
27.09.2011 

1 

PARAMETRIC ANALYSIS OF MECHATRONIC 
SYSTEM PERFORMANCE USING SYSML 

MODELS: A CASE STUDY 
 

Nga NGUYEN, Hubert KADIMA 

LARIS, EISTI, France  

REM 2011, September 15-16, Kocaeli, Turkey 

Why am I here ? 

• Collegium Project :  

– SUPMECA (Paris) : mechanical engineering  

– ENSEA (Cergy) : electrical engineering 

– EISTI (Cergy) : computer engineering   

What is SysML ? 

• OMG Systems Modeling Language 

• De-facto language for Systems Engineering :  

– supporting specification, analysis, design, 
verification and validation  

– integrating different disciplines (mechatronics) 

• Model-Based Systems Engineering 

• Methodology and tool independent  

Why SysML ? 
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SysML Diagram Types The Four Pillars of SysML 

Parametrics 

• Express constraints between system property  
values : 

– Provide support to engineering analysis 
(performance, reliability, trade-off, …) 

– Expression language (equations) can be formal 
(MathML, OCL, …) or informal : constraint blocks 

• Parametric diagram represents the usage of 
the constraints in an analysis context 

 

 

A Parametric Diagram Example (1)  

• A simple harmonic osillator : 

– m : mass of the point 

– k : spring constant 

– x : relative position of the point mass 

– t : time  

• Equation of motion :  
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A Parametric Diagram Example (2)  

HarmonicOscillation

1 «ConstraintProperty»

Constraints

m*a=-k*x-0.5*v

v =der(x)

a=der(v )

x(0)=0

v (0)=5

a:Real

v:Real

x:Real

m:Kilogram

k:Real

mass:Kilogram

«Attribute»

springConstant:KgPerSecondSquared

«Attribute»

displacement:Meter

«Attribute»

velocity:MeterPerSecond
«Attribute»

acceleration:MeterPerSecondSquared
«Attribute»

 

Case Study : Cruise Control System 

Requirement Diagram 
Cruise Control

«Requirement»

ID = 001

Maintain a 

constant 

speed.

«derive»

Functional Management
«Requirement»

ID = 002

Manage the various operational 

modes

«derive»
«derive»

Operational Safety
«Requirement»

ID = 004

The system must be 

safe and 

comfortable.

«derive»

User Interface
«Requirement»

ID = 003

A generic 

user 

interface is 

required

«derive»«derive»

Engage-Disengage
«Requirement»

ID = 007

The system can be in the 

engaged state or 

disengaged state.

Speed Settings

«Requirement»

ID = 008

The speed value 

can be changed 

by incrementing or

decrementing by a

fixed s tep.

Suspend-Resume
«Requirement»

ID = 006

The system can be 

suspended or 

resumed after 

suspens ion.

Display

«Requirement»

ID = 009

The system have to 

display the 

information at any 

time.

Errors

«Requirement»

ID = 010

All the errors  

encountered by the

system have to be 

logged, except in 

the disengaged 

mode.

«derive»
Performance Constraints

«Requirement»

ID = 005

The system must satis fy 

some behavioral 

constraints

«derive»

Speed and Time Limit

«Requirement»

ID = 012

When the engine 

generates about 1500 

Newton force; the car must 

reach its maximum speed 

which is 30 ms/s  in less 

than 5 seconds

Exceeding Speed
«Requirement»

ID = 0123

Exceeding 10% of

desired speed is  

acceptable

Stability Error

«Requirement»

ID = 011

A stability 

error of 2% is

acceptable

State machine diagram 

Disengaged

Engaged

Suspended

Maintain Speed

Reactions

do:Maintain Speed  

Shift/Load Acceleration Profile Increment/ Decrement/

Engage Brake/ Suspend

Set Speed

Accelerating

Reactions

do: Resume

Load Acceleration ...

Resume[(Set Speed > 0)&(Brake Not Engaged)]

[Set Speed Reached]

Disengage

Error/Log Error

Engage

Engage Brake/ Suspend

Set Speed

Resume[(Set Speed > 0)&(Brake Not Engaged)]

[Set Speed Reached]

Disengage

Error/Log Error

Engage
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A Dynamic Model 

• Closed–loop control system (Astrom and Murray 

2010): 

 

 

 

 

Parametric Diagram (part 1)  

Engine Speed

1 «ConstraintProperty»

Constraints

w=alpha*v

alpha

w:RadianPerSecond

v:RealCurrent  Speed:MeterPerSecond

«Attribute»

Torque

1 «ConstraintProperty»

Constraints

T=u*Tm*(1-B*(w/wm-1)*(w/wm-1))

u:Real

T:NewtonMeter

B:Real

w:RadianPerSecond

wm:RadianPerSecond Tm:NewtonMeter

MaxTorque:NewtonMeter=190

«Attribute»

Max Engine Speed:RadianPerSecond=420

«Attribute»

Beta:Real=0.4

«Attribute»

Mass:Kilogram

«Attribute»

Car Motion

1 «ConstraintProperty»

Constraints

m*der(v)=F-Fd

v(0)=0

Fd:Newton

F:Newton

v:MeterPerSecond

m:Kilogram

Force

1 «ConstraintProperty»

Constraints

F=alpha*T

alphaF:Newton
T:NewtonMeter w:RadianPerSecond

Comp

1 «ConstraintProperty»

Constraints

error=vr-v

error:Real

v:MeterPerSecond

vr:MeterPerSecond

Desired Speed:MeterPerSecond

«Attribute»

Controller

1 «ConstraintProperty»

Constraints

u=Kp*error

u:Real

Kp:Real

error:Real

Proportional Gain:Real

«Attribute»

Gear Rat io: int=10

«Attribute»

Parametric Diagram (part 2)  

Grav ity Force

1 «ConstraintProperty»

Constraints

Fg=m*g*sin(t...

Fg:Newton

teta:Radian

g:MeterP

erSecon

dSquare

d

m:Kilogram

Grav ity :MeterPerSecondSquared=9.8

«Attribute»

Mass:Kilogram

«Attribute»

Road Slope:Radian

«Attribute»

Rolling Friction Force

1 «ConstraintProperty»

Constraints

Fr=m*g*C1

Fr:Newton

m:Kilogram

g:MeterPerSe

condSquared

C1:Real

Rolling Friction:Real=0.01

«Attribute»

Aerodynamic Drag Force

1 «ConstraintProperty»

Constraints

Fa=0.5*Rho*Cd*A*v*v

Fa:Newton

v:MeterPerSecond

Rho:KilogramPerCubicMeter

Cd:Real

A:MeterSquare
Car Frontal Area:MeterSquare=2.4

«Attribute»

Aero drag Coef :Real=0.32

«Attribute»

Air Density :KilogramPerCubicMeter=1.3

«Attribute»

Disturbance Force

1 «ConstraintProperty»

Constraints

Fd=Fr+Fg+Fa

Fd:Newton

Fa:NewtonFr:NewtonFg:Newton

Car Motion

1 «ConstraintProperty»

Constraints

m*der(v)=F-Fd

v(0)=0

Fd:Newton

F:Newton

v:MeterPerSecond

m:Kilogram

Rhapsody Constraint View  
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But problems ?  

• Rhapsody Parametric Constraints Evaluator 
(PCE) via Computer Algebra System  : 
– MATLAB 

– MAXIMA :  
• nonlinear differential equation  

• analytical solution with default option  

 

• SCILAB 

  

Experimental Results (1)  

Experimental Results (2)  Experimental Results (3)  



27.09.2011 

6 

Conclusions 

• More experiments must be run ! 

• But :  

– Lightweight systems => similar results as 
specialized tools  

– Possibility to combine structural and behavioral 
specifications with requirement constraints in the 
same tool => validate the design process 

 

 

Related work  

• SysML parametrics tools: 

– ParaMagic (InterCAX) (Mathematica, 
OpenModelica solver) 

• Simulation tools : 

– Simulink (Matlab), Scicos (Scilab) 

– CATIA Systems, OpenModelica, … 

• Combined modeling languages : 

– ModelicaML, SysML4Modelica, … 

 

 

 

 

Future work   

• Open source : Topcased, Scilab, … 

• Formal verification  


