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Modeling and Simulation Framework for Continuous
Systems
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Abstract

This paper proposes for practical engineers a lightweight modeling and simulation environment
for continuous system models specified in ordinary differential equations, which are time-domain
specification of such systems. We propose a block-oriented specification formalism that has two
levels: one for atomic behavior and the other the structure of models. Also we provide with a

simulation framework, called BlockSim++, which make models specified in the block-oriented
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formalism be easily translated in object-oriented program that runs with the proposed simulation
framework. The proposed formalism and framework has advantage of reuse such that it can be
easily integrated into application programs and heterogeneous simulators. We illustrates the

usefulness of the proposed framework by a simple hybrid modeling simulation example.
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Algorithm : BlockSim::Run(Time h, Time Start, Time
End)
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class WaterTank : CSBlockAtomic
{
private:
double H, dH, V; // 1/0/S variables
double A, a, b; // coefficients
public:
WaterTank()
{
AddBindInPort("voltage",V); // an input port
AddBindOutPort("height",H); ~ // an output port
AddBindOutPort("inflow",P);  // an output port
AddState(H,dH); /| state, derivative
}

void Init(int nStage)
{
if (nStage = 0) // the initial stage
A=20.0 b=40 a=20,V=0.0,H=0.0;
}
void UpdateState()
{

}
void Output()
{

H=H

P = b/A*V,

dH = b/A+V - a/Assart(H);  // eq. (10)

// output function for H
// output function for P

cout << "Time:" << GetTime();
cout << H << " " <<V << end;
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SHORTAGEET} 2AY Zow ON<& %A %29 OFF
& . F9 AAd digk AR glen®:
UpdateState() &= AF=A] Yolm =n, L4
Output() 9 o€}, WA 491 4x] SENSOR 7|12E%
o] Bdle thg o] pEHL)

class Sensor : CSBlockAtomic
{
private:
double WL, LS, HS; ; // I/O variables
public:
LevelSensor ()
{
AddBindInPort("level",WL);// an input port
AddBindOutPort("high",HS); // an output port
AddBindOutPort("low",LS);// an output port
}
void Output()
{
if (WL > OVERFLOW) HS = ON;
else if ( WL < SHORTAGE) LS = ON;
else { HS = LS = OFF; return;}
Stop(WT_CONTROL);
}
}
93 Tdz A 2d8 33 BT ZHE A
e 2 ) 2y

CM— PLANT =< X,Y,M,EIC,EOC,IC > t&%}

2ol Foldt}, X = {voltage}, Y={inflow, low, high},

M={TANK, SENSOR}, EIC ={(TANK.voltage,
voltage)}, EOC=t{high, SENSOR.high), (low,
SENSOR.low)}, 1C = {(SENSOR.level,
TANK height)}. °] ZZE59] 748 2d9 d= o33
Fdg=
class WaterPlant : CSBlockCoupled
{
private:

CSBlock *theTank, *theSensor;
public:

WaterPlant()

{

AddinPort("voltage"); // X

AddOutPorts(3, "high", "low", "inflow"); // Y
theTank = new WaterTank();

theSensor = new Sensor();

AddBlocks(2, theTank, theSensor); // M

void Init(int nStage)

{
if (nStage == 0) { // the initial stage
Attach(); // lazy coupling
}
}
void Attatch()
{

Connect (this,"voltage" theTank, "voltage"); //EIC
Connect (this, "low", theSensor,"low");  //EQC
Connect (this, "high", theSensor, "high"); //EOC
Connect (theTank,"height",theSensor, "level"); //IC

A ?sé oz 511—6]—@

VC = 0.0 if H >= OVERFLOW until H > SHORTAGE
VC = 4.0 if H <= SHORTAGE until H < OVERFLOW

A Q1 %F/Hﬂ WaterTankControllerE E’l’E.L Xﬂ‘ﬂoﬂ &
18]EE Control() ol F&3ith o] AZEg A=
C++2 o3} o] 8 4 9ot

class WaterTankController // an ordinary class

{
double VC, HC, LC, PC;
WaterPlant *theWaterPlant;
CSExQutPort *pvoltage;
CSExInPort  *phigh, *plow, *pflow;
public:

WaterTankController(WaterPlant * aWaterPlant)

{
theWaterTank = aWaterPlant;

*pvoltage = new CSExQutPort("voltage",VC);
pvoltage—>ConnectTo(
theWaterPlant—>GetInPort("voltage"));

/...

VC = 0.0, HC=LC=OFF;
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void Control()

{
if VC>0 & HC==O0N) VC=0.;
if (VC<=08&%LC=0N) VC=1.0
}
}
void main()
{
WaterTank *theWaterPlant = new WaterPlant();
WaterTankController »theController = new
WaterTankController(aWaterPlant);
CSBlockSim *theSim = new CSBlockSim();
theSim—>AddBlock(theWaterPlant);
theSim—>SetSimTime(0.01, 250.0) ;
theSim->1nit();
result = theSim—>Run(); // simulation software
while (result == WT_CONTROL) { // Sim Event
theController—>Control(); // application software
result = theSim->Run(); // continue simulation
}
}
gutz el 21101 2~ WaterTankControllers &3 ®
4 VC 2 98W4 HC, LC, PCY 3t A& o)A 7ol
9J&|A ?4_755101 e RE 9F XE S v ~Elnt B
71SA71 B2, 7] ZES| H3E HFES AlEHH &
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