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§ «Simulink is a block diagram environment used to design systems with 
multidomain models, simulate before moving to hardware, and deploy
without writing code»

How to start?
§ Type simulink at the MATLAB >> prompt and press enter

• Select ‘Blank Model’ in the new
window

• Note: the control systems toolbox 
needs to be installed
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Simulink



§ Click on ‘Library Browser’
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Create new model

Building blocks for 
constructing models



§ For the dynamics: use the (discrete) state-space block
which can be found under ‘Continuous’ or ‘Discrete’ tabs

§ Input signals can be found under ‘Sources’ tab
• Step
• Ramp
• Pulse
• Sinusoidal
• From Workspace
• …
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Create the model in Simulink



§ Combine signals using blocks under ‘Math operations’ tab
• Sum
• Gain
• Product
• …

§ Display or export signals using blocks under ‘Sinks’ tab
• Scope
• To Workspace
• To File
• …
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Create the model in Simulink



§ Input signal: sinusoidal + step functions
• Define their parameters in a Matlab script:

§ Set the initial conditions: 
§ Plot the output using a Scope block

Dynamical system

Model
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Example: double tank system
Parameters

<latexit sha1_base64="EAOFv760+SYzcYh0X9mvqqzSv2c="></latexit>

AT ḣ1 = q � 3h1

AT ḣ2 = 3h1 � 5h2

y = 5h2

<latexit sha1_base64="CFB0z4ii8UjA+1dgR200qTepQBk=">AAACC3icbVC7TsNAEDyHVwivAAUFzYkIRBXZUQQ0SEE0lEHKS0pMdL5swinnh+7WiMgyf8BX0EJFh2j5CAr+BTu4gISpRjO72p1xAik0muankVtYXFpeya8W1tY3NreK2zst7YeKQ5P70lcdh2mQwoMmCpTQCRQw15HQdsaXqd++A6WF7zVwEoDtspEnhoIzTKR+ce+i36BH59SiD7TbQ7jHyI1vKna/WDLL5hR0nlgZKZEM9X7xqzfweeiCh1wyrbuWGaAdMYWCS4gLvVBDwPiYjaCbUI+5oO1oGiCmh6Fm6NMAFBWSTkX4vRExV+uJ6ySTLsNbPeul4n9eN8ThmR0JLwgRPJ4eQiFhekhzJZJmgA6EAkSWfg5UeJQzxRBBCco4T8QwqaqQ9GHNpp8nrUrZOilXr6ulmpk1kyf75IAcE4uckhq5InXSJJzE5Ik8kxfj0Xg13oz3n9Gcke3skj8wPr4BJPiZYQ==</latexit>

AT = 1 [m2]

<latexit sha1_base64="NifbyMp4Xjkk4/8HvLlu1ejw5DI="></latexit>
ẋ1

ẋ2

�
=


�3 0
3 �5

� 
x1

x2

�
+


1
0

�
u

y =
⇥
0 5

⇤ x1

x2

�

<latexit sha1_base64="k+qPvHRscsLSHgiIA0BB4xGzamM=">AAACFnicbVC7SgNBFJ31GeNr1dJmSBBiE3ZDUBshYGMZwTwgWZbZyU0yZPbBzF0xLLH2E/wKW63sxNbWwn9xk2yhiac6nHMv957jRVJotKwvY2V1bX1jM7eV397Z3ds3Dw6bOowVhwYPZajaHtMgRQANFCihHSlgvieh5Y2upn7rDpQWYXCL4wgcnw0C0RecYSq5ZmHo2iXrlF7SoVuZE6ts0wfa6SLcY+JPHNcsWmVrBrpM7IwUSYa6a353eyGPfQiQS6Z1x7YidBKmUHAJk3w31hAxPmID6KQ0YD5oJ5llmdCTWDMMaQSKCklnIvzeSJiv9dj30kmf4VAvelPxP68TY//CSUQQxQgBnx5CIWF2SHMl0pKA9oQCRDb9HKgIKGeKIYISlHGeinHaWj7tw15Mv0yalbJ9Vq7eVIu1StZMjhyTAikRm5yTGrkmddIgnDySZ/JCXo0n4814Nz7moytGtnNE/sD4/AFVG5v1</latexit>

h1(0) = h2(0) = 0.1 [m]



§ To add blocks in the model, drag and drop them from the library
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Create the model in Simulink



§ Double click on a block to access 
and modify its properties/parameters

• E.g.:

• Recall: 

• Initial conditions:
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State space block

Dynamical system
<latexit sha1_base64="qGicZzw7WytA+pnsszpOx6Wkg3w="></latexit>
ẋ1

ẋ2

�
=


�3 0
3 �5

� 
x1

x2

�
+


1
0

�
u

y =
⇥
0 5

⇤ x1

x2

�

<latexit sha1_base64="AIUgIcTPuyVKzshY/6RZmvte/og=">AAACFnicbVC7SgNBFJ31GeMramkzJAixWXZDUBshYGMZwTxgsyyzk5tkyOyDmbtiWGLtJ/gVtlrZia2thf/i5lFo4qkO59zLvef4sRQaLevLWFldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8odXE791B0qLKLzFUQxuwPqh6AnOMJO8QnHg2WXrlF7SgVeZEcu06QN1Ogj3mAZj1yuULNOagi4Te05KZI66V/judCOeBBAil0xrx7ZidFOmUHAJ43wn0RAzPmR9cDIasgC0m06zjOlJohlGNAZFhaRTEX5vpCzQehT42WTAcKAXvYn4n+ck2LtwUxHGCULIJ4dQSJge0lyJrCSgXaEAkU0+BypCypliiKAEZZxnYpK1ls/6sBfTL5NmxbTPzOpNtVSz5s3kyDEpkjKxyTmpkWtSJw3CySN5Ji/k1Xgy3ox342M2umLMd47IHxifP1SBm/M=</latexit>

h1(0) = h2(0) = 0.1 [m]



• E.g.:

• Variables defined in the workspace
can be used for setting the parameters

§ Note: sample time can be set for 
discrete and hybrid blocks

• Set it to 0 for continuous time
• Set it -1 to indicate it is inherited from 

previous block or model
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Source block



§ Press on the ‘Run’ button to simulate the system
§ Double click on the scope block to observe the results

§ Note: output can be refined by changing the ‘Refine factor’ in
Modelling à Model Settings à Data Import/Export àAdditional parameters à Save options
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Run the Simulink model



§ To do at home: 
• Replace source and sink blocks with from/to workspace blocks

• Define the input signal in the workspace:

• Save the model as ‘tanks’ and run 
the system from the workspace
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Run the Simulink model from Matlab



Multi-input  multi-output 
systems
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Consider the previous example with an additional input and output:

§ with the following inputs:
•
•
•
•
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MIMO Simulink models

Dynamical system

Model

§ and initial conditions:

<latexit sha1_base64="jSvyO/Of9uGQfBzcHBwtMli2+QU="></latexit>

AT ḣ1 = qi1 � 3h1

AT ḣ2 = qi2 + 3h1 � 5h2

y1 = 3h1

y2 = 5h2

<latexit sha1_base64="vg5IIFabkzQb9wUT4woL/hOFnqY="></latexit>
ẋ1

ẋ2

�
=


�3 0
3 �5

� 
x1

x2

�
+


1 0
0 1

�
u

y =


3 0
0 5

� 
x1

x2

�
<latexit sha1_base64="mq9DGZwDmeCpDHbBQ0g2+R0O+DU=">AAACGnicbZC7TsNAEEXX4RXCK0BJsyIChSayowhokCLRUAaJPCTHstabSbLK+qHdMSKywhfwCXwFLVR0iJaGgn/BCS4gYaqje2c0M9eLpNBomp9Gbml5ZXUtv17Y2Nza3inu7rV0GCsOTR7KUHU8pkGKAJooUEInUsB8T0LbG11O/fYtKC3C4AbHETg+GwSiLzjDVHKLx0M3sSZl84Re0BSrGZoVi95Tu4twh4k/cdxiyayYs6KLYGVQIlk13OJXtxfy2IcAuWRa25YZoZMwhYJLmBS6sYaI8REbgJ1iwHzQTjL7Z0KPYs0wpBEoKiSdifB7ImG+1mPfSzt9hkM9703F/zw7xv65k4ggihECPl2EQsJskeZKpEEB7QkFiGx6OVARUM4UQwQlKOM8FeM0uUKahzX//SK0qhXrtFK7rpXqZpZMnhyQQ1ImFjkjdXJFGqRJOHkgT+SZvBiPxqvxZrz/tOaMbGaf/Cnj4xstuJ4L</latexit>

h1(0) = h2(0) = 0.1 [m]

<latexit sha1_base64="DVGNOGyBwmWukIcwl9R9xHY4U2E="></latexit>

a = 0.2
⇥
m3/s

⇤
, !1 = 8 [rad/s] , !2 = 5 [rad/s]

<latexit sha1_base64="gc3+P64CKe8wPw8K+UoRrkGHrpQ="></latexit>

q̄i1 = 1.5
⇥
m3/s

⇤
, q̄i2 = 0.5

⇥
m3/s

⇤

<latexit sha1_base64="XDu1w4ymvGIOiwS/E7aNJgiim3I="></latexit>

qi1 = q̄i1 + a sin(!1t)

qi2 = q̄i2 + a sin(!2t)



§ Using signals from Simulink:
• Use ‘mux’ and ‘demux’ blocks for combining signals

(in ‘Signal routing’ tab, in the Library)

§ Using signals from workspace:
• Set simin to a multi-column matrix, e.g.:

M
ul

tiv
ar

ia
bl

e 
C

on
tro

l

15

In
tro

du
ct

io
n 

to
 S

im
ul

in
k

MIMO Simulink models

↪ Change the number of inputs/outputs in the 
properties panel



Non-linear systems
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§ Idea 1: Interconnect different non-linear blocks to create the desired 
function

• E.g.: Pendulum

§ Idea 2: Define a non-linear function for characterizing the dynamics
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Non-linear systems in Simulink

<latexit sha1_base64="/EVPuH/VIiOyOGojS5F+1j6oxYA="></latexit>

✓̇ = !

!̇ = �b! � g sin ✓ + u

In its properties, set 
pendulum_func(u,b,g)

as the Matlab function

Block in ‘User-defined functions’ tab 
of the Simulink library

Don’t forget to define b and g in the workspace



MATLAB live scripts
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§ «Live scripts are interactive documents that combine Matlab code with 
formatted text, equations, and images in a single environment. In 
addition, live scripts store and display output alongside the code that 
creates it.»

How to start?
§ Live scripts are divided in sections
§ Right-click on the document for:

• ‘Section break’, and thus create a new section
• ‘Convert between code and text’
• ‘Convert to (local) function’

§ Run a section with ctrl+enter (cmd+enter, in Mac)
§ Live scripts are saved as .mlx files
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Live scripts

An example of a livescript 
containing today’s 
examples and exercises 
can be found under 
intro_simulink.mlx
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Live script example



M
ul

tiv
ar

ia
bl

e 
C

on
tro

l

21

In
tro

du
ct

io
n 

to
 S

im
ul

in
k

Exercise (optional)
Consider a third tank (T3) whose model is given by

•
•

1. Consider the previous MIMO model of
two tanks

• Add a third tank at the top modelled by T3
• Set             , i.e. the output of the tank T3 is 

the first input of the two-tanks system

a. Plot the output of the system. Consider the inputs      and      given by a 
pulse with an offset, i.e.
§

§

Set the initial conditions
b. Add as an output the integral of the bottom tank’s flow

<latexit sha1_base64="qFaJ4It6tgRln/5yVcrxCI3W5wo=">AAACIHicbVC5TgMxFPSGK4RrgZLGIgJRQLRLwtEgRaKhDBI5pCRaeZ2XxMJ7yH6LFK3yE3wCX0ELFR2iBIl/wdmk4JpqPPMOv/FjKTQ6zruVm5tfWFzKLxdWVtfWN+zNrYaOEsWhziMZqZbPNEgRQh0FSmjFCljgS2j6t5cTv3kHSosovMFRDN2ADULRF5yhkTz7sEw7vQjT4dgr0/0LekITQ47oMR165U6nMJrK2ZN6dtEpORnoX+LOSJHMUPPsTzOcJwGEyCXTuu06MXZTplBwCeNCJ9EQM37LBtA2NGQB6G6aXTWme4lmGNEYFBWSZiJ870hZoPUo8E1lwHCof3sT8T+vnWD/vJuKME4QQj5ZhEJCtkhzJUxcQHtCASKb/ByoCClniiGCEpRxbsTE5Fcwebi/r/9LGscl97RUua4UqwezZPJkh+ySA+KSM1IlV6RG6oSTe/JInsiz9WC9WK/W27Q0Z816tskPWB9fbxKeUw==</latexit>

3ḣ3 = 5u3 � 2h3

y3 = 2h3

<latexit sha1_base64="gG97Fv5BU+xhcomRDOYINE8K80E=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQIMUiYYySOSBEis6XzbhlDvbuttDiqx8BS1UdIiWj6HgX7CNC0iYajSzq52dIJbCoOt+OkvLK6tr66WN8ubW9s5uZW+/bSKrObR4JCPdDZgBKUJooUAJ3VgDU4GETjC5zvzOI2gjovAOpzH4io1DMRKcYSrd24FHr+h0cDaoVN2am4MuEq8gVVKgOah89YcRtwpC5JIZ0/PcGP2EaRRcwqzctwZixidsDL2UhkyB8ZM88IweW8MwojFoKiTNRfi9kTBlzFQF6aRi+GDmvUz8z+tZHF36iQhjixDy7BAKCfkhw7VImwA6FBoQWZYcqAgpZ5ohghaUcZ6KNq2mnPbhzX+/SNqnNe+8Vr+tVxtu0UyJHJIjckI8ckEa5IY0SYtwosgTeSYvzsx5dd6c95/RJafYOSB/4Hx8A/Vgk90=</latexit>u1 = y3

<latexit sha1_base64="/oWaQwk2W9hqJvfxvHfC8ELu5pI=">AAACH3icbZDJSgNBEIZ7XGPcoh69NAYhIgwzMagXIeDFYwSzQDIMPZ1K0qRnobtGDEN8Bx/Bp/CqJ2/iNQffxckiaGKdPv6/iqr6vUgKjZY1MpaWV1bX1jMb2c2t7Z3d3N5+TYex4lDloQxVw2MapAigigIlNCIFzPck1L3+9div34PSIgzucBCB47NuIDqCM0wlN3fac+2CdUKvaM8t/sDZFCzTpo+02UJ4wMQfOm4ub5nWpOgi2DPIk1lV3NxXqx3y2IcAuWRaN20rQidhCgWXMMy2Yg0R433WhWaKAfNBO8nkqSE9jjXDkEagqJB0IsLviYT5Wg98L+30Gfb0vDcW//OaMXYunUQEUYwQ8PEiFBImizRXIk0LaFsoQGTjy4GKgHKmGCIoQRnnqRin8WXTPOz57xehVjTtc7N0W8qXrVkyGXJIjkiB2OSClMkNqZAq4eSJvJBX8mY8G+/Gh/E5bV0yZjMH5E8Zo28CzJ5F</latexit>

h1(0) = h2(0) = h3(0) = 0.1 [m]

<latexit sha1_base64="sFgp5bX/FhLnleHQRycIakEAOrg="></latexit>

q̄i1 = 1.5
⇥
m3/s

⇤
, q̄i2 = 0.5

⇥
m3/s

⇤

a1 = 0.25
⇥
m3/s

⇤
, a2 = 0.4

⇥
m3/s

⇤
<latexit sha1_base64="CRAAaN3SHc5BgwiSv1LhUr2WtVc=">AAACKHicbZA9SwNBEIb34nf8ilraLAbFQsJdDGojBGwsIxgN5I4wt45xce+D3TlRjvhD/An+Clut7MTCxl/i5kxh1KnefZ8ZZucNUyUNue67U5qYnJqemZ0rzy8sLi1XVlbPTJJpgW2RqER3QjCoZIxtkqSwk2qEKFR4Hl4fDfn5DWojk/iU7lIMIujH8lIKIGv1Kg2fIOt5/JDX+T3v+oS3lJtB4O/s2HcB6xbujsFeperW3KL4X+GNRJWNqtWrfPgXicgijEkoMKbruSkFOWiSQuGg7GcGUxDX0MeulTFEaIK8uG7ANzMDlPAUNZeKFyb+nMghMuYuCm1nBHRlfrOh+R/rZnR5EOQyTjPCWAwXkVRYLDJCSxsb8gupkQiGP0cuYy5AAxFqyUEIa2Y2x7LNw/t9/V9xVq95e7XGSaPa3BolM8vW2QbbZh7bZ012zFqszQR7YE/smb04j86r8+a8f7eWnNHMGhsr5/MLO9akZw==</latexit>

⌧1 = 2 [s] , ⌧2 = 3 [s]

<latexit sha1_base64="8sdhIEbJrV0k1vpEweRHYTDM4LU=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIhAspINJRBkIeUWNH5sgmnnM/W3R4IWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69jIqs5tHkkI90LmAEpFLRRoIRerIGFgYRuML3M/O49aCMidYuPMfghmygxFpxhKt3Y4emwWnPrbg66SLyC1EiB1rD6NRhF3IagkEtmTN9zY/QTplFwCbPKwBqIGZ+yCfRTqlgIxk/yqDN6ZA3DiMagqZA0F+H3RsJCYx7DIJ0MGd6ZeS8T//P6FscXfiJUbBEUzw6hkJAfMlyLtAOgI6EBkWXJgQpFOdMMEbSgjPNUtGkplbQPb/77RdI5qXtn9cZ1o9Z0i2bK5IAckmPikXPSJFekRdqEkwl5Is/kxXlwXp035/1ntOQUO/vkD5yPb64mkhs=</latexit>u3
<latexit sha1_base64="LA8CjmrlumzwbRpzYUzy/fB7Msw=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUkGsogyENKrOh82YRTzmfrbg8UWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOztBLIVB1/10VlbX1jc2S1vl7Z3dvf3KwWHHRFZzaPNIRroXMANSKGijQAm9WAMLAwndYHqV+d0H0EZE6g5nMfghmygxFpxhKt3aYX1Yqbo1NwddJl5BqqRAa1j5GowibkNQyCUzpu+5MfoJ0yi4hHl5YA3EjE/ZBPopVSwE4yd51Dk9tYZhRGPQVEiai/B7I2GhMbMwSCdDhvdm0cvE/7y+xfGlnwgVWwTFs0MoJOSHDNci7QDoSGhAZFlyoEJRzjRDBC0o4zwVbVpKOe3DW/x+mXTqNe+81rhpVJtu0UyJHJMTckY8ckGa5Jq0SJtwMiFP5Jm8OI/Oq/PmvP+MrjjFzhH5A+fjG6yXkho=</latexit>u2

<latexit sha1_base64="1G6CArVhMNaLQjZuWEk+3xVQ2E0=">AAACIXicbVDLSgNBEJz1bXxFPXoZDIKihl0N6kUQvHhUMEbIhqV3bHXI7MOZHjEs+xV+gl/hVU/exJuI/+Im5qDGOhVV3XRXhamShlz33RkaHhkdG5+YLE1Nz8zOlecXzkxitcC6SFSiz0MwqGSMdZKk8DzVCFGosBG2D7t+4xa1kUl8Sp0UWxFcxfJSCqBCCsqbNtjm+9wPQWc3eZBJL+fr3Ce8oyy1ymC+CoG34RPYwFsLyhW36vbAB4nXJxXWx3FQ/vQvEmEjjEkoMKbpuSm1MtAkhcK85FuDKYg2XGGzoDFEaFpZL1bOV6wBSniKmkvFeyL+3MggMqYThcVkBHRt/npd8T+vaelyr5XJOLWEsegeIqmwd8gILYu+kF9IjUTQ/Ry5jLkADUSoJQchCtEWBZaKPry/6QfJ2VbV26nWTmqVA7ffzARbYstslXlslx2wI3bM6kywe/bIntiz8+C8OK/O2/fokNPfWWS/4Hx8AY32oqk=</latexit>

u3 = q̄i1 + pulse(a1, ⌧1)
<latexit sha1_base64="redxgQmvOUc2VVD0KwekKZsXtCU=">AAACIXicbVDLSgNBEJz1bXxFPXoZDIKiht0Q1IsgePGoYGIgG5beSauDsw9nekRZ9iv8BL/Cq568iTcR/8VNzEGNdSqqqunuClMlDbnuuzMyOjY+MTk1XZqZnZtfKC8uNU1itcCGSFSiWyEYVDLGBklS2Eo1QhQqPAuvDnv+2Q1qI5P4lO5S7ERwEctzKYAKKShv26DG97kfgs6u8yCTtZxvcp/wlrLUKoP5OgS1LZ+gCG4E5Ypbdfvgw8QbkAob4Dgof/rdRNgIYxIKjGl7bkqdDDRJoTAv+dZgCuIKLrBd0BgiNJ2s/1bO16wBSniKmkvF+yL+nMggMuYuCotkBHRp/no98T+vbel8r5PJOLWEsegtIqmwv8gILYu+kHelRiLoXY5cxlyABiLUkoMQhWiLAktFH97f74dJs1b1dqr1k3rlwB00M8VW2CpbZx7bZQfsiB2zBhPsnj2yJ/bsPDgvzqvz9h0dcQYzy+wXnI8vkQ+iqw==</latexit>

u2 = q̄i2 + pulse(a2, ⌧2)



Exercise (optional) - Solution
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Same as before: 
Two-tanks MIMO system 

Integrator: look for it in 
the ‘Continuous’ tab of 

the Library Solution in file tanks3.slx


