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1
Introduction
Welcome to the Computer Interfacing Workshop. Today we will be presenting some of the fundamentals of computer interfacing, with the following objectives in mind.

1.
to broaden the computer skills of secondary school teachers

2.
to encourage experimentation with computers and mechatronic devices

3.
to encourage teachers to pass on these experiences to their students

4.
to undersand the simple technologies used in the Bilby Robot

It is our intention to introduce the following topics in sufficient depth so as to be directly applicable to teaching simple computer interfacing at a secondary school level.

The topics to be covered include

1.
electrical quantities

2.
the basic laws of electrical circuits

3.
circuit calculations

4.
power supplies

5.
analog vs digital

6.
digital input / output on the IBM PC

7.
simple circuit connections

8.
the software side of the interface

9.
more advanced devices

The Workshop is divided into three sections

1.
presentation of some theoretical background in electronics

2.
explanation of computer interface techniques

3.
practical experiments and programming examples

During the workshop you are encouraged to ask questions and make notes. An electronic copy of this document can be made available later for teaching purposes. Look for references to other information on the topics covered in this workshop on our Faculty’s Web Pages.

The workshop assumes no prior knowledge in the field of computer interfacing or electronics. Tools to be used during the workshop include a screwdriver, wire cutters, soldering iron, and a multimeter.

2
Electrical Circuits De-mystified
2.1
Electrical quantities
At the risk of offending the intelligence of anyone with an electrical background we present the following explanation of electrical quantities.

Voltage (V)
- measured in Volts (V) may be considered as the driving force in a 

circuit.

Current (I)
- measured in Amperes (A) is the flow of charge in a circuit.

Power (P)
- measured in Watts (W) is the energy consumed by devices.

Resistance (R)

- measured in Ohms (() is the amount of resistance to current 


flow

Capacitance (C)
- measured in Farads (F) is the capacity of a device to store 



charge.

Inductance (L)

- measured in Henrys (H) is the ability of a device to induce a 


magnetic field.





Figure 1
Standard Component Symbols

2.2
The Basic Laws of electrical circuits
Convention is such that current is said to flow FROM a point of positive voltage TO a point of negative voltage. 

Kirchoff's laws state
The sum of voltages around any loop in a circuit is zero.




The sum of currents in and sum of currents out of any node in a 


circuit must be equal.

The mathematical relationships between electrical quantities are well know as -

VR = I x R
The voltage across a resistor is proportional to the current flowing in 
the resistor and its resistance value.

P = I x V
The power consumed by a device is equal to the product of the voltage 
across the device and the current flowing in the device.

Voltage relationships for Capacitors and Inductors can be written as functions of time.

VC = Integral I(t) / C

The voltage across a capacitor is the sum of the charge 


flowing into the capacitor over some time interval, 



divided by its capacity.

VL = Derivative I(t) * L
The voltage across an inductor is the rate of change of 


current flowing though the inductor, by its inductance.

These last two equations will hold little importance to us in our workshop. However it is of some interest to know that Capacitors have a high resistance and Inductors almost no resistance.

2.3
Circuit calculations



When working with electrical circuits a few simple calculations will tell you much about the circuit operation. For example consider the circuit below. How much current would flow in the resistor, and how much power would be consumed by the resistor?

Figure 2
Current and Power Calculations

Now we know that the power in the resistor is 0.25 W, we can specify the power rating required for the resistor to handle that much power dissipation. Typical resistor ratings are 0.25, 0.5, 1, 5 and 10 watts. It would be unusual to require a rating above 0.25 W in computer interfacing as currents associated with computer inputs and outputs are typically very low.

NOTES
Consider the circuit in Figure 3. Given the operating voltage across a Light Emitting Diode (LED) is fixed at 1.2 V, how much current would flow in the resistor and hence in the LED ?




Figure 3
Current Calculations

The brightness of the LED is proportional to the current flow in the LED.

2.4
Power supplies
The supply of power to circuits is an area we will not look into very deeply, but it is important to know how to determine the requirements of a power supply for a circuit. So far we have just considered circuits which use direct current (DC). But when it comes to power supplies you will also find alternating current (AC) supplies ? 

AC and DC supplies serve different purposes.

The AC supply is simply a transformer that produces a reduced voltage version of the 240V mains which is typically used to deliver power to a regulator circuit, which in turn is used to convert it into one or more DC supplies.

DC supplies come in two forms -

•
a boxed AC supply including a regulator circuit, with optionally adjustable voltage outputs which produce a clean and stable DC supply.

•
a plug pack which provides conversion from AC to DC with minimum regulation which produces a rough DC supply with low current capacity.

Figure 4. below illustrates the difference between AC and DC signals; good and bad regulation for a DC supply.




Figure 4.
AC, DC and regulation

The specifications on DC power supplies include -

· The voltage output(s) of the supply or their adjustable range in Volts.

· The current delivery capacity of each voltage supply in Amps.

· The overall power rating of the supply in something called VA.

VA actually represents VoltAmps - or - Voltage x Current ie V x I = P. 

2.5
Analog vs Digital
There are two ways in which the quantities of voltage, current and power can be considered -

· as analog quantities - continuously variable values over a known range

· as digital quantities - discrete values or conditions of ON or OFF ( 1 or 0 )

This distinction is very significant when we consider interfacing to a computer. In the world we live in most values are measured as analog quantities, for example - Temperature, Pressure, Speed, Distance, etc .

Inside a computer however it is not convenient to store these quantities in a continuous fashion. It is necessary to convert a measured value to a number (with limited precision) to simplify its storage and manipulation. This implies that there is a point at which some sort of conversion is done to achieve this, and indeed to reverse this process in some cases to recover a ‘continuous’ analog quantity.

It is the computer interface circuitry that achieves this. We shall be considering only a very small subset of the available analog/digital interface techniques, sufficient to connect simple input and output devices to the computer. We will only consider digital inputs and outputs.

The voltages used in the memory, CPU and input/output circuitry of the computer are typically 5V for a logic 1 and 0V for a logic 0. I say typically because there are some exceptions. One is the RS232 Serial communications ports available on most computers. The RS232 standard specifies nominal voltages of -12V and +12V for a 1 and 0 respectively.

We shall be using the parallel interface port normally used for running a printer, as it uses the standard TTL (Transistor Transistor Logic) nominal voltage levels of 5V and 0 V. Outputs from a computer which match this standard actually produce voltages of 4 to 5V and 0V for a 1 and 0 respectively. Variation in the voltage for a logic 1 depends on how much current you are trying to draw from the output. Typically an logic 1 output will not ‘source’ more than 5mA (0.005A). However when an output is a logic 0 it can ‘sink’ up to 16mA (0.016A). More about this idea of ‘sinking’ current later.

An input to a computer is designed to apply a threshold to an incoming signal in order to classify it as 1 or a 0. Various voltages applied to a TTL input will have the following results -

Voltage
Result

2.4 - 5.0 V
Converts to a logic 1

0.4 - 2.4 V
may cause random conversion to a 1 or 0

0.0 - 0.4 V
Converts to a logic 0

> 5 V

May damage computer input

< 0 V

May damage computer input


If you had a need to read an analog quantity into the IBM PC you would have two means of achieving this.

1.
You can use the joystick inputs of the games port to read a change in resistance value of up to 4 potentiometers (variable resistors or ‘pots’). These are the devices in the base of the joystick often used for games. A simple procedure can be used to read the value of the resistance which is proportional to the rotary position of the pot. The rotary action of the pot can be linked to an object that turns up to 240 degrees, or a linear motion connected to a gear.

2.
The other way, suitable for voltage measurement, is to purchase additional hardware for the PC called an Analog to Digital Convertor, which plugs into the slots inside the PC.

NOTES
3
Interfacing and Applications
3.1
Digital input / output on the IBM PC
On the IBM PC and compatible personal computers there is an interface port which is commonly used to drive a printer. This port contains 17 TTL compatible lines of which some are usable as outputs and others as inputs. These interface lines are normally used to send characters to the printer and receive signals from the printer indicating things like Online, Paper Error etc. The following table details the pinout for the IBM parallel port and their input/output usage. Figure 5 shows the physical connections.

PORT
PIN
BIT
SIGNAL
INPUT
OUTPUT

A
9
A7
DATA7
If you read these
When you write to 


8
A6
DATA6
as inputs you get 
these outputs you 


7
A5
DATA5
back the current
set the output lines


6
A4
DATA4
output value.
to 1 or 0. These


5
A3
DATA3

values are held 


4
A2
DATA2

until the next write 


3
A1
DATA1

operation.


2
A0
DATA0



B
11
B7 inv*
BUSY
TTL inputs - will
Not usable as outputs


10
B6
ACK
normally look like 



12
B5
PE
a logic 1 when no 



13
B4
SLCT
input is connected.



15
B3
ERROR



C
17
C3 inv*
SLCT IN
May be used as
As for port A


16
C2
INIT
inputs if the 
holds value after you


14
C1 inv*
AUTOFEED
corresponding
write to it


1
C0 inv*
STROBE
output bit is set to 1


0V
18 - 25

GND
Common ground

points
Must be used as the

reference for signals

Table 1
Pinout for the IBM PC parallel port

 (inv* indicates an inversion at the port connection)




Figure 5
IBM parallel port as seen at back of PC.

The parallel port connector on IBM & PC compatable machines is a socket, that is - it has a smooth surface with holes into which a plug is inserted. To connect a signal to an input or output line on the port we use a compatible plug and solder a wire to the corresponding pin. Any circuit attached in this way must also provide a connection to the GND pin on the port.

3.2
Simple circuit connections
The purpose of the interface is to provide a means to connect a circuit, simple or otherwise, to the software of the computer. The result will be we can monitor the condition of signals, perhaps time the changes in signals, and then make decisions to change an output to cause a change in an attached circuit.

INPUTS
The simplest input device is a switch. This mechanical device allows us to simply make or break a connection. We can use this in conjunction with a resistor and a TTL compatible input of a computer to form a detectable logic condition for a computer program. Consider the circuit in Figure 6. One end of a resistor is connected to a 5V supply point, the other end to one side of a switch, and the far side of the switch to GND (ground or 0V). The common point between the resistor and the switch is connected to the input of the computer, and the GND of the external power supply is connected to the GND of the computer to provide a complete circuit.




Figure 6
Switch input

The resistor is used to provide 5V to the computer input when the switch is open (OFF). When the switch is closed (ON) the computer input is held at 0V, and current flowing through the resistor simply flows past the computer input. In some cases you may dispense with the resistor and the 5V supply because the TTL input will naturally give a logic 1 when left unconnected. So you may get away with just the switch to ground.

OUTPUTS
The simplest of output device is a LED. This device is a diode which emits light when sufficient current flows through it.(In the right direction) We can use this in conjunction with a resistor and a TTL compatible output of a computer to form a simple indicator from a computer program. Consider the circuit in Figure 7. One end of the resistor is connected to a 5V supply point and other to the output of the computer, and the GND of the external power supply is connected to the GND of the computer to provide a reference point.




Figure 7
LED output

The power supply provides the current needed to light the LED. The resistor is present to limit the current to a reasonable value, typically 0.010 Amps (10 mA). See Figure 3 for current calculations. When the computer output is a logic 1 it is held at 5V, therefore there is no voltage across the resistor or LED and hence no current flows, and the LED does not light. When the computer output is a logic 0 it is held at 0V, the voltage across the resistor and LED is 5V and hence the calculated current flows, lighting the LED.

NOTES
3.3
The software side of the story
In order to detect the switch input as a logic 1 or 0 we must write a small section of program to read the appropriate address (memory byte) in the computer and identify the bit corresponding to the particular input we have connected our input circuit to.

In the IBM PC the address of the parallel ports are typically as follows

PORT

LPT1:

LPT2:

A

378 H

278 H



B

379 H

279 H

C

37A H

27A H

We shall use QBASIC as our language as it is available on all IBM PC’s.

The following program shows how to read an input on the parallel port and use its logic condition as a output to a LED.

CONST porta = &H378
'Define constants for the addresses

CONST portb = &H379

CONST portc = &H37A

CONST pin13 = &H10
'Define ‘bit masks’ for the input bits

CONST pin12 = &H20

CONST pin10 = &H40

CONST pin11 = &H80

CONST pin1
= &H01
'Define ‘bit masks’ for the output bits

CONST pin14 = &H02

CONST pin16 = &H04

CONST pin17 = &H08

DO


a$ = INKEY$


bit =  pin13 AND INP(portb)

'READ INPUT BIT 4 OF PIN 13


IF bit = 0 THEN



PRINT “ON”



OUT porta, pin1

'OUTPUT A ‘1’ ON PIN 1


ELSE



PRINT “OFF”



OUT porta, 0


'OUTPUT A ‘0’ ON PIN 1


ENDIF

LOOP UNTIL a$ = "q" OR a$ = "Q"

4
More advanced devices
4.1
Transistors and higher currents
It is often a requirement to switch larger voltages and currents than are typically used by the computer interface. In these cases it is neccessary to include additional devices at the computer interface. One of the most commonly used devices is called a transistor. This device forms the fundamental circuits of almost every integrated circuit in our modern computers, and yet it is so simple.




Figure 8
Internal Layers of a Transistor

Consider the diagram above - a small amount of current injected into the ‘base’ of the transistor is used to a control the much larger amount of current flowing between the ‘collector’ and the ‘emitter’. This is actually achieved at an atomic level by allowing more or less electrons to flow through a region in the transistor, proportional to the base current. The result is a device which allows us to switch larger currents and voltages very easily.




A typical computer interface circuit that uses a transistor is shown below. In this example with 5V at the computer output the transistor will turn ON, around 0.5 mA will flow into the base of the transistor and yet the current switched by the transistor will be 12V / 100 ohms = 120mA.

Figure 10
Typical Computer / Transistor Interface

4.2
Stepper Motors
The easiest motor to drive using the digital output of a computer is a stepper motor. This motor is unlike the DC electric motors you may be familiar with in battery operated devices or slot cars. With those motors the speed of the motor is roughly proportional to the DC voltage applied to the motor coil. (You could switch a DC motor on or off at a fixed speed with a transistor.)

The stepper motor however operates somewhat like a magnetic compass. It has a centre rotating section called an ‘armature’ which is a permanent magnet with a north and south pole, just like the needle in a compass. The poles of this magnet are attracted towards opposite magnetic poles of one of many electromagnet coils positioned around the outside of the motor. When a coil is energised the armature aligns itself with the magnetic field produced by that electromagnet.

If you were to position such a set of electromagnet coils around a compass like they are in the stepper motor shown in figure 10, you could get the compass to align with each coil in turn around the ring by switching on each coil in succession as follows - North, North + East, East , East + South, South, South + West etc. The needle will point North, N-E, East, S-E, South, S-W etc.




Figure 10
Stepper Motor / Compass Representation

This is how a stepper motor operates. We can get the centre shaft of the motor to rotate continuously, or make it stop and align with any of the magnetic coils around the outside of the motor, simply by selectively switching power to each coil or pair of coils. Stepper motors often have many poles, typically 48 to 200 around the motor, but it is only necessary that one coil, or two adjacent coils at a time be energised near the armature to make it move.

NOTES
In actual fact there are usually only 4 coils - referred to as phases - wound around the stepper motor, each coil energising every forth pole. Thus switching power to just four coils allows us to operate the motor. This is easily achieved using the transistor circuit shown below. The reason we need a transistor is that the current requirements are much higher than we can expect the computer digital output to provide.




To drive the stepper motor with four computer outputs we must switch them on and off in the following pattern - 1000, 1100, 0100, 0110, 0010, 0011, 0001, 1001 - as a full cycle. This can be achieved by holding these bit patterns in an array (Eg bitpat[8]) as numbers 8, 12, 4, 6 etc, and by using a counter ‘n’ select the next pattern from the array (v = bitpat[n]) and send them to the computer output port as a group of bits to switch the 4 phases of the motor.

Figure 11
Computer Interface for the Stepper Motor
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