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Modeélisation hétérogene -
Systémes hybrides

Systeme hybride

2. Automate hybride
3. Modele modal
4. Modele mixte
5. Automate temporisé
6. Enrésume
b 3 Modélisation des systéemes 28/02/11



Exemple :

Thermostat, automate hybride

T
82
80

70
68

- Une des exécutions
possibles de 'automate

T<70°/T:=T

T=80°/T:=T
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Modele modal (rappel)

Modele modal
discret

Modele continu Modele continu
du mode | du mode 2
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Exemple :
Thermostat, modele modal

guard: true

set:

heating.Integrator.initialState = 65.0;
heating.HeatSource .value = 35.0;
heating.LevelCrossingDetector.level = B0.0

guard:; output < 70.0

set:
heating.HeatSource.value = 35.0;
heating.LevelCrossingDetector.level = 80.0

output
ot ) —_— AN event
ot guard: event_isPresent R N
set: - B *
5 _heating.HeatSource.value = 0.0, TEea
’ _--~" heating.LevelCrossingDetector.level = 70.0 ~~~._ .

Modele modal
(discret)

/. -

Continuous Director

output

—

Scale

=

HeatSource AddSubtract Integrator

£004—f+ j

Modele continu

du mode « heating » A
& du mode « cooling »

l’e T=K100-T)
LevelCrossingDetector
[Both event
-
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Exemple :

Thermostat, simulation

Continuous Director

Thermostat

Thermostat model showing heating a cooling cycles.
In this model, the refinements of the modes in the

state machine are the same model, and the parameters

of the model are changed when state transitions are
taken.

TimedPlotter
ooo|

:t Temperature B ,ﬁ m
Right click to look inside [ T T T T T T ! T ! ]
the "Thermostat” actor to 80
see the modal behavior.
78 .
Author: Jie Liu 76r ’
o
3 74 .
@
a72r i
70 .
68 .
66 [ i
0 2 4 6 8 10 12 14 16 18 20
Time
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Exemple :

Thermostat, vers ’'implementation ?

guard. true

set:

heating.Integrator.initialState = 65.0;
heating.HeatSource.value = 35.0;
heating.LevelCrossingDetector.level = B0.0

guard: output < 70,0

set:
heating.HeatSource.value = 35.0;
heating.LevelCrossingDetector.level = 80.0

Whitey
Rodgers

output
/ \ I
/ \
event
,/ guard: event_isPresent T ~ _ \\
Vi set: - - S - \ *
/ _ heating.HeatSource.value = 0.0; SSo \
// _-- heating.LevelCrossingDetector.level = 70.0 S~ o ‘\
- ~ ~ N
/’l’ — P ~ - - \\

Continuous Director
output

—pm

HeatSource AddSubtract Integrator Scale

e o Vg g 2=

A

LevelCrossingDetector

/B h event
ot
_/70.0 -
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Modele mixte

Modele mixte

Sous-modele discret Sous-modele continu

« control » « plant »
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Exemple :
Thermostat, modele mixte

Sous-modele

[Temp < min_temp && Switch]

Heater_off
entry: Heat = 0;

@ Thermostat Command {On/Off)

On/off

Heat Gain

THeater
Heater Air Temperature

Heater Subsystem

Sous-modele continu

1

| Heatr » . T
Goto Awg Outdoor
Temp
Dailg Tgmp
Switch P ~»  Thermostat \ Variation
7’ Nr—m
’ |
e \
, - \\ N Heater S~o
e \ = ~ o~
\ ~<
7 A -~
4 \ \ -~
P 7 \ \
L AR
/ ARY = ~ Results
Ve \ ~ -~
P ' N\ ~ o~
) ) o1 >
Heater _on Temp >max_temp && Switch) | ~Switch] Heat flow
entry: Heat =1;

Ideal Heat Flow
Source

Los,

Heater Switch

0.5s+1

Transfer Fcn

== Thermal Reference

eost ()

Cost HeatCost
Calculator
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Exemple :
Thermostat, simulation
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Modeélisation hétérogene -
Systémes hybrides

l.
2.

Systeme hybride
Automate hybride
Modele modal
Modele mixte
Automate temporisé

En résume
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Exemple :
Controle avec temporisation

Compteur

Horloge

® count: 0

(secondes)

Sec

»

guard: true

output:
Cred=1,
Cyel=0;
Cgrn=0

set: count = 0

guard:
Sec_isPresent

output:
Pgo=1;
Cred=1;
Cyel=0;
Cgrn=0

set: count = 0

Cyel

output: Cyel=1; Pstop=1
set: count =0

Credyel

uard: Sec_isPresent
output: Cred=0; Cyel=0; Cgrn=1
set: count = 0

Cgrn _
uard: Sec_isPresent && count < 1

set: count = count + 1

guard: Sec_isPresent && count == 1
output: Cyel=1; Cagrn=0

This state machine controls the car lights.
It uses the count variable to stay red for
three seconds and to stay green for two.

guard: Sec_isPresent && count < 2
set: count = count + 1 Cyel
()
Cred guard: Sec_isPresent && count == 2 kgm/l
Pgo

Opérations

> et tests

sur le compteur
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Automate temporise

» Automate temporise = automate fini +

» Horloges qui mesurent le passage du temps
> avec une dérivée constante

» Peuvent étre indépendamment

» Conditions booléennes sur les valeurs des horloges

» Opérations sur les horloges (réinitialisation)

» Automate temporisé = forme la plus « simple » d’'un automate hybride

» Seul flot continu = passage du temps

Y:

0
0

» Exemple

» Horloges : %,y
» Etats : SO, S|
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Exercice :
Trace d’un automate temporiseé

y258&x28/x:=0
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Exercice :

Trace d’un automate temporiseé

y258&x28/x:=0

Trace -

Deux des exécutions
possibles de I'automate

(état, %, y) (état, %, y)
(S0, 0, 0) (S0, 0, 0)
‘L +3 \L +3.2
(SI,3,0) (SI,3.2,0)
J +5 56
(S0, 0, 5) (S0, 0, 5.6)
v v
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Exemple :
Détecteur de clic de souris

click?/ x:=0

x 2 | / single !

click? & x < | / double !
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Exemple :

Alternateur

clock:=0

clock2 1/ clock:=0

.

Mode |
mode = |

clock =1

clock 22/ clock:=0
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Exemple :
Alternateur, modele modal

guard: clock>=2
output: threshold=-1
set: raffl.Integrator.initialState=0.0

- guard: clock>=1. \
- output: threshold=-1 .
set: raff2.Integrator.initialState=0.0

s \

clock

e

mode

-

~threshold

CTEmbedded Director

Integrator
Const2 . clock
’n
Const mode
Const3 threshold

CTEmbedded Director

Integrator

Const2 . clock
»:1: |

Const

2

mode

Const3

-

threshold
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Exemple :
Alternateur, simulation

CT Director

ModalModel TimedPlotter

W] = 1Y

TimedPlotter ST
i T T T T 1 1 1 1 1 1 I ] c‘ock .
2.0 threshold ®
mode ®
15F .
10 .
05 i
00r b § > .
051 .
100 i
0 1 2 3 4 5 6 7 8 9 10 P
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Exemple :
Alternateur, autre modelisation

Ii]&]mode P [ ]
S N
N
N

Alternateur

__tafter(1,sec)

(Mode 1 Mod;2 N
o ENtry: entry:
mode=1 mode=2
\. — )
T _»,aftf—:-r( 2.,S€ec)
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Exemple : Leve-vitre, modele mixte avec
controleur temporiseé
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Exemple :
Leve-vitre, controleur

A

X

powerwindow01

File Edit View Simulation Format Tools Help

a o

driver_switch

a o

passenger_switch

K

power_window_control_system

Copyright 1990-2010 The MathWorks, Inc.

safe
driverNeutral
L
»G

moveUp =0;

moveDown =0; [passenger(3]]

passengerDown /
entry: moveDown =1; |iniPassengerDown | | .-

exit: moveDown =0;
j " after(100,ticks)
)

=

[passenget(1]]

/ [endstop] ] jl
o)

passengemeutral

entry:
moveUp =0;
moveDown =0;

[passenger(1]]

passenger{1]]

[passenger[2]]

[endst(tJ | after(100,ticks)]

—

LR [endstop]

[passenger[Z]]\\\

\

N

passengerUp
entry: moveUp =1;
exit: moveUp =0;

PassengerUp

auloPassengerDown j M | <

{

o

= N
iniPassengerUp

after(100,ticks II

/1

[passenget(1]]

kY
autoPassengerUp
4

exit: moveDown =0;

p—y
after(100,ticks) Iﬁriverm]

[driver{1]] |

exit: moveUp =0;

) o
[driver[ 1]] L\\j— = ] 2= [driver[ 1]]
—‘}7 / B [driver[2]] (DriverUp \,
J [driver[3]] '/

[passenger[3]]
5 ! & T -
driverDown v / / \ \ driverUp i R
entry: moveDown =1; |iniDriverDown ) / 2-{ entry: moveUp = 1; iniDriverUp

after(100,ficks

moveDown =1;

f[obslacle}
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Modeélisation hétérogene -
Systémes hybrides

Systeme hybride

2. Automate hybride
3. Modele modal
4. Modele mixte
5. Automate temporisé
6. En résumeé
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En réesume

» Systeme hybride = systeme a dynamique hétérogene discrete / continue

» Methodes de modélisation pour les systemes hybrides
= méthodes fondamentalement heterogenes

» Automates hybrides / modeles modaux
» Modeles mixtes (ex : modeles Stateflow/Simulink)

» Automates temporisés
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Sources & bibliographie

» TheMathWorks — Matlab / Simulink — modeles de démonstration
» U. Berkeley, EECS, CHESS — Ptolemy |l — modeles de démonstration

» Edward A. Lee and Sanjit A. Seshia,
Introduction to Embedded Systems, A Cyber-Physical Systems Approach,
http://LeeSeshia.org, ISBN 978-0-557-70857-4,201 |

» UC Berkeley course EECS 149 « Introduction to Embedded Systems »,
Edward A. Lee and Sanjit A. Seshia

» « Modélisation des systemes », Cours de troisieme annee, option Sl,
Supélec, Fréderic Boulanger

» « Hybrid Systems, Part | », Edward A. Lee and Sanjit A. Seshia, UC Berkeley

» « Introduction to Hybrid Automata », Arijit Mondal, Kapil Modi
and Arnab Sinha, lIT Kharagpur

» « The Art of Hybrid Systems », John Lygeros, Shankar Sastry
and Claire Tomlin
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