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| Preparation

Before tackling the worksheets you will need to understand some basic information:

Microcontroller Basics
These worksheets assume that you have completed a basic course in microcontroller
programming.

Actuators Board Wiring Diagram

The worksheets make use of the Matrix EBlocks 3 Actuators panel which includes
a servo motor, stepper motor and DC motor with feedback. You will need to make
sure that you understand how this is connected to the microcontroller port and get
an idea of how the circuit works. You can find a full circuit diagram in the EBlocks 3
Resources section on the Matrix web site.

The connections on this are as follows:

« BitO Servo

« Bit1 DC motor A

« Bit2 DC motor B

+ Bit3 Stepper A

+ Bit4 Stepper A’

+ Bit5 Stepper B

+ Bit6 Stepper B’

« Bit7 DC motor feedback

Half And Full Bridge Control
You will need to understand the difference between half and full bridge control of
motors. There is plenty of information on this on the internet.

Stepper Motor Control
You will need to understand how to drive stepper motors. Again, there is plenty of
information on this on the internet.

Servo Motor Control
You will need to understand how to drive servo motors. Again, there is plenty of
information on this on the internet.
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Worksheet 1 - Simple DC Motor Control

There are a huge number of devices that use small
motors including toys, electric toothbrushes,
medical and mechatronics systems. Turning them
onand offrequires the use ofarelay oratransistor.
Varying the speed requires the use of Pulse Width
Modulation as a power control technique.

In this worksheet you will learn how to use a
potentiometer and PWM to control the speed of a
simple DC motor.

CP0507 - MOTORS AND MICROCONTROLLERS VIDEO CONTENT

Over To You

«  Watch the video “Controlling DC motors - Simple DC" on the Flowcode YouTube
site.

« Load the file “Simple DC". Set up the hardware appropriately.

« The program allows you to control the speed of the motor using a potentiometer.

Challenge:

*  Modify the program so that two switches control the speed of the motor: plus and
minus.
* Print the speed on the LCD.

Hints:

1. In the main loop detect if a switch has been pressed - say switch PORTAO and
PORTA1 on a combo board or switch board on port A.

2. Use avariable SPEED and add or subtract 1 from SPEED as the appropriate switch

is detected.

Use two IF icons for the logic - IF switch AO is pressed or IF switch A1 is pressed

Put the appropriate logic in the YES branch of the IF icons

. Replace the two IF icons with a SWITCH icon.

Vs W
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Worksheet 2 - Full Bridge Motor Control

Sometimesweneedtocontrolthedirectionofamotor
- for example an electric wheelchair. Wheelchairs
typically make use of a pair of 12 or 24V DC motors -
one on each drive wheel. A microcontroller /joystick
system allows users to go forwards, backwards and
also turn left and right. A full bridge circuit - typically
in a single chip/module these days - provides this
control.
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In this worksheet you learn how to control a motor
using a full bridge system.

CP0507 - MOTORS AND MICROCONTROLLERS VIDEO CONTENT

Over To You

+  Watch the video “Controlling DC motors - full bridge” on the Flowcode YouTube
site.

+ Load the file “Full bridge”. Set up the hardware appropriately.

« The program cycles the motor forwards and backwards at a fixed speed.

Challenge:

* Modify the program so that two switches control the direction of the motor:
forwards and backwards and two switches control the speed.
+ Print speed and the direction on the LCD.

Hints:

1. In the main loop detect if a switch has been pressed - say A0, A1, A2, A3
2. Use a SWITCH icon for the logic - assume only one switch is pressed at any time
3. Put the appropriate logic in the branches of the SWITCH icon.
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Worksheet 3 - Servo Motor Control

Small servo motors use a miniature DC motor with
positional feedback control to allow you to control
the angle of a motor rather than the speed. The
angle is changed to a linear position control by
using a small arm on the rotor with a rod. This
allows the flaps on radio-controlled aeroplanes to
be controlled remotely.

In this worksheet you learn how to control simple
servo motors.

CP0507 - MOTORS AND MICROCONTROLLERS VIDEO CONTENT

Over To You

«  Watch the video “Controlling Servo motors” on the Flowcode YouTube site.
« Load the file “Servo”. Set up the hardware appropriately.
« The program uses a potentiometer to adjust the position of the servo motor.

Challenge:

« Use a logic analyser to view the waveform generated by the microcontroller for
different positions of the servo motor.
o Plug the logic analyser onto the header pins near the Port C, where you plugged
the motors board into.
« (Calibrate the motor angle for 0 and 255 full scale.
« Use some maths to display the angle on the LCD.

Hints:

Set up a Real Type variable - Angle.

Make sure you use the decimal point on all Real calculations: e.g. “2.0" not “2".
Measure the angle (visually) for an output of 0 and 255.

Calculate the angle and display it on the LCD.

S SN

y
ll’ﬂlﬂlx Copyright © 2026 Matrix Technology Solutions Limited


https://matrixts-my.sharepoint.com/:f:/g/personal/alyce_holt_matrixtsl_com/IgBBKx6arOtNQq_LgwOpW215AQbH2t-EUbnsVQOOn-QcvTA?e=yoYzx1

WORKSHEETS
Worksheet 4 - Stepper Motor Control

Stepper motors are used to accurately rotate
a motor one step at a time. These have lots of
applications including CNC machines for shaping
wood and metal. (The spindle here is often a DC
motor with speed control).

In this worksheet you will learn how to control a
stepper motor.
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Over To You

Watch the video “Controlling stepper motors” on the Flowcode YouTube site.
Load the file “Stepper”. Set up the hardware appropriately.

Challenge:

Develop a program that cycles the motor forwards or backwards in 10 degree
steps when a forward or backward switch is pressed.

Hints:

1.

Use the Actuators board datasheet to understand how many steps are in a 360
degree circle.

In the main loop detect if a +10 degree or -10 degree switch has been pressed -
say switch PORTAO and PORTA1 on a combo board.

Use a SWITCH icon for the logic and a LOOP inside each branch that moves the
motor forwards or backwards by the appropriate step count.

Use the display to show the program function.
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Worksheet 5 - DC Motor Speed Control

Varying the power varies the speed, but that does not
tell you how fast the motor is turning. For a DC motor
some kind of feedback is needed. Then you can form
a ‘closed loop’ system with a microcontroller: the
microcontroller measures the speed and varies the
power untiltherequired speed ofthemotorisreached.
This technique is used in all sorts of machines.

In this worksheet you learn how to make a system
that will allow you to measure and then control motor
speed.

CP0507 - MOTORS AND MICROCONTROLLERS VIDEO CONTENT

The DC motor rotor on the Actuators panel is fitted with a 3 vein plastic disc and
opto sensor. It creates pulses on the microcontroller input as the motor rotates. The
technique of measuring speed involves measuring the time of the pulses from the
opto sensor. This involves using a pin interrupt. Interrupts are complex because they
can upset the other parts of the program if they are not handled carefully.

So this is quite an advanced exercise.

Over To You

«  Watch the video “Controlling DC motors - speed control” on the Flowcode YouTube
site.

* Load the program “Feedback control” into your hardware. Set up the hardware as
detailed in the program and compile your program to the microcontroller.

Challenge:

« Use the logic analyser to understand the function of the program.
*  Modify the program to form a closed loop system that varies the speed of the DC
motor. Use two push to make switches to increase and decrease the speed.
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WORKSHEETS
Worksheet 5 - DC Motor Speed Control

Hints:

PN =

u

The program you have measures the speed in RPM.

In the Main loop detect which switches are pressed - if any.

Create a variable TARGET _RPM

Change the display so that TARGET_RPM and RPM speed are displayed. Use the
update-display routine for writing to the display.

Vary the DC motor power up or down depending on whether the TARGET_RPM is
lower or greater than the RPM.
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