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The Wall Follower

The wall follower is one of the current “events” in both

a) the Schools Micromouse competition

b) and Technogames (Micromouse section)

Details of the competitions are given on the websites, 

www.mmu.ac.uk/micromouse/schools.shtml  and  www.technogames.net
Swallow Systems

Duncan Louttit, director of Swallow Systems, designed this vehicle and the test layout. 

For some time Duncan has been building racing buggies to compete in the Micromouse competition. Swallow Systems supply a range of components and buggy kits.

Duncan’s web site, www.swallow.co.uk, contains a mass of useful tips for would-be buggy builders and micromouse contestants.

In Devon and Cornwall, a local Technogames & Micromouse competition takes place annually, using the Wall Follower as one of the “Events”

The project is led by Alan Simpson, in the Dept of Communication and Electronic Engineering at the University of Plymouth Initial funding has been obtained from the IEE by SETPOINT Devon & Cornwall, co-ordinator Paul Hartley. 

Contact Alan or Paul for further details.

ajsimpson@plymouth.ac.uk, 

telephone 01752 232509

paul.hartley@connexions-cd.org.uk,
telephone 01392 215501
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Technology Teachers

Please feel free to use and adapt these notes in your own teaching. 

In the demonstration model, a single printed circuit board was used. However, it is better to divide this into two, so that two pupils can be involved building the left and right motor boards separately. Capacitor C4 would then be included on the second board.

Building the drive train

Some suppliers give instructions with the motor/gearbox assembly, others don't;

so there are full instructions here.

First cut or saw the drive shaft to 25 mm long. I used a heavy pair of pliers but it may be easier to use a junior hacksaw.

Take one of the pulleys (not part of the motor/gearbox unit) and put it, flat side down, on a piece of plastic (the wrapping from the gearbox unit is convenient). Put a drop of cyanoacrylate glue on the centre hole and push the shaft firmly and rapidly right through the hole. I used a pair of pliers to hold the shaft. It is easiest if you push the rounded end through instead of the cut end. Pull the pulley away from the plastic, wipe the excess glue off the pulley, and throw the plastic away.

Remove the packing ring from the body of the motor. This is the plastic ring with the label stuck on it.

Clean up all the plastic gears. Remove any moulding flash so that the gears will rotate freely. Pay particular attention to the sides of the gears as the one that I had, had bumps on the sides of the gears that made them "click".

There are two types of gears. One has two sets of teeth, the other has just a single set and a plain ring. One of the single gears has a 2 mm hole in the centre. This is the one for the motor. Press the single gear onto the motor shaft with the plain ring towards the motor body. Leave the gear about 2 mm from the body of the motor.

There are two gearbox housing mouldings. One has a larger hole. This is the one that the motor fits into. Press the motor body into the housing with the leads facing at right angles to the flat side.
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Fit two of the double gears onto the "prongs" sticking up from the casing that the motor is in. The smaller gear is upwards. Make sure that the gears are meshed properly. Ensure that the gears can rotate freely. If not, you have probably left some flash on one of the gears. In particular check for flash on the sides of the gears.
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Slide the drive shaft through the other half of the casing. It goes through the smallest hole. Push one of the double gears onto the drive shaft with the small gear downwards. Don't press it down hard against the casing as the shaft must be free to turn. However, it should be close to the casing so that the shaft only moves back and forwards by half a millimetre or less.
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Test assemble the two halves of the gearbox. I needed to use a pair of pliers to push the two halves together. Check that everything turns freely and the gearbox works. You could try applying a single 1.5V cell to the motor and check that all is well. Now pull the two halves apart again. 

Put a drop of oil on each of the gears. Put 6 tiny drops of cyanoacrylate glue with even gaps round the edges of the motor gearbox half. Make sure that there is no excess glue and there is no glue on the gears. Press the two halves back together and put the assembly to one side for the glue to set.

Repeat this for the other side.

Once you are sure that the glue has set, you can fit the "O" ring tyres to the pulleys.

 

Building the chassis

The chassis is made out of balsa wood and hot melt glue. The top chassis plate is made out of 2.5 mm thick balsa wood. It is 50 mm by 45 mm with the grain running parallel to the 50 mm side. I (Duncan) used a scalpel to cut the balsa wood.  

(Alan used scrap printed circuit board 55 x 45 mm)

The drive train assemblies are attached to the top chassis plate with hot melt glue. Be careful not to get glue on the wheels or your fingers! 
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Fit one side and leave it to cool down. I tacked it with small amounts of glue and when that had cooled I came back to it a couple of times to build up the thickness of glue. It takes a while for the glue to cool down so this process could easily take 20 minutes or so for one side.
The other side must be carefully lined up. The drive shafts MUST be in line or you will build a bias into the chassis.
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When both drive trains are fitted leave it for at least 30 minutes to harden.

The bottom chassis plate is 50 mm by 60 mm. The grain runs parallel to the long side.

(Alan made it 55 x 65 mm).
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The bottom plate runs forward from just behind the gearbox. You can just see where the back of the plate is behind the wheel. The grain runs from the front to the back. It is held to the gearboxes with hot melt glue.
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After the glue has had plenty of time to go hard, fit a slider to the centre front of the bottom chassis plate.

I used a drawing pin. Anything that slides easily and is part of a sphere is good. You could try a nylon dome nut or you could make a posh slider out of PTFE for the lowest friction.
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The Electronics
Circuit Operation

The two potentiometers RV1 and RV2 are used to preset two speeds for the left-hand motor. The left wall ‘feeler’ SW1 selects one or other of these speeds. The third potentiometer RV3 sets the speed for the right-hand motor, which should be between the other speeds. So, the buggy feels its way along a left-hand wall in a snake like course, alternately bending towards and away from the wall.

When the buggy meets the end of an alley, the front bumper, SW2, is activated, and reverses the right-hand motor, achieving a neat turn.

LEDs 1 or 2 indicate which of the two left-hand speeds is currently selected. The LED3 close to SW2 shows when the relay is switched on.

So, the circuit is ‘tuned’ by


Setting the three speeds (using a small screwdriver),


Adjusting the shape and position of the long lever arms on the switches.

The transistors Q1 and Q2 act as voltage followers, applying a variable voltage to the motors. The closer the potentiometer slider is to the positive supply, the higher the voltage, and hence the faster the speed. 

Diodes D1 and D2 are needed to steer the appropriate signal to the base of Q1. The other diodes prevent possible damage caused by back emfs. These are created when the inductive motor windings and relay coil are switched off. Similarly, capacitors C1 and C3 suppress voltage spikes from the motor commutators.

Circuit Diagram
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PCB Layout
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Drilling the Printed Circuit Board

1.0 mm holes

7 diodes




2 transistors




13 terminal pins (battery, 2 motors, 2 switches, 1 ground pin, J3)

0.8 mm holes

3 potentiometers




1 resistor




3 capacitors




1 relay (8 holes)




3 LEDs

Assembly

The physically smallest components should be fitted and soldered in place first, ie

Resistor R1
Bend the leads neatly at right angles at 0.4 inch spacing, press the resistor tight onto the board, turn it over, and solder the leads. 

Cut off excess leads.


7 diodes
Ditto. Check for polarity, the silver stripe


3 LEDs
Check polarity. The longer lead is the anode, ie positive end


3 pots


13 pins

Press each one into its hole (from below) with pliers.




Then press with a hot soldering iron to soften the board, so the splines 

will go in.


3 caps

Watch the polarity for the electrolytic. (Negative strip down one side).


2 transistors
Check polarity. The pins are closer to one face.


1 relay


1 link wire 
on the top of the board.

Solder the switches flat on the board. The pin spacing does not fit too well. So bend the switch tabs, and use a short length of wire to link in the end tab. You can use a cut-off resistor lead. Note that one terminal on SW2 is not used.

Solder the battery leads in place, noting polarity (PTO).

Testing

Before soldering in the motors, connect the battery.


Only the green LED should light


Press SW1
Its other LED should light


Press SW2
The relay coil should click, and its LED should light.

Place an ammeter in the battery circuit and check the current consumption. 

30mA initially, 150 mA with the relay coil switched on.

Final Assembly and Tuning

Wire up the motors, and experiment with different motor speeds, and feeler positions
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Use the test course provided.

In the competition, for greater accuracy and excitement, an electronic light beam will be used to time each circuit round the wall.

The tracking – bottom copper
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Possible Improvements

This design is deliberately presented in an imperfect state. 

(I want to leave pupils something to do).

1) Try different locations for the two switches on the board.

2) Fit an on-off battery switch.

3) Improve the footprint for the switches.

4) Get rid of the wire on the top of the board by improved track routing.

5) Move the ground pin, J1, to a more convenient location.

6) Reduce the current consumption. Those potentiometers seem rather low valued.

Start again, and think of different ways of approaching this challenge!

Wall Follower – Test Maze

A wall follower doesn't need much in the way of a test track. However, it is worth making sure that all the possible "nasties" are present. Here is a design for a board that I think has all the problems. Wall followers that can run round this course are capable of running in the full course at TechnoGames or the annual national competition. 
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My board is cut from a half sheet of 12 mm thick MDF. I got the local DIY store to cut the main pieces for me. They cut two lengths of 50 mm wide from one side of the sheet and then cut the width down to the 750 mm desired size. It cost me about GBP13.00. I am sure that for a small fee they would have cut all the pieces to size.

Once you have got the pieces, its just a matter of drilling holes in the baseplate and screwing through them into the undersides of the walls. I drilled on a 180 mm grid for the wall fixings with a 4 mm drill. I then countersunk the holes so that the underside of the base is flat and [image: image18.jpg]


doesn't scratch the table it sits on. I drilled 3 mm pilot holes in the walls to take the screws. 

The screws are 40 mm chipboard screws. The walls are also glued to each other where they meet with "No More Nails" glue.

When I built mine first, I didn't paint it as I was only going to use mechanical-sensing mice. Then I tried DOT on it and it caused problems so I decided to paint it. It would have been much better to have painted all the walls and the base before assembly. The base should be painted with blackboard paint. The walls are first painted with undercoat, then white gloss, then the tops are finished off with red gloss paint. 

When you build the maze, do not be tempted to leave out pieces "A" and the second "B". One of the limiting factors on mouse speed is its ability to turn through a gap in the wall. Without these it could lose the wall by a long distance and still recover.

If you decide to add a timing sensor so that you can measure lap times, the best place to put it is between pieces "E" and "A". You could drill holes in these pieces and mount a LED and the sensors in the walls themselves. Wiring can go in a channel underneath the board.

This maze could form the basis of a schools competition. It is easier to make wall following mice than line followers as you can use micro-switches or pure mechanical systems for the sensors. The maze itself is quick to build and more robust than the simple line follower courses. 

Wall Follower














Pricing for 10 off Units














Qty
Pk Size
Description

Supplier
Code
Cost Each
Total

Supplier
Code
Cost Each
Total

















20
1
LED Red 3mm Bright 

Rapid
55-0150
0.09
£1.80

JPR
850-126
0.08
£1.60


10
1
LED Green 3mm pure green

Rapid
55-0107
0.1
£1.00

JPR
850-131
0.09
£0.90


70
1
1N4001 Silicon Diode

Rapid
47-3130
0.04
£2.80

JPR
1N4001
0.04
£2.80


20
1
BD437 Transistor npn

Rapid
81-0102
0.25
£5.00

JPR
BD437
0.35
£7.00


30
1
Multi-turn Pot 500ohms

Rapid
68-0110
0.58
£17.40

JPR
430-500R
0.5
£15.00


20
1
47uF 10v Electrolytic Radial

Rapid
11-0305
0.04
£0.80

JPR
100-062
0.04
£0.80


20
1
0.1uF Ceramic Disc

Rapid
08-0235
0.06
£1.20

JPR
110-140
0.04
£0.80


10
1
DPDT Relay 5volt coil

Rapid
60-4690
1.55
£15.50

JPR
820-321
0.99
£9.90


20
1
SPDT V4 Long Lever Micro-switch

Rapid
78-2408
0.51
£10.20

JPR
800-138
0.48
£9.60


10
1
PP3 Battery 9v Alkaline

Rapid
18-0200
1.6
£16.00

JPR
460-034
1.6
£16.00


10
1
PP3 Battery Clip

Rapid
18-0094
0.1
£1.00

JPR
440-006
0.09
£0.90


20
1
Solar Motor Gearbox

Rapid
37-0442
1.79
£35.80

JPR
450-040
1.75
£35.00


2
10
Miniature Pulley Wheels 25mm

Rapid
37-0380
1.8
£3.60

JPR
450-076
1.95
£3.90


2
1
O Rings 22mm dia x 5mm wide




£0.00




£0.00


1
1
Balsa Wood




£0.00




£0.00


1
100
Resistors 1kohm (10 required)

Rapid
62-0370
0.6
£0.60

JPR
CR25-1k
0.75
£0.75






Total


£112.70

Total


£104.20
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