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Example for Intelligent Mechatronics Systems 1/2 'l

m Railcab shuttles are autonomous
train systems
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» Railcabs can dynamically form convoys
= Coordination by wireless connection

= Very complex coordination
* Message passing
* Looses type of coupling
= State Machines define the
communication protocol
= Message pools provide an
asynchronous communication }
= Sender has not to wait for
the receiver
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(TwoTanksSystemExample::Design::TwoTanksSystem)
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m ModelicaML
= Combination of UML and Modelica m
= Tight integration in mechatronic design MODELI CA
= Close collaboration between different domain experts
= Graphical Modeling of behavior by state machines - o
« Appropriate modeling formalism UODELNG p

« Describe discrete behavior of a system

m Contribution of this Paper

= Extension of ModelicaML state machines with messages and
message pools

 Definition of syntax and semantics

=  Automatic transformation of ModelicaML state machines with
messages to Modelica
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Use Cases

= Tank 1 collects rain
= User takes periodically water from tank 2

= Slave controller controlls valve of the pipe
between the tanks

=  Master controller asks the slave controller via
messages to open the valve

Structure
= Two tanks, controllers, sensors rain
* Pipe between the tanks

=  Communication link between controller

:I|

slave controller master controller

legend message port[] continuous port[3

connector pipe ——= valve X
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State Machine and Message Syntax
State Machine

\\ .
Initial State stateMachineName :StateMachine )
_Eansition
History State\\( stateName :CompositeState /
@))[stateName] ?_,Fﬁaﬁeblamei”— Guard
Composite—1| / A [guard] B
State s f X = 2
/ / \ N
Region for Simple Received/ Destination Send Message
Parallel State  Trigger Message Component

Modeling

(TwoTanksSystemExample::Desi.
DiscreteMasterController

g8: startAdjustRequest()
/ﬁi adjustCommit()

. - : {8t deactAdjustRequest()
Define message types as UML operations & deactCommit()

= Messages types could have parameters
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m communication needs a . protocoiMa r:tank ?‘ﬁ
pl’OtO(.20|_ as a formal adjustContrpl :Composi e |— A
description. \ [¢h.val <=0.0€ SIAK
] slavelStartAljustt 'U”“ e

slal legend continuous port [ {{Commit/
req conn —— pipe —= valve st :State
/ / [cIn.val >= 0.54] / slaveR.deactAdjustRequest
L~ 7
4
protocolMaster : protocolSlave :
StateMachine StateMachine
= 1
startAdjustRequest

adjustCommit

deactAdjustRequeﬁ

deactCommit
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Message Syntax and Semantics

m Message Pool comp1 [ B comp2 =
i C.. : [ sm1: StateMachine ) ([ sm2Controller

m Unique priorities define , . StateMachine
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record masterController SM protocolMasterControl

SimpleState

SimpleState
protocollv%ber\:StateMachine
end protocolMaster R N
_adjustdontrol Region0; \EmmmCmﬂthOmmml ate
/H _ [cIn.val <= 0.06] 1
, NG deactivate | slaveRsstartAdjustReques request
record SimpleState \\ LevelAdjust :State LevelAdjust :State
: . - I
Boolean active; A slaveR.adjust ct/ . :
L
end SimpleState; requeSt_%?aatglvatlon@eR.deactReject/ levelAdjust :State]
[cIn.val >= 0.54] / slaveR.deactAdjustRequest
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(TwoTanksSystemExample::Desi.
DiscreteMasterController

g% startAdjustRequest()

#:  adjustCommit() S~
) deactAdjustReqm

&  deactCommit() o

\Le

1

Memory address of
the message pool

*Boolean startAdjustRequest;

>Boolean deactAdjustRequest;

record stdMessage
Integer port;
Integer msgType;
end stdMessage;

Integer cmpMsgPoolAdr;
7

P Boolean adjustCommit;

Boolean deactCommit;
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Structure of the Modelica Algorithmic Behavior

Code
4 j
Q protocolMaster :StateMachine
: adjustControl :CompositeState
4 [cIn.val <= 0.06]
request

A
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dea(_:tlvate taveR startAdjustReq
LevelAdjust :Sta

sla R deactCommit /

slaveR.adjustReject / slaveR.adjustCommit /

tate

r’eque tDeactlvatlon slaveR.deactReject / levelAdjust :State}

[cIn.val >= 0.54] / slaveR.deactAdjustRequest

\. \

evelAdjust :State)

\

initalizeStatéMachine
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algorithm

if pre(protocolMaster.Region 0O.adjustControl.active) then
if pre(... .adjustControl.deactivatelevelAdjust.active) then
i1f startAdjustLevel then
.deactivatelLevelAdjust Jactive := falsge ;
startAdjustLevel := fals
message.msg pe:-lO* //addjustRequest
ge ( (cmpMsgbPoolAdr, message) ;

sendMes

Leve Adjugt.active := true;
end 1f \\\\\
end 1f; | \\/MDBQDIMEStE\g\EtEMaChI e
end if; ~_

/\\w%hq}ﬂsn%m Cumpom\iwge
\Ec, artAdjustLevel t
deactivate ]\fs veR.adjustRequest req_ues

| evelAdjust :State) | evelAdjust :State

—_— ___/#
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Related Work

= MechatronicUML m Further constructs
" Model-driven software m Capabilities of timed automata

£ development and verification of _ o
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@
o . . . .
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Summary Future Work
= Extended ModelicaML state = Transformation of state machines to
machines with message passing StateGraph2
= Define syntax and semantics of = Add elements to specify temporal real-
state machines and messages fime b@hﬁVlOl:, such as C!OCkS, time
«  Translation of ModelicaML state guards, invariants from timed automata
machines to Modelica = Transfer simulation results back into the
model
: Visualize simulation results of the state
MOdeI!n Modeling in machine behavior
Modelj ModelicaML Visualize simulation results of message

A

passing as sequence diagrams

Transfer
Results back to
the Model

Generate
Modelica Code

Simulate with

Simulation
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for i in l:numIn loop

numreceived :=
numMessages (1nputMsgPoolAdr[1]) ;

§ for j in l:numreceived loop

9 message :=

& getMessage (inputMsgPoolAdr[1]) ; «component»

kS e i

2 meszage'port( T o | slaveController

2 sendMessage (cmpMsgPoolAdr, event) ;

g 7 S ' controllerMessagePool

= end for; = 1

g end for; ‘ | '

% numreceived := _:;7’ L

q_z numMessages (cmpMsgPoolAdr) ; :_/,#-::_x’.-' inPortMessagePool

S for j in 1:numreceived loop ([ | I

E: \—— < inPort—
z message := .

£ getMessage (cmpMsgPoolAdr) ; I |

{ 1f message.msgType == 10 —
O

o and adjustRequest == false) then 0Ut$ |
i— adjustRequest := true; Message Flow

g

£

§ else

2 sendMessage (cmpMsgPoolAdr, message) ;

 end if;
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function CreatePool

output Integer gy

external "C" g = QCreate();
annotation (Include="#include «component»

< .c>");
events.c>") slaveController

end CreatePool;
controllerMessagePnol

:!Hili
function sendMessage 17 | L.

—

input Integer poolAdr; __,x’::';"’? inPortMessagePool
input stdMessage e; ki———J—E? I inPort— _
output Integer out; Eﬂﬁ_T_J‘ |

external "C" out =

QAdd (poolAdr,e.port,e.msgType, ‘ _
e.value,0); out 5

Message Flow

annotation (Include="#include
<events.c>");

end sendMessage;
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