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Programming with PBASIC

Switching outputs on and off

The following program switches output 7 on and off every second. The program demonstrates how to use the ‘switch on’, ‘switch off’, ‘wait’, ‘pause’ and ‘goto’ commands. When you download this program, the red LED on output pin 7 should flash on and off continuously.

main:




' make a label called ‘main’

high 7


' switch output 7 on


pause 1000


' wait 1000 ms (= 1 second)


low 7



' switch output 7 off


pause 1000


' wait 1 second


goto main


' jump back to start
The first line simply adds a label called ‘main’ to the program. A label is used as a positional marker in the program. In this program the last line uses the command ‘goto main’ to jump back to the first line. This creates a loop that continues forever.

A label can be any word (apart from keywords such as ‘high’), but must begin with a letter. When the label is first defined it must end with a colon (:). The colon ‘tells’ the computer that the word is a new label.

It is usual to put some spaces (or a tab) at the start of each line, except where the line starts with a label. This makes the program easier to read and understand. Comments can also be added after an apostrophe (') symbol to make the program operation easier to understand.

Note that the command ‘pause’ is used to create a time delay measured in milliseconds.

Detecting inputs

The following program makes pin 7 flash every time a switch on input pin 0 is pushed.

main:





' make a label called ‘main’


if pin0 = 1 then flash

' jump if the input is on


goto main



' else loop back around

flash:




' make a label called ‘flash’

high 7



' switch output 7 on


pause 500



' wait 0.5 second


low 7




' switch output 7 off


goto main



' jump back to start
In this program the first three lines make up a continuous loop. If the input is off, the program just loops around time and time again.

If the switch is then pushed, the program jumps to the label called ‘flash’. The program then flashes output 7 on for half a second before returning to the main loop.

Note carefully the spelling in the ‘if … then’ line – ‘input0’ is all one word (without a space). Note also that only the label is placed after the command ‘then’ – no other words apart from a label are allowed. 

Using symbols

Sometimes it can be hard to remember which pins are connected to which devices. The ‘symbol’ command can then be used at the start of a program to rename the inputs and outputs.

symbol red = 7


' rename pin 7 ‘red’

symbol green = 5


' rename pin 5 ‘green’

main:




' make a label called ‘main’

high red


' red LED on


pause 2000


' wait 2 seconds


low red


' red LED off


high green


' green LED on


pause 1000


' wait 1 second


low green


' green LED off


goto main


' jump back to the start

‘For … next’ loops

It is often useful to repeat the same part of a program a number of times, for instance when flashing a light. In these cases a ‘for … next’ loop can be used.

symbol red = 7


' rename pin 7 ‘red’

symbol counter = b0

' define a counter using variable b0

main:




' make a label called ‘main’


for counter = 1 to 25
' start a for ( next loop

   high red


' red LED on


   pause 500

' wait 0.5 second


   low red


' red LED off


   pause 500

' wait 0.5 second


next counter


end



' stop the program
In this program all the code between the ‘for’ and ‘next’ lines is repeated 25 times. The number of times the code has been repeated is stored in a variable called ‘counter’, which in turn is a symbol for the variable ‘b0’. There are 10 available variables ( b0 to b9 ( that can be used in this way. A variable is a location in the stamp controller’s memory where numbers can be stored.

Sub-procedures

A sub-procedure is a separate ‘mini-program’ that can be called from the main program. Once the sub-procedure has been carried out the main program continues.

Sub-procedures are often used to separate the program into small sections to make it easier to understand. Sub-procedures that complete common tasks can also be copied from program to program to save time.

The following program uses two sub-procedures to separate the two main sections of the program (‘flash’ and ‘noise’).

symbol red = 7


' rename pin 7 ‘red’

symbol buzzer = 6


' rename pin 6 ‘buzzer’

symbol counter = b0

' define a counter using variable b0

main:




' make a label called ‘main’


gosub flash


' call the sub-procedure flash


gosub noise


' call the sub-procedure noise


goto main


' loop back


end



' end of the main program

flash:



' make a sub-procedure called flash


for counter = 1 to 25
' start a for ( next loop

   high red


' red LED on


   pause 50


' wait 0.05 second


   low red


' red LED off


   pause 50


' wait 0.05 second


next counter

' next loop


return


' return from the sub-procedure

noise:


high buzzer


' buzzer on


pause 2000


' wait 2 seconds


low buzzer


' buzzer off


return


' return from the sub-procedure
The main program is very simple as it simply calls the two sub-procedures through the ‘gosub’ command. 

At the end of each sub-procedure a ‘return’ command is used to return the program flow back to the main program loop.

Note that at the end of the main program (but before the sub-procedures) an ‘end’ command has been added. This is a good idea as it stops the main program accidentally ‘falling’ into a sub-procedure at the end of the main program.

Data Sheets

These data sheets provide technical information for the stamp controller and the input and output boards, as well as for the input and output transducers, that are used in these projects.

Input module
Introduction

The input module provides the interfacing circuits required to connect switches and sensors to the stamp controller. 
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The input module can be configured in two ways.

(a) Four digital inputs (pins 0 to 3)

(b) Two digital inputs (pins 0 and 1) and two analogue sensors (A and B).

Four digital inputs
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When the slide switch is ‘up’, the input module provides four digital (on/off) switch connections. These can be used to connect input switches (for example a microswitch) to the stamp controller. The switches can be connected through the screw terminal blocks or through the white headers.

Input pins 0 and 1 have ‘on-board’ test switches. This allows programs to be tested without the need to connect external switches.

Example program

This program would make a buzzer connected to output pin 7 sound for one second when the microswitch connected to input 0 was pushed.

main:
if pin0 = 1 then buzz


goto main

buzz:
high 7






pause 1000






low 7





goto main





Two digital inputs and two analogue sensors
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When the slide switch is ‘down’ the input module provides two digital (on/off) and two analogue sensor connections.

The two analogue sensor connections allow connection of analogue sensors (for example an LDR light sensor or a thermistor temperature sensor). The analogue sensors provide a reading in the range 1(240 with a change in value of, for example, light level or temperature.

Example program

This program would make a buzzer connected to output pin 7 sound for one second when the light sensor connected to sensor A reached a value of 150.

main:
if sensorA > 150 then buzz


goto main

buzz:
high 7






pause 1000






low 7





goto main




Electronic equivalent circuits
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The digital inputs provide a 10 K( ‘pull-down’ resistor as shown in the circuit diagram.

The analogue sensors provide a potential divider arrangement as shown in the diagram. The Analogue to Digital Converter (ADC) chip uses a 2.5 V reference voltage. Therefore an input signal of 1 V will give a signal value of approximately 100. Owing to the limitations of the Basic Stamp system the total range is approximately 1(240 (0.01 ( 2.4 V).

Output driver module

Introduction

The output driver module provides the interfacing circuits required to allow the stamp controller to drive high-current devices such as buzzers, motors, solenoids and stepper motors. 
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The output driver module has two main types of driver:

(a) The Darlington driver

(b) The push–pull motor driver.

The Darlington driver

The Darlington driver chip contains a number of individual transistors and diodes, configured in Darlington pairs. Therefore each output pin (4 to 7) is effectively connected to a Darlington pair transistor driver. 

In order to use the Darlington driver outputs, the output device should be connected between the screw terminal numbered output (4 to 7) and a V+ connection. The positive (red) wire on polarised devices (for example a buzzer) should be connected to the V+ connection.

The white 6-pin header beside the screw terminals allows a ‘stepper motor’ to be easily connected to all four of the Darlington pair outputs.
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Example program

This program would make a buzzer connected to pin 7 sound on and off every second.

main:
high 7

pause 1000

low 7

pause 1000

goto main
The push–pull motor driver

The push–pull driver chip allows forward and reverse control of d.c. motors. Each motor output uses two output pins to control the direction of rotation of the motor.

Pin 4
Pin 5
Motor A

Pin 6
Pin 7
Motor B

Off
Off
Halt

Off
Off
Halt

Off
On
Forward

Off
On
Forward

On
Off
Reverse

On
Off
Reverse

On
On
Halt

On
On
Halt

To use the push–pull motor output, the motor should be connected between the screw terminals labelled A or B. If the motor turns in the opposite direction to that expected, the two motor wires should be swapped over.

Example program

This program would make a motor connected to motor output A reverse direction every second.

PBASIC program



PBASIC program using binary value

main:





main:



high 5




let pins = %00100000
pause 1000




pause 1000


low 5





let pins = %00010000


high 4




pause 1000


pause 1000




goto main


low 4


goto main
Power supply

The output devices can be powered from an external power supply (6(12 V d.c.) or from the stamp controller’s regulated 5 V power supply. Note that high-current devices such as stepper motors should not be driven for long periods using the stamp controller’s power supply as this may cause the stamp controller’s power regulator to overheat and cut out.

Microswitch

A microswitch is a switch commonly used in many household appliances such as fridge doors (to switch the internal light on and off).

[image: image7.png]



A long-arm microswitch is a useful type of microswitch, as the long arm is easily attached to different types of mechanisms. The arm can also be bent so that the switch can operate at a different angle.

Microswitches commonly have three contacts, labelled C (common), NO (normally open) and NC (normally closed). In most applications it is the C and NO contacts that are used – the third NC contact is left unconnected.

Light-dependent resistor (LDR)

A light-dependent resistor (LDR) is a special type of resistor, whose resistance changes according to how much light is falling on it. It can therefore be used as an input sensor to detect changes in light level.
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LDRs are used to detect light levels in automatic street lamps and security devices, and are also used in some electronic children’s toys (for example ‘Furbies’).

One of the most commonly used types of LDR is called the ORP-12. The circuit symbol for the LDR is a ‘resistor’ symbol with two arrows pointing towards it, indicating that it is a resistor which changes value with light level. The LDR is not polarised and so can be connected either way round when building circuits.

The LDR’s resistance changes with light level. In bright light its resistance is low (typically around 200 ohms). In darkness its resistance is high (typically around 

1 M(). 

The circuit symbol and resistance graph of the LDR are shown below.
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Testing the LDR sensor

Connect the LDR sensor to the analogue connection, A, on the input module, then run this small test program on the stamp controller.

main:
let b0 = sensorA


debug b0


goto main
The computer screen will constantly show the current value of the sensor. If the LDR is covered the value will change. Take care not to touch the solder joints at the back of the sensor with your fingers as this will affect the reading. Note that the command ‘debug’ is not examinable.

Thermistor

A thermistor is a special type of resistor whose resistance changes according to the temperature of its environment. It can therefore be used as an input sensor to detect changes in temperature.

Thermistors are commonly used in fire-alarm and heating systems. They are also often built into machines to automatically switch them off if they overheat.

In reality all resistors change resistance slightly with temperature, but thermistors are specifically designed to show a large resistance change over their operating temperature range.

Thermistors are available in a number of different types: negative temperature coefficient (NTC) thermistors are the most common type, and these thermistors have a smaller resistance when they get hotter. 

A commonly used value is the 20 K( NTC thermistor. The circuit symbol for a thermistor is a ‘resistor’ symbol with a bar through it, indicating that it is a resistor which changes value with temperature. The thermistor is not polarised and so can be connected either way around when building circuits.

The circuit symbol and the resistance graph of the thermistor are shown below.
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Testing the temperature sensor

Connect the temperature sensor to analogue connection A on the input module and then run this small test program on the stamp controller.

main:
let b0 = sensorA


debug b0


goto main
The computer screen will constantly show the current value of the sensor. If the thermistor is heated the value will change. Take care not to touch the solder joints at the back of the sensor with your fingers as this will affect the reading.

Light-emitting diode
A light-emitting diode (LED) is an electronic device that gives off light when current passes through it. LEDs are cheaper, more robust and more economical to run than filament bulbs.
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LEDs are now available in a large number of colours, including red, yellow, green, blue and white. LEDs are used in a wide range of electronic products, often as power indicators (for example on a mobile phone or a computer monitor). High-brightness LEDs are often used in warning devices, such as flashing bicycle safety lights.

Infrared LEDs emit infrared light that is invisible to the human eye. These are used in almost all infrared remote controls for television and cable/satellite systems.

A bicolour LED has two LEDs of different colours built into the same package. These are often used on the front of televisions – red to indicate that the television is in ‘standby mode’ and green to indicate that the television is on.

LEDs only work one way around. The negative leg (cathode) is indicated by a flat on the side of the LED.

LEDs must also be used with a series resistor. This resistor prevents too much current passing through the LED and damaging it. The value of the series resistor varies with the power supply being used – the larger the voltage, the higher the value of resistor required.

Some typical series resistor values are 180 R (3 V), 330 R (5 V), 680 R (9 V), and 

1 k( (12 V).

Buzzer

A buzzer is an electronic device that generates sound when an electric current is passed through it. There is large variety of buzzers available, from small sounders in electronic toys to large warning sirens in fire-alarm systems.
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A buzzer is a high-current device and so must be used with a transistor-driving circuit. The buzzer is also ‘polarised’ and so must be connected the correct way round – the positive (red) wire must be connected to the positive power supply connection.
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Motor
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A motor is an electronic device that converts electrical energy into mechanical energy (movement). Motors are used in a wide range of electronic products, such as cassette recorders, toys and video recorders.

Motors are high-current devices and so must be used with a driving circuit. Motors can be driven by transistor circuits, but this allows the motor to spin in one direction only. 

A more useful driving method is with a push–pull motor driver. This driver uses two ‘control’ lines to control the direction of the motor. 

The operation of the motor can be described by the following table.

Pin 4
Pin 5
Motor A

Pin 6
Pin 7
Motor B

Off
Off
Halt

Off
Off
Halt

Off
On
Forward

Off
On
Forward

On
Off
Reverse

On
Off
Reverse

On
On
Halt

On
On
Halt

Most d.c. motors cannot be used to directly drive mechanisms – a gearbox is usually required to reduce the rotational speed and to increase the torque of the motor. Common gearboxes use a number of spur gears, but worm-drive gearboxes can also be useful.
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