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ABSTRACT
A Micromouse is a self-contained fully autonomous mobile robot, capable of transporting itself
to the centre of an unknown arbitrary two-dimensional maze, in accordance with the IEE
Micromouse regulations. The robot must find its way to the centre of the maze simply to return
again and again in increasingly more courageous attempts in order to ascertain the fastest run
time.

In order to achieve this several factors must be addressed; motion control, spatial

awareness, collision avoidance, intelligence and precise chassis design.
This report focuses on the design and development of the chassis sub-assembly together with
spatial awareness and collision avoidance subsystems of the mouse, detailing information on the
software and hardware solutions developed, outlining problems, solutions and further
developments.
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INTRODUCTION
The aim of this document is to describe and explain the engineering process and technical
aspects of the Micromouse project. Many components are required to engineer a Micromouse,
the design and construction of which can be divided into five main areas, each relating to a key
area of functionality:
1)

Chassis

2)

Sensors & Sensor Controller

3)

Motors & Motor Controller

4)

Maze Solving Algorithm

5)

Microcontroller Board

During the development phase of the project, both software and hardware tools where used and
developed. Two Students are working on the Micromouse project this year, and thus the
sections of work have been amalgamated somewhat. This candidate’s work focuses on the
design and manufacture of the Chassis, research into sensor strategies, their design and
implementation as well as design of the Microcontroller Board.

MICROMOUSE COMPETITION
Many individuals, educational institutions and organisations worldwide are involved in the
design, development and implementation of Micromice. To demonstrate these developments
and encourage increased interest in engineering, competitions are held at regular intervals in
many counties. In the UK, the competitions have been organised by the Institute of Electrical
and Electronic Engineers (IEEE) since the late 70’s. Recent changes within the IEEE have
resulted in the exclusion of certain competitors and this has meant a more underground
Micromouse following has developed. A full copy of the official Micromouse Competition
Rules and Regulations are included in Appendix A.
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MICROMOUSE PERFORMANCE
The performance of the mouse is assessed under the competition guidelines and several factors
influence its result. The overall score in seconds to complete the maze is given as follows:
Score = Search Time/30 + Fastest Run Time + Touch Penalty
The Search Time is defined as the total time that has elapsed since the mouse started its search
until it finishes its fastest run.
The Fastest Run Time is the fastest time taken for the mouse to navigate from the starting
position to the centre of the maze.
A Touch Penalty of 3 seconds is added for every time its owner touches the mouse.

MAZE SPECIFICATION
Initially the maze configuration is completely unknown to all competitors, on entering the maze
the mouse has to determine the presence of walls and store this information for subsequent runs,
in order to determine the most efficient route to the centre.
The Maze shall comprise of a 16 x 16

180 mm

grid of a 180 mm x 180 mm square.
The walls of the maze shall be 50 mm
high and 12 mm thick, with the a
distance between adjoining walls of
168 mm.

The outside wall shall

enclose the entire maze, see Figure

168 mm

1.1
The Side of the wall shall be white and
12 mm

the Top red, with the floor of the maze
made of wood and finished in nongloss black paint. The coating on the

Figure 1.1 – Basic Maze Configuration

walls, both top and sides shall be
chosen to reflect infrared light and the
floor shall absorb it.
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MICROMOUSE AIMS & OBJECTIVES
GENERAL
The aims and objectives of the Micromouse project as a whole are stated below. It is from these
that the detailed design criteria of the individual sections are drawn:
•= The mouse must be bi-directional, in order to eliminate 180° turns.
•= Must be capable of reaching the centre of the maze within 15 seconds, on a
fast run.
•= It must be able to communicate to a host computer over a half-duplex
communication link, to aid in diagnostics and development.
•= The mouse must be able to go round corners on the move and traverse
diagonally when necessary, see Figures 2.1 A to F.
•= The extreme dimensions of the mouse must not exceed 250 mm by 250 mm,
as per the Micromouse rules.
•= The power source must be capable of powering the mouse throughout its run
time of ten minutes and be non-polluting.

TECHNICAL REQUIREMENTS
In order to meet these general objectives, it is necessary that the mouse meet the following
technical specification:
•= The maximum straight-line speed of the mouse must be in excess of 2.5m/s with
acceleration approaching 5.0m/s2.
•= The total mass of the Micromouse must be minimized in order to reduce inertia and
improve acceleration.
•= The width of the mouse must not exceed 90 mm, to allow for diagonal manoeuvring.
•= The length of the mouse must not exceed 148 mm, to ensure mouse manoeuvrability
through 360°.
•= The precise position of the mouse must be known at all times and updated whenever
possible.
•= The power source for the mouse must be mobile and have a high capacity.
Electronic and Electrical Engineering
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Manoeuvring Requirements
Six different manoeuvres where examined that the micromouse would have to perform whilst
travelling in the maze. Each is outlined below in Figures 2.1 A to F.

Figure 2.1 A -Straight Forward
Manoeuvre

Figure 2.1B - Left 90° Turn

Figure 2.1C - Right 90° Turn

Figure 2.1D - Left Diagonal Manoeuvre

Figure 2.1E - Right Diagonal Manoeuvre

Figure 2.1 F - Loop U-turn
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CHASSIS DESIGN
OBJECTIVES
The main criteria in the design of the chassis as with the other sections of the Micromouse
project this year was to develop a stand-alone subsystem that could be used with any micro
controller and sensor arrangement, whilst making sure the robot could still comply with the
specifications set out above.

TECHNICAL REQUIREMENTS:
Size Constraints
The size constraints imposed by the dimensions of the maze play a significant role in
determining the shape and orientation of the finished Micromouse
To ensure maximum flexibility it is necessary to provide the facility for diagonal movement
throughout the maze and therefore this size constraint becomes more rigid.

The internal

diagonal measurements of the maze can be calculated to give 110 mm, see Figure 3.1.

192 mm

Mouse Path

a

b

192 mm

12 mm
e

c

a = b 2 + b 2 = 237 .6 mm
c = dCos 45 = 127 .3mm
e = a − c = 11.03mm

d

12 mm

Figure 3.1 – Dimensional restrictions

Electronic and Electrical Engineering

5

IEE Micromouse - Chassis Design & Sensor Strategies

In order to ensure optimum manoeuvrability, complete 360=° rotation is required. Allowing a
distance of 10 mm between the outermost dimensions of the robot and the innermost dimensions
of the maze limits the mouse to a maximum length of 148 mm and maximum width of 90 mm.
Motor Specification
The size and specification of the motors used in the construction of the robot are extremely
important, as optimum performance from the robot is desirable.

Factors such as Torque,

Rotational Speed and Weight all have significant effects on the behaviour and performance of
the robot and therefore these factors need to be considered when selecting an appropriate
propulsion system.
Torque
Using a simplified model (see Figure 3.2) of the robot aids in the calculation of the torque
required to propel the device at the required speed and acceleration. The model consists of a
mass m kg having a maximum speed of v m/s and maximum acceleration of a m/s2, driven by a
wheel of radius r mm.

Mass = M kg
Velocity = v m/s
Acceleration = a m/s2
rm

Figure 3.2 - simplified model of the robot
The desired top speed and acceleration characteristics of the robot are listed in the initial
specification where, v=> 2.5m/s and a =5.0m/s2. These figures were derived as follows:
Assuming the maximum internal straight-line distance of the maze to be 2.868 m, running the
length of a complete wall, a top sped in excess of this would make control extremely
challenging. Through observation of previous maze configurations a distance greater than 6
squares (1.608 m) is rare with the most common straight line distances in the area of 3 to 4
squares (0.528 to 0.708 m).

With both these in mind the theoretical acceleration can be

determined. If the most common straight-line distance is approximately 0.61 metres, using:
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v2 = u2 +2as

where s is distance, u is initial velocity.

a = v2 –u2/(2s)
a = 2.52/1.22
a = 5.1 m/s2
The mass (m) and wheel Radius (r) of the robot were estimated at approximately 1.0 kg and 20
mm respectively, using chassis and PCB layout configurations from previous years projects at
Loughborough and current Micromice worldwide.
The Torque required to give this acceleration at the stated mass can be derived like so:
Load Torque (M) = Jα =
mr 2
Load Inertia (J) =
2
Angular Acceleration (α) =

a
r

mra
2
1.0 * 0.02 * 5.0
M=
2
M = 50 mNm
M=

This value can immediately be divided by the number of motors driving the system, then again
by any gear ratio employed in the drive mechanism to give the torque required by the individual
motors.
Power

In order to calculate the maximum power required from the motor it is necessary to ascertain the
maximum load speed in radians per second.
Load Speed (Rev/s) =

v
2πr

Load Speed (Rad/s) =

v
r

Load Speed (C) =125.0 Rad/s
Load Speed =

60v
= 1193.7 Rev/min
2πr

The power required is proportional to the Load speed and Load Torque:
Power (W) = Load Torque (M) x Load Speed (C)
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Power (W) =

mra v
*
2 r

Power (W) =

mva
2

Power (W) =

1.0 * 2.5 * 5.0
= 6.25 Watts
2

Again, this value is divided by the number of motors driving the system, then by any gear ratio
employed in the drive mechanism to give the power requirement of the individual motors.
In order to optimise the motor’s operation and life performance, the Load Torque should be
approximately half the rated Stall Torque of the motor and the Load Speed should be
approximately half the rated no Load Speed.
In summary, assuming two identical motors are used to drive the robot, the required
statistics are as follows:
Power => 3.125 Watts
Motor Speed => 2387.4 * GearRatio Rev/min
Motor Torque =>

25
mNm
GearRatio

Electronic and Electrical Engineering
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METHODS OF DRIVE
In designing a robot chassis it is important to consider the most appropriate way of configuring
the propulsion system, in this case electric motors. Various configurations of driving and/or
steering wheels and tracks can be used to propel robots, depending on the requirements of the
design. Detailed below are some of the most commonly used drive systems in robots together
with their advantages and disadvantages.
Tricycle Method

This design uses a motor to drive two wheels connected to the same axle, with a third steerable
wheel for manoeuvring. The drive axle can be situated at the front or rear of the chassis.
The main advantages of this design lie it its smooth control characteristics, enabling straight line
and cornering operations more manageable at high speeds. By placing the steering wheel further
away from the drive wheels, precise directional control is easily achievable. It these very
characteristics however, that impose significant disadvantages in a confined environment such as
the maze. The finely tuned directional control made possible by the placement of the drive
wheels away from the steering wheel increase the robots turning circle dramatically (see Figure
3.3). With a non-symmetrical design like this, it is necessary to have 360-degree rotational

control at any time as tricycle designs have completely different operating characteristics when
driven in reverse

Direction
Tunring Circle => x

x

Figure 3.3 – Tricycle Chassis Design
Shopping Trolley Method

Four independently driven wheels are mounted on turntables at each corner of the chassis, giving
360-degree rotational control over each wheel. All four wheels are used to drive and steer the
robot.
Electronic and Electrical Engineering
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Superior positional control is the main advantage of using this design. The four independently
driven and steered wheels allow movement in any direction (see Figure 3.4) but come at a price.
The four motors, gear trains and steering servo’s required not only occupy a large amount of
space and weigh a great deal, but also impose other difficulties on the system.

Battery

performance would be seriously compromised and the method of controlling all four corners of
the chassis simultaneously would involve a large amount of complexity.
Direction

Turing Circle = 0

Figure 3.4 – Wheel Chair Chassis Design
Wheel Chair Method

The use of two independently driven wheels is employed in this design, one on each side of the
chassis, auxiliary castors, wheels of rollers are used for balance. Steering is achieved though
varying the relative velocity of the two drive wheels.
This design uses a symmetrical configuration about the drive wheels allowing turning to be
implemented on the centre of its wheelbase (see Figure 3.5), enabling extremely fast cornering.
Due to the symmetry of the design, operation in both directions is made much simpler as the
characteristics are identical independent of orientation. The disadvantages of this design are
predominantly to do with determining the control characteristics, as changes to the motor
velocities have direct implications on the direction of the robot. Precision of manufacture is also
a significant consideration when implementing a symmetrical design as imperfections in the
chassis will have marked and opposite impacts on its operation in two directions.

Direction
Turning Circle => x

x

Figure 3.5 – Wheel Chair Chassis Design
Electronic and Electrical Engineering
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Despite the difficulties involved in manufacturing a symmetrical based design, this approach was
chosen in preference to the other chassis configurations outlined above. By changing the speeds
of the two drive wheels independently each of the required manoeuvres can be performed.
When both motors are rotating at the same speed the robot will theoretically travel in a straight
line. Figure 3.6 shows the relationship between the two distances travelled by each of the
wheels during turning.

Figure 3.6 – Turning Characteristics of Wheel Chair Based chassis

Using this method a simple mathematical formula can be employed to calculate the ratio of the
outside wheel velocity to the inside wheel velocity using the ratio of the distance travelled by
each of the wheels:
Ratio =

2π ( R + W ) R + W
=
2πR
R

As the circumference of each wheel is theoretically identical, this ratio corresponds directly to
the velocity of rotation for each of the wheels and hence motors. The greater the ratio, the
sharper the turning curve performed by the micromouse. Using this ratio, precise turning control
of the robot can be achieved by altering the velocities of the motors driving the wheels.
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POSITIONAL FEEDBACK
In order to accurately control the drive motors it is necessary to provide some form of feedback,
this is generally through encoders mounted directly on the drive or motor shaft. These provide
the motor controller with ‘relative’ positional and velocity information. Rotational feedback
from motor shafts can be measured in a number of different ways though most precision motors
use optical or magnetic encoders.
However, there are problems associated with relying on information from these directly mounted
encoders and most mobile robot applications use two basic position-estimation methods:
absolute and relative positioning
Absolute positioning

Absolute positioning methods usually rely on some from of active or passive landmarks
recognition and can be implemented by a variety of methods and sensors. These methods
usually require that the work environment either be prepared or be known and mapped with great
precision. For the purposes of Micromouse this is entirely reasonable as the maze is regular in
its layout. The use of Landmark navigation is discussed in detail in the Sensor Controller
section.
Relative positioning

Relative positioning is usually based monitoring the wheel revolutions to compute the offset
from a known starting position, this is known as dead-reckoning. Dead-reckoning is simple and
inexpensive but has distinct disadvantages is its unbounded accumulation of errors. It is the
relative positional information that is of interest in designing a superior chassis. These errors can
be divided in to two areas
Systematic dead-reckoning errors

Imperfections in the design and manufacture of a mobile robot are usually the source of
Systematic. The two most significant of which are unequal wheel diameters and the uncertainty
about the effective wheelbase.
1. Unequal wheel diameters: – The use of rubber tyres by most mobile robots to improve
traction also provides a significant proportion of error.

The tyres are difficult to

manufacture to exactly the same diameter and compress differently under varying load
distribution. Either one of these effects can cause substantial dead-reckoning errors.
Electronic and Electrical Engineering
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2. Uncertainty about the wheelbase: - The wheelbase is defined as the distance between the
contact points of the two drive wheels of a differential-drive robot and the floor. This must
be known in order to compute the relationship between ratio of encoder pulses and rotation
of the robot. Uncertainty in the effective wheelbase is caused by the fact that rubber tyres
contact the floor not over an area and not a specific point.
Non-Systematic Dead-reckoning Errors

Non-systematic dead-reckoning errors are those caused by interaction of the robot with
unpredictable features of the environment. These type of error are caused by many different
problems although the main areas of inaccuracy result from the following problems:
1. Irregularities in the floor surface: - Travel over uneven floors, bumps, cracks, and debris
in the floor’s surface can cause a wheel to rotate more than predicted which in turn
results in incorrect encoder data.
2. Wheel-slippage: - This can be due to slippery floors, over-acceleration, fast turning
(skidding), external forces (interaction with external bodies), internal forces (e.g., castor
wheels) and simply non-point of contact with the floor.
Whilst Systematic errors are always present they can be significantly reduced through accurate
design and manufacture for which adjustments can be made, as they are always consistent. NonSystematic errors however are extremely difficult to determine and avoid as they are entirely
dependant upon the environment in which the robot is operating and are inconsistent.
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TRAILING WHEEL ENCODER MODULE
In order to minimise the accumulation of Non-Systematic errors, separate encoder modules have
been designed and built to reduce the problem associated with wheel slippage. By using
encoders attached to entirely independent wheels, not linked to the drive train it is possible to
measure actual wheel travel. Any problems associated with the floor’s surface will still manifest
themselves as Non-Systematic errors in these encoders but all errors due to acceleration and
breaking will be eliminated. To implement this technique it is necessary to position the trailing
wheels in line with the drive axles, see Figure 3.7.
Drive Wheel

Trailing Wheel

Drive Axle

Figure 3.7 – Trailing wheel position

This was also to do with the fact that the lead-time on these devices can be as long as a couple of
months and this would have a dramatic impact on the time scale of the project
Hewlett Packard encoders and encoder discs were used in the design of the trailing wheel
modules, as a contact in the Components Department (Agilent) was able to source and supply
these components at a much reduced delivery time, helping to keep within the timescale of the
project.

The HEDS-97XX series of optical encoders is HP latest two-channel quadrature

incremental optical encoder (see Figure 3.8), offering a high performance at a low cost, in a
small package outline. It is designed to operate in conjunction with the standard HP HEDS51XX codewheel series. These devices were thought suitable primarily for these cost, size and
performance issues although the extremely tolerant to the mounting specification was also a
deciding factor. See Appendix A for information about these Devices and Appendix D for
Technical specifications of the Trailing wheel encoder module.
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Figure 3.8 – Hewlett Packard HEDS-9700 Two-Channel Optical Encoder

The HP HEDS-51XX series (see Figure 3.9) is an extensive range of codewheels, available in
resolutions from 96 to 1024 CPR with an 11 mm radius. 500 CPR metal codewheels were used
to give an accuracy of 0.25 mm using a 20 mm radius wheel (r).
Accuracy =

2 * π * r 125.66
=
= 0.25mm
500
500

Figure 3.9 - HP HEDS-51XX Series Metal Codewheels

Metal codewheels are more versatile than glass and film types, tolerant to mounting
misalignment with the optical encoder.
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DRIVE MECHANISM
The mechanism for transferring the power and torque of the motors to the drive wheel is a
simple yet fundamental part of the chassis design. There are many ways of doing this, each with
their own strengths and weaknesses, but essentially two options exist:
Direct Coupling

This technique uses direct contact of the motor shaft to the drive shaft via gears (see Figure
3.10). Spur, Helical or worm gears can be used in the construction of a directly coupled drive

chain and all of these enable the simple solutions to be implemented, as no complex positional
calculations are required. They do however have distinct disadvantages; spur or helical gears
can effect the position of the robot within the maze due to backlash associated with these types
of drive chain. Although worm gears do not suffer from this, their inability to ‘free wheel’ can
affect the fluidity of movement. In addition to this, proximity limitations are placed on the
chassis design, as direct coupling will force the motor to be situated close to the drive wheel,
reducing flexibility of design.

Figure 3.10 – Directly Coupled Drive Chain using Spur Gears
Timing Belt

Although the use of suitable Timing Gears and Timing Belts virtually eliminate backlash
through their accurate construction whilst still maintaining fluid movement, their main advantage
lies in the ability to precisely position the motor and drive axles. By using different sized belts
and gears the motors can be some distance away from the drive wheels improving the flexibility
of the design. The downside to using a design of this type is the added complexity involved in
the design stage. The distance apart of the gears, belt length and gear size are all intricately
related.
Electronic and Electrical Engineering
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The advantages of using such a timing belt drive train far out way the disadvantages and so this
system was chosen for the design.
Gear Ratio

The motor specifications calculated previously outline the minimum requirements for the torque,
power and speed at the drive axle. By employing a gear train with a ratio other than 1:1, these
requirements for the torque and speed at the motor axle can be altered. This provides a facility
to use motors that would otherwise be outside these minimum parameters.
In order to reduce the level of expenditure on the project, various motors from previous years
where collected and assessed, their specifications are listed in Table 3.1, together with the gear
ratio needed to achieve the axial load specifications of the robot and the speed of the motor as a
result of this, calculated as follows:
Gear Ratio =>

25 mNm
RatedLoadTorque

Load Speed => 2387.4 * GearRatio Rev/min
Parameter

Motor
Portescap 23 DT 12

Portescap 23 LT 12

Portescap 22 S 28

Power

15 W

8.5 W

2.8 W

Stall Torque

43.8 mNm

20.5 mNm

7.9 mNm

Load Torque

20 mNm

10 mNm

5.2 mNm

Max Speed

12000 rpm

12000 rpm

12000 rpm

Dimensions

23 mm Diameter

23 mm Diameter

22 mm Diameter

48.5 mm L

50 mm Length

28 mm Length

Gear Ratio

1.25:1

2.5:1

4.8:1

Motor Speed

2984.25 rpm

5968.5 rpm

11477.9 rpm

Table 3.1 - Motor specifications
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The least powerful of these, the Portescap 22S28 is not suitable, regardless of the gear ratio
employed as its rated power output is below the minimum requirement of 3.125 W.
With both the 23LT12 and 23DT12 having similar measurements, the choice was made to design
the system using the Portescap 23LT12 motors as these have integral optical encoder units used
for directly monitoring the velocity of the motor.
T to increase the available torque at lower rpm the gear ratio was increased to 3.33:1 using two
gears. With the motor driving a 12 toothed gear and the drive wheel 40 teeth. This enables the
motor to deliver over 33 mNm of torque to each drive wheel.
Drive Train Calculation

In order to calculate the dimensions of the drive chain, the specification of the individual gears
and timing belt are needed (see Figure 3.11). The gears used were standard aluminium spur
gears detailed in Table 3.2.
Teeth

12

40

Pitch:

2.5 mm P

2.5 mm P

Belt Width:

6 MM

6 MM

Pitch Diameter:

9.6 mm d1

31.9 mm d2

Outside Diameter:

9 mm

31.3 mm

Bore Size:

3 mm

6 mm

Table 3.2 – Gear Specification

Figure 3.11– Timing Belt Drive Chain
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The timing belt consisted a standard Polyurethane 2.5 mm Pitch belt, 6 mm wide and 145 mm
long (L), with 58 teeth.
Centre Distance of axles

To calculate the precise distance apart of the centre of the axis for the motor and drive wheel C
(see Figure 3.7) the following formula was used. Where
L = 145 mm Length of Belt
d1 = 31.9 mm Pitch Diameter of Drive axle Gear
d2 = 9.6 mm Pitch Diameter of Motor axle Gear
C = Distance between axles (mm)

L=

(d − d 1 ) 2
π
(d 2 + d 1 ) + (d 2 − d 1 )ϑ + C 2 − 2
2
2

This can be simplified to give:
L = 2C +

(d 2 − d1 ) 2
+ 1.57(d 2 + d 1 )
4C

Rearranging for c, gives:
o = 8C 2 + 6.28(d 2 + d 1 )C − 580C + (d 2 + d 1 ) 2
Solving using quadratic equation formula gives:
C=

39.92 ± 39.92 2 − 248.65
2

C = 38.30 mm
See ‘Sideplate’ Appendix D for the Technical.
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TECHNICAL DRAWINGS
Having calculated the specifications of the Drive chain and Trailing Wheel modules (see
Appropriate Sections) the overall chassis design was implemented to incorporate these

elements. The Chassis consists of four main parts; the L-shaped body, the wheel/gear assembly,
the caster bracket and the trailing wheel encoder unit. All Technical Drawings of the chassis are
included in Appendix D. What follows is a brief explanation of the overall design of the chassis
using the DC Motors offered by Portescap and trailing wheel optical encoders offered by
Hewlett Packard.
An L-shaped section was primarily considered in the design to improve the stability and strength
of the robot. It enables the Chassis to be mounted directly onto any flat surface and does not
require the use of a metal base plate, thus eliminating unnecessary weight. This part of the
chassis is the base that all other sections are mounted around, split into two sub assembly’s
‘Sideplate’ and ‘Frontplate’ (see Appendix D), and the finished design consists of two of these
mounted symmetrically about the centre of the drive axis.
A toothed timing belt and gear system has been employed in this design. The Drive wheels have
been mounted on the modified gears to reduce the overall size and weight of the robot. See
‘Wheel type 2’ and ‘Gear’ in Appendix D
The free running castors situated a the front and back of the robot enable the unit to traverse at
speed and corner smoothly by providing support to the drive wheels. They are spring mounted
to ensure contact with ground at all times whilst making sure the drive wheels are not removed
from contact with the surface. Although caster wheels can influence the direction of travel and
lead to Non-Systematic errors their use has been employed in the design, as more suitable
miniature ball rollers could not be sourced. See ‘Stabiliser’ in Appendix D.
This unit is used to determine the robots speed and orientation regardless of the velocity of the
motors, as it holds the freewheeling encoder modules that are not directly coupled to the drive
shaft. The units are spring mounted to ensure consistent contact with the ground at all times
regardless of skidding or spinning of the drive wheels. See ‘Encoder Wheel’, ‘Encoder Case
Outside’ and ‘Encoder Case Inside’ in Appendix D.
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SENSORS & SENSOR CONTROL
OBJECTIVES
The main objectives associated with the sensor subsystem are to design, develop and produce a
working Sensor subsystem that remains within the 250 mm square outline imposed by the
regulations and develop a suitable strategy to provide precise position and orientation
information within the maze. The accurate detection, location and storage of wall data should be
fundamental in this aim

TECHNICAL REQUIREMENTS:
The general specification given above can be broken down into key areas for research and
development purposes:
•= Indication as to the presence and exact location of walls within the immediate mouse
perimeter should be monitored and analysed.
•= The facility for the monitoring the presence and location of walls outside the perimeter of
the mouse should be provided
•= Precise positional co-ordinates and rotational information for the mouse should be
provided
•= A complete self-contained sensor subsystem with a defined interface should be
documented for future use.
Size Constraints

The constraints imposed by the micromouse regulations restrict the size of the robot to 250 mm
square for any assembly above the height of the wall. To make optimum use of this space the
sensors should be positioned as close to the outside perimeter of the square as possible. The
chassis has been designed to facilitate the operation of the robot in both directions, for this to be
effective the sensor system must also be of bi-directional design
Power Constraints

In order to optimise battery performance (see Battery section) the voltage and current needed to
operate the complete sensor subsystem should be a slow as possible whilst still maintaining
performance.
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IMMEDIATE PERIMETER SENSORS
The task of determining the position of the walls with the robots immediate perimeter and
therefore the exact position of the mouse itself has been resolved using a traditional approach,
downward facing infrared emitters/detector pairs are used to locate the top of the maze walls.
The

Panasonic

ON2160

sensors

(see

Appendix A for datasheet) have been used for

this task as they have suitable operating
characteristics and give an output voltage of
80% of the detectors operating voltage at a
distance of 5 mm from a reflective surface.
In testing, using a supply voltage of 5v with the recommended 50=Ω resistor the performance of
these sensors was extremely accurate at a distance of 6 mm or under, however the current
required achieving this; some 100mA was thought excessive and so an alternative drive method
was employed. It was observed during development that the performance of the sensors could
be increased at higher supply voltages whilst still maintaining the same power consumption. By
Increasing the Voltage to 10v and the resistance driving the emitter to 270=Ω=a marked power
saving of 60mA was observed with little or no loss in performance.
A development board was constructed with a bank of some 32 sensors were positioned at both
the front and back perimeter of the mouse, in banks of 8 (to ensure 8-bit Microprocessor
compatibility) with their outputs driving a series of status LED’s for debugging purposes and
latches to hold the data ready for a Read operation from a Microcontroller.
It was still considered however that the current needed to supply this sensor board of some 1.1A
would quickly deplete the battery needed to operate the entire Micromouse system. In order to
reduce the power consumption further an oscillator was used to pulse the power supply at a
frequency of 10kHz. This reduced the current still further and by altering the duty cycle of the
oscillator to 30% the power consumption was reduced to 400mA for the complete development
board with no noticeable performance implications.
Fir the final design, constant voltage was supplied to the IR detectors and an astable oscillator
was used to drive a Field Effect Transistor, which in turn controlled the voltage supplied to the
IR emitters. Again, 8 Bit Microprocessor compatibility was assured in the design and diagnostic
LED status indicators were removed and implemented on a supplementary daughter board, see
Diagnostics section
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Sensor Layout

In designing the final sensor layout, particular attention was paid to positioning sensors where
they would be most useful and so the sensors were placed at regular intervals from the outermost
perimeter, see Figure 4.1 and Table 4.1. See Appendix E for circuit details, connector pinouts
and costing information.

c18c17 c16c15 c14 c13c12 c11 c10 c9 c8 c7 c6 c5 c4 c3
x4

x3

c2 c1 c2

c3 c4 c5 c6 c7 c8 c9 c10 c11c12 c13 c14 c15c16c17c18
x2

x2
x1

x4

x3

a

a

Figure 4.1 – Sensor Layout

Where a = 84.0 mm, x1 = 6.4 mm, x2 = 26.9 mm, x3 = 6.4 mm, x4 = 4.8 mm
Position

C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18

Distance from
Centre (mm)
0.0
3.2
30.1
36.5
42.9
49.3
55.7
62.1
68.5
74.9
81.3
87.7
94.1
100.5
106.9
113.3
119.7
124.5

Corresponding
Sensor (0-15)
S15
S14
S13
S12
S11
S10
S9
S8
S7
S6
S5
S4
S3
S2
S1
S0
-

Corresponding
Data Bit (0-15)
Data Bus (D15)
Data Bus (D14)
Data Bus (D13)
Data Bus (D12)
Data Bus (D11)
Data Bus (D10)
Data Bus (D9)
Data Bus (D8)
Data Bus (D7)
Data Bus (D6)
Data Bus (D5)
Data Bus (D4)
Data Bus (D3)
Data Bus (D2)
Data Bus (D1)
Data Bus (D0)
-

Hex Value in
Active State
8000H
4000H
2000H
1000H
0800H
0400H
0200H
0100H
0080H
0040H
0020H
0010H
0008H
0004H
0002H
0001H

Table 4.1 – Sensor Layout
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ABSOLUTE POSITIONING
Most mobile robot applications require two position-estimation methods to achieve accurate
positioning, these methods are absolute and relative positioning.

Relative positioning is

concerned primarily with information relating to the movement of a robot and is usually
implemented using some form of odometry, this is outlined in the Chassis Design section. It is
absolute positioning methods that are of interest when designing sensor systems and these can
include:
•= Navigation beacons.
•= Active or passive landmark recognition.
•= Satellite-based navigation signals.
Each of these absolute positioning approaches can be implemented by a variety of methods and
sensors. Each have specific advantages and disadvantages to their approach in determining the
position and orientation data needed to successfully operate an autonomous robot. However it is
Landmark recognition that is of particular use in the micromouse environment due to the regular
appearance of the maze.
Landmark Navigation

Landmarks are distinct features that a robot can recognize from its sensory input, such as
geometric shapes. They are carefully chosen to be easily identifiable and generally have fixed
and known positions. Before a robot can use landmarks for navigation, the characteristics of the
landmarks must be known and stored in the robot's memory. It is the task of localization to then
recognize these landmarks and calculate the robot's position.

To simplify the problem of

landmark navigation approximate position and orientation data are essential. Accurate odometry
is a prerequisite for successful landmark detection and enables the robot to look for landmarks in
a limited area. Landmark navigation falls into two main areas, Natural and Artificial.
It is the latter that is of most use in the micromouse environment, where regular shapes in the
form of wall configurations are available for interpretation, although it could be argued that this
is a form of natural landmark navigation as the maze is essentially the only environment in
which the mouse will operate. Artificial landmarks are generally designed for optimal contrast
where the exact size and shape are known in advance. It is the shape of these landmarks that
yields the geometric information needed to calculate position and rotational data.
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It is the intention of this section to outline and develop a suitable sensor subsystem for the
micromouse robot, that is capable of accurately determining absolute position and orientation of
the mouse using approximate data supplied from the odometry calculations performed in the
motor controller and landmark navigation system.
Motion Control Byte

Both the Motor Controller and Sensor Controller require positional and orientation information
of the micromouse. The Motion Control Byte outlined in Table 4.2, stores information on the
current manoeuvre (see Manoeuvring Requirements section) and whether the micromouse is
travelling forwards or backwards.
Bit 7

Bit 6

Bit 5

Bit 4

Bits 3 to 1

Bit 0

Not
Used

Not
Used

Not
Used

Not
Used

Manoeuvre
Flags

Direction
Flag

Table 4.2 - The Motion Control Byte

When the micromouse is travelling forwards the Direction Flag is cleared and set when the
direction is switched to reverse. Bits three down to one are used to indicate what type of
manoeuvre is currently being performed. This information is critical in assessing what type of
sensor interrogation should occur at any given moment and hence in correctly processing sensor
data into useful wall, position and rotation information. The bits corresponding to each type of
manoeuvre are shown in Table 4.3.
Manoeuvre

Bits (3 down to 1)

Straight

000

Left 90° Turn

001

Right 90° Turn

010

Left Diagonal

011

Right Diagonal

100

U-Turn

101

Table 4.3 - Bits Corresponding to the Different Manoeuvres

The most significant four bits are not used, but are reserved for further developments during the
testing and integration stages of the project.
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PRECISE MOUSE POSITION & ORIENTATION
The Direction Byte (see Table 4.4) is used by the Motor Controller to store the direction of the
mouse to the nearest 45 with respect to its orientation at the start. When the micromouse is
initially placed in the maze, it is assumed that it will be pointing North.
Direction

HEX Value

Direction

HEX Value

North (N)

01

South (S)

05

North East (NE)

02

South West (SW)

06

East (E)

03

West (W)

07

South East (SE)

04

North West (NW)

08

Table 4.4 - Direction Byte for the Orientation of the Micromouse

This is not accurate enough for the sensor controller and hence it was agreed that the precise
orientation of the micromouse relative to the direction byte would be stored to the nearest 0.5°.
Using Positional information from the sensor banks situated at the sides of the robot it is possible
to determine the linear and angular deviation of the robot from the centre position of the square
(see Figure 4.2).
168 mm

0
-64°

+64°
========θ=°

-39 mm

x mm

+39 mm

90 mm

Figure 4.2 - Linear And Angular Deviation
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Linear Deviation

The linear deviation (x mm) from the Centre of the robot to the horizontal centre of the square is
stored a 2’s compliment 8 bit number accurate to approximately 0.3 mm.
Width of Robot = 90 mm
Internal width of square = 168 mm
Possible deviation from centre = ±
Accuracy =

168.0 − 90.0
= ±39.0mm
2

39.0 * 2
= 0.305mm
256

Angular Deviation

The angular deviation (θ
θ°) from the Centre of the robot to vertical alignment within the square is
also stored a 2’s compliment 8 bit number accurate to 0.5°. This reduces the range of angle to
=±

256 * 0.5
= ±64°
2
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Calculating Linear and Angular Deviation

In order to calculate these deviations, a wall must be recognised by both front and rear sensor
banks on the same side of the robot. On processing of this sensor information, the linear
displacements of the front and rear of the robot are calculated. This can be implemented in many
ways, though the fastest and simplest solution is to use a look up table stored in memory that
converts the 16 Bit sensor databus into a distance X from the centre point of the chassis. Using
trigonometry, the displacement of the centre of the robot from the wall can be determined,
together with its angular deviation from the vertical axis. See Figure 4.3

x3

x1

θ

xc
L
2

x2

x4

If a left wall is detected:

If a right wall is detected:

æ
( x − x2 ) ö
θ = −çç tan −1 1
L
ç
2
è

æ
( x − x3 ) ö
θ = −çç tan −1 4
L
ç
2
è

( x + x1 ) ö
æ
x c = −ç134.0 − 2
2
è

( x + x3 ) ö
æ
x c = −ç134.0 − 4
2
è

Figure 4.3 - Linear And Angular Deviation
Electronic and Electrical Engineering

28

IEE Micromouse - Chassis Design & Sensor Strategies

WALL MAPPING
Although the precise deviation from the centre position and vertical alignment within a square
can readily be achieved, the accurate conversion of sensor data into wall information is
somewhat more complex. If the current Position and orientation are know either from the sensor
or motor controller the task can be made somewhat easier. Mathematical formula can be used to
interpret sensor data in the form of a wall detected at X distance from the centre point of the
chassis into an accurate representation of the exact location the wall independent of the position
and orientation of the robot, see Figure 4.4

θA

Xfl

Xfr

X

hfl

Y

θfl

θ

Xbl

L
2

Xbr
Figure 4.4 - Sensor data Interpretation
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X
θ = tan − 1 fl
L
2

θ = θ fl − θ A

h fl = X fl

θ

X = h fl

Y = h fl

2

æ Lö
+ç
è2

2

θ

If the distance Xfl is known from Lookup Table results, ie sensors S4 and S5 are on,

X fl =

87.7 + 94.1
= 90.9mm , see Table 4.1
2

The distance L/2 is known to be 125 mm (half total length) and θΑ=is given as an 8 Bit 2’s
compliment orientation angle, from either angular deviation calculation (Figure 4.3) or Motor
Controller, then distances X and Y can be calculated and represent the offset from the centre
point of the robot to the location of the wall. This information can then be added to or subtracted
from (depending on which sensor arm is currently under observation) the current X,Y
coordinates supplied from the motor controller.
As the precise location of the wall that was detected is now known it can be directly mapped in
to memory, after diving the X.Y coordinated by 360, the resolution per square, to give the exact
wall that was detected. For example, X= 870, Y=1080 indicating that the detection occurred at
2.4x and 3y, this corresponds to 4 wall in Y axis and 3rd wall in X axis. See Figure 4.5.

3

2

1

0
0

1

2

3

4

5

Figure 4.5 - Wall mapping Example
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SENSOR DIAGNOSTIC BOARD
In order to make the main sensor assembly as small and efficient as possible, diagnostic LED
indicators were removed. This enables the sensor board to occupy less space and consume less
power. However, the facility of using a diagnostics daughter board has been provided on the
main sensor board using IDC connectors to route the signals from the sensors to the LED’s.
Level triggered latches were used to provide the relevant current to supply the surface mount
LED’s, in order to prevent the use of the diagnostic board from influencing the signal from the
sensors to the edge triggered latches on the main board.
The Diagnostic board consumes from 3mA at Idle to 150mA when all LED’s are on and
measures just 250 x 14 mm.

See Appendix F for Circuit Diagram, PCB’s and costing

information

DISTANCE SENSING
The arduous task of determining the presence of walls outside the perimeter of the mouse has
been solved using some sophisticated sensors supplied by Sharp (GP2D12), they return a voltage
output proportional to the distance from a reflective surface, with a range from 10 to 80 cm they
are ideal for this application.

Figure 4.6 – Block Diagram of Sharp GP2D12 Distance Measuring Sensor

These devices were sourced from Hero Electronics in Bedfordshire and at the time were pre
release samples, it was recommended by Hero Electronics to conduct suitable tests for the
devices in the environment in which they were being used as technical information was at a
minimum. In order to test these devices a Maxim 8 Bit analogue to digital converter was used as
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an interface to a Microprocessor testbench and the Sensor was mounted to a block of wood, the
following test scenarios were performed. Figure 4.7 illustrates the differences observed in the
test results.
Test1 - Open plan worktop environment using reflective card at varying distances

Analogue Voltage Output (V)

Test2 - Constrictive operation in maze environment using maze walls to reflect signals.

3.5
3
2.5
2

Test1

1.5

Test2

1
0.5
0
0

50

100

Distance to Reflective Object (cm)

Figure 4.7 Sharp Distance Measurement Sensor Test Results

The operation of the sharp GP2D12 devises in the maze environment is substantially different
from the recommended test procedure and their performance has been somewhat erratic. By
changing the reference voltage on the ADC it was possible to obtain a full 8 Bit converce factor
on the range of voltages observed in the maze, however the voltages recorded in this
environment were by no means consistent and therefore the use of the device in successfully
detecting walls at varying distances is limited.
It was hoped that these devices would give an accurate indication of the distance between the
robot and approaching walls, however, in real terms the device would best be used as an early
warning indicator of an approaching wall at some distance greater than 20 cm as the output at a
greater distance than this is closely grouped. The device has been implemented in the overall
Micromouse design for this purpose and the board on which the ADC is situated is used to
mount the chassis. See Appendix G for Schematic, PCB’s, connecter and costing information
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MAZE REPRESENTATION
As the Micromouse maze is a two dimensional 16 by 16 square it was decided that the current
square location of the mouse would be stored as a single byte. The start location could be any
one of the four corners of the maze, but in each case the way the maze looks to the Micromouse
is identical. Figure 4.8 illustrates the unique address given to each square in the maze.
F0

F1

F2

F3

F4

F5

F6

F7

F8

F9

FA

FB

FC

FD

FE

FF

E0

E1

E2

E3

E4

E5

E6

E7

E8

E9

EA

EB

EC

ED

EE

EF

D0

D1

D2

D3

D4

D5

D6

D7

D8

D9

DA

DB

DC

DD

DE

DF

C0

C1

C2

C3

C4

C5

C6

C7

C8

C9

CA

CB

CC

CD

CE

CF

B0

B1

B2

B3

B4

B5

B6

B7

B8

B9

BA

BB

BC

BD

BE

BF

A0

A1

A2

A3

A4

A5

A6

A7

A8

A9

AA

AB

AC

AD

AE

AF

90

91

92

93

94

95

96

97

98

99

9A

9B

9C

9D

9E

9F

80

81

82

83

84

85

86

87

88

89

8A

8B

8C

8D

8E

8F

70

71

72

73

74

75

76

77

78

79

7A

7B

7C

7D

7E

7F

60

61

62

63

64

65

66

67

68

69

6A

6B

6C

6D

6E

6F

50

51

52

53

54

55

56

57

58

59

5A

5B

5C

5D

5E

5F

40

41

42

43

44

45

46

47

48

49

4A

4B

4C

4D

4E

4F

30

31

32

33

34

35

36

37

38

39

3A

3B

3C

3D

3E

3F

20

21

22

23

24

25

26

27

28

29

2A

2B

2C

2D

2E

2F

10

11

12

13

14

15

16

17

18

19

1A

1B

1C

1D

1E

1F

00

01

02

03

04

05

06

07

08

09

0A

0B

0C

0D

0E

0F

NORTH

Figure 4.8 - HEX Address for the Current Position of the Micromouse

WALL REPRESENTATION
An 8-bit hex value was used to store the wall information for each square in the 16 by 16 maze.
Each bit in the least significant 4-bits of the wall data byte corresponds to the appropriate wall
status (see Table 4.5) of a square. Each bit was set if a wall was present or cleared in all other
cases. This technique was used to help reduce the amount of memory required to store the
complete set of wall information for the whole maze
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Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

North

East

South

West

North

East

South

West

Status

Status

Status

Status

Wall

Wall

Wall

Wall

Table 4.5 - Byte Structure for the Wall Data Byte

The most significant four bits of the wall data byte are used as status bits for each of the
corresponding walls. If wall data has been confirmed then the bit is set, if the bit is cleared then
the status of wall data is unknown and appropriate updates can be requested from the Motorr
Controller. Each possible wall combination and corresponding byte value is illustrated below in
Figure 4.10:

00H

01H

02H

03H

04H

05H

06H

07H

08H

09H

0AH

0BH

0CH

0DH

0EH

0FH

Figure 4.10 - Byte Correspondence for each possible Wall Combination
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STRATEGIES
Now that the building blocks for sensor interpretation, interrogation and translation have been
laid, it is possible to construct an approach to the implementation of a strategic sensor
subsystem.

For the purposes of this project this system has been limited to straight line

propagation through the maze due to the limited amount of time available.
Convert Sensor data

Start

Read Sensor data for Arm

Compare Sensor data with
Look up Table

Does A wall
exist

Exit
N

Y

Convert sensor data into X
(distance from centre of
chassis)

Exit

Figure 4.11 – Flow chart to convert Sensor Data
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Interpret Converted Data

Start

Convert Sensor Data
For Front Left
Convert Sensor Data
For Back Left

Convert Sensor Data
For Front Right

Convert Sensor Data
For Back Right

Do walls exist at
FL & BL
OR
FR & BR

Y

Calculate Actual Positional
and Angular Deviation

N
Read Relative Position and
Angle from Motor Controller

Use Wall mapping formula to
offset all sensor arm data into
X,Y coordinates
Divide all X,Y co-ordinates
by 360, update wall data

Figure 4.12 – Flow chart to Interpret Converted data
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BATTERIES
TYPE
There are many considerations and compromises to make when considering what type of
batteries to use for a mobile robot and there are three different types that dominate the market:
Nickel Cadmium (NiCd), Nickel Metal Hydride (NiMH) and Lithium Ion (Li). Their different
advantages and disadvantagesare summarised in Table 5.1.
Type

Advantages

Disadvantages

Nickel Cadmium
(NiCd)

Cheap
Quick to Charge

Low Capacity
Large Size

Nickel Metal
Hydride (NiMH)

Small Size
Moderate Capacity

Expensive
Long Time to Charge

Lithium Ion (Li)

High Capacity
Small Size

Very Expensive
Difficult to Charge

Table 5.1 - Advantages and Disadvantages of Different Battery Types

CAPACITY
Battery capacity (C) refers to the total amount of energy stored within a battery. A fully charged
battery cell has a voltage of around 1.2V, but this drops to nearly 0.9V when the battery is totally
discharged. The rated capacity of a battery is usually quoted in terms of Ampere-hours (AH),
which is the product of the current and the number of hours to totally discharge. The capacity of
batteries is normally compared to a set discharge rate at 0.2C for 5 hours at 20oC to a 1.0V cutoff. There are five factors that dictate the capacity of a given battery:
•= Size: is the volume and plate area of a battery, which increases with capacity.
•= Temperature: effects the battery capacity, with a decrease in background
temperature, decreasing the capacity of a battery.
•= Cut Off Voltage: is used to prevent damage to the battery and should be limited
to 1.0V for a single cell.
•= Discharge Rate: is the rate of discharge from the battery and is measured in
terms of Amperes (A). As the discharge rate goes up, the capacity of the battery
will decrease.
•= History: is an important factor in the capacity of battery. Deep discharging,
excessive cycling, age, over charging and under charging all reduce capacity.
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CHARGING
There are two main methods for charging a battery: standard and fast charging. While the
standard method is a widely accepted solution, fast charging is now playing a major role in
mobile applications.
Standard Charging: charges at a standard rate of 0.1C for 14-16 hours, maintaining the

battery's life cycle. Most batteries can withstand overcharging at a flat rate of 0.1C indefinitely,
but it is considered bad practice.
Fast Charging: charges at a faster rate of 0.3C to 1C rate, but it often recommended that a

special charger with negative voltage cut-off control and/or temperature sensor protection be
used.

Figure 5.1 - Typical Charge Curves for NiCd Battery Cells
Figure 5.1 shows the typical charging curves associate with NiCd battery cells, at different

charging rates. A quick way for checking whether a battery is fully charged is to monitor the
current that it can supply. Once a battery is able to supply a current that is equal to the stated
capacity it is regarded as fully charged.
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DISCHARGING
Discharging a battery below its fully discharged voltage shortens its life. However, short-term
voltage dips below the fully discharged voltage point are of less concern than slowly discharging
a battery towards zero volts. If a battery does pass its discharged voltage point then it will be
permanently damaged, often rendering it unusable.
The available capacity of a rechargeable battery cell depends upon the discharge current,
ambient temperature and its cut-off voltage. Figure 5.2 shows the typical discharge curves for a
NiCd battery cell, at different discharge rates.

Figure 5.2 - Typical Discharge Curves for NiCd Battery Cells

Most batteries can usually be discharged at a rate up to 3C, but past this damage may occur in
certain circumstances. Also, questions must be asked about what happens to the electronic
devices when the voltage supply gets lower and lower. In a large battery pack it is possible that
a large voltage drop will occur as the batteries reach discharged state and this can produce erratic
operations and cause outputs to turn on and off randomly.
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CYCLE LIFETIME
While in most applications the cycle lifetime is not important, it is worth mentioning that usage
conditions like charging and discharge can have a dramatic effect on the performance of a
battery cell. Figure 5.3 shows the effect on a NiCd battery cell's capacity, which the number of
charging/discharging cycles imposes.

Figure 5.3 - Cycle Life for a Typical NiCd Battery Cell

THE MEMORY EFFECT
The memory effect is a phenomenon that can quickly end the useful service life of NiCd
batteries, if handled incorrectly. If you trickle charge a NiCd battery with low current or charge
it before it is fully drained (see Figure 5.4), certain chemical compounds are formed on the
negative electrode. If this continues to happen then this compound begins to build up. This has
the effect of gradually reducing the available capacity of the battery, until it can only supply the
required voltage for a few minutes.
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Discharging

Charging

Discharging

Charging

Partial discharge:
When re-charging
the available energy
is
gradually
reduced. (Memory
Effect)
Full
discharge:
Battery receives full
energy
by
recharging, sufficient
voltage
for
operating the device
is thus granted.
Figure 5.4 - The Memory Effect for NiCd Battery Cells

REQUIREMENTS
Estimating the required battery capacity to operate the micromouse is not quite as simple as
multiplying the load current by the required operating time because of tolerances and
temperature effects. A prediction for the average load must first be estimated (see Table 5.2) by
summing the total loads for each of the major components of the micromouse.
Capacity

Capacity (mAh)

Sensors & Sensor Controller

1000

Motors & Motor Controller

1000

Main Controller Board

200

Total

2200

Table 5.2 - Predicted Battery Capacity for the Micromouse

After the total load is known, it is multiplied by required operating time (in hours) for an
estimate of the average load:
•=

Average Battery Load = 2200 * (10 / 60) = 367mAh

Next, 15% is added to cover the loss of capacity from tolerance
•=

Battery Capacity = 367 * 1.15 = 422mAh
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From the above calculation, a set of 750mAh NiCd batteries were selected from the previous
years projects. These not only meett the capacity requirements calculated above, but are also
within the recommended discharge rate of 3C (2250mAh).
A charging socket on the motor controller board was incorporated so that the batteries could be
charged without removing them. A jumper was used to disconnect the main board from the
power supply during charger. A standard/fast battery charger kit was purchased from Maplin
Electronics capable of charging NiCd and NiMH batteries. It has a facility to select the charge
current and supply voltage, with an LED indication on the status of the charging process.
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MICROCONTROLLER BOARD
AIMS AND OBJECTIVES
The main aim of the Microcontroller board is to provide testing functionality for the different
components of the micromouse, interfacing them into one system. It aims to provide a bus
addressable interface to sensor boards, enabling all devices to be controller as simply as possible,
in the shortest possible time.

TECHNICAL REQUIREMENTS
The overall size of the board must be within the general specification for the micromouse,
although it must be as small as possible to reduce weight. The power required must be kept to a
minimum and the interface to all other subsystems should bus addressable.

IMPLEMENTATION
For the purposes of testing the sensor controller, a development board was designed, based upon
the basic departmental Mouse Controller (designed by Dr. Bill Marshall). It provides a simple
interface to the three sensor boards via an 87C51 compatible Microcontroller and incorporates
some external program memory.
The use of external memory on the test board has the advantage of being able to run an in-built
monitor program, enabling the user to download programs via a PC through an inbuilt RS232
port to external RAM, from where the program can be run. This greatly improves development
times as programs can be rewritten ina matter of minutes as apposed to the more restrictive
method of reprogramming the Microprocessor. It is capable of accepting the standard 87C51
Microcontroller, which can be reprogrammed easily. Once the program has been developed and
finalised, the faster 87C151 (five times quicker) can be used as it is aone time programmable
device.

DUAL PORT RAM
In order to share all the information between the motor controller and sensor controller, a
mechanism of transferring information from one Microcontroller to another was required. A
serial port or I2C bus would be a suitable solution if the volume of information were small.
Unfortunately the amount of maze and positional information that requires exchanging is fairly
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high, so another solution had to be found. Dual port ram provides a facility for two systems to
pass information through the shared memory. It is capable of allowing two subsystems to
simultaneously read from the same memory location and has arbitration logic to sort out
situations where there are two writes to the same location. A popular manufacturer for dual port
ram is Integrated Device Technology (IDT), which offers a wide variety of different sizes and
types. Figure 5.5 shows the internal block diagram for a 16K dual port ram.

Figure 5.5 - Internal Block Diagram for a 16K Dual Port Ram

A block of 16K dual port ram was considered large enough to meet the programming
requirements of the project. Although there are 32K dual port rams on the market, the price of
this device is almost treble that of the 16K. As all programming code is written is assembler
from the beginning, the amount of program memory required is greatly reduced. See Appendix
A for information about this datasheet.

COMBINED DUAL PROCESSOR BOARD
The sensor Microcontroller was developed in exactly the same way as the Motor
Microcontroller. Both the Microcontroller were then placed on one PCB board, accessing the
same dual port ram. Veribest Design Capture software was used to produce the PCB, utilising
SMD technology whenever possible. Because of the availability of SMT Microcontroller, the
standard ceramic DIL packages had to be used. A full schematic and list of components can be
found in Appendix H, where the total cost of the board was calculated to be £96.76.
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Manual routing was used to minimise the number of vias, aiding the manufacturing process.
Appendices E and G contain the connector layouts for the sensor boards and these have been

duplicated on the Microcontroller board to interface the sensor boards to the Microcontroller
board. Power is supplied from the motor controller board at two voltages: 4.8V and 9.6V.
Although 9.6V is not used on the main controller board, it provides a series of power connectors
to jump power to the sensor arrays.
Table 5.3 shows the dedicated addresses for each of the 8 Bit sensor Banks attached to the

Microcontroller.
Device

Location (Hex)

Front Left (D0-D7)

4000

Front Left (D7-D15)

4800

Back Left (D0-D7)

5000

Back Left (D7-D15)

5800

Front Right (D0-D7)

6000

Front Right (D7-D15)

6800

Front Right (D0-D7)

7000

Front Right (D0-D7)

7800

Table 5.3 - Address Locations for the sensor Banks

Two serial port connectors enable the each Microcontroller to be monitored independently from
the PC terminal via an RS232 chip, using the standard in-built monitor program.
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DIAGNOSTIC TOOL
To aid in the debugging process of the Sensor controller board and the development of the sensor
strategy, a tool was written in Visual Basic to automatically poll the addresses and return from
the sensors. A screen shot from the diagnostic tool can be seen in Figure 5.6.

Figure 5.6 - Diagnostic Tool for the Sensor Controller Board

The tool automatically polls the device in a set sequence of addresses once the Sensor Controller
tab is activated. Information converted from the Hex output of the Microcontroller to show
actual sensor data on the screen model. Selecting the Terminal Tab automatically transfers the
user to a standard terminal window, de-activating the address polling, allowing them to view the
serial port data for the last minute's transactions. The tool enables the serial communication port
to be configured and loads the settings from the last session on launching the application. There
is a facility to log all serial port communication to a log file for later viewing.
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PROBLEMS ENCOUNTERED
During the manufacture of the Printed Circuit Boards (PCB's), the through hole plating process
warped the boards. The amount of warp that occurred was directly proportional to the number of
through hole vias. This was only realised when the first PCB had been manufactured, so on all
other boards the number of vias where minimised.
The material used to manufacture the PCB's on was made from paper, so the infrared reflux flow
machine could not be used. Instead the heat gun had to be used to solder the surface mount
devices. This proved to be a small problem, especially when it came to the soldering of the
surface mount resistors and capacitors.
The design of the chassis was somewhat problematical in that and technical drawings submitted
to the mechanical workshop were either lost or returned due to unclear instructions.

To

overcome this problem the use of AutoCAD 2000 was employed, although this involved a steep
learning curve, and the drawings submitted via email in early October.
Further technical problems arose in the manufacture of the chassis, and several components had
to be remade as they we not manufactured to the rigid specifications submitted. This increased
the time to make the complete system that was not received until late January
Although relatively simple conceptually the use of an oscillator on the sensor board caused
unknown problems with the other boards as the noise generated from the FET switching 1A at
high speed caused the Microcontroller to intermittently reset. This was overcome through the
use of some rather large Tantalus capacitors and a lot of patience. Although most IC devices did
have decoupling capacitors, they were not placed close enough to the IC's power supply lines, so
extra decoupling capacitors where added
The main problem encountered with the main controller board was with the fact that the ALE
signals from the sensor Microcontroller and the motor Microcontroller were joined together.
This was an error introduced during the Veribest design stage, when the two signals were given
the same net name. This meant that when the PCB was manually routed, the Veribest package
linked the two ALE pins on the micro controllers together. Although this problem took some
time to diagnose, it was easily corrected by cutting the copper track that linked the two signals
together.
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An initial fault with the dual port memory drawing an excessive amount of current (100mA per
port) proved to be a problem with the standby mode. When a RAM port is in use, the line
drivers of all the pins associated with that port are power up, increasing the current that the
device draws. Switching the RAM port off after use, powers down the line drivers to a low
power/idle state, reducing the amount of current drawn. This was easily corrected by making
sure the chip select pin (address line 15 on Microcontroller) was cleared on power up.
The whole micromouse was considerably heavier than expected because of all the separate
boards. Although this could not be avoided, it was still a problem and more powerful motors
may be required to drive the micromouse at the required speed.
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FURTHER DEVELOPMENTS
The future developments for the project are mainly on the software side of the project, with
small changes to the hardware. The biggest hardware improvements would be associated with
the power consumed and overall size of the boards, which could be improved though the use or
more SMT components.
At the time of making a decision on the batteries, the cost and availability of Lithium Ion
batteries was a great problem. Over the last couple of months, the growing portable application
market has slowly driven the cost of these batteries down. Lithium Ion batteries offer by far the
best performance in the capacity to weight and size ratio. There are now battery chargers
available from companies like RS Components and Farnell that are capable of charging this type
of battery.
There are no advanced sensor strategies involving the mouse travelling in diagonal or turning
manoeuvres, and at present these turns are executed without any wall data being updated.
Extensive software developments would enable the effective mapping of wall data throughout
the motion of the mouse
The addition of a battery status indicator would be useful to see if the batteries are becoming flat.
Because of the way the battery pack is connected together, when the voltage across each cell
falls to 1.1V from 1.2V, then the voltage on the 4.8V rail will fall to 4.4V. This voltage is too
low for the microcontroller and IC logic to function correctly, so it would be useful to know
when this danger level is reached.
Once the hardware and software has been developed and thoroughly test, the whole system could
be incorporated into one board. This single board would consist of a Field Programmable Gate
Array (FPGA), Dual Port Ram and a fast DSP. The FPGA would handle all the I/O interfacing,
while the DSP would execute the control algorithms. Information would again be exchanged
between the two via the dual port ram.
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Conclusion
As there is no sensor strategy that will work for all wall combinations the complete testing of the
sensor subsystem software could not be implemented, although the hardware meets all the
requirements of size power and accuracy imposed at the start of the project.
Although final testing of the assembler program was not possible, the sensor strategy was
partially tested on the µDebug software platform. The only real development for the algorithm
in the future would be to optimise the assembler code for faster operation. The average number
of calculations needed to carry out effective wall map is significant and could be simplified.
Although Veribest Design and Capture software had not been used before, it significantly
reduced the overall build time for the each of the PCB modules. All hardware works apart from
the problems with the analogue sensor system, though this was due to the sensor , not the design.
Because of the shortage in time, the amount of software produced has been severely limited and
only testing code exists at the time of going to press.
The AutoCAD 2000 package had not been used before and the mechanical expertise needed in
designing a chassis was somewhat elusive within the Department.

Patience and an

understanding supervisor were key to resolving this problem

Electronic and Electrical Engineering

50

IEE Micromouse - Chassis Design & Sensor Strategies

Acknowledgements
The help and advice provided by many members of staff throughout the coarse of this project has
been much appreciated, in particular:
Dr. Bill Marshall

Mr Gary Wagg

Dr. Lionel Warnes

Mr Mark Snape

Dr. Matt Hayes

Mr David Wayment

Dr. Simon Pomeroy

Mr. Gordon Kettleborough

Mr Roger Tomlinson

Mr. Tim Rodgers

Mr Peter Barrington

Mr Neil Carpenter
(Dept. of Manufacturing Engineering)

Mr Jack Bennett

I would like to thank everybody involved for making such a challenging project more
achievable.

References
The 8051 microcontroller: hardware and interfacing by James W. Stewart, Kia Miao. 2nd
Edition Part Book Publisher Upper Saddle River, N.J.: London:Prentice Hall, 199 8
C51 compiler: optimizing 8051 C compiler and library reference Publisher Dallas, Tex.: Keil
Software, 1997
Where Am I: Sensors and methods of Robot positioning, J Borenstein, H L Everett, L Feng,
University of Michigan.
An Introductory Guide to Schematic Capture and Digital Simulation using the Veribest CAE
system, VB97 Software Release, Tim Rogers, Loughborough University.

Electronic and Electrical Engineering

i

IEE Micromouse - Chassis Design & Sensor Strategies

Weblinks
Agilent Motion Control Products
http://www.semiconductor.agilent.com/motion/
API Portescap
http://www.portescap.com/
Fairchild Semiconductor
http://www.fairchildsemi.com/
Farnell
http://www.farnell.co.uk/
Faulhaber MicroMo Electronic Application Notes
http://www.micromo.com/03application_notes.asp
Integrated Device Technology
http://www.idt.com/
Intel MCS 51/151/251 Microcontroller Homepage
http://developer.intel.com/design/mcs51/
Maplin Electronics
http://www.maplin.co.uk/
Maxim Semiconductor
http://www.maxim-ic.com/
Mobile Robots at Loughborough University
http://www.lboro.ac.uk/departments/el/robotics/
Motorola's Motor and Motion Control Systems
http://mot-sps.com/motor/silicon.html
National Semiconductor
http://www.national.com/
Phillips Microcontroller Homepage
http://www-us2.semiconductors.philips.com/microcontrol/
Robot Information Central
http://www.robotics.com/robots.html
RS Components On Line
http://rswww.com/
VARTA Batteries
http://www.varta.com/
Sharp Laboritories of Europe Ltd
http://www.sle.sharp.co.uk/
Panasonic Smiconductor
http://www.panasonic.com/industrial_oem/semiconductors/semiconductor_home.htm

Electronic and Electrical Engineering

ii

IEE Micromouse - Chassis Design & Sensor Strategies

Appendices
The report contains the following appendices:
Appendix A

List of Datasheets.

Appendix B:

Gantt Chart.

Appendix C:

Micromouse Rules.

Appendix D:

Chassis Technical Drawings

Appendix E:

Sensor Controller Board Schematic, Top and Bottom Side
PCB Layouts, Connector Pin-Out and Component List.

Appendix F:

Diagnostics LED Board Schematic, Top and Bottom Side
PCB Layouts, Connector Pin-Out and Component List.

Appendix G:

Analogue Sensor Board Schematic, Top and Bottom Side
PCB Layouts and Component List.

Appendix H:

Main Controller Board Schematic, Top and Bottom Side
PCB Layouts and Component List.
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Appendix A - List of Available Datasheets
Below is a list of available datasheets contained in the ‘Datasheets’ directory on the companion
CD:
Name

Description

gear.pdf

Technical dimensions of gears

timing belt.pdf

Technical dimensions of timing belt

portescap 23dt12 motor.pdf

Technical data on Portescap 23dt12 motor

portescap 23lt12 motor.pdf

Technical data on Portescap 23lt12 motor

portescap A22-encoder.pdf

Technical data on Portescap encoder

portescap22s28-e.pdf

Technical data on Portescap 22s28 motor

heds51x0.pdf

Technical data on Hewlett Packard Encoder discs

heds9700.pdf

Technical data on Hewlett Packard Encoders

paper64.pdf

Mobile Robot positioning, sensors and techniques

UMBmark.pdf

Measuring, Comparing, and Correcting Deadreckoning Errors in Mobile Robots.

ar526.pdf

Analogue/Digital processing with MicroControllers

intel87c51fa.pdf

Technical Data on Intel’s 87c51 and derivatives

intel87c151sasb.pdf

Technical Data on Intel’s 87c151 and derivatives

MM74HC154.pdf

Technical Data on Fairchild’s 4 to 16 line decoder

MM74HC573.pdf

Technical Data on Fairchild’s level triggered latch

MM74HC574.pdf

Technical Data on Fairchild’s edge triggered latch

max154acwg.pdf

Technical Data on Maxim’s A/D converter

shapr gp2d appnote.pdf

Application note on Sharp’s gp2d IR distance
measurement device

sharp gp2d02.pdf

Technical Data on Sharp’s Sharp’s gp2d IR
distance measurement device

sharp IR appnote.pdf

Technical Data on Sharp’s

panasonic ON2171.pdf

Technical Data on Panasonic’s IR detector/emitter
pair

Idt7006l25j.pdf
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Appendix B - Project Gantt chart
See Companion CD ROM Report Directory for Gantt Chart
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Appendix C - Micromouse Competition Rules
Introduction

A micromouse is a small microprocessor-controlled robot vehicle that is able to navigate its way
through an unknown and unconnected maze. It is a typical product of "mechatronics"
embodying within itself an integration of computer and electronic technology and mechanics.
Objective

The objective for the contestant is to impart to the micromouse an adaptive intelligence to
explore different maze configurations and to work out the optimum route for the shortest travel
time from start to finish.
The Maze

1. The maze shall comprise 16 x 16 multiples of an 18cm x 18cm unit square. The walls
constituting the maze shall be 5cm high and 1.2cm thick. Passageways between the walls
shall be 16.8cm wide. The outside wall shall enclose the entire maze.
2. The side of the maze walls shall be white and the top of the walls shall be red. The floor of
the maze shall be made of wood and finished with a non-gloss black paint. The coating on
the top and side of the wall shall be selected to reflect infrared light and the coating on the
floor shall absorb it.
3. The start of the maze shall be located at one of the four corners. The starting square shall
have walls on three sides. The starting square orientation shall be such that when the open
wall is to the 'north', outside maze walls are on the 'west', and 'south'. At the centre of the
maze shall be a large opening, which is composed of 4 unit squares. This central square
shall be destination. A red post 20cm high and 2.Scm on each side may be placed at the
centre of the large destination square if requested by the handler.
4. Square posts, each 1.2cm x 1.2cm x 5cm high, at the four corners of each unit square are
called lattice points. The maze shall be constituted such that there is at least one wall
touching each lattice point, except for the destination square.
5. The dimensions of the maze shall be accurate to within 5% or 2cm, whichever is less.
Assembly joints on the maze floor shall not involve steps of greater than 0.5mm. The
change of slope at an assembly joint shall not be greater than 4 degrees. Gaps between the
walls of adjacent squares shall not be greater than 1 mm.
6. A start sensor will be placed at the boundary between the starting unit square and the next
unit square. A destination sensor will be placed at the entrance to the destination square.
The infrared beam of each sensor is horizontal and positioned 1 cm above the floor.
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7. Multiple paths to the destination square are allowed and are to be expected. Three example
mazes are shown in Figure 1.

Figure 1: Three Examples of Micromouse Mazes
The Mice

1. Although the superstructure of the mice may bulge' above the top of the maze walls, mice
must be subject to the following size constraints - width 25cm, length 25cm. There is no
height limit. Mice must be completely self-contained and must receive no outside
assistance. This rule will be relaxed for that part of the competition allowing entries from
competitors or teams under 18 years old to compete in a sub-section for mice using external
guidance systems, automatic or manual.
2. The method of wall sensing is at the discretion of the builder; however, the mouse must not
exert a force on any wall likely to cause damage.
3. The method of propulsion is at the discretion of the builder, provided that the power source is
non-polluting - internal combustion engines would probably be disqualified on this count.
4. If the judges consider that a mouse has a high risk of damaging or sullying the maze they will
not permit it to run. Nothing may be deposited in the maze. The mouse must negotiate the
maze; it must not jump over, climb, scratch, damage or destroy the walls of the maze.
Rules of the Contest

1. The time taken to travel from the start square to the destination square is called the 'run' time.
Travelling from the destination square back to the start square is not considered a run. The
total time taken from the first activation of the micromouse until the start of each run is also
measured. This is called the 'maze' or 'search' time. If the micromouse requires any manual
assistance at any time during the contest, it is considered 'touched'. Scoring is based on these
three parameters.
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2. Each mouse is allowed a maximum of 10 minutes to perform. This may have to be reduced
to 6 minutes if there are many good mice. The judges have the discretion to request a mouse
to retire early if by its lack of progress it has become boring, or if by erratic behaviour it is
endangering the state of the maze.

3. The scoring of a micromouse shall be obtained by computing a handicapped time for each
run as follows:
Handicapped Time Score = Run Time + Search Penalty + Touch Penalty
Where:
Search Penalty = 1/30 of the maze or search time, in seconds, associated with that run.
Touch Penalty = 3 seconds plus 1/10 of the run time, in seconds, if the mouse has been
touched at any time prior to the run.
For example, if a mouse, after being on the maze for 4 minutes without being touched, starts
a run which takes 20 seconds, the run will have a handicapped time score of 20 + 1/30(4 x
60) = 28 seconds. However, if the mouse has been touched prior to the run, an additional
touch penalty of (3 + (1/10 x 20)) seconds is added giving a -handicapped time score of 33
seconds.
4. When the mouse reaches the destination square, it may stop and remain at the maze centre, or
it may continue to explore other parts of the maze, or make its own way back to the start. If
the mouse chooses to stop at the centre, it may be lifted out, manually, and restarted by the
handler. Manually lifting it out shall be considered touching the mouse and will cause a
touch penalty to be added on all subsequent runs. If the mouse does not choose to remain in
the destination square, it may not be stopped manually and restarted.
5. The time for each run (run time) shall be measured from the moment the mouse leaves the
start square until it enters the destination square. The total time on the maze (maze or search
time) shall be measured from the time the mouse is first activated.
6. The time taken to negotiate the maze shall be measured either manually by the contest
officials, or by infrared sensors set at the start and destination. If infrared sensors are used,
the start sensor shall be positioned at the boundary between the start square and the next unit
square. The infrared beam of each sensor shall be horizontal and positioned approximately 1
cm above the floor.
7. The starting procedure of the mouse shall be simple and must not offer a choice of strategies
to the handler. For example, a decision to make a fast run to the centre as time runs out must
be made by the mouse itself. The starting procedure shall be submitted to the judges when
the mouse is registered on the day of the contest.
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8. The mouse handler is given 1 minute, from the moment the mouse is taken out of the cage, to
make any adjustments (if any) to the mouse sensors. However, no selection of strategies
must be made and no information on the maze configuration entered or captured into the
memory.
9. The maze or search time dock will commence after the expiry of the one-minute time limit
even if the handler is still making adjustments to the sensors.
10. If a mouse 'gets into trouble' the handlers can ask the judge for permission to abandon the run
and restart the mouse at the beginning. A mouse may not be restarted merely because it has
taken a wrong turning - the judges' decision is final. The judges may add a time penalty for
a restart.
11. If any part of a mouse is replaced during its performance - such as batteries or EPROMs, or
if any significant adjustment is made, then the memory of the maze within the mouse must
be erased before restarting. Slight manipulations of sensors will probably be condoned, but
operation of speed or strategy controls expressly forbidden without a memory erasure. It is
assumed that the mice will have software stored in EPROMs. However, at the judges'
discretion, but not in normal circumstances, mice with battery backed up RAM may be
allowed to download control software if the memory is erased accidentally during a run.
The handlers, in this instance, must convince the judges that the original software has been
reloaded.
12. If no successful run has been made, the judge will make a qualitative assessment of the
mouse's performance, based on distance achieved, 'purposefulness' versus random behaviour
and quality of control.
13. If a mouse elects to retire because of technical problems, the judges may, at their discretion,
permit it to perform again later in the contest. The mouse will be deemed to have taken an
extra three minutes search time (i.e. if a mouse retires after four minutes, then when
re-starting it is counted as having taken seven minutes and will have only three more minutes
to run). This permission is likely to be withdrawn, if the program is full or behind schedule.
14. The judges will use their discretion to award the prizes, which in addition to the major prizes
may include prizes for specific classes of mouse - perhaps lowest cost, most ingenious, best
presented, etc.
15. Before the maze is unveiled, the mice must be accepted and caged by the contest officials.
The handlers will place the mice at the start under the officials' instructions.
16. Under normal circumstances, no part of the mouse may be transferred to another mouse.
However, the judges may allow a change of batteries or controller in exceptional cases, if
due to accidental damage. Thus, if one chassis is used with two alternative controllers, then
they are the same mouse and must perform within a single 10 minutes allocation. The
memory must be cleared with the change of controller.
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Appendix D – Chassis Technical Drawings
See Companion CD ROM AutoCAD Directory for Technical drawings
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Appendix E – Sensor Controller Board

A
bove: Schematic for the Sensor Controller Board
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Above: Top Side PCB Layout for the Sensor Controller Board

A
bove: Bottom Side PCB Layout for the Sensor Controller Board

A
bove: Component Layout for the Sensor Controller Board
Pin

Description

Pin

Description

1
3
5
7
9
11
13
15
17
19

Data (D0)
Data (D2)
Data (D4)
Data (D6)
Output Enable
Data (D8)
Data (D10)
Data (D12)
Data (D14)
Output Enable

2
4
6
8
10
12
14
16
18
20

Data (D1)
Data (D3)
Data (D5)
Data (D7)
Latch Enable
Data (D9)
Data (D11)
Data (D13)
Data (D15)
Latch Enable
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Above: Connector Pin-Out for the Sensor Controller Board

Component

Quantity

Cost(£)

SIL 32 Way Socket Strip

1

0.08

IDC 20 Way Connector (Female)

4

2.16

IDC 20 Way Connector (Male)

8

4.32

Connector 3-Way (SIL Female)

2

0.46

Connector 3-Way (SIL Male)

2

0.46

Panasonic IR pair (ON2160R)

64

327.68

MM74HCT574WM

8

2.48

FET p-channel (IFR813G)

2

2.89

555 Timer

2

0.36

Capacitors Ceramic (1nF)

2

0.10

Capacitors Ceramic (10nF)

4

0.20

Capacitors Ceramic (100nF)

2

0.10

Capacitors Electrolytic (47uF)

2

0.10

Capacitors Tantalum (10uF)

2

0.30

Capacitors Tantalum (140uF)

2

0.90

Resistors 10k

2

0.10

Resistor Bank 270Ω

8

1.28

Resistor Bank 15k

8

1.28

Resistors 2.7k

4

0.20

PCB Manufacture

2

16.55

131

362.00

Total

Above: Component List and Costing for the Sensor Controller Board
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Appendix F – Diagnostics LED Board

Above: Schematic for the Diagnostics LED Board

Above: Top Side PCB Layout for the Diagnostics LED Board

Above: Bottom Side PCB Layout for the Diagnostics LED Board
Component

Quantity

Cost(£)

IDC 20 Way Connector (Male, board mounting)

4

2.16

MM74HCT573WM

8

2.48

Resistor Banks 470Ω

8

1.28

Surface mount LED’s (HSMH – L540)

64

10.24

PCB Manufacture

2

10.80

Total

86

25.96

Above: Component List and Costing for the Diagnostics LED Board
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Appendix G – Analogue Sensor Board

Above: Schematic for the Analogue Sensor Board

Above: Top Side PCB Layout for the Analogue Sensor Board
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Above: Bottom Side PCB Layout for the Analogue Sensor Board
Pin

Description

Pin

Description

1
3
5
7
9
11
13
15

Data (D0)
Data (D1)
Data (D2)
Data (D3)
Data (D4)
Data (D5)
Data (D6)
Data (D7)

2
4
6
8
10
12
14
16

GND
VCC (+5v)
INT~
Conversion Ready Flag
Address (A0)
Address (A1)
Read~
Chip Select~

Above: Connector Pin-Out for the Analogue Sensor Board
Component
IDC 16 Way Connector (Female)
IDC 16 Way Connector (Male)
Connector 3-Way (SIL Female)
Connector 3-Way (SIL Male)
Special Connector (3-Way SIL Female)
Capacitors Ceramic (100nF)
Capacitors Electrolytic (47uF)
4 Channel 8-Bit ADC (MAX154ACWG) 0.3in SOIC)
Range Sensor (Sharp (GP2D12))
0.6W Metal Fim Resistor (62K)
0.6W Metal Fim Resistor (43K)
Resistors 1M
PCB Manufacture
Total

Quantity
1
1
4
4
4
1
1
1
2
2
2
2
1
26

Cost(£)
0.54
0.54
0.96
0.96
0.96
0.05
0.05
3.79
17.32
0.10
0.10
0.10
6.55
32.02

Above: Component List and Costing for the Analogue Sensor Board
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Appendix H - Main Controller Board

Above: Schematic for the Main Controller Board
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Above: Top Side PCB Layout for the Main Controller Board

Above: Bottom Side PCB Layout for the Main Controller Board
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Component

Quantity

Cost (£)

16K x 8-Bit High Speed Dual Port Ram (IDT7006L25J)

1

32.68

Class III IDC 20-Way Socket (Female)

5

2.70

Class III IDC 20-Way Header (Male)

5

2.70

Class III IDC 16-Way Header (Male)

1

0.54

Class III IDC 16-Way Socket (Female)

1

0.54

87C51FA Variant

2

40.00

SIL 32 Way Socket Strip

4

0.25

Connector 3-Way DIL (Male)

3

0.69

Connector 3-Way DIL (Female)

3

0.69

Connector 2-Way (SIL Female)

2

0.42

Connector 2-Way (SIL Male)

2

0.42

PPLC 68-Way Socket

1

1.85

MM74HCT573WM

2

0.62

MM74HCT138M

1

0.25

74HCT154D

1

1.20

MM74HCT04M

1

0.18

MM74HCT08M

1

0.18

Capacitors Ceramic (100nF)

2

0.10

Capacitors Electrolytic (10uF)

2

0.10

Resistors SMT (270R)

2

0.10

Resistors SMT (10k)

6

0.30

PCB Manufacture

1

9.85

Total

49

96.36

Above: Component List and Costing for the Main Controller Board
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