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Getting Started

Before starting the worksheets, you need to understand some aspects of the hardware 
and software that you will be using.

Firstly, please read through the information in the Reference section - not to absorb it 
all but in order to know what is there and where it is so that later on you know where 
to find it.

For the teacher, the Teachers’ notes section outlines a number of teaching options 
with this Robot Arm. This section guides you through them, suggesting ways of using 
the product and giving you a view of the learning objectives and difficulties of each 
worksheet.

You need to decide exactly how you want to program the Robot Arm:

Once you are familiar with the hardware and software, then begin work on the 
worksheets provided. These are structured to build your learning, step-by-step.
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WORKSHEETS
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WORKSHEETS
Worksheet 1 – Investigating the Workspace 

Robot arms can rotate around a number of axes. This 
determines their range of movement and capability.
Most have base rotation, shoulder rotation and elbow 
rotation. This, and the length of its limbs, determine 
the reach of the Robot Arm.
The Arm movement is confined to a three-dimensional 
space known as the ’workspace’.

Over to you:

Challenge

•	 Read the following in the Reference section:
•	 Understanding the Robot Arm
•	 Connections and Circuit
•	 PC USB driver and software set up
•	 Basic Control software app
•	 On your PC, load the ‘BasicControl.bat’ software.
•	 Click on the ‘Run’ icon,     , situated at the top left. The ‘Connected’ box should turn 

green.
•	 Click on the ‘Enable Motors / Home’ button. The ‘Enabled’ box should turn green.
•	 Use the ‘Base’, ‘Shoulder’ and ‘Elbow’ slide bars to explore movement of the arm.
•	 Click on the ‘Enable Motors / Home’ button again. The arm returns to its ‘home’ 

position.
•	 Use the ‘Set’ buttons to specify angles for the ‘Base’, ‘Shoulder’ and ‘Elbow’ motors.
•	 Click on the ‘Open’ and ’Close’ buttons for the gripper. Use the ’Set’ button to specify 

the extent to which the gripper opens.
•	 Click on the ‘Enable Motors / Home’ button again.
•	 Use the ‘Set’ buttons to move the arm to the following position: ‘Base’ = 900, 

‘Shoulder’ = 550, ‘Elbow’ = 650.
•	 Open the gripper and place a counter between its jaws.

•	 Use the gripper to pick up a counter and return it to the arm’s ‘home’ position.
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WORKSHEETS
Worksheet 2 - Store it 

It is important that robot arms can ‘remember’ where 
things are!
They contain electronic memory which enables them 
to store programs, positions, speeds etc.
This worksheet uses this built-in memory.

Over to you:

So what?

Challenge 

•	 Load the ‘BasicControl.bat’ software.
•	 Click on the ‘Run’ icon and the ‘Enable Motors / Home’ button. The ‘Connected’ and 

‘Enabled’ boxes should turn green.
•	 In the ‘Position Index’, press on ‘+’ to select position 1.
•	 Use the Base ‘Set’ button to specify a Base motor angle of 900.
•	 Click on ‘Save’ in the ‘Position Index’.
•	 Select position 2 and save a Base motor angle of 900 and Shoulder angle of motor 

angle of 550.
•	 In the same way, for position 3, store ‘Base’ = 900, ‘Shoulder’ = 550, ‘Elbow’ = 650.
•	 Return the arm to its ‘home’ position.
•	 Select position 1 in the ‘Position Index’. Click on the ‘Goto’ button and notice what 

happens.
•	 Do the same for positions 2 and 3.
•	 From the ‘home’ position, send the arm to position 3. Notice that rotation occurs 

around all three axes simultaneously.
•	 Drive the arm until the gripper sits on the green circle labelled ‘U’ on the mat.
•	 Use ‘Position 4’ to store its co-ordinates.
•	 Test that this works.

•	 The Robot Arm can store up to thirty sets of co-ordinates in this way.

•	 Use ‘Position 5’ to store the co-ordinates of the blue circle labelled ‘B’.
•	 Test that this works.
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WORKSHEETS
Worksheet 3 - Sort it 

The Robot Arm’s colour sensor allows it to distinguish between 
coloured objects and hence to sort and select them.
Traditionally a human task, sorting done by robot is faster, more 
reliable and accurate. Humans get tired and bored by repetitive 
tasks but robots love repetition.
Robotic sorting is used in a wide range of industries, e.g. 
pharmaceuticals, agriculture, waste recycling .... It is used to sort 
different types of grain, different waste materials, precious stones...

Over to you:

So what?

•	 Load and run the ‘BasicControl.bat’ software, as before.
•	 Place a red counter on the colour sensor, manually.
•	 Click on the ‘Sample’ button in the ‘Colour Sensor’.
•	 The coloured rectangle in the ‘Colour Sensor’ should turn red.
•	 Notice the number displayed above the coloured rectangle. This number is a 

measure of the red, green and blue (RGB) components in the light reflected from 
the counter.

•	 Now do the same for the green and blue counters.

•	 The Robot Arm software uses the RGB value to distinguish between red, green 
and blue objects and select the appropriate colour for the rectangle in the ‘Colour 
Sensor’.
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WORKSHEETS
Worksheet 4 - Drive it With the Pendant 

The most common methods for programming a 
robot are:
•	 Using a programming language;
•	 ‘Teaching’ the robot on the factory floor.
When teaching the robot, we often make use of a 
‘pendant’, connected to a PC or to the robot itself. 
This worksheet uses a PC-based app with a simu-
lated pendant.
The image shows a robot arm connected to a 
teaching pendant.

Over to you:

So What?

•	 Read through the information in the Reference section on the Pendant program.
•	 On your PC, close the Basic Control program and load the ‘PendantControl.bat’ 

software.
•	 Click on the ‘Run’ icon,      , situated at the top left. The ‘Connected’ box should turn 

green.
•	 In the ‘LIVE ARM CONTROL section, click on the ‘Enable Motors / Home’ button. The 

‘Enabled’ box should turn green.
•	 Investigate the effect of clicking on the ‘Position’ and ‘Gripper’ buttons. Notice what 

happens to the ‘Coords’ and ‘Angles’ readings as you do so.
•	 Use these controls to move to and pick up a green counter and return it to the 

arm’s ‘home’ position.

•	 The ‘LIVE ARM CONTROL section offers sensitive control of the arm’s position, 
moving it by a fraction of a degree each click.
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WORKSHEETS
Worksheet 5 - Starting G Code

G code is a programming language used in manufacturing 
and engineering to control the movement and behaviour 
of machines.
G code stands for “Geometric Code”. Its commands tell 
the device where and how fast to move.
It combines a set of standard commands with machine-
specific commands - known as ‘M codes’.

Over to you:

•	 Read through the information in the Reference section on G code.
•	 On your PC, load the ‘PendantControl.bat’ software and click on the ‘Run’ icon,     .
•	 The first activity focuses on the G code commands ’G0’ and ‘G1’, which move the 

arm to a position specified by the co-ordinates that follow the commands.
•	 Previously, when Robot Arm was controlled manually, the activities started by 

clicking the ‘Enable Motors / Home’ button. When using a G code program to control 
the arm, it should start with the command that does the same thing, command 
‘G28’.

•	 In the left-hand panel of the Pendant control app, click on ’New’ button to start a 
new file.

•	 Some G code commands are listed in the right-hand panel. Click on the ‘G28 Motors 
On’ button. On the screen, the display should show ‘0001 G28’. Your program has 
started with the instruction on line 0001 to turn on the motors.

•	 Next, click on the button labelled ‘Insert After’ and then on the command button 
‘G0 Rapid Move’. The software asks you for the co-ordinates of the destination for 
the arm. Insert ‘X = 213’, ‘Y = 194’ and ‘Z = 17’.

•	 In the ‘Execution’ section of the app, click on ‘Start’. Notice what happens.
•	 Next, click on the ’New’ button and do the same thing but this time using the 

command ’G1 Move’. As before, the software asks you for the destination co-
ordinates. Insert ‘X = 213’, ‘Y = 194’ and ‘Z = 17’. This time, you are then asked for a 
speed value. Insert the number ‘10’.

•	 In the ‘Execution’ section of the app, click on ‘Start’. Notice what happens.
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WORKSHEETS
Worksheet 5 - Starting G Code 

So What?

Challenge 

•	 Although there are around 100 different G codes, the Pendant Control software 
will recognise only those listed in the right-hand panel of the image.

•	 The ‘G0 Rapid Move’ instruction is used to relocate the arm to a new position.
•	 The ‘G1 Move’ instruction is used when the arm is carrying out a task, like machining 

or cutting, between the start and end points.
•	 Another useful command is ‘Pause’ G4. To configure it, follow it with the desired 

time delay, in milliseconds. For example, for a 2s delay, enter G4 2000. The software 
adds a ‘P’ automatically as part of the G code instruction.

•	 To compare the G0 and G1 commands, combine the instructions you just used. 
Write a program that:

•	 Moves the arm rapidly to the destination X= 0, Y = 200, Z = 15;
•	 Pauses for 2s;
•	 Returns to its home position (X=186, Y=0, Z=116) at a slow speed (speed value 10).
•	 Test it to see how G0 and G1 compare.
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WORKSHEETS
Worksheet 6 - Absolute vs Relative  

The G code program usually specifies a destination for the Robot 
Arm.
It can do this in one of two ways:
•	 Absolute positioning;
•	 Relative positioning.
The first spells out precise co-ordinates of the target destination.
The second tells it how to get to the next destination from its 
current location, rather like a sat-nav app.

Over to you:

This worksheet contrasts the two types of positioning.
•	 Start Pendant Control and click on ‘New’ to start a new program.
•	 Create the following program:

The quick way to do this:
•	 ‘Copy-and-paste’ the instruction column, (but not the line numbers or comments,) 

into Notepad.
•	 Save the file as ‘W6A’ or similar.
•	 In Pendant Control, click on ‘Open’ and select the file. The software opens it as a G 

code file.
•	 To see the effect of each command, click on ‘Step’ in the ‘Execution’ area. This 

causes only the line indicates by the cursor to execute. The cursor then moves on 
to the next line.

•	 Each time that the arm moves, notice the ‘Coords’ readings and compare them with 
the command just executed. Hence, contrast the effect of absolute and relative 
positioning.

•	 Click on the ‘Start’ button to run the whole program. Notice that the cursor now 
progresses through the whole program.

Line Instruction Comment 

0001 G28 Turn on motors (in home position)

0002 G90 Select absolute positioning;

0003 G1 X20 Y100 Z5 F25 Move to X = 20, Y = 200, Z = 10 at speed 25;

0004 G4 P5000 Delay / Pause for 5s (5000ms);

0005 G91 Select relative positioning;

0006 G1 X-20 Y10 Z-1 F25 Move to add -20 to X, 10 to Y and -1 to Z at 
speed 25;

0007 G4 P5000 Pause for 5s (5000ms);

0008 G90 Select absolute positioning;

0009 G28 Return to home position.
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WORKSHEETS
Worksheet 6 - Absolute vs Relative 

So What 

Challenge 

•	 The G code instructions can be strung together to define a series of movements 
and activities for the Robot Arm.

•	 A segment of a program is shown below.
•	 In the second column of the table, part of this program has been ‘decoded’.
•	 Complete the table by adding explanations for the remaining part.

G28
G0 X140 Y0 Z81
M6 A255 
G1 X180 Y20 Z50 F2000
M6 A70
G1 X140 Y0 Z81 F2000
G18

Instruction Comment 

G28 Turn on motors

G0 X140 Y0 Z81 Rapid move to X,Y,Z co-ordinates 140,0,81

M6 A255 Open gripper fully 

G1 X180 Y20 Z50 F200 Move to X,Y,Z co-ordinates 180,20,50 at speed value 2000

M6 A70

G1 X140 Y0 Z81 F200

G18

G90

G28
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WORKSHEETS
Worksheet 7 - Pick and Place 

The image shows a robot arm moving a car 
windscreen into place.
This worksheet mirrors that task.
It uses both absolute and relative positioning 
to pick up a blue counter and move it to a new 
position.

Over to you:

•	 Start Pendant Control and click on ‘New’ to start a new program.
•	 Create the following program:

•	 To see (and check) what each command does, click on the ‘Step’ button in the 
‘Execution’ area and move through the program one command at a time.

•	 When you are happy with it, click on the ‘Start’ button to run the whole program.

Line Instruction Comment 

0001 G28 Turn on motors (in home position)

0002 G0 X214 Y277 Z150 Move rapidly to blue counter 

0003 G91 Select relative 

0004 G1 X0 Y0 Z-130 F25 Lower arm slowly 

0005 M6 A50 Close gripper 

0006 G1 X0 Y0 Z130 F25 Raise arm slowly

0007 G90 Select absolute postioning 

0008 G0 X0 Y200 Z150 Move rapidly to new position 

0009 G91 Select relative postioning 

0010 G1 X0 Y0 Z130 F25 Lower arm slowly

0011 M6 A255 Open gripper 

0012 G1 X0 Y0 Z130 F25 Raise arm slowly

0013 G28 Return to home position.
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WORKSHEETS
Worksheet 7 - Pick and Place 

So What 

Challenge 

•	 The Pendant Control software defaults to absolute positioning mode. That is why 
there is no need to specify it at the start of the program.

•	 The first move, to the position of the blue counter is done using absolute 
positioning, hence the need to specify the absolute co-ordinates 214,277,150 of 
the blue counter.

•	 Raising and lowering the gripper is done more slowly, in relative mode, using 
command G1 at speed value 25.

•	 Line 0012 is still in relative positioning mode. The final command, G28, is 
automatically in absolute mode.

•	 Extend the program so that the arm picks up each counter in turn from its ‘home’ 
position, (B, D and F,) and repositions them. The diagram gives the target X,Y co-
ordinates for their final positions. Having done that, the arm should return to its 
‘home’ position.
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WORKSHEETS
Worksheet 8 - Branching - Unconditional 

Some programs are just a series of activities that run one 
after the other, regardless. In others, the program can 
branch and take a route that depends on what is happening.

There are two types of branching:
•	 Conditional branching - in some situations the program 

will take a branch, whereas under others, it does not;
•	 Unconditional branching - the program always branches.

The Pendant Control app offers both types.
•	 The GOTO command is unconditional. Whenever, the 

program reaches a GOTO command, it branches.
•	 ‘If...’ commands are conditional. Branching takes place 

only if certain conditions apply, e.g. the object is green, 
but more of that later.

Over to you:

So What?

•	 In Pendant Control, open the program you 
created in worksheet 6, shown opposite:

•	 Click on ‘Loop’ in the ‘Execution’ section.
•	 Notice what happens. Watch the behaviour 

of the cursor!
•	 When you understand what is happening, 

click on the ‘Stop’ button and return the arm 
to its home position.

•	 Modify the program by inserting an extra 
command ‘GOTO 0005’ after line 0007.

•	 The program now looks like that opposite:
•	 Click on ‘Start’ in the ‘Execution’ section.
•	 Notice the difference in the behaviour of the 

program and the cursor.
•	 Once again, when you understand the result, 

click on the ‘STOP’ button and return the arm 
to its home position.

•	 The ‘Loop’ instruction in the ‘Execution’ section of Pendant Control is really a form 
of the ‘GOTO’ command that sends the program back to the beginning each time 
it reaches the end.

•	 The ‘STOP’ button does what its name suggests but only on completion of the 
current instruction.

0001            G28
0002            G90
0003            G1 X20 Y100 Z5 F25 
0004            G4 P5000 
0005            G91 
0006            G1 X-20 Y10 Z-1 F25 
0007            G4 P5000
0008            G90
0009            G28

0001            G28
0002            G90
0003            G1 X20 Y100 Z5 F25 
0004            G4 P5000 
0005            G91 
0006            G1 X-20 Y10 Z-1 F25 
0007            G4 P5000
0008            GOTO 0006
0009            G90
0010            G28
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WORKSHEETS
Worksheet 9 - Branching - Conditional 

Colour sorting machinery is used widely in industry.
For example:
•	 In agriculture and food processing, grains, nuts, beans, 

tea and herbs are usually sorted mechanically;
•	 In recycling plants, a mechanical sorter can distinguish 

between different types of plastic.

Over to you:

Challenge 

•	 In Pendant Control, write a program that 
picks up a blue counter and places it on the 
colour sorter. One way to do this is shown 
opposite.

•	 Next, add a 2s pause at line 0010 and then 
the following code:

0011 If Col Red GOTO 0013
0012 GOTO 0016
0013 G1 X262 Y45 Z150 F100
0014 G0 X0 Y180 Z35
0015 M6 A255
0016 G4 P2000
0017 G28
0016 G28

•	 Make two collars, roughly circular, out of strips of card, 3cm by 25cm. Label them 
‘Red’ and ‘Other’ and place them on the robot arm mat.

•	 Extend the above program so that the arm picks up each counter in turn, checks 
its colour and places it either in the ‘Red’ area or the ‘Other’ area.

(The line numbers, shown in blue, are correct if you use the program shown in the 
box. If you have used your own program, then you may need to change them.)

0001            G28
0002            M6 A200
0003            G0 X214 Y270 Z150 
0004            G1 X214 Y270 Z15 F100
0005            M6 A40
0006            G1 X214 Y270 Z150 F100
0007            G0 X262 Y45 Z150
0008            G1 X262 Y45 Z35 F100
0009            M6 A255
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WORKSHEETS
Worksheet 10 - Final Challenges!

Robot technology pervades a wide range of industries.
Using robots has a number of benefits. They can:
•	 Work with consistent accuracy for long periods of 

time without fatigue;
•	 Work in environments too dangerous for humans;
•	 Be re-programmed to perform a wide range of 

tasks;
•	 Have low running costs.

To round off this introduction, here are five challenges, given without any support!
They are not specified in detail but mirror the tasks that robots carry out in industry.

1.	 Move the blue counters from ‘A’ to ‘V’ and ‘B’ to ‘Y’, the green counters from ‘C’ to ‘U’ 
and ‘D’ to ‘X’ and the red counters from ‘E’ to ‘W’ and ‘F’ to ‘Z’ and then return them 
to different locations.

2.	 Move a red counter on the ‘70’ mark on the mat, a green counter to the ‘90’ mark 
and a red counter to the ‘110’ mark.

3.	 Cut two squares of card to represent the bodies of two dice. Place counters as 
shown in the diagram to represent the dots when the dice are showing two number 
‘3’s.

4.	 Have the gripper trace out a circle in mid-air.
5.	 Imagine a stream of sugar cubes travelling along a conveyor belt. Your task is to 

make the robot arm pick up each from the end of the conveyor belt (imaginary) 
and stack them to make a pile of five sugar cubes on top of each other on the ‘90’ 
mark.

(You act as the conveyor belt and position cubes, in turn, so that the arm picks them 
up. Take care not to damage them by squeezing too tightly with the gripper!)
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Notes



Copyright © 2023 - 2026 Matrix Technology Solutions Limited 19

Notes
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