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<?xml version="1.0" 2>

<argos-configuration>

<!__ Ahkkhhhkhrhkhdhhhkhrhhrhrdhrdh >
<!-- * General configuration * -->
<!__ dhkhkkhkhkrkhhkhkhhkhrkhhhrkhxk >
<framework>

<system threads="0" />
<experiment length="0"
ticks per second="20"

random seed="124" />

</framework>
<!__ * ok ok ok ok ok ok ok ok kkk ok ke k -
<!-- * Controllers * -->
<!__ *khkkhk Ak kK hkkkkkkhkhx —_>
<controllers>

<epuck obstacle avoidance_sct prob controller id="fdc"

library="build/controllers/
libepuck obstacleavoidance sct.so">

<actuators>

<epuck wheels implementation="default" noise std dev="0"/>

\g



/>

</actuators>
<sensors>
<epuck proximity implementation="default" show rays="true"/>
</sensors>
<params velocity="12.8"/>

</epuck obstacle avoidance sct prob controller>

</controllers>

<!__ Ahkhkkhkhkhkhrhkhhhhdhrhhhhridr >
<!-- * Arena configuration * -->
<!__ dhhkkhkkhkrkhkhkrkhrkrhkhrkr >

<arena size="3, 3, 1" center="0,0,0.5">

<box id="wall north" size="3,0.1,0.5" movable="false">
<body position="0,1.5,0" orientation="0,0,0" />

</box>

<box id="wall south" size="3,0.1,0.5" movable="false">
<body position="0,-1.5,0" orientation="0,0,0" />

</box>

<box id="wall east" size="0.1,3,0.5" movable="false">
<body position="1.5,0,0" orientation="0,0,0" />

</box>

<box id="wall west" size="0.1,3,0.5" movable="false">
<body position="-1.5,0,0" orientation="0,0,0" />

</box>

<distribute>
<position method="uniform" min="-1,-1,0" max="1,1,0" />

<orientation method="gaussian" mean="0,0,0" std dev="360,0,0"

<entity quantity="40" max trials="100">

<e-puck id="fb">

N



<controller config="fdc" />
</e-puck>
</entity>

</distribute>

<!--We distribute 5 boxes uniformly in position and rotation around
Z.—=>

<distribute>
<position method="uniform" min="-1.5,-1.5,0" max="1.5,1.5,0" />
<orientation method="uniform" min="0,0,0" max="360,0,0" />
<entity quantity="10" max trials="100">

<box 1d="Db" size="0.1,0.1,0.4" movable="false" />

</entity>
</distribute>
<!-- We distribute cylinders uniformly in position and with
constant
rotation (rotating a cylinder around Z does not matter) -->
<distribute>

<position method="uniform" min="-1.5,-1.5,0" max="1.5,1.5,0" />
<orientation method="constant" wvalues="0,0,0" />
<entity quantity="10" max trials="100">

<cylinder id="c" height="0.4" radius="0.1" movable="false" />

</entity>
</distribute>
</arena>
<!__ dhrkhkhhkhkrkhrhkhhkhrkhkrx >
<!-- * Physics engines * -->
<!__ RS b b b b dh b dh g g b b b b 4 —_>

<physics_engines>
<dynamics2d id="dyn2d" />

</physics_engines>

OA



Klme kkkkkkkAE ——>

<!-- * Media * -->

Klmm kkkkkkkAE ——>

<media />

<!__ Kd kA hkkhkkhkkhkhkhkkkk*x*k —_—>
<!-- * Visualization * -->
<!__ )k kk ok ok k ok ok ok ok k ok ok ok k ok k -
<visualization>

<gt-opengl>
<camera>
<placement idx="0"
position="0,0,3"
look at="0,0,0"
lens focal length="20" />
</camera>
</gt-opengl>

</visualization>

</argos-configuration>
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1: Let N be the number of supervisors S;,i € {1,2,...,N}
2: procedure GeneratorPlayer

3: forallie{1,2,..,N}do

4: set current state c¢; of supervisor S; to initial state qo;

5. while true do

6 calculate the set of occurred uncontrollable events ¥

7 foralle, € ¥ do

8 foralli € {1,2,...,N} do

9 c; < 8i(ci,ey)

10: update the local counter of the current states of all supervisors

11: calculate the set of enabled controllable events @ which satisfy lower bound time
constraint

12: if @ # @ then

13: normalize probabilities of @

14: select one controllable event e. € @ using roulette wheel algorithm
15: foralli € {1,2,..,N} do

16: c; < 6;(ci,ec)

17: execute callback function of e,
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1: #include<argos3/plugins/robots/e-
puck/control interface/ci epuck wheels actuator.h>

2:
3: CCI_EPuckWheelsActuator* m pcWheels =

4: GetActuator<CCI_EPuckWheelsActuator> ("epuck wheels");

6: void callback turnRight () {
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7 m pcWheels->SetLinearVelocity (2.5f, 0);
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1 <automata name="Gl" type="plant">
2 <states>
3 <state name="qgl" i="1"/>
4 <state name="qg2" />
5 <state name="g3" m="1"/>
6 </states>
8 <events>
9 <event con="1" name="a"/>
10 <event con="1" name="b"/>
11 <event con="1" name="c"/>
12 <event con="0" name="u"/>
13 </events>
14
15 <transitions>
16 <transition event="a" src="gl" dst="gl" prob="0.45" time="2"/>
17 <transition event="b" src="qgl" dst="g2" prob="0.55"/>
18
19 <transition event="a" src="qg2" dst="g3"/>
20 <transition event="u" src="qg2" dst="qgl"/>
21
22 <transition event="b" src="g3" dst="qg2" prob="0.2"/>
23 <transition event="c" src="g3" dst="gl" prob="0.8" time="1"/>
24 </transitions>
25 </automata>
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1 <!DOCTYPE automata [

2 <!ELEMENT automata (states, events, transitions)>
3 <!ATTLIST automata name CDATA #REQUIRED>

4 <!ATTLIST automata type CDATA #REQUIRED>

5 <!ELEMENT states (state+)>

6 <!ATTLIST state name CDATA #REQUIRED>

7 <!ATTLIST state i CDATA #IMPLIED>

8 <!ATTLIST state m CDATA #IMPLIED>

9 <!ELEMENT events (event+)>
10 <!ATTLIST event name CDATA #REQUIRED>
11 <IATTLIST event con CDATA #REQUIRED>
12 <!ELEMENT transitions (transition+)>
13 <!ATTLIST transition event CDATA #REQUIRED>
14 <!ATTLIST transition src CDATA #REQUIRED>
15 <!ATTLIST transition dst CDATA #REQUIRED>
16 <!ATTLIST transition prob CDATA #IMPLIED>
17 <!ATTLIST transition time CDATA #IMPLIED>
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Abstract

Swarm robotic (SR) draws inspiration from nature and is emerged as a synthesis of
swarm intelligence and robotic. Due to special properties like flexibility, robustness, and
scalability, swarm robotic has several advantages in comparison to other multi robot
systems. On the other hand, SR properties and characteristics expand swarm robotic
applications domain to dangerous, industrial and military environments. Hence, scientists
had a special interest in swarm robotic in the last years. Lack of common control software
makes it difficult to analyze, maintain or verify swarm robotic systems. Using formal
methods for SR modeling and design almost contributes to overcoming these problems.
However, there is no guarantee that the implementation matches the system requirements
and specifications in formal methods too. The proposed approach is using supervisory
control theory (SCT) as system modeling and design tool. This theory addresses the
problem of the formal methods with automatic generation of control codes.

One of the well-known tasks of swarm robotic is foraging inspired by ant’s seed
searching. Foraging as a combination of multiple subtasks like collective searching,
collective transport, and task allocation is considered as one of the most complex tasks
of swarm robotic. In this dissertation, a foraging task is designed and implemented. For
this purpose, a comprehensive tool is proposed which gets system behavior and
requirements as generators and produces desired control code automatically. The
proposed tool uses a more powerful version of SCT named ptSCT that adds probability
and time elements to SCT. Demonstrating the power of ptSCT, two tasks namely obstacle
avoidance and synchronization of robots are designed, and implemented using both SCT
and proposed ptSCT. For evaluation of implemented foraging, more than 2400
experiments are heavily tested on ARGoS simulation environment with E-puck robot.
Effect of the number of targets, obstacles, and robots are evaluated. Moreover, the effect
of resting of robots on the system performance is also considered. The experimental
results declare the advantages of the ptSCT, in terms of simplicity, reusability, and
automatic code generation. Therefore, ptSCT can tackle other SR tasks modeling.

Keywords: Swarm Robotic, Swarm Intelligence, Supervisory Control Theory, Foraging,
Formal Modelling Approaches
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