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Introduction to Simulink

Simulink is a software for modeling, simulating, and analyzing dynamical systems. It sup-
ports linear and nonlinear systems, modeled in continuous time, sampled time or hybrid of
two. Systems can also be multirate, i.e., have different parts that are sampled or updated
at different rates.

For modeling, Simulink provides a graphical user interface (GUI) for building models as
block diagrams, using click-and-drag mouse operations. With this interface, you can draw
the models just as you would with pencil and paper (or as most textbooks depict them).
Simulink includes a comprehensive block library of sinks, sources, linear and nonlinear com-
ponents, and connectors. You can also customize and create your own blocks.

Models are hierarchical. This approach provides insight into how a model is organized
and how its parts interact. After you define a model, you can simulate it, using a choice
of integration methods, either from the Simulink menus or by entering commands in MAT-
LAB’s command window. The menus are particularly convenient for interactive work, while
the command-line approach is very useful for running a batch of simulations.

Using scopes and other display blocks, you can see the simulation results while the simula-
tion is running. In addition, you can change parameters and immediately see what happens,
for ”what if” exploration. The simulation results can be put in the MATLAB workspace
for post processing and visualization. And because MATLAB and Simulink are integrated,
you can simulate, analyze, and revise your models in either environment at any point.
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How to use Simulink

Step 1 : Click ”Start” button of Matlab. Search for the ”Simulink” option and click
”Library Browser” option.

Figure 1: (Left)Open Simulink (Right)Simulink Library

Step 2 : Select ”File” button → ”New” → Model

Figure 2: (Left)Open Empty Model (Right)Empty Model
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Step 3 : type ”sine wave” in the search blank → drag the ”sine wave” block to the model
window.

Figure 3: GUI interface

Step 4 : Double click ”sine wave” block → modify the Frequency as ”500*2*pi*” and
Phase ”pi/2”. (i.e., a sine wave with pi/2 phase shift and frequency 500Hz.)

Figure 4: GUI interface - Sine Wave Setup
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Step 5 : type ”scope” in the search blank → drag the ”scope” block to the model window
→ save model as ”Model”

Figure 5: GUI interface - Scope

Step 6 : Double click ”scope” and the scope window will pop out → Model time blank to
”0.01” (simulating time 0.01 sec) → Click the ”play” button.

Figure 6: GUI interface - Display
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Simulink - Sampling

Given a continuous sinusoidal signal s(t) and a impulse train p(t), we can sample continuous
signal s(t) by multiplying with p(t). Suppose the period of impulses in p(t) is Ts and its
corresponding sampling frequency will be 1

Ts
= Fs. In addition, the continuous sinusoidal

signal has frequency F. In this section, we will discuss three cases,

• Fs < 2F (Sampling rate is less than twice sine wave frequency)

• Fs = 2F(Sampling rate is equal to twice sine wave frequency)

• Fs > 2F (Sampling rate is larger than twice sine wave frequency)

Figure 7: Sampling Model

From sampling theorem, sampling rate Fs should be equal or larger than twice frequency
of sinusoidal signal F . i.e., Fs ≥ 2F . For our simulink configuration, we set the sinusoidal
signal frequency as 500Hz and we give three sampling frequencies, 500Hz , 1kHz and 10kHz.
For Nyquist theorem, if the sampling rate is smaller, it will result in aliasing. If the sampling
rate is larger than the Nyquist rate, it will result in imaging. Hence, in this section, we want
to give a true simulation of sampling a continuous sinusoidal signal and give discussion in
”Time Domain”.
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• Fs < 2F : Given the sampling rate, Fs = 500Hz, which is less than Nyquist rate,2F ,
we can see that sampled signal can not represent the sinusoidal signal correct, even
the frequency is ambiguous. It is also called , Aliasing.

• Fs = 2F : Given the sampling rate Fs = 1000Hz, which is equal to Nyquist rate, 2F ,
we can see that sampled signal can represent the sinusoidal signal.
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• Fs > 2F : Given the sampling rate Fs = 10000Hz, we can see that sampled signal
represents original continuous signal well and we can see several samples within one
period of sinusoidal signal. For this case, it is called aliasing.
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Fourier Transform

In this section, we will explore Fourier transform using simulink. First, we assume input
is discrete sinusoidal signal. We would like to take fft of input signal and see its spectral
domain result. First, we assume the input is discrete sinusoidal signal with F=500Hz and
sampling frequency Fs=10000Hz.

Seeing figure below, the right figure shows the input discrete signal with F=500Hz and the
left figure shows the spectral domain of the input signal. As we know that the sampling
frequency if 10000Hz, the right most frequency is 5000Hz. In addition, it can be seen that
the peak appears at 500Hz. Therefore, in this section, we can tell that in spectral domain,
we can see its corresponding frequency of the input signal.
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Aliasing and Imaging

Up to now, we have already known sampling theorem and fourier transform. We would like
to explore the results in spectral domain while we change sampling rate. As continuous
sinusoidal signal multiplies by impulse trains, it is sampled signal. However, while sampling
frequency is smaller than the Nyquist rate, aliasing will produce in spectral domain. Con-
versely, while sampling frequency is larger than the Nyquist rate, imaging will produce in
spectral domain. The following figure shows the system model in simulink. First, we set
the continuous sinusoidal signal has frequency F=500Hz. In the same way, we will vary
impulse train with different sampling frequencies, Fs=1kHz and 10kHz.

• Fs=1kHz : For this case, the sampling frequency is the same as Nyquist rate, i.e.
2F . We can see that the spectrum of the sampled signal has peak at the signal
frequency(F).
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• Fs=10kHz : As the sampling frequency is increased. Seeing the spectrum of the
impulse train, we can see that there exists more than one peaks. Also, the spectrum
of the sampled signal has copies of peaks. For this case, we call that imaging in
spectral domain.

• Fs=500Hz : While the sampling frequency is smaller than the Nyquist rate Fs, aliasing
will produce. For this case, the bandwidth of the input signal will expand and the
next copy of peak locate at 4π. If the bandwidth of the input is larger than π, aliasing
will result in spectral overlapping.

10


