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Outline

e Simple Examples of Hybrid Systems
Bouncing ball
Heating system
Gearbox/cruise control

e Simulating Hybrid Systems — Simulink with Stateflow
Stateflow/Simulink
Bouncing ball
Power conditioning system
Inverted pendulum

e Hybrid System Models
Hybrid automaton
IP formulas




Simple Examples
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Bouncing Ball
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® Free fall: y=-g

l Collision: y(t ):y(t‘):o
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Ball frajectory and the events
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Heater

Xx<73
X
A
(‘Turnoff
NN N AN AN AN
NSNS NN Off mode On mode
A\Turnon
X=-X+50 X=-Xx+100
>t

continuous state: x e R,

%= f(x0), f(x,q)z{

discrete state: g € {on, off },

—X+50 q=off
—x+100 g=on

(on q=off ,x<73
off g=off ,x>73
off g=on,x>77
on g=onx<77

a(k+1)=p(x.a(k)), @(xq)=:




Automobile Gearbox Control

e Problem 1: Automated gearbox - coordinate automatic gearshift with
throttle command

e Problem 2: Cruise control — automate throttle and gearbox to maintain
speed

e Background

R. W. Brockett, "Hybrid Models for Motion Control," in Perspectives in Control, H. L. Trentelman and J. C.
Willems, Ed. Boston: Birkhauser, 1993, pp. 29-54.

S. Hedlund and A. Rantzer, "Optimal Control of Hybrid Systems," presented at Conference on Decision
and Control, Phoenix, AZ, pp. 3972-3977, 1999.

F. D. Torrisi and A. Bemporad, "HYSDEL-A Tool for Generating Computational Hybrid Models for
Analysis and Synthesis Problems," IEEE Transactions on Control Systems Technology, vol. 12, pp. 235-
249, 2004.




Transmission

. R, R, _

M,V = : = o (@)U—F, —cv? =M, gsin(«)
wheel

uel0,1] throttle position
0, engine speed
fong (@)U engine torque-speed characteristic
qe{0,,0,,05,0,,05} transmission state
R, 1=1...,9 corresponding gear ratios
R, rear gear ratio

[ heel wheel radius
F, brake force




Cruise Control

e Continuous control - throttle u and brake F, are chosen so that

R, Riin _
; = fy (@) U—F, =cv’ + M, gsin(a)+ M, [ +kj ]

wheel

- a standard feedback linearized design with PI controller. engA

- notice that control depends on the discrete state. )

e Discrete control - ad hoc gear shift strategy.

d,, neutral

O < Oy 0 <o ® < o, ® <, ® < o,




Cruise Control Issues

e Choice of shift thresholds
Wide spread implies large speed deviation before shift

Narrow spread opens possibility of excessive shifting, even
chattering

e Does not explicitly consider throttle and brake limits

e |t must be verified that the engine does not stall or exceed red
Ine




Simulating Hybrid Systems

th Stateflow/SIMULINK
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Stateflow

e Stateflow I1s a Simulink toolbox

e Provides a graphical means to incorporate discrete event
process into Simulink

e Based on the concept of statecharts

Harel, D., Statecharts: A Visual Formalism for Complex Systems.
Science of Computer Programming, 1987. 8: p. 231-274.

Has evolved to represent an implementation of UML




Simulating Hybrid Systems In
Stateflow/SIMULINK

Interface
f Continuous Outputs

Stateflow (XXX XX XYY Y YY)

Discrete Inputs Continuous Inputs

Discrete
Disturbances

Continuous
Disturbances

[ T Y Y Y Y Y Y XYXXYXX XY X Simulink

Discrete Outputs

UNIVERSITY



Stateflow: Action Language Categories

State creator tool \

Default state =~<——

Merge tool

State on ¢vent_name action

.} Stateflow [chart] untitled/Chart *
Add  Help

IS[=1E3

File Edit Simulation “iew Tools
|« ¢ c@d&|smelae|r

9|
o
=

A

a0

Event trigger\

State entry action
Af
entry:id=x+y
on event3:funcl()

event[temp=50]{func1(}

Event trigger Condition

Transition action

event2/datal=5;
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B/
= exit: Time_out

State exit action

c/ -
during: Switch_on() T State duri ng

Condition action

[

Ready
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Bouncing Ball
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Free fall: y=-g
Collision: y(t')=y(tr')=0
y(t+)=_cy(t_),C€[O,1]
%X
X, =0AX, <0= X, :=—CX,

X, = O&&X2 < O]{X; — _CXZ_}

StateFlow action language



Power Conditioning System
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e High power drives in vehicle applications
Startup (precharge)
Normal (current regulation)
Shutdown (bleed)

e Background (Boost converters)

M. Senesky, G. Eirea, and T. J. Koo, "Hybrid Modeling and Control of Power
Electronics," in Hybrid Systems: Computation and Control, vol. 2623, Lecture Notes in
Computer Science. New York: Springer-Verlag, 2003, pp. 450-465.

P. Gupta and A. Patra, "Hybrid Sliding Mode Control of DC-DC Power Converters,"
presented at IEEE Tencon 2003, Bangalore, 2003.
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Power Conditioning System
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Clock

Display

Power
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> MainBreaker {OFF=-1, ON=1
{ ! hiainBreaker {OFF=-1]ON=1} »

PreBreaker {OFF=-1, ON=1} PreBreaker (dppzq, i

Synch

> Bleed Breaker {OFF=-1, ON=1} Bleed Breaker {OFF =,
AV ge Current Rese]

Avge Clurrent Reset

— Timk REset

Memory2

>
»
(. P> [Total Load Current Bank Voltage f——
12 = 98 [ Bank Voltage
Step
P |Main Breaker Mains Voltage -
Mains Voltage
Stepl P |P Mains Current |—>
Mains Current
P> [Bleed Bank Current |—>
' Bank Current Scope

Power System
Gain

I I". I_avge

Avge Current

Constantl

Time
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Power Conditioning System

Bleed
entry:
MainBreaker=-1:
Bleed=1; Power
/Power_On ['-?ﬁ]
fMain_On )
entry: Main_Off
[Voltage<1] MainBreaker=1; entry:
|_avge_reset=1; MainBreaker=-1:
Time_reset=1;
exit:
|_avge_reset=-1;
Power_off \Time_reset=-1; )
o [Time>=1.0]

MainBreaker=-1;

PreBreaker=-1: et e BT <5H/oltage>280]
Bleed=-1;
|_avge_reset=-1; PreCharge
Time_reset=-1; entry:
UD PreBreaker=1:
Power exit:

PreBreaker=-1;
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