(or attack)
and robot4 defense
T2 : Ball left plane, robotl is close by the ball
( Positive{GBR1}, Negative{GR1B}, Singular{GB=R1} ),
robot3 is defense //right plane: robotd wait(or attack) and
robot2 defense
T3 : ball left plane, robot] is far from the ball
( Negative{GRIB}, Singular{GB=R1} )
//right plane: robot2 wait(or attack) and robot4 defense
T4 : ball left plane, robotl is far from the ball
( Negative{GRIB} ,Singular{GB=R1} )
//right plane: robot4 wait(or attack) and robot2 defense
T5 : ball left plane, robot3 is close by the ball
( Positive{GBR3}, Negative {GR3B}, Singular {GB=R3} ),
robotl is defense //right plane: robot2 wait(or attack) and robot4
defense
. Té: ball left plane, robot3 is close by the ball
1 (Postivie{GBR3}, Negative {GR3B}, Singular{GB=R3}),
robotl is defense//fright plane: robotd wait(or attack) and robot2
defense

T30 : ball center plane, robot4 is close by the ball

( Positive {(GBR4}, Negative {GR4B}, Singular {GB=R4} ),
robot2 is defense. (robot4 distance<= robot3 distance)

/Neft plane: robot3 wait(or attack) and robot! defense

T31 : ball center plane, robot4 is far from the ball

( Negative{GR4B}, Singular{GB=R4} ) robot2 is close by thel
ball(defense). (robot2 distance < robot3 distance) '
//left plane: robot1 wait(or attack) and robot3 defense

T32 : Ball center plane, robot4 is far from the ball

( Negative{GR4B}, Singular{GB=R4} ) robot2 is close by the
ball(defense). (robot2 distance < robot! distance)

/Neft plane: robot3 wait(or attack) and robot] defense

T33 : Ball moves from opponent field to our field
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1% 5. P2 : Transition 3 fire : P4.
Fig. 5.P2: Transition 3 fire : P4.

¥ 3.Transition®] Y= A
Table 3. I/O relation of the transition.

Input | Output
T1:P1,P2 T1:Pl
T2:P7
T2:P7,P8 ;

" T3:P4
T3:PL,P2 T4.P6

T4 :P7,P8 ’ ‘
T30: PS5, P6 ‘ T30:P5
T31:P7,P8 . T31:P2
T32:P5,P6 T32:P3
T33:P1,P2,P3,P5,P6,P7,P8  T33:P9

F 4 4] Mkl gl Place.

Table 4. Place of the defense strategy.

P1 : Robotl attack, robot2 wait, |
robot3 defense(left), robotd defense(right) \

P2 : Robot] wait, robot2 attack, \
robot3 defense(left), robot4 defense(right)

P3: Robot] attack, robot2 wait(or Goalie2),
robot3 ball_touch, robot4 defense(right)

P4 : Robotl wait(or Goaliel), robot2 attack,
robot3 defense(left), robot4 ball_touch

P35 : Robotl Goaliel, robot2 Goalie2,
robot3 ball_touch, robot4 defense(right)

P6 : Robotl Goaliel, robot2 Goalie2,
robot 3 defense(left), robot4 ball_touch

P7 : Robot] attack, robot2 attack, robot3

defense(left), robot defense(right)<center area>

PS8 : Robotl Goaliel, robot2 Goalie2

P9 : Change action
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Z 5 9] Aol W Transition.
Table 5. Transition of the defense strategy.

T1 : Ball left plane & not left wing zone, robot] is close by the ball
( Positive{GBR 1}, Negative{GR1B},

Singular{GB=R1} ), robot3 is defense //fright plane: robot2

wait(or attack) and robot4 defense

T2 : Ball left plane & not left wing zone, robotl is far from the ball
( Negative{GR1B}, Singular{GB=R1} )

//right plane: robot2 wait(or attack) and robot4 defense

T3: Ball left plane & left wing zone, robot3 is close by the
ball(Positive {GBR3}, Negative{GR3B}, Singular{GB=R2}), robot!
is attack(wait-position)

//right plane: robot2 wait(or attack) and robot4 defense

T4: Ball right plane & not right wing zone, robot2 is close by the
ball(Positive{GBR2}, Negative{GR2B},
Singular{GB=R2}), robot4 is defense
HNeft plane: robot! wait(or attack) and robot3 defense

| T9: Ball center plane & goal zone
| //robot3 and robot4 defense
} _T10: Ball moves from our field to opponent field
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Table 6. I/O relationof the transitions.
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T1:P1,P2,P3,P5,P7,P8 | TI:Pl
T2:P1,P2,P3,P7,P8 . T2:P3
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 Bali
72 14.T2 ~ P3(Defense)=>T1 ~ P1(Offense) =>
1% 1177, T8 fire ~  P7(Defense Strategy). T9 ~ P8(Defenss),
Fig. 11.T7,T8fire = P7(Defense Strategy). Fig. 14.T2 ~ P3(Defense)=>T1 ~ PI(Offense)=>

T9 - P8(Defense).

R4 4 }

215 TS~ P4(Defense)=>T13 ~ P8(Offense) =
Ti8 - PHOffense).

Fig. 15.T5 -~ P4(Defense}=>T13 ~ P8(Offense)=>
Ti8 = P7Offense).

229 12,725 fire = P2=>TI17 firee PH{Offense Strategy).
Fig. 12.T25fire = P2=>T17 fire = P1{Offense Straiegy).

1% 13.77 ~ P7(Defense Strategy) =>T1 — P1(Offense Swategy). -1% 16 Defense Strategy ==> Offense Strategy.
Fig. 13.7T7 ~» P7{Defense Swategy) = Tt ~ PH{Offense Strategy). Fig. 16 Defense Strategy ==> Offense Strategy.
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