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LED (PWM) Exercise
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1.0 Learning Outcomes

After completing this Exercise, you will be able to:

1. Understand the use of the Simulink Arduino support package for
algorithm design for a simple circuit, e.g., for an LED.

2. Understand the operation of Pulse Width Modulation (PWM) to a simple
circuit, e.g., for an LED.

After completing this Exercise, it is recommended that you refer back to the
Learning Outcomes.

2.0 Hardware Set Up

This is the same hardware setup as used in the previous exercise. Note that
there is a video at the end of this Section to help with understanding, see Figure
1.

The exercise involves connecting an LED to a pulse width modulation (PWM)
Arduino output pin and controlling the brightness via using the 8-bits (256
different levels), i.e., the 256 different values of 'brightness'.

Required hardware for this exercise:

Arduino Uno board (supported by Simulink)
USB Cable Type Ato B

Breadboard

LED

220 Ohm resistor

2 x male-male breadboard wires

Set-up the hardware as shown and following these steps:
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Use a male-to-male jumper wire to connect Pin 9 on the Arduino to a
chosen column on the breadboard.

Insert a 2200hm resistor so that one end is in the same column as the
wire from Pin 9. Place the other end of the resistor in a different row.
Insert the LED so that its long leg (anode) is connected to the free end
of the resistor. Then complete the circuit by connecting the LED’s short
leg (cathode) to a GND pin on the Arduino using a male-to-male jumper
wire.
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Figure 1: Hardware Set-Up for LED (PWM) Exercise

3.0 Simulink Set Up and PWM Testing

In this part of the exercise, you will develop a Simulink model to control the
Arduino PWM output, i.e., to vary the brightness of the LED. A sine wave signal
will be used to vary the PWM values between zero (off) and 255 (fully on),
smoothly adjusting the LED brightness across its full range.

The steps to set up the model are as follows:

1.

2.

Use a Sine Wave block (from Sources) as the input and connect it to an
Abs (absolute value) block (from Math Operations), as shown in (2).

Connect a Slider Gain block (from Math Operations). You can specify
the lower (Low) and upper (High) limits of the gain to constrain the output
voltage. For example, to limit the voltage to 2.3 V: 256 x 2.3 = 117.76 =
117. In this case, the upper limit (High) for the Slider Gain would be set
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to 117. However, for this exercise, set the upper limit to 255 (equivalent
to 5 V on the Arduino Uno) (3).

3. Add a PWM block (from Common in the Simulink Support Package for
Arduino Hardware) and connect three Scopes (from Sinks).

4. Then run the steps from the previous exercise to perform the code
generation (a recap link is provided below), to create an LED that is
varying in brightness! Explore the effect of the gain value within the
Slider Gain. Watch the video below for further help!

Recall how to perform code-generation by visiting HERE.

@ O LD O
Scope Scope1 Scope2
ARDUINO
S > |y »130.0 >
i Freq: Default
Sine Wave Abs Slider in: 9
Gain PWM
[¥al Black Parameters: Sine Wave x

(% Block Parameters: Slider Gain X
Sine Wee @ slider Gain (mask) (link) @
Output a sine wave: )
Move the slider to modify the scalar gain.
O(t) = Amp*Sin{Freq*t+Phase) + Bias

Parameters
Sine type determines the computational technique used. The parametes
i " » 0.0 255.0
in the two types are related through:
Samples per period = 2*pi / (Frequency * Sample time) L 130.050
Number of offset samples = Phasa * Samples per period / (2%pi) Low High
o 255
Use the sample-based sine type if numerical problems due to running fo
large times (e.q. overflow in absolute time) occur
Parameters oK Cancel Help A

Sine type: Sample based
Time (t): Use simulation time
Amplitude:

1

Bias:

0

Samples per period:

300

Number of offset samples:
o

Sample time:

OK Cancel Help

Figure 2: Simulink Set-Up for LED (PWM) Exercise

A\ If you encounter any errors, click the link HERE for troubleshooting help.
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