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What Is Simulink?

Simulink is an interactive, block-diagram-based
tool for modeling and analyzing dynamic
systems. It is tightly coupled with MATLAB and
supported by Blocksets and Extensions.

Blocksets

Toolboxes

/ Stateflow
K MATLAB
Real Time &

Workshop Simulink
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What Is Simulink?

A simulation tool in MATLAB’s Technical
Computing Environment

Among other things, this means

+ Block diagram editing

+ Nonlinear simulation

¢ Continuous and discrete simulation

¢+ Asynchronous (non-uniform sampling)
simulation

¢+ Integration with MATLAB, Extensions, Blocksets
& Toolboxes
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8% What can you model with
Simulink?

Just about anything you can model mathematically

Communications _ -~
and satellite Ship systems
systems

> -4

m{\‘
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I

| Aircraft and spacecraft
dynamics and systems

Monet
onetary
©) ©)

systems
Automotive systems

Biological
systems
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Building & Running a Model

¢ Creating a model
¢+ Running the simulation
¢ Analyzing the results
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Creating a model

+ Editing models

¢+ Annotations

+ Setting block dialog parameters
¢ Creating Subsystems

+ Signal Labels

+ Saving (MDL File format)
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SIMULINK block
diagram window.
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Creating Subsystems
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Annotations
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Signal labels
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Signal labels
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Vector I/O and Scalar Expansion

Vectorized
Inputs and Scalar
Outputs expansion of
parameter Wide Vector

Lines

ScalarExpansic n

ycalarExpans on

File Edit Simulatiy®e Format

Scalar
expansion of
inputs
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Defining variables

Both MATLAB and Simulink Windows “See” Into
the Same Workspace.

» X=21;

»t=0:1

t=[0 1]

x=21
pi=3.14159...
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Goto / From blocks

Local [] is only
on the current
window

Local M= E

File  Edit Simulation Format

From LocalA Sine Wave Goto
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Goto / From blocks

Eile Edit Simulation
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[
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Goto / From blocks

Tag _
Visibility Scoped {} is all
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I block
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File Edit Simulation Format
{vars} | -

From vars
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File Edit Simulation Format
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Goto Tag
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Running a simulation

+ Parameters dialog box

¢+ Continuous systems

+ Discrete systems

+ Getting data into models
* From the command line
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Simulating

twogain_hnal

File Edit Simulation Farmat
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This model demonstrates
2 non-wectormed method for spphying
multiple gains o a signal.
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First simulation:
jagged!
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Setting parameters

twogain_hnal
File Edit EEinmE=GN Faormat
Chrl+T

IS [=] E3

oooo <Mew Signd 17
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<Mew Sign,
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= non-vectormed method for spphing
multiple gains o a signal.
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Both Si
Y Solver

“Wiorkspace /0 | Diagnu:ustiu:sl
Simulation time

Start time: I 0.a Stop time: I 10.0

Solver optiohs

Type: | W ariable-ztep j| | ode45 [Dormand-Prince] j|

M ax step size: I auto Relative tolerance: I 1e-3
Initial step size: I atito Abzolute tolerance: I 1e-6
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Help | Cloze
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Simulating

Second
Simulation:
Much Better...
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2 non-wectormed method for spphying
multiple gains o a signal.
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Variable-step discrete time solver
Max. Step Size = 0.1
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Eﬁimulatiun parameters: twogain_final

Solver

Workzpace /0 | Diagnnsticsl

Simulation time

Stark time: I 0.0

Solver options

Stop time: I 10.0
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E

Felative tolerance:

b awn step size: I auto
Initial step size: I auto
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Fewert

Apply |

Help | Cloze
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50

start
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State
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Region in which atol determines acceptable error
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Available Solvers

+ Variable-step solvers

+ Modify step size during simulation

* Error control and zero crossing detection

* 0de45, ode23, ode113, ode15s, ode23s, discrete
+ Fixed-step solvers

+ Same step size throughout simulation

* No error control or zero crossing detection

* oded, ode4, ode3, ode2, ode1, discrete
+ Simulink selects a default solver

+ oded5 used for models with continuous states

+ Variable-step discrete-time solver used for models
with no continuous states
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¥ Getting data into and out of
models

Datal0 [_[O]
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s I~ Save data to workspace
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Continuous models

Ordinary differential equations )I(g)_ >
. : k
F=mx+bx+kx 15? *—> Fi»
"m
b
X )
Fou —>{[m b K]
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Spring-Mass-Damper

springmassdamper
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Discrete models

. dizcretedemo [_ 3] E Unit Delay
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An interest rate example

Let's look at what happens if you gain 6%, 7%
and 8% interest on a $1000 investment over 50

years

M =106M

. =1000

Interesth ate

File  Edit Simulation Faormat

ifil 1 [ =61

=] E3

| -

Interest Rates

Feturn on investment

1242015
20487 0=
45201 .51

ROI

Return on investment
[0 219 £l
4

w10
5

Time aoffzet: 0

=] E3

wow!!!

That's a
$28,000
difference!
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Example: Fibonacci

Generate the Fibonacci sequence with Simulink
using unit delay, summing junction, and to
workspace blocks, create a system that will
generate the first 20 numbers in this series.

A chambered nautilus is

— really an example of the _
xn xn-1 + xn-2 golden rectangle which is [fj

the Fibonacci sequence.

X, =1,x,=1 N
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Solution: Fibonacci

|4 MATLAB Command Window M=l E
File Edit *indow Help
] b (]
Fihnna-::t:i M =] E3 Dlil & ||E| EI Elt_‘:'l EI 1'
File Edit Simuation Formal » yout A
» yout =
<), wf- 10, xip-2)
.— Ml —-
< | vout | 0 ; ;
3 2 1
5 3 2
| i) -1 wip-d) | a0, win- 10, xp-2F 8 L 3
Unit Cve L=y Unit D l=n 13 8 >
dt: 1 dt: 1 | 28857 | 31 E 13
i 1 ic 1
el 17711} 55 34 21
— | 10945 | 89 5o 3
144 89 55
233 144 89
377 233 144
618 377 233
o987 618 377
1597 o987 618
2584 1597 987
4181 2584 1597
6765 181 2584
189446 6765 181 _I
17711 18946 6765
28657 17711 109446
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Enabled subsystems

An enabled subsystem is executed at each
simulation step for which the control signal to the
subsystem is positive.

EnEd lation  Formeat mEE kel Scope
Filz Edit Simulation  Format ==
[0 212 alE
Al : . :
QutputReset 0 | i ..............
I In
=R e | A
Sine Mizwe Tnn . I:l
ol B mrator P O D,
Perm: 5 SEH:FIE ...........................
Duty Cycle: 50 % :

= In

Saturation betoween -0.75 and O.75

Yhz Output Rezet _ O] x|

Eilsl Edit Simulation  Format

Qutput Held
A
States may be held Yy an
or reset CO—+ 1 [

Al




Triggered subsystems

A triggered subsystem executes each time a trigger
event occurs. The execution is for one time step only.

8 viggered M=l E |
e Bt Smisten - Fomet
=e = : ising =014 =pm
puts
File  Edit Simulation  Format |
%UDDU E_I_I
Square Miswe
Freq: 1 Hz
Sin Wave
Freq: 1.2 Hz
ooono
ao
Eithe
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Triggered and enabled

subsystems

File  Edit
Simulation

Format

Trigger event

\

Is

the enable

input signal

Don't execute the
subsystem

>07?

Execute the
subsystem
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From the command line

Why simulate from the command line?

¢+ Automate repeated simulations
¢+ Parameter tuning

+ Parameter Optimization (NCD)
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From the command line

(The most basic method)

[t,X,y]=s1m(model)
[t,X,¥Y1,Y5,..y Y,l=S1m(model)

+ Simulates the model using all of the model
parameters.

+ The time, state and output vectors are returned
from the simulation.

+ Individual outputs may be obtained.

¢ Outputs are obtained from the outport blocks on
the top level of the model.
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From the command line
[t,X,y]=s1m(model, timespan, options)

. options iS a data » options=simget ('external pendulum')
structure that contains options =
A GO SETE e L o0
parameters AbsTol: 1.0000e-006

+ The options structure InitialStep: 'auto’
overrides the simulation Fixedstep: 'auto’
parameters settings outpatrarionien, 1o

MaxRows: 1000

Decimation: 1
InitialState: []
FinalStateName: 'xFinal'

Use simget and simset tc Debug: 'off"
H Trace: ''
get and Set the optlons SrcWorkspace: 'current'

Str'UCtu re. DstWorkspace: 'current'

ZeroCross: 'on'
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From the command line
[t,X,yY]=s1m(model, timespan, options, ut)

+ ut allows external inputs to be supplied to the inports
on the top level of the model.

¢+ [] in place of timespan or options indicates that the
current model settings are used.
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Analyzing results

+ Getting data out of models

+ Floating Scope and Display blocks
¢ Trim

¢ Linearization



Getting data out of models

LI Propertics: Theta = The Scope, ToWorkspace,

MES"STM y/_ ToFile and Parameters
Decimaton 1| |7 Dialog all have similar

........................................... options

D ecimation
Sample time
[ Limit rowes bo last: | 5000

Eﬁimulatiun parameters: pendulum

[w Sawve data to waorkzpace

W ariable name: | Scopellata Su:ulver| Workzpace |0 Diagnnstics|
. Lu:uau:l-fn:um workzpace Save to workspace
[ Floating scope
[ Input: | v Tirne: | kot
Apply | Rewvert Help | Cloze IV States: | #out

v Clutput: | yout

States

[ Load initial: ¥ Save final | =Final
Remem ber’: Save optionz

v Limit rows o st | 1000
These blocks use the data Decimatior: |1

created by the solvers

Apply | R ewvert Help | Cloze
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blocks

floating_displays =]

File Edit  Simulation  Format
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Sine Uigua Terminator
/3
Ramp Terminatord
m———=
Fulke Terminator?
Genearstor
Display Soop
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The floating Scope and Display

Selecting any signal will
display the value(s) of that
signal on any floating
scope or display block on
that diagram

Eﬁcupe
IS e =

Time offset; O
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The floating Scope and Display
blocks

floating_dizplays [_ O]

File Edit Simulation Format

Selected [.]Scope

Sine Wi Terminator
3=
Famp Terminator
m——»5
Fulee Terminator2

e nerator
]
Disp o Soop
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The floating Scope and Display
blocks

You can even select multiple signals...

] Selected ] Scopo
Sine Miae Terminator IEEIEI ﬂl ﬂ
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Trim
* Find the values of states x and inputs u that
bring the system to steady state (dx=0)
+ The solution is not necessarily unique
[X, u, y]=trim('sys')
+ To provide an initial guess at the solution
[X, u, yl=trim('sys', x0, u0, yO)
+ Individual elements of x,u,y can be constrained

¢ Individual derivatives can be fixed to non-zero
values

+ Can also add a fourth output argument to get the
state derivatives at trim ([x,u,y,dx]=.)
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Linearization

¢ Use linmod to extract linear models from
Simulink systems

* Perturbs each state around the operating point to
determine the rate of change in the state
derivatives and outputs (Jacobians)

¢ Use linmod2 for advanced linearization

+ attempts to balance roundoff and truncation error

¢ perturbation levels of each state-space matrix
element set individually

¢ can detect discontinuities and produce warning
messages
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Discrete linearization - dlinmod

+ Used for discrete, multi-rate and hybrid systems

+ One additional input argument, Ts, after the
system name

[Ad, Bd, Cd, Dd]=dlinmod('sys',Ts,x,u)
¢+ Use Ts=0 for a continuous model approximation
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Summary

+ Block diagram modeling

+ Interactive operation

¢ Continuous/discrete/hybrid systems

¢ Linear & nonlinear components

+ Hierarchical models - subsystems

+ Conditional execution

¢+ Command-line operation

+ Tightly integrated with MATLAB

+ Linearization for Control Design

+ Supported by Stateflow, Real-Time Workshop
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