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Outline
• What is Simulink ?

• Starting Simulink.

• Simulink Block Libraries.

• Creation of a Simulink model.

• Simulation of a Simulink model:
−Numerical solution of ODEs
−ODE solvers
− Simulation parameters

• Exporting simulation results to MATLAB.
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What is Simulink ?
Simulink (Simulation + Link) is a graphical 
environment that allows to model, simulate and 
analyze dynamical systems represented in block-
diagram form.

Differently from the Control System Toolbox 
(CST), it allows to simulate generic dynamical 
systems, including nonlinear, time-variant, multi-
rate and hybrid-time (sampled-data) systems.
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What is Simulink ?
Simulink models (block diagrams) are created by 
using a graphical user interface (GUI). 
A rich library of built-in blocks is available; 
additional blocks can be created by the user.
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What is Simulink ?
Simulink models are simulated by numerically 
integrating the underlying ordinary differential 
equations (ODE) describing their dynamics, using 
the MATLAB ode solvers suite.

R. Antonello Introduction to Simulink 4



What is Simulink ?
Simulink is tightly integrated with MATLAB.
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Variables imported from 
MATLAB workspace

Signals exported to 
MATLAB workspace



Starting Simulink
Run simulink from the MATLAB command 
window to open the Simulink Start Page.
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Starting Simulink
Shortcut: run slLibraryBrowser to directly 
access the Simulink Library Browser.
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Simulink Block Libraries
• Each toolbox provides a 
dedicated library.

Simulink has its own 
library, with a set of 
base blocks.

• Blocks within a library 
are organized into 
functional groups.

Functional groups 
within a block library

Block library
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Simulink Block Libraries
In the Simulink Block Library:

⤷ Sources: generate input 
signals for other blocks.

⤷ Sinks: blocks used to view 
signals or export data.

⤷ Math: blocks implementing 
common math functions.

⤷ Continuous: blocks for 
continuous-time LTI 
models.

⤷ Discrete: blocks for 
discrete-time LTI models.



Creation of a Simulink model
Example: consider the following simplified model 
of a DC motor

with the armature voltage 𝑢 [V] as input, and the 
shaft speed 𝑦 [rad/s]	as output.

Evaluate the speed response on [0𝑠, 5𝑠]	to a 6 𝑉 
step voltage input, applied at 𝑡 = 1	𝑠.
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<latexit sha1_base64="Am34MmEPVPndtEohNUyTeiBiKOw="></latexit>

P (s) =
Y (s)

U(s)
=

k

T s+ 1
, k = 8.3, T = 0.028



Creation of a Simulink model
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or

Simulink Model Window



Creation of a Simulink model
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Drag & drop blocks 
from the Simulink Library Browser 

to the Model Window.



Creation of a Simulink model
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Connect blocks 
with connection lines.

Place the mouse over the 
output port of a block: the 
pointer changes to a cross.

1

With left mouse button pressed, move 
the pointer over the input terminal of 
another block, and release the button. 

2



Creation of a Simulink model
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Connect blocks 
with connection lines.

Alternative: select a block by 
left clicking over it.

1’

By left clicking over another block while 
pressing the Ctrl button, a connection 

between the two blocks is created.

2’



Creation of a Simulink model

R. Antonello Introduction to Simulink 15

Mouse gestures for blocks

• Left button: select a block.

• Drag & drop with the left button: move the block.

• Click and Hold and Release with the left button: 
select a group of blocks.

• Right button over a block: open a pop-up menu 
with different options available for the block.

• Drag & drop with the right button: create a copy 
of the selected block.

• Double click with the left button over a block: 
open the Block Parameters window associated 
with the block.



Creation of a Simulink model
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Mouse gestures for connections

• Left button: select a line.

• Drag & drop with the left button: drag the connection 
line (or one of its corners, if selected).

• Right button over a connection line: open a pop-up 
menu with different options available for the connection 
line.

• Click & Hold and Release with the right button: create 
a derivation point in a connection line.

• Double click with the left button over a connection line: 
assign a label to the connection.



Creation of a Simulink model
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Keyboard shortcuts

• To delete a block, select it and press the Canc button; 
alternatively, use the Delete option in the context 
menu of the block (right click to access it).

• To duplicate blocks, use cut & paste (i.e. Ctrl+C/V),
or drag it while holding Ctrl button pressed.

• To insert a block along a connection, drag the block 
over the connection and then release it.

• To disconnect a block from a connection, drag it while 
holding Shift button pressed.

• To flip a block, use Ctrl+I.

• To rotate a block (clockwise of 90°), use Ctrl+R.



Creation of a Simulink model
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Set the relevant parameters
of each block by accessing  

the Block Parameter Window.

Double-click with 
left mouse button



Creation of a Simulink model

Once the model is ready, a simulation can be run.
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Save the model to file
(default extensions: .slx, .mdl).



Numerical solution of ODEs
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P (s) =
Y (s)

U(s)
=

k

Ts+ 1

<latexit sha1_base64="EEtMyGdVoAgBrjAueLgbT8X9jtk=">AAACFXicbVBNS8MwGE7n15xfVY9egkOYKKOVibsIAy8eJ6zbZCsjzdItLE1Lkgqj9E948a948aCIV8Gb/8Z0K6LTBxKePM/78uZ9vIhRqSzr0ygsLa+srhXXSxubW9s75u5eW4axwMTBIQtF10OSMMqJo6hipBsJggKPkY43ucr8zh0Rkoa8paYRcQM04tSnGCktDczTZkUew0vY9wXCya1+pImT3d/aJE1aEp5AO4UDs2xVrRngX2LnpAxyNAfmR38Y4jggXGGGpOzZVqTcBAlFMSNpqR9LEiE8QSPS05SjgEg3mW2VwiOtDKEfCn24gjP1Z0eCAimngacrA6TGctHLxP+8Xqz8uptQHsWKcDwf5McMqhBmEcEhFQQrNtUEYUH1XyEeI52F0kGWdAj24sp/Sfusateq5ze1cqOex1EEB+AQVIANLkADXIMmcAAG9+ARPIMX48F4Ml6Nt3lpwch79sEvGO9fSxycYw==</latexit>

T
dy(t)

dt
+ y(t) = k u(t)

<latexit sha1_base64="KA9EH/UGS8gzW4kqEQlwiT1/ZxE=">AAACFHicbZA7SwNBEMf3fMb4ilraLAYhkhDuJGIaIWBjGSEvyIWwt7eXLNl7sDsnHEc+hI1fxcZCEVsLO7+Ne0kKTRxY+M1/ZpidvxMJrsA0v4219Y3Nre3cTn53b//gsHB03FFhLClr01CEsucQxQQPWBs4CNaLJCO+I1jXmdxm9e4Dk4qHQQuSiA18Mgq4xykBLQ0L5Ra2PUlo6iYluJimLkyxXSnbFZzlGm80TuxKrLNhoWhWzVngVbAWUESLaA4LX7Yb0thnAVBBlOpbZgSDlEjgVLBp3o4ViwidkBHrawyIz9QgnR01xedacbEXSv0CwDP190RKfKUS39GdPoGxWq5l4n+1fgxefZDyIIqBBXS+yIsFhhBnDmGXS0ZBJBoIlVz/FdMx0R6B9jGvTbCWT16FzmXVqlWv7mvFRn1hRw6dojNUQha6Rg10h5qojSh6RM/oFb0ZT8aL8W58zFvXjMXMCfoTxucPDoCboA==</latexit>

f (y(t), u(t)) , � 1

T
y(t) +

k

T
u(t)

<latexit sha1_base64="KNspTIuTe/S6SIpg38wuEVpfXMk="></latexit>

dy(t)

dt
= f (y(t), u(t))

<latexit sha1_base64="pdnJ7m66lLIgIvWb3bq+PlxLAhg=">AAACF3icbVDLSsNAFJ34rPUVdelmsAgtlJBIxW6EghuXFewDmlAmk0k7dPJg5kYooX/hxl9x40IRt7rzb5w+Ftp64HIP59zLzD1+KrgC2/421tY3Nre2CzvF3b39g0Pz6LitkkxS1qKJSGTXJ4oJHrMWcBCsm0pGIl+wjj+6mfqdByYVT+J7GKfMi8gg5iGnBLTUNy03lITmwbgMlUkewARf49AVLIQynmpVt5rphl3JB0Oo9M2Sbdkz4FXiLEgJLdDsm19ukNAsYjFQQZTqOXYKXk4kcCrYpOhmiqWEjsiA9TSNScSUl8/umuBzrQQ4TKSuGPBM/b2Rk0ipceTryYjAUC17U/E/r5dBWPdyHqcZsJjOHwozgSHB05BwwCWjIMaaECq5/iumQ6KDAh1lUYfgLJ+8StoXllOzLu9qpUZ9EUcBnaIzVEYOukINdIuaqIUoekTP6BW9GU/Gi/FufMxH14zFzgn6A+PzByFKnfg=</latexit>

Transfer function

Ordinary Differential Equation (ODE)

Model simulation = 
numerically solve the underlying 
ODEs describing its dynamics.



Numerical solution of ODEs
Numerical solution (integration) of an ODE: 
find the values 𝑦(𝑡!) of the solution 𝑦(𝑡) in 
specific integration instants 𝑡! within the 
integration interval [𝑡", 𝑡#], given the input 𝑢(𝑡) 
and the initial condition 𝑦(𝑡").
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t0 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

y(t0)

y(t1)

y(t2)

y(t3)

y(t4)

y(t5)
y(t6)

y(t7)
y(t8)

y(t9) y(t10) y(t11) y(t12)



Numerical solution of ODEs
The numerical solution at 𝑡!$% can be computed 
with the following iterative scheme:

provided that the integral can be numerically 
approximated with a certain integration method.
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y(ti+1) = y(ti) +

Z ti+1

ti

f (y(⌧), u(⌧)) d⌧

<latexit sha1_base64="xomCtPouHwOLlHCrSv9Dy7p4Q1A="></latexit>

dy(t)

dt
= f (y(t), u(t))

<latexit sha1_base64="h7ApWHkzr2yECzbLhp5C+CYtGCs=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0VoRUoiFV0oFNy4rGAf0IQymUzaoZMHMzdCCP0HN/6KGxeKuHXjzr9x+lho9cC9HM65l5l7vERwBZb1ZRSWlldW14rrpY3Nre0dc3evreJUUtaisYhl1yOKCR6xFnAQrJtIRkJPsI43up74nXsmFY+jO8gS5oZkEPGAUwJa6pvHTiAJzf2sAtVx7sMYX+HAESyAykQ6SXVzJB8Modo3y1bNmgL/JfaclNEczb756fgxTUMWARVEqZ5tJeDmRAKngo1LTqpYQuiIDFhP04iETLn59KYxPtKKj4NY6ooAT9WfGzkJlcpCT0+GBIZq0ZuI/3m9FIILN+dRkgKL6OyhIBUYYjwJCPtcMgoi04RQyfVfMR0SHRLoGEs6BHvx5L+kfVqz67Wz23q5cTmPo4gO0CGqIBudowa6QU3UQhQ9oCf0gl6NR+PZeDPeZ6MFY76zj37B+PgGKJydDA==</latexit>



Numerical solution of ODEs

• 𝑇! = 𝑡!"# − 𝑡! : 𝑖$% integration step size.
• 𝑔(⋯ ) : depends on the integration method.
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y(ti+1) = y(ti) +

Z ti+1

ti

f (y(⌧), u(⌧)) d⌧

<latexit sha1_base64="xomCtPouHwOLlHCrSv9Dy7p4Q1A="></latexit>

y(ti+1) = y(ti) + Ti g (y, u, T, f)

<latexit sha1_base64="B7Tj1x47YNyvSL3aCoW+KxPqCnk="></latexit>

Original ODE (integral form)

Numerical approximation



ODE solvers
⤷ Fixed-step methods: the integration step size 

is a fixed value, selected “a priori”.

⤷ Variable-step methods: at every integration 
instant 𝑡!, the next integration step size 𝑇!$% is 
adjusted in order to keep the integration error 
below a specified threshold.

The integration error is generally estimated by comparing 
solutions obtained with different integration steps and/or 
methods (orders).
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ODE solvers
⤷ Single-step methods: the solution 𝑦(𝑡!$%) at 
𝑡!$% is obtained by using only the solution 𝑦(𝑡!) 
and the input 𝑢(𝑡!) of last time step 𝑡!. 
− e.g. Euler, Runge-Kutta, Adams methods.

⤷Multi-step methods: the solution 𝑦(𝑡!$%) at 
𝑡!$% is obtained by using the solutions 𝑦(𝑡&) and 
inputs 𝑢(𝑡&) from multiple previous time steps 
𝑡& with 𝑗 ≤ 𝑖. 
− e.g. Predictor-corrector methods.
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ODE solvers
Euler integration method:

⇒ Simple single-step method, but not very accurate.
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y(ti+1) = y(ti) +

Z ti+1

ti

f (y(⌧), u(⌧)) d⌧

⇡ y(ti) + Ti f (y(ti), u(ti))

<latexit sha1_base64="AUlXWFnjannxqPSs+oTrAibQmns="></latexit>

f (y(ti), u(ti))

ti ti+1
Ti



ODE solvers
Runge-Kutta (R-K) methods: like Euler method, 
use only the solution 𝑦(𝑡!)	from last step as initial 
condition to determine 𝑦(𝑡!"#) (single-step methods).

However, they employ multiple evaluations (stages) 
of the function 𝑓(⋯ )	within the integration interval, 
to improve accuracy.

Most MATLAB solvers for non-stiff problems are 
based on these methods.
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ODE solvers
General purpose variable-step solvers:
⤷ ode45: compares 4th and 5th orders R-K methods to get the 

step size. Works well for most of the models. To be 
preferred as first trial. Not appropriate for stiff models.

⤷ ode23: compares 3rd and 4th orders R-K methods to get the 
step size. Faster than ode45, but less accurate.

⤷ ode113: multi-step method for computational demanding 
models. Very accurate, but not suited for hybrid-time 
systems (continuous + discrete-time).

⤷ discrete: to be used for purely discrete-time models.
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ODE solvers
Variable-step solvers for “stiff models”(1):
⤷ ode15s: very effective for stiff models. First method to 

consider when ode45 does not work, or is very slow. Not 
suited for hybrid-time systems.

⤷ ode23s: faster than ode15s, but less accurate.

⤷ ode23t, ode23tb: alternative methods based on the 
trapezoidal integration rule.
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____________________
(1) Stiff models are those described by set of equations that have large differences 
in their time constants.
General purpose methods would take into account only the shortest time constant, 
therefore they would advance very slowly (or they would not converge at all).



ODE solvers
Fixed-step solvers:
⤷ ode5: 5th order R-K method (Dormand-Prince formula).

⤷ ode4: 4th order R-K method.

⤷ ode3: 3rd order R-K method (Bogacki-Shampine formula).

⤷ ode2: Heun method.

⤷ ode1: Euler method.

⤷ discrete: to be used for purely discrete-time models.
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Simulation Parameters
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Set the simulation parameters in the 
Model Configuration Parameters window.



Simulation Parameters
Main variable-step solvers parameters:

•Max step size: the integration step is adjusted 
up to this value. Too large values could hide 
some solution details. For periodic solutions, it 
must be set to a fraction of the period.

•Min step size: the integration step is never 
reduced below this value. Must be smaller than 
the smallest time constant of the model.
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Simulation Parameters
Main variable-step solvers parameters:
⤷ Relative and absolute tolerances: define the 

max relative and absolute integration errors.
At each step, if the integration error estimate 
exceeds the threshold:

the solution is dropped, and the integration is 
repeated with a shorter step size.
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<latexit sha1_base64="/e2dOn0TvxJgat9B2GMNmCtHyqA="></latexit>

max (RelTol⇥ |y(ti)|, AbsTol)



Simulation Parameters

RelTol: defines the number of significant digits 
of the solution. The default value 1e-3 
corresponds to a 0.1% precision.

AbsTol: defines a threshold value below which 
the solution can be considered negligible 
(default: 1e-6).
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<latexit sha1_base64="/e2dOn0TvxJgat9B2GMNmCtHyqA="></latexit>

max (RelTol⇥ |y(ti)|, AbsTol)



Simulation Parameters
Main variable-step solvers parameters (cont’d):

⤷ Fixed-step size: set the integration step size.

For discrete-time models, it corresponds to the 
fundamental sample time 𝑇' of the model (or a 
sub-multiple of it).

The auto value corresponds to 1/50 of the 
integration interval.
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Running Simulation
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Run the simulation by pressing the Run button 
on the toolbar of the Model Window. 



Analyze simulation results
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At the end of simulation, results exported with either 
To Workspace blocks, or the Data Logging feature of 
Scope blocks, are available in the MATLAB 
workspace for further processing.


