What is Simulink
Simulink is a tool embedded in the Matlab environment that allows t o
model, simulate and analyze dynamic systems.

The dynamic system is modeled as an oriented connection of oriented
blocks, i.e. a (oriented) block diagram (indeed, "Simulin k" stands for
"simulation
link", t o point out that the model used for simulation is
based on several linked blocks).

+

The causality assignment, namely the selection of what is input and what
is output in every block, is implicitly performed during the construction of
the model.
Note that there are other simulation software tools, e.g. Spice for electrical
circuit simulations, but also Modelica and other tools, where it is not
required t o perform a causality assignment before implementing the model.

A block diagram is inserted in Simulin k by using a graphical user interface.
A rich library of built-in blocks is provided in Simulin k; additional blocks
can be created by the user.

Block diagrams can be simulated by using the integration methods provided by Simulink: in fact, the block diagram is internally converted into
a set of ODES that can be numerically integrated by using the Matlab
ODE solvers.

Model analysis tools include linearization and trimming tools.

Because of the integration between MATLAB and Simulin k, i t is possible
t o simulate, analyze, and revise a Simulink model in either environment
a t any point.

What is Simulink
Block diagram modeling, as used in Simulink, works well for control systems since they are signal-oriented systems (i.e. causality is implicitly
considered in the model definition) rather than energy-oriented systems
(where energy exchanges are usually "not oriented"): this explain the
widespread use of Simulink as a tool for modeling, simulating, analyzing
and validating a control system.

For invoking Simulink, use the command simulink from the Matlab
command window: the Simulink Library Browser window is opened.

For creating a new Simulink model, select File/New/Model in the Simulink
Library Browser window menu, or press the button New in the toolbar of
the Library Browser. A new window (Model window) is opened, inside
which a block diagram can be sketched.

For building a block diagram (Simulink model):

- drag & drop the Simulink blocks from the Simulink Library Browser
t o the Model Window
- connect blocks with connection lines. Place the mouse over the output port of a block: the pointer changes t o a cross. By holding the
left mouse button pressed, move the pointer over the input terminal
of another block and release the button. Alternatively, select a block
by left clicking over it; then, by left clicking over another block while
pressing the Ctrl button, a connection between the two blocks is
created.

To save a Simulink model (file with .mdl extension), use the menu option
File/Save As... in the Model window menu. A Simulink model can also be
processed by some Matla b routines (type help sim t o get more info).

Using mouse in Simulink
Operating with blocks:
Left button: select a block.
Drag & drop with the left button: move the block.
Click & Hold & Release with the left button: select a group of blocks.
Right button: open a pop-up menu from which it is possible t o select
different operations t o be performed on the block.
Drag & drop with the right button: create a copy of the selected block.
Double click with the left button: open the block parameters window
associated t o the block.
Operating with connections:
Left button: select a line.
Drag & drop with the left button: drag the connection line (or one of its
corners, if selected).
Click & Hold & Release with the left button, starting from a corner of the
connection line: create a derivation point in a connection line.
Right button: open a pop-up menu from which it is possible t o select
different operations t o be performed on the line.
Click & Hold & Release with the right button: create a derivation point
in a connection line.
Double click with the left button: assign a label t o the connection.

Others
Others:
To delete a block, select it and press the Canc button; alternatively, use
the option Clear in the pop-up menu associated t o the block.
Blocks can be duplicated using the cut & paste ( C t r l + C , C t r l + V , C t r l + X
or using the menu options).
For inserting a block along a connection, drag over it and release once i t
is over the connection.
For disconnecting a block from a connection, drag i t by holding pressed
the S h i f t button.

Construction & simulation of a model
Example: Suppose that a DC motor with input equal t o the bias voltage v(t)
and output equal t o the rotor shaft position B(t) is modeled with the following
transfer function

Consider a unit step input applied a t t = 1s: determine the time-evolution of
the rotor shaft position and velocity in the time interval [0 s , 5 s ] .
Build the Simulink model:
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The variables I% and p in Transfer Fcn must be defined in the Matlab workspace;
alternatively, their values must be specified within the block.

Set the simulation parameters:
In the Model window menu, select Simulation/Simulation parameters...;
a dialog box is opened.
In the dialog box, set Stop time t o 5 s and ode45 with Variable s t e p
as the integration method for the simulation.
Run the simulation:
In the Model window menu, select Simulation/Start (or use the Run button in the Model window toolbar).

Construction & simulation of a model
Visualizing simulation results:
During simulation, the trace of a scope can be plotted by double-clicking
over it (a window is open and the trace is shown inside that window).
When the simulation stops, the variables specified in the t o Workspace
blocks are exported into the Matlab workspace. In the example, if the
option Save format: Structure with Time has been selected in the dialog
boxes of the scopes, then the structures v, omega and t h e t a are saved
in the workspace.
To access data inside the strcture, use <structure name>. t i m e and
<structure name>. s i g n a l s . v a l u e s .
Note on the integration methods:
The ODE:

x(t) = f ( t ,x(t))

with

x(to)= xo

and

t E [to,tl]

is numerically solved by computing x(t) in a certain amount of time instants ti within the time interval [to,
t l ] .A t the instant ti+l,the solution
x(t) is evaluated as:

x(ti+l)= X t i + Aig(ti ti) , f , Ai)
Ai = ti+l - ti is the integration step and g is a suitable function

where
that depends on the integration method.

We can choose between two main classes of integration methods:

- fixed step methods: the integration step is decided by the user or it
is determined before starting the simulation. Therefore, the solution
is determined a t equally spaced time instants.
- variable step methods: the integration step is automatically changed
during the simulation in order t o fulfill the accuracy requirements.

Construction & simulation of a model
There are solvers for continuous-time models and discrete-time models:

- even for the discrete-time solvers it is possible t o select between fixed
step methods (the step will be equal t o the sampling period or a
fraction if it) or variable step methods (the step will be equal t o
one or more sampling periods, depending on whether the system is
single-rate or multi-rate).
- it is possible t o simulate a discrete-time model with a continuous-time
solver, but the reverse is not allowed.
Some available solvers:

- ode45 with variable-step can be applied in many situations, and for
this reason is the default solver in Simulink. It may not be so effective in simulating stiff models, i.e. models in which some components with very fast and very slow dynamics (i.e. component reacting
promptly or very slowly t o an excitation) coexist.
- odels with variable-step is the first method t o try when it is believed
that the model is stiff.
- discrete is the solver used for discrete-time models.
For variable step solvers, the following parameters (to set in the Simulation
Parameter dialog box) control the simulation accuracy:

- Max step size and min step size control the maximum and minimum
size of the integration step
- Relative tolerance define the number of significant digits in the solution; Absolute tolerance define the threshold below which the solution
has t o be considered negligible (irrelevant).

Implementing & solving an ODE in Simulink
Consider a generic initial value problem of the type:

where the ODE can be rewritten in explicit form as:
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It can be implemented and solved in Simulink by using the following implemen
tation scheme:

The ICs of the initial value problems correspond t o the initial states of the
integrators. Note that the model allows t o simulate both the forced and the
natural responses.

