
AN INTRODUCTION TO THE 

BBC BUGGY 

Andrew Hopkins 

The BBC BUGGY is an adjunct to the 

BBC Microcomputer (Model 'B'). 

It is produced and marketed by 

ECONOMATICS (EDUCATION) LTD. 

for use in schools, colleges and the 

home. 

These notes will be replaced by the 

2970 

BBC BUGGY GUIDE which is to be published. 

It should be noted that the software for the 
BBC BUGGY is listable but it is still subject 
to copyright. 



BBC BUGGY CASSETTE SOFTWARE 

A suite of software to drive and control the BBC BUGGY accompanies these notes. 

It is supplied on cassette and is intended to run on a BBC Microcomputer (Model'B'). 

Program names are shortened versions of the BUGGY project activity titles. This 

obviates name changes for users who wish eventually to transfer their software 

to disk. 
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A LITTLE HISTORY 

Many months ago, a young father had an idea which might lead to a rather special 

toy. He was used to microcomputers, familiar with technology and knew that his 

concept of a controllable vehicle could delight, not only his own child, but 

those he had taught. He went shopping. Soon after buying motors, construction­

kit parts and simple sensors he had a working vehicle which could be directed 

by his home microcomputer. Then came the pleasant task of writing simple 

programs which would not only control his vehicle, the forerunner of the BBC 

BUGGY, but would allow the computer to accept information from the sensors 

mounted on the mobile platform. He succeeded in using information from the 

sensors to control the vehicle's movement. 

Success brought with it a host of new ideas and questions. Others who saw the 

vehicle realised its potential for fun and learning. In its new form, developed 

as the BBC BUGGY, it can give these experiences to all. The young father, who 

was also a teacher, played aleadingrole in the development and closely followed 

the combined efforts of an enthusiastic team. He is Mike Bostock. Now, as 

Manager{Technology) for the Government's Microelectronics Education Programme, 

he deals each day with other new educational items from the exciting world of 

technology. 

The controllable vehicle which he devised has been developed into a kit of 

parts together with software. Combined with the BBC Microcomputer, the vehicle 

is the basis for a range of activity from pure fun to a study of artificial 

intelligence. 

During the development, the Buggy concept excited and intrigued many who saw it 

working and new ideas for its use are suggested almost daily. Some of these have 

been pclished and finalised by members of the BUGGY project support team, who 

all work in jobs related to education. There have been some notable contributions. 

In particular, many helpful suggestions came from a meeting of the Electronics 

and Control Technology Regional Coordinators who work for the Government's 
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Microelectronics Education Programme. For two of the programs in the BUGGY suite 

large bar-code cards are used. The idea for these Jumbo bar-codes came from 

John Sams, who is a teacher in Essex. 

Those people who were concerned with the BUGGY project together with those 

who made significant suggestions and improvements at a particular stage include: 

Keith Anderson 

Peter Auchterlounie 

Peter Avis 

Mike Bostock 

Bob Coates 

Andrew Hopkins 

Nigel Hunter 

Ben Newsam 

Joe Pritchard 

Max Townsend 

Ian Trackman 

John Williams 
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ABOUT THE BUGGY 

Welcome to the world of artificiHl intelligence. 

Whether you are young or adult the kit of parts which these notes accompany is 

designed for your pleasure. It combines the twin opportunities of purposeful 

construction of a robot-like vehicle and its controlled operation when connected 

to the BBC Microcomputer (Model B). 

With the software provided on the accompanying cassette your BBC BUGGY can 

demonstrate a range of artificial intelligence which allows experimental work 

in this exciting field of knowledge to be done by all. The programsoffer a 

sufficient variety of applications to illustrate direct slave operation, the 

acceptance of vehicle instructions by different methods, retention of the 

instructions (remembering) and decision making during the performance of a 

search or discovery task. Artificial intelligence is an important subject for 

study. An understanding of its interactive control basis can lead to new ways 

of doing things and it opens a door on an important growth area. BU~¥ can help 

us to begin. In human terms it can obey conunands immediately, remember them for 

use later or repeat them and the actions they describe. Exploration of an area 

is demonstrated, together with the detection of a particular object. BUGGY can 

determine the size of the obstacle area it observes and its location. To do 

this it uses the equivalent of the sense of touch in a human being. This is 

accomplished by programs which allow the vehicle to react to the state of 

microswitches behind its bumpers. 

Another human sense, that of vision, is simulated by light sensitive cell. The 

computer can use the signals from this sensor to decide how bright it is in a 
. 

particular direction. Thisallows BUGGY to search until it finds light. 

In a different portion of. the spectrum, where human eyes cannot see, ~UGGY can 

emit and detect rays of infra-red light. This allows for bar-code reading to 

be done by the moving vehicle. The bar-codes are simply an alternative way of 
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storing information to any of those used by human beings. They can also 

represent many kinds of language or code. One example is music. Another allows 

navigational instructions to be passed to BUGGY and acts as an example of a 

method which could be developed for new uses of bar-coded information. 

Perhaps the present most exciting uses of BUGGY appear in the later programs. 

Here, tasking is met in which BUGGY and the Microcomputer together do a particular 

job. The task may be truly continuous as in following a figure-of-eight path 

marked out in black tape on a white floor; it could also be a search task in 

which BUGGY continually looks for a light until it is found. 

USING THE SOFTWARE 

The programs en the supplied cassette are in an order chosen to lead from 

elementary direct control of BUGGY by a small part of the computer keyboard 

through pr ogressi vely more sophisticated programs and towards independent tasks 

for the system. The BUGGY suite comprises an introductory presentation program, 

a construction test utility and twelve control programs. 

The first program is called TITLE. It alone calls a machine code program. 

This is named BTITLE and is stored irmnediately after TITLE on the cassette. 

TITLE can be seen by typing CHAIN "TITLE" followed by the RETURN key. The 

machine code file BTITLE will be automatically loaded following TITLE which will 

run as a short screen di splay. It does not drive the BUGGY which need not, at 

this stage, be connected to the microcomputer. 

After BUGGY has been assembled according to the ECONOMATICS ASSEMBLY MANUAL 

(pp 7-13) it should be connected to a BBC Microcomputer, Model B, (pl5) and 

checked for control using the program "TEST" (pl6). This program allows you 

to tune the vehicle steeri.ngin straight line and rotational movement. A test 

of both optical sensors is included together with bumper action monitoring. 
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Results of changes are shown on the screen. The menu of test options allows an 

exit from the program by pressing the numeric key 5. If you run this program 

without having BUGGY ecnnected ESCAPE or BREAK should be pressed to effect an 

exit. 

Do not allow eagerness to use the later programs to prevent thorough checking 

of your assembly of BUGGY. When you are ready to use the following twelve 

programs make sure that BUGGY is on a flat surface before running them. Floor 

is safer than tabletop but some carpets can interfere with the vehicle's 

progress. You are advised to construct a BUGGY PARK for the later programs. 

( It can be a useful tidy-surface for BUGGY paraphernalia. ) To load and run each 

program the CHAIN command can be used as detailed in the BBC Microcomputer Guide. 

BUGGY software changes the standard use of some of the microcomputer keys. In 

particular you should note that ESCAPE, the arrow keys_ (screen cursor control), 

some alphabetic characters and the epace-bar have special use within some of the 

programs. Some use has been made of the red soft keys. 

SWITCH 

S\\IITCH allows direct control of BUGGY motion by means of the arrow keys. These 

are normally used for cursor control and this use can be restored at the end of 

the program by pressing the red soft-key, f9. The BREAK and ESCAPE keys work 

normally. 

Although this program has a single, demonstrative use, it would benefit users 

to study the software. A careful perusal of the listing can lead to an 

understanding of the control process for locomotion. Indeed, the way in which 

the control program uses the electronic links (shown on the circuit diagram in 

the Assembly Manual pp 18 and 19) can be revealed. The :function of each 

electronic link or line is given in the list on page 17 of the Assembly Manual 

and the variables referring to BUGGY dimensions in the procedures may be marked 
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on the diagram in these notes on page 00 (BUGGY Dimensions - Software Use). 

When the time comes for you to write your own BUGGY programs it will be found 

that study of SWITCH will amply repay the effort expended. 

MEMORY SWITCH 

This program acts like SWITCH but in addition the computer remembers the route 

in terms of the segmental :instructions. These segments of motion have a length 

in centimetres (or a turn to left or right in degrees) dependent on the time for 

which the keys are held down. The control program rounds the values to whole 

numbers. In the case of the lengths the rounding is to the nearest cm. If 

the space bar is pressed, the segments, (described in these terms) can be 

revealed in an ordered list corresponding to their order in the route. Thus 

the route has been learned. You will have an option to repeat it. More spec­

tacularly perhaps, the computer can control the BUGGY so that it can retrace a 

path to its start point or 'home'. In human terms the system can remember 

and use what is in its memory to do something related but new. 

ROUTEPLANNER 

In this proaram we meet a different way of giving route instructions to 

the BUGGY. The path is planned in advance on the screen. As before, the 

arrow keys are active with the exception of the back-arrow. Forward motion 

is assumed. The S key is used to end the route planning instructions. 

(Within the software it places the correct values in the list into two spaces 

in an a..""ray which holds the route instructions) It should also be noted that 

the left and right keys cause quarter turns when pressed and, lest you think 

that B~GGY cannot be made to retrace its steps, the back-arrow key will cause a 

turn through two right-angles from previous forward motion. 
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Operation of this piece of software is straightforward, a menu of options 

appearing at the beginning of the program run. A new and interesting feature is 

the last option which allows display of the route instructions in a new way. Each 

instruction is interpreted as a directional letter followed by a number. This 

descriptive method is mere meaningful to human beings thar. an estimate of key 

press time. It is used in later software as a simple language for giving BUGGY 

instructions from the keyboard. 

Gradually as you progress with BUGGY through the software on the cassette tape, 

more will be learned. In route planning the bumpers are active but in a slightly 

more sophisticated way than as previously used in MEMORY SWITCH. 

The screen scale may be changed in this program. (This is option 4 on the menu 

and 3 key strokes are allowed in specifying the new scale.) 

If you are new to this program you would be well advised to chose a factor 

between 0.1 and 1.0 for the new scale. 

RECORDER 

In this program, instead of the BUGGY route itself being scaled, there is 

provision to scale the space in which BUGGY operates on to the screen. At 

this stage it would be wise to build or mark out a BUGGY PARK. BUGGY uses a 

'home' position. This is located as in the note on the BUGGY PARK diagram on 

page 00. 

The BUGGY is driven manually, the arrow keys being used to input the segments o~ 

motion. The software allows the route to be repeated. 

As BUGGY moves, its position is calculated periodically and a representation 

of the updated route is displayed on the screen. Since most microcomputer 

users are conditioned to screen wa.tching, an aid has been built into the control 

program so that BUGGY nay be watched continuously through the run. This takes 
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the form of differential sound cues which correspond to the arrow key being pressed. 

The program array for storing instructions is not expandable. You should maintain 

a limit of 30 segments for these routes. 

SNAIL 

This program is designed to run whilst the vehicle is on a BUGGY PARK. The start 

point for SNAIL is 12 centimetres north of the mid-point of the BUGGY PARK south 

wall (see page 00). 

SNAIL illustrates planning of a route in human terms by the use of the letter/ 

number notationpreviously met as a storage language. The prompts for the directional 

commands are shown in the program. These allow the following: 

Forward 

Backward 

Left 

Right 

Wait 

Stop 

Turns should be in degrees following the prompt letter and distances should be 

given in centimetres. 

Keyboard entries are checked and 'words' not in the language are rejected. This 

is signalled aurally. There is also an acceptance 'beep' which occurs after the 

RETURN key is pressed followina an acceptable conunand. 

Following the storage of each planned route it can be repeated from memory. Up­

dating of BUGGY's position is also done for graphic screen display on which the 

SNAIL TRAIL appears. 

EXPLORE FOR WALL 

The BUGGY PARK, or a temporary version of it, is necessary for use with this 

program. 
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First, remove the forward facing Light Dependent Resistor. This allows the bumpers 

to be fully relied on for signalling collisions. 

Secondly, place BUGGY in the centre of the marked space or park facing the 

north wall. 

Now run the program. This is the first system program in which tasking occurs. 

The software is designed so that the task can be completed without human intervention. 

When mapping of the park walls is completed, BUGGY will return to a 'home' point 

and then sound its accomplishment of the task. During the run, the early coordinates 

displayed in the screen information are notional only. 

The control program uses the BUGGY BUMPER sensors to determine BUGGY PARK dimensions. 

These should be noted for use in the next program. 

EXPLORE FOR OBJECT 

In this program BUGGY seeks a rectangular object. It is best to use one which cannot 

be pushed by the vehicle. On most BUGGY PARKS, a house brick will not be too large. 

The control program will request the dimensions of the BUGGY PARK. When answering 

the questions, input at the keyboard should be in rounded centimetres. Logically 

one would run EXPLORE FOR WALL before setting BUGGY the task of mapping the object 

and the obstacle area it may prevent BUGGY from traversing. BUGGY should be placed 

at the start point indicated on the BUGGY PARK map for this program. 

Skilled writers of software will no doubt enjoy investigation of the algorithm used 

for the search. This may lead them· to modifications or attempts to replace it. 

This program is likely to form the basis for a number of extensions and has already 

led to excited discussion amongst those who have seen it and studied the algorithmic 

use of the BUGGY BUMPER sensors. 

BAR-CODE ROUTE PLANNER 

Under the name BARPLAN on the BUGGY SUITE cassette, this program shows another 

way of transferring the segments of a planned route into the computer. Instead of 
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the keyboard being used to define the route in terms of the letter/number codes, 

BUGGY plays a part. The infra-red emitter/detector sensor combination is used to 

read information in the form of bar-codes. These are read in threes and correspond 

to the command codes used previously in SNAIL. 

COMMAND TABLE 

Movement No. 

Forward l 
Backward 2 
Left 3 
Right 4 
Wait 5 

Outlines of the card sets needed for BAR CODE SNAIL (numeric cards) and TIN PAN ALLJ:.-Y 

(music cards) are reproduced at the back of these notes. 

Each directional command is represented by a number in the range from l to 5. The 

JUMBO BAR CODE card set consists of all numbers O - 9. For this program each card is 

dual-purpose, representing 2 numbers. 

The cards are scanned by BUGGY in threes. BUGGY runs over the cards in order from 

left to right of an observer . The number represented by the card in this orienta­

tion is seen the correct way up on the far border. 

1st card 

Any number between 
. l 5 6:'epresents 

a letter) • ; spacing 
minimum 
~ a card 

2nd card 

' Any number 

3rd card 

'- I -------------7 Any number 
spacing 
minimum 
~ a card 

NOT TO SCALE 
The control program interprets each triplet of number cards as a single route 

instruction. The interactive screen messages prompt the user so that one instruction 

can be read by BUGGY. A decision can them be made by you to accept the instruction 

or have it scanned again. The software is designed to assist the user. Pressing 

ESCAPE causes a HALT and leads you through a deletion option so that early problems 

of card spacing can be dealt with speedily. 

There are a small number of error messages which will assist you in using the system. 

To deliberately cause one to appear, use the zero card as first card of a triplet. 

After enteri ng instructions by this novel method, they may be displayed, reviewed 

or obeyed by BU~'"'Y. 



The instruction ~et understood by the control proi?'am could be extended or 

changed to accommodate a user's ideas. One such development is the basis 

for the next program. 

TIN PAN ALLEY 

For this software the data-set understood by the control program is a representation 

in coded form of musical tones. Bar-code reading by BUGGY remains the data 

entry method. The 'language' allows the leni'th of each musical note to be 

progranuned. Thus, note by note, an old or a new tune can be transferred into 

the computer. In the previous program bar-code reading of the letter/number 

routing instructions was introduced as an alternative to key board input. In 

TIN PAN ALLEY there is no provision in the control program to input notes by 

means of the microcomputer keYboard. Bar-code cards are the sole method. 

To successfully transfer codes for music we must use an encoding scheme which 

takes account of both the pitch and the length of each note. The card outlines 

supplied take care of pitch by their pattern. The algorithm in the control 

program uses the distance between the card leading edge and the position of a 

white bar across the black card for this. The white bar indicates the note coded 
by the card when the left-to-right scanning convention, referred to earlier, is used. 

The way in which the length of the note is determined depends on the spacing 

between successive cards. i.e. t.~e space before a card determines the length 

of the note. To indica~e a tone which is above the normal range, a special 

octave card is used following the card to which it refers. So that spacing 

can be accurately set, a spacer card is provided. It should be used as a gauge 

when placing the cards in line. 

A spacing of 1 cm corresponds to the shortest possible note (in this limited 

data-set). It is a semiquaver. The biggest space (in terms of convenience) 

which should be used is 8 centimetres. This denotes a minim. Dotted notes 
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ie notes wi ih lengths l~ times their normal musical value are programmed by 

using a space corresponding to 1~ times the length cif that for a single ( undotted) 
note. 

Practice will be needed in using this system and a new user should get a feeling 

for the software by tzyini various spacings. 

TABLE OF NOTE CODES 

Notes Spacing distance 
from previous card 

semi quaver l cm 

quaver 2 cm 

crotchet 4 cm 

minim 8 cm 

To avoid difficulty in entering the first note, it is best to mark a starting 

line on a flat surface end place the first note card at the correct spacing 

from this line. The line is the starting point for BUGGY when it begins to 

read the tune. Make every use of the instruction screens and menu provided 

within the software. Beware of selecting option 4 from this software menu since 

doing so will destroy the record of cards already screened i.e. your tune will 

be lost when you use the programmed examples to which opdal 4 leads. A misread 

note can be removed from memory by using the ESCAPE key which provides a deletio~ 

.option menu. 

There are some departures from normal musical practice, these were occasioned 

by the need to keep the software of a manageable size. 

MAN V BUGGY and SUNSEEKER 

These programs are related. L~ the first the human user is set a task. Output 

from the sensors carried by BUGGY (Bumpers and the L.D.R.) is used to update 

the screen display. The human operate~ using this display alone, has to drive 

BUGGY from the key board. The object of the task is to locate a light placed 
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on top of the BUGGY PARK wall at some point. It is not easy, so users should 

persevere until they have achieved a successful 'find'. Only when this has been 

done should they run the program SUNSEEKER. 

In SUNSEEKER a similar task is performed by the control program instead of the 

human being. Careful study of BUGGY behaviour in performing this task might 

assist a later attempt at using MAN V BUGGY. 

The hunting rules for MAN V BUGGY restrict the human operator to the information on 

screen. In this program BUGGY Must not be observed. It is simply a mobile, 

sensor platform. The display carries received information which must be interpreted 

by the operator in order to accomplish the task of locating the light source. 

This can be made from a single torch bulb mounted on the BUGGY PARK wall at the same 

height as the Light Dependent Resistor (carried by BUGGY) above the PARK surface. 

The active keys are the arrow keys and the 'L' key. This 'light channel' key 

acts as a toggle switch to open and close the light level information channel. 

Allowing the hunter to turn the channel on and off makes taking a light reading 

a definite action during the task. Because the program is written in the high 

level language, BASIC, BUGGY manoeuvring takes less time when the light channel .is 

off. !t was thought only fair to give the human operator the same control of 

tasking as the system has in SUNSEEKER. For the keen user the program gives several 

screen and sound cues which, if used to the full, should lead to very fast searches .• 

(You may have to practise hard in order to beat BUGGY; it is not quite like 

driving a new car! ) 

To use SUNSEEKER place BUGGY over the starting point 12 centimetres north of 

the south wall. Make sure that the sensor shroud is fitted and follow the 

calibration procedure at the beginning of the program run. The range of light 

values can be from O up to 655 arbitary units. Adjust the room lighting if 

possible so that the torch bulb can give a greater reading than any ot.~er light 

source. BUGGY will do an initial scan after calibration then reverse to its 

selected direction and proceed with the search. 14 .. 



LINE FOLLOWER 

For this program BUGGY and the microcomputer perform a continuous task of 

following a line of a different colour to the background colour of the floor. 

Perhaps the best procedure would be to lay· a black track on the floor of the 

BUGGY PARK. 

Run the program, choose the black line from the options and read the instructions 

held by the program. At this stage by using the left or right arrow keys it is 

possible to swing BUGGY across the line. The change in light level numerical 

values will probably be from a typical 65 units for black to a very low level 

for a white (or greyish white) line. For example, typical values ,are 8-12 for 

shiny white surfaces, whereas typing paper gave values of 15-16 when used as a 

reflective surface. Level of illumination by daylight or electric light in the 

room used could also affect the numerical values. Since the sensor is an infra-

red device, it is possible that some puzzling results may occur. 

If the space bar is pressed the light value for the current surface is recorded. 

This should be done away from the line and then when BUGGY is over the line. 

A third pressing of the space bar will start the tasking program and BUGGY will 

look for and try to follow the line until it ends. 

Have fun 

For the already skilled progra.mJ2r who studies BUGGY software carefully, the 
writing of a new BUGGY program should not be too daunting, but it will not be 
a quick and easy task. Much time can be saved by a methodical investigation of 
the procedures used in the BUGGY suite, especially those designated as UTILITY 
PROCEDURES. Notin6 which PROCedures are called by others will be helpful in 
establishing the minimum number needed to form the basis of a new program together 
with any new 'home grown' procedures, functions or routines which are needed. 
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B u GGY PA'f~K. 

North is notional 

only. BUGGY faces 

North edga in its home 

position. 

Basa should be flat. 

It could be a floor. Hardboard 

(or chipboard) is better for use 

with the program called Line follower. 

The boundary wall should be 5cm high 

(211 ) &o tha~ a light can be placed on 

the wall at about 9cm fro11 the base. 

This is needed for Sunseekar. 

·u 
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NB. In some programt1 . the starting or 

home position mo••• to• point 12cm N 

of the mid-point of the South Wall. 

Hini111Um dimensions (so aa not to 

restrict BUGGY ffl!llloeuvres) are 

60cm x 60cm. 

A more useful BUGGYPARK would be 

150cm x 100cm. 

----- · . 
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A. SUITABLE suc;r,y PA l?K 

Some ot t he programs ~ be executed (run) whilst BUGGY is on a !lat noor 

or on a table top. others need a nat site having a raised boundary. This 

1ou will. need to build. It can be quite .t ~mple and temporary structure. 

Building bricks (either nur:sery or house variet1) might be used to !or::i a 

rec'tangular 'll&ll on the noor hut Cor r@peatnble work it is btttter to construct 

• Buggy Park. 

This ia a.de !ro• wooden battens (ror the ,.l,l) secured to a hnrdboa~ or chip­

board sheet Oil tlut floor. The area aYailable is important; the BUGGY PARK 

muat aat be leas than a aquare ot side 60cm. More pleasing result.s vill be 

obtaiAed U a rectangular shape ia uaed. The SOGGY so£t"Ware can accomm:id3.te 

di!'!ereni: areas. It possible. a board o! dimensions 150 x 100c:n. should be 

tried. Wall height ahollld be correct tor a suitable torch or other lamp 

110Uree to be IIIOWl.ted (program:- SUNSEEKEa). One long edge ahoul.d be des.ignated 

aa BUGGY fforthwall. the other edges being aa.rked according].7. These are 

notional c:ardiDa.l directions. not strictl1 necessary, but are useful vhen 

describing BUCGY amtiO!I. 

It is cOIIV9uient to use 6nm dowel to suz,port an OTerhead string. '?hi.a Allows 

ea57 draping ot the BUGGY cable so thnt it ia not over-Mm by the controlled 

vehicle. 
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