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A Modelica Based Hybrid DEVS Model
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( Institute of Electromechanical Engineering and Automation National University of Defense Technology Changsha 410073 China)

Abstract: Modelica describes the system by equations which is good to modeling for continuous
system. In addition as the feature of object-orientation Modelica can well support the discrete system
modeling architecture. As a result Modelica is the best choice for hybrid system modeling. The paper
introduces the features and specification of Modelica first. Then the DEVS ( Discrete EVent System
specification) model architecture in Modelica is proposed. Through the compiling process the C + +
code is generated to support the continuous and discrete system. In the end the example of flight
navigation and control system is given.
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Fig.1 DEVS model structure described by modelica
1 Modelica

1 Modelica DEVS Tab.1 Definition of atomic model in Modelica

DEVSElement class modelname

extends AtomicDEVS;
DEVSPort DEVSState DEVSEvent BaseDEVS. parameter declarations { parameter Integer i; ...... }

( 1) DEVSElement: Modelica sequential states declaration { type SeqStates = enumeration
sql"  "sq2" ... )i}
DEVS DEVS model state declaration { ModelState state( ) ; }
input port declarations { input DEVSPort p_in,(); ...... }
° output port declarations { output DEVSPort p_ous; () ; ...... }
DEVS Modelica function exl'l.‘rAans.itinn /1
end extTransition;
function intTransition; //
end intTransition;
Modelica o function outputFunction //
end outputFunction;
function timeAdvance //
output Real timespan;

° end timeAdvance;
(2) DEVSPort: Modelica end modelname;
Connector
CoupledDEVS N
DEVSEvent.
(3) DEVSState: DEVS ’ ’
o DEVSState DEVS Modelical .
° DEVS Modelica  connect o connect
° Modelica  connector
(4) DEVSEvent: DEVS DEVS . CoupledDEVS
o DEVSEvent DEVS )
° 2 Modelica
° Tab.2 Definition of coupled model in Modelica
(5) BaseDEVS: DEVS
class modelname
DEVS BaseDEVS extends COlllp:edDEVS;
arameter declarations
o ?nput port declarations
output port declarations
3.2 DEVS sub — model declarations
. equation
Modelica DEVS port connections { connect( ml. p_out m2.p_in); ...... }

end modelname;
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end deltaFunction;
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Tab.4 Implementation of Modelica parameters in C + +

C + + Class C + + function

Modelica Class:

Declaration: Definition:
class A class A: public Atomic  void A. init( )
parameter Integer pl; int m_para_pl; {

parameter Real p2; float m_para_ p2; m_para_pl = 0;

m_para_p2 = 0;
end 4; end 4; }
makeFunctionlnputsOutputs ( ) : Modelica
Modelica
input o C
+ o+ o
Modelica Python
o 5 o
5 Modelica C+ +

Tab.5 Implementation of Modelica Functions in C + +

C + + function
Definition:

C + + Class

Modelica Class: Declaration:

function foo class A: public Atomic int A. foo( int @)
input Integer a; {
output Integer b; int foo( int a) ;

return b;

end foo; end A4; }

makeClassOutputs( ) :
Modelica

makeClassInputs( )

DEVSpp
makeClassInputs()  makeClassOutputs( )

» makeClassInputs( ) Modelica
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init () DEVSpp
addInputPort( ) makeClassOutputs( ) 5
addOutputPort( )
o 6 o
6 Modelica C++ Modelica-DEVS .
Tab.6 Implementation of Modelica ports in C + + 4 5
. . C+ + Class C + + function o
Modelica Class: Declaration: Definition: ( ) ( )

class A

input DEVSPort

class A: public Atomic void A. init( )

pin() [Port p_in; {
p_in=

output D.EVSPOH OPort p_out; addInputPort

p_out() 1 ¢ . o
( “pin’)

_out =
addOutputPort o
( “p_out”)
end A; end 4; }
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7 Modelica o
Tab.7 Model of Position Monitor in Modelica

class DynamicMonitor Modelica-DEVS DEVS
extends AtomicDEVS ; IntAtomicDEVS .

parameter Real m_para_lon; m_para_lat; m_para_hei; |/
parameter Real m_para_dlon; m_para_dlat; m_para_dhet; [/

parameter Dynamic m_para_dynamic; |/ Uuw Q 0

type SeqStates = enumeration( " Monitor" " Report"); // T( ) 8( ) o

model state declaration { ModelState state( ) ; } .

input DEVSPort p_in_position() ; // Modelica-DEVS
input DEVSPort p_ in_velocity( ) ; // 8,

input DEVSPort p_ in_posture( ) ; //
output DEVSPort p_oui_dynamic() ; //
function extTransition

8 Modelica
Tab.8 Model of body dynamic in modelica

if m_para_lon = = m_para_dlon; //

class AirCrafi

state. SeqState = Report; // extends IntAtomicDEVS;

timespan =0, parameter Real p\4; pis; pi7;
end extTransition; parameter Real pyy; pags pars
function intTransition; parameter Real ps;;

state. SeqState = Monitor} . P .

. . parameter Real pys;

timespan = o ;

StateVariable U, W; Q; 60, U;; W, Q 65
StateVariable T; §;

end intTransition;
function outputFunction

m_para_dynamic. lon = m_para_lon; |/ input DEVSPort p_in_T () ; p_in _8();
output DEVSPort p_ows_U() ; p_owr_W(); p_owt_Q(); p_out _6();
poke( m_para_dynamic p_out_dynamic) ; // function deltafunctlon

end outputFunction; Up=pyy = sin(0) +pis = T+py - (W= Q)

function timeAdvance Wi =pyy * cos(8) +py *8+py * (U* Q)

output Real timespan; Qr=p3y * 6

end timeAdvance; Op=psyz * 0

end DynamicMonitor, end deltaFunction;

function integration;
U=U+U;*h

W=W+W,*h
0=0+0,h
oUo o- WO - gsin(60) o I/mp 0=0+6;*h
end integration;
igwgz E UQ % EgCOS( 0) EH_ B 0 % function intTransition
de %Q% % 0 E E 0 % % 0 E iptegration(}) ;
timespan = h;
0 Q 0 0 end int"l)‘ransition;
0 ( C)C + Cx 88) a/m 0 fur.llc.tion extTransition
0 O deltaFunction( ) ;
0. SpUZSD ( CZ * CZ 56) a/m 0 timespan = h;
O d extTransition;
( CM + CM 58) a/mD :lljlnction timeAdvance
[l 0 ] output Real timespan;
end timeAdvance;
: g c T ( end AirCraft;
kN) ;m ( kg) ;i p Modelica
( )iv (m/s); a Modelica-DEVS DEVSpp .
arctan( W/U) | & ( DEVS
) ;e 0 S €, . 5
Cz CM ( 0= 0) _exp o

( );Cxa CzS CMB
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Fig.5 Comparison of Expected value of attack angle

and the real value of attack angle
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