Systems and Control
with the IQ4
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INTRODUCTION
THE PRIMARY AIM OF
IQ4 CONTROLLER.

THIS TEXT IS TO GIVE A PRACTICAL INTRODUCTION TO THE

There are six tutorials which are designed to show how to use the main features of the IQ4. While
each tutorial can stand alone, the basics are covered in the first tutorials, and the “advanced”
features covered in later tutorials. There are also optional exercises following most tutorials so you
can practice solving problems based on what has been learnt. Step-by-step text based solutions,
similar to the tutorials, can be found for each exercise in the appendix. A list of project ideas is
provided after the tutorials for inspiration once the basics have been mastered.
Text on a blue background provides explanations of basic electronics and control theory that
might prove helpful when using the IQ4; for example, choosing an appropriate series resistor for
an LED. These do not need to be read to make sense of the tutorials so can be skipped or
revisited.

THE IQ4 CONTROLLER
THE IQ4

CONTROLLER CAN BE THOUGHT OF AS A MINI-COMPUTER.

IT IS CAPABLE
OF DIRECTLY CONTROLLING SMALL MOTORS, BUZZERS, HIGH-POWER LEDS AND
MANY OTHER DEVICES. THE INPUT CAN BE WIRED TO A SWITCH, LDR,
THERMISTOR OR A SIMILAR PART WITHOUT USING ANY ADDITIONAL COMPONENTS.
THE PROGRAM IS SIMPLY ENTERED USING THE ON-BOARD PUSH BUTTONS (NO
COMPUTER NEEDED).
In order to experiment with the IQ4 you may find it useful to solder terminal blocks onto the input
and output pads. This will allow different components to be easily connected and removed. The
terminal blocks can be mounted on top of the board or underneath. For clarity, terminal blocks will
not be shown in the tutorials.
To avoid damage to the IQ4 outputs, try not to short circuit the output
terminals (using terminal blocks while experimenting can also stop
loose wires from causing a short). Take caution if using rechargeable
batteries as they are capable of supplying a much larger current.
Note: a + and – symbol can be seen on the bottom of the board if terminal
blocks cover the markings on top.
The best way to find out how the IQ4 works is to start programming it, so a more detailed
specification can be found in the appendix. Everything you need to know is contained within the
tutorials and examples that follow, so let’s jump straight into programming the IQ4.

!
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Warning: Do not connect the IQ4 to a 9V PP3 battery as it will damage the IQ4. The battery
snap is intended to be used with battery boxes (e.g. AA or AAA) that provide from 3V to 6V.

OUTPUTS
TUTORIAL 1: NOTHING TOO FLASHY
In this first tutorial we will write, probably the simplest program possible: getting an output to flash.
The on-board output LED will show the program working, so there is no need to connect anything
to the IQ4's output.

Note: changing the state of the outputs by pressing the buttons doesn’t do anything to program the
IQ4; when you press “save” it takes a snapshot of the outputs and records that as a line in the
program.
It can be very useful to visualise or to plan a more complex program by drawing a table to show the
“lines” of the program. For the program in Tutorial 1 this would be:
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USING THE OUTPUTS
The flashing LED in the above program indicates that the associated output is being turned on and
off. You can try this out by connecting a buzzer or an LED with appropriate series resistor to the
output. A standard red LED can be safely used with a 470Ω resistor if the IQ4 is run at 6V (for more
details see the section on Ohm's law).

CONNECTING LEDS
LEDs will only light when connected the correct way round. The negative connection is usually
the shorter lead and is also marked by a small flat on the side of a standard 5mm LED. The
positive connection is known as the anode and the negative connection is known as the cathode.

When using a fixed voltage power source with an LED, like a battery or the IQ4’s outputs, it is
important to use a current limiting resistor in series with the LED. Without this resistor the LED
can easily burn out, even if the voltage applied is a fraction of a volt higher than the voltage the
LED needs to light.

The appropriate resistor will depend on the LED and the voltage the IQ4 is running from. Here
are some recommended values for standard 5mm LEDs with the IQ4 supply voltage shown in
brackets:
For red, green or yellow LEDs use 470Ω (6V); 270Ω (4.5V); 100Ω (3V).
For blue or white LEDs use 300Ω (6V); 180Ω (4.5V); No resistor (3V).

SPEED CONTROL
The simple program, above, is analogous to the widely used 555 astable timer circuit, which pulses
on and off continuously. The frequency at which it pulses is determined by a resistor/capacitor
combination, connected to the 555 timer.
It is straightforward to vary the speed at which the IQ4 pulses the outputs (i.e. the speed at which it
steps through the program). When the IQ4 is in RUN mode, the two output buttons become speed
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control buttons. The button nearest the edge of the board (marked with the “play” symbol: ▶)
slows down the program while the other button (marked with the “fast-forward” symbol: ▶▶)
speeds it up. These buttons can be held down to drastically change the speed or tapped for fine
control. The slowest program speed is one line every 4 seconds and the fastest is 60 lines per
second.

EXERCISE 1: A STOP/GO SIGNAL
Make a STOP/GO signal. Connect a red LED to one output and a green LED to the other; flash
them alternately. Can you vary the relative time each LED is lit? Hint: Each line in the program is
executed for the same length of time, but you can include multiple identical lines.

TUTORIAL 2: USING REVERSE
Both outputs of the IQ4 can reverse polarity. This can be useful for driving driving motors in both
directions. This tutorial shows how an output can be set to reverse polarity.
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You can now connect a motor to the output (perhaps with fan blades attached) to see the forward
and reverse modes in action. This is the basis of buggy control, which will be discussed later in the
book.
Tip: when using motors it is a good idea to input your program first and check it using the on-board
LEDs, before connecting up the motor(s).
When the two-step sequence of forward and reverse is run at the IQ4’s maximum step speed, the
output actually provides a crude AC current (equivalent to a 30Hz square wave). This could be
used to drive a coil in a diaphragm pump or provide a high current signal for experiments with AC
transformers.

EXPERIMENT
A fun experiment you can do is to try and make a “cornflour monster”. By mixing water and
cornflour you can create a non-Newtonian fluid that will behave very unusually when vibrated.

The following items were used in the experiment that produced the above images:
•

One 4” (100mm) 4Ω loudspeaker with a sheet of cling film to protect the speaker cone

•

An IQ4 controller

•

A 4xAA (6V) battery pack with fresh alkaline batteries

•

Some water and cornflour

Note: A 4Ω speaker was required to produce the effect as the IQ4 can deliver more power to the
speaker when compared to an 8Ω speaker.
1. First mix the water and cornflour to a very thick paste. You may need to experiment with the
proportions: the paste should stiffen up when you try and stir it, but act “gloopy” when
slowly poured.
2. Cover the speaker cone in cling film making sure the film is in contact with the entire
surface of the cone.
3. Enter the program from Tutorial 2 and connect a speaker to the active output. Start the
program and increase the speed to maximum by holding down the button marked ▶▶.You
should hear a very loud buzzing sound.
4. Add a small amount of cornflour paste to the centre of the speaker cone.
Note: The cling film can reduce the effect by forming a gap between the speaker cone and the
paste. If you are not worried about the speaker being affected by the cornflour paste, you can
remove the cling film.
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CONNECTING TWO LEDS TO ONE OUTPUT
Because the IQ4s' outputs can turn on with polarity reversed, it is possible to use one output to
control two LEDs. This can be achieved by connecting the LEDs in parallel, but the opposite way
round. Setting the IQ4s' output to reverse will light the alternative LED.
In this configuration either LED can be on, but not both simultaneously. Because of this, only one
current limiting series resistor is needed.

EXERCISE 2: TRAFFIC LIGHTS
Make a set of “traffic lights”. Hint: connect red & green LEDs to one output (see the information
above) and a yellow LED to the other.
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INPUTS
THE IQ4’S

INPUT PROVIDES A SIMPLE WAY TO CONTROL A PROGRAM.

DEVICES CAN BE CONNECTED TO THE
SWITCHES,

LDRS,

THERMISTORS, AND

DISCUSSING SWITCHES THEN MOVE ON TO

MANY
INPUT, INCLUDING BUTTONS, REED/TILT
MOISTURE PROBES. WE WILL BEGIN BY
OTHER INPUTS LATER IN THE CHAPTER.

Activating the input causes the IQ4 to switch between two different sub-programs. So far, all the
programs have been entered with the input turned off. If you hold down the input button while
running one of the previous programs, the program will appear to stop. This is because no
alternate “input-on” program has been entered.

TUTORIAL 3: PROGRAM CONTROL
We will now create two sub-programs, one to run when the input is OFF and one to run when it is
ON. We will build a device where activating the input switches a motor from forwards to reverse
and also sounds a “warning buzzer”.
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Note: In “run” mode, the input button needs to be held down to keep the input on, but in “program”
mode, pressing the input button will toggle to the “input on” state.

INPUT DEVICES
When a program is running, the input is “on” when the two input pads are connected together and
“off” when there is no connection. This connection can be provided by a simple wire contact or by
devices like buttons, switches, tilt switches, reed switches, pressure pads, relays and so on. Some
active devices, like hall effect sensors and phototransistors, may also work (see the information
panel on “resistors and the input” below).
It is worth noting that the IQ4 does not treat the “input on” sub-program any differently to the “input
off” sub-program. For example, if the IQ4 needed to sound an alarm when a contact is broken, the
input would remain in the “on state” until the contact is broken. A sub-program to active a buzzer
(connected to an output) would run when the input is “off” and the “input off” sub-program would be
left empty.
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The IQ4 is also capable of responding to a variable resistance connected across the input. Devices
like LDRs, thermistors and variable resistors can be connected directly to the input of the IQ4 with
no additional electronics. The input threshold (the level at which the IQ4's input switches between
on and off) can be programmed by simply holding the input button down while the input is at the
threshold (see Tutorial 4).

RESISTORS AND THE INPUT
When a resistance is placed across the input, it is connected in series with a resistor on-board
the IQ4. The on-board 10kΩ resistor connects the “+” input pad to the positive battery terminal.
The “-” input pad is connected directly to the negative battery terminal. The voltage at the junction
of the two resistors will vary depending on the resistance connected to the input. This
configuration is commonly know as a “potential divider”.

When both resistors are equal, the voltage is simply divided in half. For a 6V battery, the voltage
seen across the input would be 3V. If a 5kΩ (5,000Ω) resistor is connected to the input, then the
voltage seen across the input would be 2V: 5kΩ is one third of the total resistance of 15kΩ, (one
third of 6V is 2V.)
The on-board 10kΩ resistor can also be used as a pull-up resistor allowing some active
components like phototransistors to be connected. Calculations may be required to check if a
part is suitable, which is beyond the scope of this text.
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TUTORIAL 4: NIGHTLIGHT
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Note: You can return to “program” mode and change the threshold (steps 6 and 7) without
affecting the rest of the program.

HYSTERESIS
When completing Tutorial 4, you may have noticed that the input changed from off-to-on and onto-off at a slightly different light levels. This effect is called “hysteresis” and it is deliberately
implemented to prevent the input rapidly changing state when the input level is very close to the
threshold.
Central heating thermostats usually have a small amount of hysteresis (typically 1°C). If the
thermostat is set to 19°C, the heating may fire until a temperature of 19.5°C is reached, and it
won't fire again until the temperature drops to 18.5°C. This prevents the heating firing for
frequent, short bursts, which may be inefficient. It also protects against noisy signals, for example
if the temperature is constantly varying by 0.5°C.

EXERCISE 3: TOUCH SENSITIVE LIGHT
Your skin is conductive and the harder you press, the better the contact. Can you, therefore,
change the nightlight from Tutorial 4 into a touch sensitive light?
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LATCHING INPUTS
If you made the touch-sensitive light in the exercise above, you probably noticed that the light only
stayed on while the input was on; i.e. while you were touching the pads. Obviously, this is not ideal.
There are many cases where we might want to trigger the input with a single button press and then
execute a longer program. The “latching mode” of the IQ4 gives greater control over the execution
of the different programs: when the input changes, instead of switching program instantly, the IQ4
will complete at least one loop of the current program before changing.

TUTORIAL 5: TIMED LIGHT
We will illustrate the latching mode by designing a light that switches off, automatically, a few
minutes after it is switched on. These are often used in communal hallways and staircases in order
to save energy.
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EXERCISE 4: TRAFFIC LIGHTS WITH CONTROL
Can you modify the traffic lights (see Exercise 2) so they are controlled by a “pedestrian crossing”?
Hint: The green LED should stay on until the input is triggered. This trigger will cause the traffic
light sequence to be executed.

THE IQ4 IN A SYSTEM
A system is a combination of parts or components which work together to control a task or activity.
Digital control systems use a program - a series of commands - to control the system’s
functioning.
All systems have three main elements: Input(s); Process(es); and Output(s).
The simplest type of system is called an open-loop system. In this basic system, the input triggers
the process and the process controls the output. In order to monitor and control the processes,
though, a closed-loop system is often employed. This has another element called feedback.
Information from the output of the system is fed back to the input to control the way the system
works.
For example, a central heating system may be programmed to turn on and off at set times (i.e. the
input is a clock), but it will operate more efficiently if the system also contains a thermostat which
monitors the heat output and turns the system off once the desired temperature is reached.
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BUGGIES
In this last section we will return to motor control in the form of a simple buggy. The buggy needs to
have a wheel on each side driven by separate motors so it can turn by powering only one of the
motors. Forward and backward motion is achieved by turning both motors in the same direction
and turning the motors in opposite directions will turn the buggy on the spot. If you don't want to
build your own, you can get a suitable buggy kit from Mindsets (see the section “Parts”).

TUTORIAL 6: GET YOUR BUGGY MOVING
In this tutorial we will program the buggy to move in the sequence: forward; backward; turn. It is
sometimes preferable to program the IQ4 without any output devices connected (in this case to
prevent the motors turning while the program is being entered), so start with the IQ4 disconnected
from the buggy if possible.
Note: It is recommended that motors are changed direction by turning the output off first, then on
with the opposite polarity. This will help prevent the large voltage drop from resetting the IQ4.
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Note: If both motors don't run forwards in the first step you will need to swap the wires over at the
IQ4's output.
Try changing the speed of the program to see how the distance travelled and the turning angle is
affected.
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EXERCISE 5: BUMP & REVERSE
A micro-switch on the front bumper can provide an input when the buggy hits an obstacle. Can you
design a program to reverse and turn each time the bumper switch is closed.
Hint: latching mode will be useful as the switch will open shortly after the buggy starts reversing.
Tip: Plan out your program(s) in advance; flowcharts are a useful tool for this

STEPPER MOTORS
Stepper motors can be driven using the IQ4. While complex motions may not be possible (each
step corresponds to a line in the program), simple rotation is.
The stepper motor needs to be driven in bipolar mode to work with the IQ4's outputs. A bipolar
stepper motor will have have four leads: two pairs each connected to an internal coil. Each of the
two coils should be connected to an output. You can use a multimeter to find which wires are
from the same coil (there will be continuity between them). The following four line program will
cause the stepper motor to rotate:
OUTPUT 1

OUTPUT 2

LINE 1

Forward

Off

LINE 2

Off

Forward

LINE 3

Reverse

Off

LINE 4

Off

Reverse

Entering the program in reverse order will turn the stepper motor the other way (this could be
entered as a separate sub-program so that the input acts as a direction controller). Varying the
speed of the program will change the rotation speed.
Other Types of Stepper Motor
If you have a stepper motor with eight leads (a hybrid stepper motor), you should be able
configure it as a bipolar motor with series or parallel windings (choose the best for your power
supply and the IQ4 1A output limit). If you don't have information for your motor, you can find the
leads for the four internal coils by testing for continuity with a multimeter. To configure the motor
as bipolar series, connect pairs of coils in series, then treat the series coils as one coil and
connect to the IQ4's outputs. You may need to swap which coils are connected in series if the
motor doesn't step properly.
A 6-lead unipolar motor can be used by connecting the centre taps to the + power terminal or by
ignoring the centre taps and using the motor as a bipolar stepper. You may need to experiment
with the order of connections if you don't have information for your stepper motor.
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PROJECT IDEAS
“LIE DETECTOR”
Similar to the touch sensor, but the threshold is set using a slightly moist finger. When the test
subject begins to perspire the input will turn on.
Note: while physiological lie detectors are probably not reliable, they can be a lot of fun!

MOISTURE SENSOR
The IQ4 can be made to respond to the moisture content of a substance, for example soil. Two
conductive probes, which may simply be bare wire, inserted into the soil 1-2 cm apart, form the
input to the IQ4. The threshold can be set when the soil is dry, or by only partly inserting the
probes. The IQ4 could be programmed to turn on a small water pump to keep the soil wet.

WATER LEVEL SENSOR
The conductivity of drinking water is high enough to be detected with a simple probe arrangement
as in the moisture sensor above. For best results, keep the probes as close as possible without
touching.

RAIN DETECTOR
Due to the relative purity of rainwater it has a lower conductivity than that of drinking water
(containing minerals). Soaking an absorbent material in salt water and allowing it to dry, can form a
surface on which probes can detect rainwater. Alternatively, two very close parallel conductors may
work if enough rainwater falls across them.

PRESSURE TRIGGER (QTC)
Using a material whose resistance changes when deformed, for example QTC, a pressure/force
triggered input can easily be made. The threshold can be set while applying a force or placing
weights on the sensor material.

IR SENSOR (PHOTO-TRANSISTOR)
An infrared photo-transistor can be used to in conjunction an infrared emitter to form a simple
remote controlled system. Simple communication between two IQ4s is possible by connecting an
infrared LED to the output of one IQ4 and a photo-transitor to the input of the other IQ4.

PROXIMITY SENSOR (IR PAIR)
Reflective or transmissive infrared sensors can be used directly with the IQ4. The sensor is formed
using a infrared emitter and an infrared photo-transistor (parts in which both devices are
encapsulated are available). The emitter is always powered; the photo-transistor will react to
changes in reflected or transmitted infrared light.
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IR BEAM BARRIER ALARM
An infrared emitter and photo-transistor can be used to create an invisible barrier. Using a small
tube with the photo-transistor (to act as a light guard) may be helpful.

REED SWITCH AND MAGNET
A reed switch can be used as an input. No threshold setting is necessary as the switch is either
open or closed.

HALL EFFECT SENSOR
A hall effect switch can be used as an alternative to a reed switch. Additionally, a linear hall effect
sensor (where the output voltage is proportional to the magnetic field) allows the magnetic field
strength at which the input should turn on/off to be set on the IQ4. A hall effect sensor could also be
used as a current sensor.

TEMPERATURE SENSOR (THERMISTOR)
A thermistor can be directly connected to the input terminals. The input can then respond to a
temperature threshold. Use a 10kΩ thermistor for best results.

LOW POWER INDICATOR
The IQ4 can be used to monitor the voltage of a power source and light a “low battery” indicator
when that voltage drops below a threshold. The IQ4 would need to use its own power supply or
take a regulated source of power from the power source being monitored. A potential divider may
be needed to reduce the voltage level for the input of the IQ4.

MOTOR AS GENERATOR ON INPUT: SPEED DETECTION
A small solar motor with a resistive load can act as a simple speed to voltage converter. The input
of the IQ4 could be used to detect when a certain speed is reached. A small capacitor should be
connected across the motor to suppress electrical noise (e.g. 100nF).

SUPER-CAPACITOR CHARGER
The IQ4 can detect if its input is above or below a voltage level by using the threshold function. If
the input is connected across a super-capacitor, the IQ4 can be used to show if the capacitor is
fully charged by setting the threshold at the appropriate level. Additionally, the IQ4 could charge a
super-capacitor through an output until it is full. A suitable current limiting resistor would be needed
in series with the super-capacitor, for example, 10Ω 1W (if the IQ4 is running from a 3V supply).

LINE FOLLOWING BUGGY USING MULTIPLE IQ4S
Two or more IQ4 could be used in parallel to achieve more complex behaviour. For example a line
following robot can be made using two IQ4s.
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ANGLE DETECTION USING A ROTARY POTENTIOMETER
A potentiometer or variable resistor can be used as an input sensor. If a three lead potentiometer is
used, connect the centre lead and one other lead. Best results will be obtained with a 10kΩ device.
Angle or inclination (using a weight) can be sensed or a cord could be wound around the
potentiometer shaft.

LINEAR POTENTIOMETER - DISTANCE/DISPLACEMENT
Similar to the rotary potentiometer above, displacement can be sensed using a linear
potentiometer. Combined with a spring, force could be sensed.

THERMOSTATIC HEATER
Using thermistor and a length of Nichrome wire, a simple thermostatic heater can be made. The
Nichrome wire can be directly connected to an output of the IQ4, but care must be taken to ensure
no more than 1A of current is drawn. If the IQ4 is operating at 5V, then the Nichrome wire must
have a resistance of 5Ω or more.

HUMIDITY CONTROLLED EXTRACTOR
A humidity sensor (resistance varying with humidity) can be used directly with the input of the IQ4.
A fan can be connected to an output to form an automatic extraction system.

SMART WIRE CONTROL
Smart wire can be powered directly with the IQ4 outputs (take care not to draw more than 1A of
current).
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OHMS'S LAW AND LEDS
As discussed earlier, LEDs will only light when connected the correct way round. The negative
connection is usually the shorter lead and is also marked by a small flat on the side of a standard
5mm LED.

When using a fixed voltage power source with an LED, like a battery or the IQ4’s outputs, it is
important to use a current limiting resistor in series with the LED. Without this resistor the LED can
easily burn out, even if the voltage applied is a fraction of a volt higher than the voltage the LED
needs to light.

Resistors obey Ohm’s law; this simply means that if you increase the voltage, the current will
increase by the same proportion. For example, doubling the voltage would double the current. The
relationship between voltage and current, known as Ohm’s law, can be written as the formula
(where R is the resistance):
V = I ×R

The resistance is measured in units called Ohm's (usually written as the symbol Ω). The higher the
resistance, the less the current will flow for a given voltage.
To calculate how much current will flow through a resistor, first rearrange the formula to read:
I=

V
R

For a 100Ω resistor with 6V across it, the current would be:
I=

6
100

I =0.06A=60mA

In contrast LEDs do not obey Ohm’s law. A standard red LED may require about 2V to light, this
voltage is sometimes referred to as the LED's forward voltage. If the voltage applied is much below
this voltage almost no current will flow and the LED will not light at all. As the voltage applied
increases above the forward voltage, the current through the LED will rapidly increase until the
LED fails. The graphs below compare the behaviour of resistors and LEDs.
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Because the voltage dropped across the LED (when on) doesn't vary much with current, and will
be approximately the forward voltage. The voltage dropped across the series resistor will be the
supply voltage minus the forward voltage. For example, if a red LED (with a forward voltage of 2V),
is to be powered from a 6V battery pack, then 4V will be dropped across the series resistor.
A standard LED will typically run at 10mA, hence 10mA will also flow through the series resistor.
We can use Ohm's law to calculate what value resistor will be needed to drop 4V when 10mA
(0.01A) is flowing through it:
V =I ×R
R=

V
4
=
=400 Ω
I 0.01

A close, but larger, common resistor value is 470Ω. Increasing the resistance decreases the
current so this will not damage the LED.

PARTS
Below is a list of some basic parts used in the tutorials with Mindsets order codes:

EC1 016C Terminal block that can be soldered to the IQ4 input and output pads.

EO2 001, EO2 002, EO3 003 Standard 5mm red, green, yellow LEDs.

ER2 470 470Ω resistor (can be used with standard LEDs)
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EC1 062 4xAA 6V battery box with switch.

EW2 001 6V buzzer.

EW2 ECK6 Economy geared motor – ideal for buggies and so on.

ES1 004 Microswitch.

EL1 002 Light Dependant Resiostor

Also available: Tilt switch; Vibration switch; Humidity sensor; Thermistors; Motors and micromotors (6mm diameter); Reed switches; Selection of LEDs (included high power); and much more.
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APPENDIX
SOLUTIONS TO THE EXERCISES
EXERCISE 1: A STOP/GO SIGNAL
Let’s assume we want to GO signal to last three times as long as the STOP signal.
1. Hold down the RUN button until the red LED flashes; ensure you end up in “run” mode.
2. Connect a red LED, in series with a 470Ω resistor, to one output and a green LED, also in
series with a 470Ω resistor, to the other.
3. Turn on the output connected to the green LED; press the SAVE button 3 times. This
will create 3 identical lines in the program
4. Turn off the green LED output; turn on the output connected to the red LED; press SAVE
once.
5. Press the RUN button to execute your program.
6. Experiment with pressing the ▶ and ▶▶ buttons to vary the speed of your program.

EXERCISE 2: TRAFFIC LIGHTS
1. Hold down the RUN button until the red LED flashes; ensure you end up in “run” mode.
2. Connect a green LED to an output through a 470Ω resistor. Connect a red LED
across the green LED with its polarity reversed.
3. Connect a yellow LED to the other output through a 470Ω resistor. We will call the
green/red output “OUTPUT 1” and the yellow (amber) output “OUTPUT 2”.
4. As this is a more complicated program, it may help to plan the steps before you
begin programming; e.g.:
Traffic Light OUTPUT 1

OUTPUT 2

LINE 1

Green

Forward

Off

LINE 2

Amber

Off

Forward

LINE 3

Red

Reverse

Off

LINE 4

Red/Amber

Reverse

Forward

5. Enter the program by setting the outputs into each of the states shown in the Table,
remembering to press SAVE after each line.
6. Press RUN to execute your program. Vary the speed of the traffic light sequence, if
required.
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EXERCISE 3: TOUCH SENSITIVE LIGHT
1. Remove the LDR from the nightlight you made in Tutorial 4. The input is now off and so
the nightlight is lit.
2. Hold down the RUN button until the red LED flashes; ensure you end up in “run” mode.
3. Press SAVE to record the program: INPUT OFF = LIGHT OFF.
4. Turn on the input and the output attached to the LED; press SAVE.
5. Now lightly rest your finger across the input pads; press and hold the input button
until the red RUN LED flashes.
6. Press RUN. The input and the output LED should be off.
7. Press your finger across the input pads again. This should turn on the input and cause
the LED to light.

EXERCISE 4: TRAFFIC LIGHTS WITH CONTROL
1. Connect your “traffic lights”, as described in Exercise 2.
2. Hold down the RUN button until the red LED flashes; ensure you end up in “run” mode.
3. The following table shows the sub-programs you need to enter:
INPUT

OUTPUT 1

OUTPUT 2

Sub-program 1

LINE 1

Off

Forward

Off

Sub-program 2

LINE 1

On

Forward

Off

LINE 2

On

Off

Forward

LINE 3

On

Reverse

Off

LINE 4

On

Reverse

Forward

4. Put the IQ4 into latching mode: hold down the REV button and press the INPUT button.
The RUN LED will flash twice to confirm.
5. Press the RUN button. The green traffic light should be on and should remain lit until the
input button is pressed.
6. Experiment with pressing the ▶ and ▶▶ buttons to vary the speed of your traffic
light sequence.

EXERCISE 5: BUMP & REVERSE
This exercise can use a very simple, one-line sub-program when the “bump” switch is open, so the
buggy moves forward. When the “bump” switch closes, we want the buggy to reverse and turn
before continuing forward. Because the switch will open as soon as the buggy starts reversing, we
can use latching mode to ensure the manoeuvre is complete before the buggy returns to the first
sub-program.
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1. Connect the left and right buggy motor to the IQ4 outputs.
2. Connect a micro-switch to the front of the buggy. The switch should close when the
buggy bumps into an obstical.
3. Hold down the RUN button until the red LED flashes; ensure you end up in “run” mode.
4. The following table shows the sub-programs you need to enter:
INPUT

OUTPUT 1

OUTPUT 2

Sub-program 1

LINE 1

Off

Forward

Forward

Sub-program 2

LINE 1

On

Off

Off

LINE 2

On

Reverse

Reverse

LINE 3

On

Off

Off

LINE 4

On

Reverse

Off

LINE 4

On

Off

Off

5. Put the IQ4 into latching mode: hold down the REV button and press the INPUT button.
The RUN LED will flash twice to confirm.
6. Press the RUN button to start the buggy.
7. Experiment with pressing the ▶ and ▶▶ buttons to vary the distance reversed and
the angle turned. You can also enter line 2 and line 4 multiple times to alter the
reverse-and-turn move.

TECHNICAL SPECIFICATIONS
Outputs: two outputs each capable of forward-reverse motor control (1A per output)
Input: single analogue input with programmable threshold voltage
Memory: total of 56 lines, retention of program when switched off
Speed: adjustable from 1 step every 4 seconds to 60 steps per seconds
Power: Battery or PSU operation: 3v – 6v
Size: 34.29mm x 45.72mm
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