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1 Executive Summary

Just imagine…

Triumph—A device that will systematically deploy a flag on each metal plate on a mine field, at the push of a button.  You can also make it deploy flags on designated spots, and then tell it where to go to look pretty when it is all done.

From the thinkers…

The device will travel along the lines of the field thereby avoiding the metal plates.  With metal detectors and flag dispensers affixed to two booms spanning 3 feet, no plate is out of reach.  Once all plates have been flagged, it will drive to the designated spots and flag them with a secondary flag dispenser, and then proceed to the end line.  This entire process will last less than four minutes.

Lets talk money…

Total project expense (including the $246 prototype) is $528.  This includes the testing required to develop the prototype.  The implementation of this solution will start from this proposal’s acceptance and end by March 18th, 2003.

Meet the team…

Alex Ayers will be in charge of the electromechanical subsystem – making the major physical parts.

Ryan Janzen will be in charge of the circuitry of the machine.

Wallace Yang will be in charge of the computer-related tasks of the machine.  

See the dream…
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Table of short forms

BUS

Bus

BUS_MP
Mounting Platform

BUS_SB
Sensor Boom

DS

Drive System

DS_FDA
Front Drive Assembly

DS_RDA
Rear Drive Assembly

FS

Flagging System

FS_RLA
Rotating Latch Assembly

FS_FHA
Flag Housing Assembly

Introduction

1.1 Statement of Need

Anti-personnel land mines, originally buried in the ground by armies, maim or kill about 26000 people each year
.  Many of these are civilians.  Our duty, then, is to prevent human suffering by clearing or marking any existing mines.

This task is immense: at least 100 million mines are estimated to still exist from past wars
, in at least 90 countries.
  The conventional method of clearing mines by hand is laborious and expensive.  A trained worker, crawling along the ground, can cover only 20 to 50 square metres a day.  Consequently, each mine can cost up to US$1,000 to clear.(106)  This figure demonstrates the extent of funding that governments and other agencies are contributing towards this cause.  These resources could be used more efficiently in the production of automated mine-clearing machines.

Various such machines are under development: some explode the mine and withstand the blast; others search for and safely mark each mine location.  However, design in this genre is still in its youth, and there is much room for improvement.

1.2 Goals and Objectives

Given the problem at hand, we feel that the best solution is to design and build a rover that will autonomously navigate the 19’ 6” x 13’ 4” field in order to flag each metal plate. While navigating, the Triumph will:

· Detect (without touching) up to 12 metal plates

· Pass over all 3 designated spots

· Drop a 4” x 4” orange flag weighing 0.25 lbs onto each metal plate.

· Drop a 4” x 4” green flag weighing 0.25 lbs onto each designated spot.

· Count the number of flags dropped.

· Return and come to a stop in a zone called the “end line” when completed.

In addition, we anticipate that the prototype model will

· Accomplish the above tasks in less than 4 minutes

· Weigh less than 25 lbs.

· Measure no more than 36” (long) by 36” (wide) by and 24” (high).

· Cost less than $250.00 Canadian

· Be fully operational by March 18th, 2003

1.3 Background and Survey

The robotic mine detector is not a commonly commercialized product, and the existing experimental models are developed by researchers.  We will examine two of these.

The Hyena project by Charles Pitzer is similar to our own.
  Its goal was to find and recover small metallic objects.  It was designed for high maneuverability to allow for tight search patterns and enhanced object avoidance.  The Hyena consisted of six fixed metal sensors (Radio Shack Deluxe Metal Detectors) across the front of the machine.  Six sensors, Pitzer felt, were required to ensure that the Hyena would be able to detect and avoid mines in its path.  Since our machine’s traversal pattern (one that follows the lines of the field) avoids this problem, six sensors would be unnecessary.  The Hyena, as well as other projects we researched, uses a four-wheel drive system, which allows it to traverse more rugged terrains.  However, for the purposes of the given task, our three-wheel driving system will suffice and it would also be less complicated.  Finally, it should be noted that the Hyena is made out of wood (as ours will be) in order to prevent interference with the sensors.

Having the appearance of a giant spider, the world's first robot capable of detecting landmines was developed by Professor Nonami Kenzo of Chiba University.
  It works by remote control.  “The robot walks on six legs, each leg equipped with highly precise sensors that can pinpoint mines.” 
 It is interesting to note that wheels are not the only means for locomotion.  But once again, several metal detectors would be required (one for each leg) and the complexity of the legs renders this option unfeasible.  “When it finds a mine it marks the spot with paint, sending data to the host computer at the same time. The data is used to map the mines, so that they can be disposed of afterwards.” 
  This robot can cover up to 450 square meters each day, which is much more than a person.  Its flagging system has inspired us to consider a viscous fluid as a flag.  Once ejected out of our machine the fluid would quickly solidify.  Such a substance could be hot wax, foam, or aerosol insulation.  Nevertheless, this consideration seemed in the end, over-ambitious.

The brainstorm process considered two main systems that are mostly independent of each other.  

First, there was one other major candidate for the metal detection system: a gyrating arm with the metal detector at the end.  Disadvantages with this method are that it is difficult to calculate the position of the arm, and that it may tip the machine.  Also, the arm would need to spin/gyrate quite quickly and the machine must drive slowly.  

The driving system had two main categories to consider.  The first idea was to have a machine that does not turn, but travel either forward or sideways.  One implementation was to have two sets of wheels orthogonal to each other.  But coming up with a mechanism to switch from one set of wheels to the other proved fruitless.  The other method was to have all four wheels rotate 90 degrees when the machine needed to drive in a different direction.  This would most likely require each wheel to run on independent motors, which unfortunately adds cost and has more motors that could break down.  The other category would have our machine (be it with three or four wheels) turn corners in the conventional sense.  Although this does require calibration, (the machine might cut the corner and touch a plate), this idea was decided to be the most feasible. 

Overall Description

1.4 Conceptual Images
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Figure 4.1.1‑1
Conceptual Images
Overview

The Triumph can be divided into 6 main systems: the Bus, the Drive System, Flagging System, Sensory System, Power System, and Control System. Although all the systems do interact with each other, the functionality of each system is unique and is thus why it is treated separately. For a detailed description of a particular system, please refer to the corresponding section in this document.


1.5 Physical Description

The most visibly prominent parts of the rover will consist of the Bus, Drive, and Flagging Systems.

The overall dimensions will be

· 29” long

· 36” wide

· 14” high

A fully loaded weight of 24.75 lb

A dry weight of 18 lb

Some notable physical features are:

· tricycle wheel configuration with a steerable front drive wheel

· a flat servicing platform

· booms extending from the left and right sides of the rover

· metal detectors (4)

· Two flag deploying devices for marking metal plates located boom.  Each will contain 12 flags each weighing ¼ lb. (Thus carrying a total of 24 flags for metal plates)

· One secondary flag deploying device for marking designated spots, located behind front wheel.  It will normally carry 3 flags, but will have a higher capacity.

1.6 Functional Overview

The machine will traverse the field back and forth along the field lines, turning at the corners while the rare wheels carefully avoid metal-plate-territory.  Whenever it detects a 6” x 6” metal plate, it will stop and drop a 4” x 4” flag on the plate.  In each case, one flag will drop from the flag deployer on each arm to maintain the overall balance of the machine.  It will continue to search the entire field.  Next, it will travel to the designated spots, deploying a flag at each.  Finally, it will go to the end line and stop.  Once there, the LCD will display the total number of metal plates detected.

Statement of Work

1.7 Bus

1.7.1 Overview

The BUS is the rover’s servicing platform that will physically and electrically connect all of the rover’s systems and sub-systems. It consists of a mounting platform (the main body), an adjustable sensor boom at the rear, and any necessary electrical connects.

Figure 4.1.1‑1
BUS Breakdown

1.7.2 Conceptual Images

	Figure 4.1.2‑1
BUS - front port view
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	Figure 4.1.2‑2
BUS - bottom port view
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1.7.3 The Mounting Platform (BUS_MP) 

Two components make up the BUS_MP:

· Deck: 

Platform to which all rover systems and sub-systems are appended.

· Trusses: 

Placed underneath the BUS_MP to prevent buckling of the Deck.

1.7.4 The Sensor Boom (BUS_SB)

The BUS_SB is the structural component that will support the Flag Deploying Assemblies (see 4.3.4) and the metal sensors. The boom is adjustable towards the rover’s front and rear, and is fastened to the mounting platform.  Three components comprise the BUS_SB:

· Beam:
A wooden beam stiff enough to support a 7 lb load at each end of the boom without deflecting by more than 1/16”.

· Boom Fasteners:
Two large bolts that will hold BUS_SB to the BUS_MP.

· FS_RLA Fasteners:
L – Mounting braces to attach the FS_RLA
1.7.5 The Electrical Power Supply Lines

Electrical wiring will be mounted to the bus.

1.7.6 Materials and Dimensions

Table 4.1.6‑1
BUS Materials
	COMPONENTS
	MATERIAL

	BUS_MP (deck)
	Plywood (Also considering Masonite Hardboard)

	BUS_MP (truss)
	Pine Wooden Beam

	BUS_SB (beam)
	Pine Wooden Beam

	BUS_SB (fasteners)
	Metal Bolts and L-shaped Mounting Braces


Table 4.1.6‑2
BUS Dimensions and Costs
	COMPONENTS
	DIMENSIONS (inches)
	WEIGHT (lbs)
	COST

	BUS_MP (deck)
	1/4” x 27” x 16”
	2.5 
	$5.00

	BUS_MP (truss)
	1” x 2” x 56” (as a single beam)
	2.0
	$5.00

	BUS_SB
	1” x 4” x 26.5”
	1 
	$3.00


1.7.7 Development

The development of the BUS will proceed as follows,

· Cut the appropriate dimensions of BUS_MP deck and truss and BUS_SB beam.

· Mount truss to deck.

· Append fasteners to BUS_SB beam.

· Fasten BUS_SB to BUS_MP.

(The Electro-mechanical personnel will accomplish all of these tasks.)

1.7.8 Validation

The BUS must simply support the structure and the BUS_SB must be easily adjustable.

1.8 Drive System

1.8.1 Overview

The drive system is what allows the rover to change locations and move across the field. In order to follow the pre-defined search path, a DC motor will drive the rover forward while a steering assembly will provide the necessary course adjustments as signaled by the Control System (CS).

Figure 4.2.1‑1
Drive System Breakdown


1.8.2 Conceptual Images of the Drive System (attached to BUS_MP)

	Figure 4.2.2‑1
DS Front View
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	Figure 4.2.2‑2
DS Front-Port View
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	Figure 4.2.2‑3
DS Rear Starboard View
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	Figure 4.2.2‑4
DS Top View
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1.8.3 A Rear Drive Assembly (DS_RDA) 

This component consists of two rigid casters, each of which is:

· Independently mounted

· Non-powered 

· Fixed in the rover’s forward direction.

1.8.4 A Front Drive Assembly (DS_FDA). 

This is by far the most sophisticated part of the DS. The motors and actuators allow the front wheel to spin and swivel to the left or to the right. For simplicity, this assembly is divided into 3 sub-components. 

1.8.4.1 The Steering Assembly (DS_FDA_SA)

· Steering Servo

· Metallic Fixed Mount (attached to BUS_MP)

· Metallic Rotating Mount
1.8.4.2 The Motor Assembly (DS_FDA_MA)

· DC Drive Motor

· Gear Box 

· Shaft coupler

· Shaft Encoder (see 4.4.3)
1.8.4.3 Front Wheel with Shaft.

Backwards motion is unpredictable due to the non-powered rear wheels, and it should rarely be used since one forward sweep should be able to detect and flag any metal plates within the path’s vicinity. In addition, the steering servo will be restricted to rotate no further than 90( to the left or to the right. 

1.8.5 Materials and Dimensions

Table 4.2.5‑1
DS Materials
	COMPONENTS
	MATERIAL

	Rear Wheels
	 4” dia. Rigid caster wheel

	Front Wheel
	6” dia. Dynatred wheel

	Wheel Shaft
	½” diameter metallic rod

	Rotating Mount
	Metallic Rigid caster mount.

	Stationary Mount
	Steel or metallic alloy


Table 4.2.5‑2
DS Dimensions and Costs
	COMPONENTS
	DIMENSIONS (in)
	WEIGHT(lbs)
	COST

	DS_RDA
	4” dia. Wheel
	0.8 lb per caster; 1.6 lb total
	$15.00

	DS_FDA wheel
	6” dia. Wheel
	1.0
	$10.00

	DS_FDA motors
	--
	1.5
	$25.00

	DS_FDA mounts
	--
	1.0
	$10.00


It should be noted that the DS will elevate the BUS_MP about 5” above the ground.

1.8.6 Powerhouse

Figure 4.2.6‑1
Approximate Drive Motor and Gear Specifications
	MOTOR
	GEAR BOX

	Electrical Input
	12 V, 0.5 Amp
	Gear ratio
	300:1

	Output RPM
	16000
	Input RPM
	16000

	Output Power
	5.6 W
	Output RPM
	53.3

	Output Torque
	0.009 lb in
	Output Torque
	3.0 lb in


This should allow the rover to move at an average speed of 1 ft/s. Finer speed adjustments will be provided by the drive motor circuit (see section 4.5.2 for driver circuits)

Figure 4.2.6‑2
Approximate Servo Motor Specifications
	SERVO MOTOR

	Electrical Input
	12 V, 0.5 Amp

	Output RPM
	50 RPM

	Output Power
	6.0 W

	Output Torque
	2.6 lb in


1.8.7 Development

These steps in this order will be taken to develop the drive assembly,

1.8.7.1 DS Machining

· DS_FDA fixed and rotating mounts (if necessary)

· Wheel shaft

1.8.7.2 Assembling motors

· Link stationary and rotating mounts via swivel bearings and steering servo

· Link drive engine to Gear Box

· Append Drive Motor to rotating mount

· Insert wheel shaft and wheel into rotating mount and gear box output.

1.8.7.3 Appending to BUS_MP

· Drive Assembly 

· Rear Wheels

Expected time of completion: 1.5 months

1.8.8 Validation

This process involves a set of small tests to ensure that we have mastered some control over the rover’s course. If each task has been accomplished, it shall be considered safe to append the DS_FDA to the rover as a fully functional system. For these tests, the DS_FDA will be temporarily clamped onto the BUS_MP. 

1.8.8.1 Steering test (Suspended above ground)

· Randomly steer upon input from the Control System

· Control steering direction upon input

· Rotate exactly 30 degrees to the left once and stop.

· Rotate exactly 30 degrees to the left, stop for 5 seconds, rotate 90 degrees to the right, and stop.

1.8.8.2 Drive test (in contact with ground)

· Drive forward for 15 seconds and stop (dry load)

· Drive forward for 15 seconds and stop (loaded with 25lb on the BUS_MP)

1.8.8.3 Drive/Steer Combining test

· Rotate exactly 30 degrees to the left, stop steering for 5 seconds, drive forward for 15 seconds, rotate 90 degrees to the right, and stop.

A much larger evaluation will be conducted once the Drive, Sensory, and the Control Systems have been completed. The aim will be to ensure that the rover can navigate the field correctly. 

Flagging System

1.8.9 Overview

Using a 4” x 4” x 3/8” Lexan plate as a flag, and special rotary latch device, it will be possible to drop a flag such that it settles in contact with at least one metal plate (or 6” from a designated spot). In total, the rover will use 3 flag deploying assemblies (FS_RLA) — 2 located at each end of the Sensor Boom (BUS_SB) to flag the metal plates, and one located behind the front drive wheel to flag the designated spots.

Figure 4.3.1‑1
Flagging System - Breakdown

1.8.10 Conceptual Images

Table 4.3.2‑1
FS Components
	Important components:

Shaft Motor

(with gears and retainer)

T-Shaft

Housing Assembly

Metal Sensors

Flag


	Figure 4.3.2‑1
FS Empty
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	Figure 4.3.2‑2
FS with two flags
[image: image14.jpg]





1.8.11 The Flag

The flag was designed to maximize the surface area (4” x 4”), increasing the chances of a flag landing onto a metal plate.  The flags will be the smallest allowable weight (1/4 lb), maximizing the number of plates the rover can carry.

Each flag will:

· Be made of a 3/8” x 4” x 4” plate of Lexan plastic.

· Have a 1.5” x 3/8” slit at the centre to allow the FS_RLA ‘s T-shaft to retain or drop the flag (see 4.3.4). 

To help to distinguish a metal plate from a “safe” designated spot,

· All metal plate flags will be painted orange.

· All designated spot flags will be painted green

	Figure 4.3.3‑1
Flag – Perspective View
[image: image15.jpg]



	Figure 4.3.3‑2
Flag - Top View
[image: image16.jpg]





1.8.12 Rotating Latch Assembly (FS_RLA)

The most important component of the FS_RLA is the rotating T-shaft.  By piling up the flags through the T-shaft such that each flag’s slits is perpendicular that of the flag underneath, a single flag can be deployed simply by rotating the T-shaft 90 degrees and allowing the bottom-most flag to slip through the shaft.  The remaining flags will then be retained since the next flag’s slit will be perpendicular to the T-shaft. (refer to figures below)

Figure 4.3.4‑1
Flag deployment method.  (a) Before, (b) Latch Rotates, (c) Flag Dropped
	(a)
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	(b)
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	(c)

[image: image19.jpg]





Components:

· T-shaft:
Deploy and retain flags as described above.

· Shaft Motor:
Drives the T-shaft to rotate 90( when the signal is given to drop a flag.

· Gears and retainers:
Links the motor with the T-shaft and holds the T-Shaft in place.

1.8.13 The Flag Housing Assembly (FS_FHA)

This component is designed to store the flags and prevent them from rotating and then falling out of place.  In order to accomplish this task, the following will be required:

· Hollow rectangular tube:
Houses the flags

· Roof:



Serves as a mount platform for the FS_RLA components.

The FS_FHA also serves as a mounting platform for the metal sensors located at opposite ends of the rectangular tube. (Please see section 4.4.2 on the metal sensors) 

1.8.14 Powerhouse

The T-shaft will be rotated by a stepper motor, since this mechanism requires a low speed and low torque output with relatively high angular precision.  (See section 4.5.2 for DC motor driver circuits)

1.8.15 Materials and Dimensions

Figure 4.3.7‑1
FS Materials
	COMPONENTS
	MATERIAL

	FS_FHA (pipe)
	Plastic gutter-type pipe

	FS_FHA (roof)
	Lexan (or masonite hard board)

	FS_RLA (T-shaft)
	Steel Rod

	Flags
	Lexan


Figure 4.3.7‑2
FS Dimensions and Costs
	COMPONENTS
	DIMENSIONS (in)
	WEIGHT (lbs)
	COST

	FS_FHA (pipe)
	4 1/8” x 4 1/8” x 5” (x 3” for Des. Spots)
	2.5*
	$5.00

	FS_FHA (braces)
	1/2” wide, 2 1/2” long
	0.75*
	$2.00

	FS_RLA (T-shaft)
	6 1/2” high; 1 1/2” long slit; 3/16” radius
	1.0 *
	$17.00

	FS_RLA (motors)
	--
	0.5*
	$15.00

	Flag
	4” x 4” x 3/8”
	6.75** 
	$17.00


*for all three flag deploying assemblies

**for all 27 flags
1.8.16 Development

1.8.16.1 Machining

· 27  flags

· FS_RLA parts

· FS_FHA parts

1.8.16.2 First Mounting

· Shaft to retainer and gears

· Gears to motor

· Motor to FS_FHA roof

1.8.16.3 Second Mounting

· T-pin to shaft

· Rectangular pipe to roof

· BUS_SB and Metal sensor mounts

· Metal sensors


1.8.17 Validation

· FS will receive input from the control system.

· Simulated.

· When a metal plate is detected.

· Shaft must rotate 90 degrees for every input received and stop. (with no flags)

· Shaft must rotate 90 degrees for every input received, stop, and drop a flag. (with one flag loaded)

· Shaft must rotate 90 degrees for every input received, stop, and drop a flag. (with many flags loaded)

1.9 Sensory System

1.9.1 Line-Following Opto-Sensors

Line-following sensors allow the microcontroller to judge the machine’s offset from the field line, and to subsequently make a steering correction.  Our implementation will use a row of five sensory locations near the front end of the machine, facing the floor, each being 0.75” apart.  Each will be assigned an “offset value”: the centre point will have a 0 offset, and points to the right and left will have +1, +2, and -1, -2, respectively.  The offsets of each sensor that detects a black line will be continually added to a total in the microcontroller.  An average of these values will be calculated, and that average offset will set the angle that the steering system will be set to.  This process will occur continually, creating a negative feedback style of control.  (This feedback will be overridden at special times such as turning corners)

Five infrared LEDs will be directed at the five sensory locations on the ground below. (see fig. 4.4.1-1).  There will be one IR receiver module positioned nearby, centrally.  One at a time, each LED will light, and if the floor is not black at that location, the receiver will detect the reflected light.  The LEDs will flash in sequence, allowing the microcontroller to continually determine which of the sensory locations on the floor is marked.  An alternative would be to use five receivers, one for each transmitter; however, this would add cost and make more input signals to be sent into the microcontroller.

The five LEDs will have individual brightness controls (to compensate for their distance from the receiver) as well as a collective brightness control for calibrating the system for the characteristics of the floor and marking tape.

While each LED is “lit”, it will be flashed by a driver circuit at 37.9kHz.  An IR demodulator module will be used (such as TRM1038), which detects the presence of a 37.9kHz IR signal.  This pulsing system allows the system’s weak IR signals to be detected even among the ambient light. 

Figure 4.4.1‑1
Line-following components
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1.9.2 Inductive Metal Sensors

The presence of mine plates will be detected by inductive sensors.  There will be four close-range sensors fixed along the machine’s rear boom.  They will each consist of a 2” long wire coil and small circuit similar to that of a Velleman Metal Detector kit.  Each will have a 2-state output, indicating whether a metal plate is present on the floor directly below.  Each small circuit, mounted on the boom next to its coil, will have an adjustment knob for sensitivity.

These four “immediate” sensors will be positioned along the booms, arranged to cover all logically significant sensory points on the driving path.  Thus, when the machine senses a metal plate, it will stop and deposit a flag near the location of that sensor.  A problem with this method is that the machine must drive slowly, to be able to stop quickly before it passes over a newly-sensed metal plate.  To allow the machine to drive faster, an “Advanced Stage” of four sensors could be added along a second boom near the machine’s front.  If an advanced sensor detects a mine plate, the machine would slow down to a speed from which it is easy to stop when an immediate sensor is triggered.

Rather than several close-range sensors in the advanced stage, one or two long-range sensors could be used.  Fewer sensors are allowed here, since it is only necessary to know that a plate is being approached, regardless of its exact location. 

Any advanced stage of sensors would be modular – from mechanical, electronic, and programming points of view.  The output of this stage only affects the driving speed limit of the machine.

1.9.3 Shaft Encoding

The machine’s precise location and speed can be calculated inside the microcontroller, by sensing the motion of the front wheel.  This wheel is chosen because the two rear wheels, since they are on the machine’s left and right sides, travel different distances and speeds when the machine makes a turn.  The front wheel’s shaft will be coupled to a code disk, which intermittently blocks light between two optocouples (IR emitter-detector pairs), which are 90˚ out of phase.  This method of quadrature shaft encoding
 creates two pulses whenever the wheel rotates by a small amount, which the microcontroller will count, and the sequence of those pulses determines whether to count up or down (ie. Forward or backward motion).  This count serves as a distance measurement.

1.9.4 Development

1.9.4.1 Line-Following

· Determine logistics (max. allowable driving stray, optimal sensor separation)

· Acquire IR LEDs and receiver module

· Test feasibility of 5-transmitter, 1-receiver setup

· Build trans.-rec. mounts

· Design and build control circuit
1.9.4.2 Inductive Sensors

· Acquire sufficient ferrite rods, winding wire

· Optimize Velleman sensor design for this application and test.

· Investigate long-range metal sensor circuits and coil types

· For advance-stage sensors: Decide between long-range, or Velleman-style, or none; notify electromechanical member of modified design

· Design sensor circuit boards

· Build one circuit board for each sensor

· Wind sensor coils (other member)

1.9.4.3 Shaft Encoding

· Acquire quadrature shaft encoder module

· Design buffer circuit

· Attach encoder in DS_FDA_MA (Electromechanical member)
1.9.5 Validation

1.9.5.1 Line-Following

· Test over surfaces of different colours and contrasts, and attempt to calibrate for each to get an accurate output.

· Ensure that all of the 5 transmitters can be calibrated to have the same tendency to activate the receiver.

· After integration, does the machine drive straight?

1.9.5.2 Inductive Sensors

· Test sensitivity and reliability over expected distance range, using all possible thicknesses and types of metal.
1.9.5.3 Shaft Encoding

· Calibrate distance vs. number of counts, and program this value into PIC (microcontroller member)

· Ensure that the same number of counts are registered for equal distances

1.9.6 Budget

Table 4.4.6‑1
Budget for the three sensory systems.
	Item
	Quantity
	Cost

	Velleman metal sensor kit (for experimentation only)
	1
	Ext. $20.00

	IR receiver module TRM1038
	1
	$1.50

	IR LEDs
	5
	$3.00

	Misc. ICs
	
	$5.00

	Misc. Resistors, capacitors, diodes, transistors, LEDs, wires
	
	$8.00

	PCB board supplies, solder
	
	$4.00

	Total cost: [Included in  rover]
	
	$21.50

	Total cost: [External to rover]
	
	$20.00


Power System

1.9.7 Overview

Electrical components of the system will belong to two separate power classes, “A” and “B”.  Class A consists of the microcontroller and the sensory systems; that is, all systems that require very smooth voltages, and do not introduce significant noise into the power bus.  Class B consists of actuators, which produce voltage spikes.  Classes A and B will each have an independent battery, fuse, and voltage regulators.  Signals from the microcontroller in class A will be passed to class B actuators via optoisolators.

Figure 4.5.1‑1
Block Diagram of Circuitry.  Components are split up with Class A on the left and Class B on the right.
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1.9.8 Drivers for Actuators

The drive motor will be connected to an H-bridge circuit.  This will create a variable supply power to the motor, allowing variable speeds or accelerating torques.  (Whether the power directly affects speed or torque will be determined by the mechanical gear ratio, but in either case, the control system will control motor power appropriately.)  The H-bridge also has provisions for negatively powering the motor, so that the motor will be able to slow the machine down (reverse acceleration) and drive it backward if necessary.  The two PWM signals to the H-bridge (forward, reverse) will be created by the PIC’s two PWM outputs.

The type of drivers for the flag dispenser stepping motors will depend on the type of motors purchased.  ICs such as ULN2001A or MMD18200, or raw circuits with 2N2222 transistors, may be used.

The steering servo will either be a complete servo module, or will consist of a DC motor controlled by an analog feedback system.  Feedback would be achieved with an op-amp IC, a power transistor, and a potentiometer linked to the rotating assembly.  The analog control signal will be created by one of the PIC’s analog outputs.

Table 4.5.2‑1
Budget for actuator drivers.
	Item
	Quantity
	Cost

	Power transistors for DC motor and Servo
	3
	$5

	Stepper motor driver: ULN2001A
	1
	$2

	Stepper motor driver: MMD18200
	1
	$17

	General purpose transistors for stepper drivers.  Eg. 2N2222 
	8
	$4

	Optoisolator ICs: 6N138   ($1.30)
	9
	$11.70

	Misc. resistors, diodes, etc.
	
	$2

	PCB board supplies, solder
	
	$4

	Total cost: [Included in rover]
	
	$45.70


4.5.3 Class A Voltage Regulation

The 12V from Class A’s battery (see 4.5.4) will be regulated at various voltage levels.  There will be a power bus for each voltage level.  Estimated cost of regulators [Included in rover]:  $2.50
Table 4.5.3‑1
Class A power busses and voltage regulation.
	Class A Power Bus
	Regulator IC required
	Devices powered

	+5V

1.5A max
	7805 with heat sink
	· PIC

· LCD

· Line-following LED drivers

· Line-following IR receiver

	+9V

Low current
	7809
	· Metal detector circuits – Velleman-style (may have different Vsource)

	+12V
	None
	· Possible piezo beeper


4.5.4 Power Consumption and Batteries

Class A’s main supply will be 12V.  Most pertinent ICs and modules do not require a higher supply voltage.  12V can be easily regulated down to 5V for digital ICs, and can be split into an independent -6V and +6V for op-amps.  Many actuators require approximately 12V, so they will be directly powered by a 12V Class B battery.

The batteries will be of the sealed lead-acid type.  Though they have a low power-density, they are rechargeable, dependable, and require no supporting circuitry other than a fuse.

Table 4.5.4‑1
Power requirements.  The system voltages are set, and other figures are worst-case estimates.
	Class:
	A
	B

	System voltage
	12 V
	12 V

	Imax Instantaneous
	0.74 A
	4 A

	Iavg During run
	0.74 A
	1.3 A

	I*t consumption for 4 runs
	0.07 Ah
	0.30 Ah

	Battery type
	2.3 Ah, 12V Sealed lead-acid
	2.3 Ah, 12V Sealed lead-acid

	Battery mass expected
	2.07 lbs
	2.07 lbs

	Battery cost expected (varies greatly depending on supplier)
	$15
	$15


4.5.5 Battery Charging

The machine will have a 5.1mm power jack for charging, and switches to select the battery to be charged.  The two lead-acid batteries can be charged using an available adjustable power supply, while carefully monitoring the voltage level.  If time permits, we will build a simple AC-powered charging unit that will plug into the charging jack.

Table 4.5.5‑1
Materials for optional battery charger.
	Item
	Quantity
	Cost

	Transformer
	1
	$10

	Components: Bridge rectifier, capacitors, power cord, etc.
	
	$6

	Box
	1
	$8

	Total cost: [Optional, External to rover]
	
	$24


4.5.6 Development

Class A:

· Prerequisite: Design and build sensory system circuits, acquire PIC and LCD

· Test current consumption of the above and re-evaluate Class A current needs

· Use alternative power supplies in the development of the electronic systems

· When Class A voltage requirements are finalized, design and build a regulation circuit board

Class B:

· Prerequisite: Acquire all actuators (electromechanical task)

· Test actuators for power consumption and re-evaluate Class B power needs

· Design H-bridge circuit suitable for drive motor

· Design driver circuits suitable for flag system stepper motors, acquire components, build temporary circuits, and test

· Acquire and test batteries

· Design and build Class B circuit board – drivers and isolation

Near the time of integration, classes A and B will be linked by building a panel with fuses, switches for power and charging, and a charging jack

4.5.7 Validation

Test of actuator drivers and opto-isolators:

· Connect drivers to motors and a high-current 12V power supply

· Use a signal generator to provide signals to opto-isolator inputs, and confirm proper operation of actuators

· While actuators are operating, use an oscilloscope to test for noise passing through isolation barrier

Battery test:

· Test battery voltage to confirm they are near 100% charge (12.67 V 
) after storage.  If not, they may be damaged.

· Compare actual mass to predicted mass 

· Check performance with peak load current.

· Attempt a discharge/charge cycle

· Use to power Classes A and B.

Control System

1.9.9 Overview

A fast-operating, low-power PIC26F877 microchip from Microchip Technology Inc. will be responsible for the execution of the instructions outlined by the flowchart.

Figure 4.6.1‑1
Execution Flowchart
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As mentioned, the machine will first search for all of the metal plates on the field before deploying flags at the designated spots.  During the search for metal plates, the machine will take the route outlined in figure 4.6.1-2  

Figure 4.6.1‑2
Search traversal pattern (figure not drawn to scale).  The machine begins at node 1, then goes to nodes 2, 3, 4, etc.  
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The principle behind this traversal pattern is that the booms of the machine will be long enough so that the machine will not need to deviate from the field lines to detect metal plates and deploy flags.  

1.9.10 User Interface

This will consist of a keypad and an LCD display mounted onto the rover’s electrical housing box (top right side) – Please refer to figure 4.1.1-1. They will be directly connected to the PIC.

1.9.11 User Interaction

The user must input the path to the designated spots using a series of coordinates.  All coordinates are defined with respect to node 11.  “X” will designate horizontal direction; “Y” will designate vertical direction; and “;” will indicate that the machine has reached a designated spot.  For example, consider the following figure. 
Figure 4.6.3‑1
Example 1: Hypothetical designated spots.
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If the user wishes the machine to proceed to designated spots 1, 2, then 3 in that order, then the user input could be:

Y40X126Y50;Y120X180Y90;Y40X30;X0

And the corresponding route would be as shown below,
Figure 4.6.3‑2
Possible route taken for hypothetical designated spots
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When the machine begins to move to the designated spots, it will initially be facing the right line.  “Y40” will indicate that it maintain its X coordinate but alter its Y coordinate by moving to 40” from the left line.  “X126” will instruct it to then maintain its Y coordinate but alter its X coordinate by moving 126” from the end line, and so on.  The “;” will tell the machine that it has reached a designated spot and must drop a flag.  Any instruction after the final semicolon (in this case “X0”) describes the path that the machine will take to the end line.  This last path description has several functions.  It allows the machine to know what the coordinates are relative to, serving as a check for the user to know that the end line is 0.  It also allows for an added feature: having the machine finish somewhere other than the end line.

The input will be in this fashion because otherwise there would be some practical difficulties.  The first difficulty is that the machine cannot go over paths where a flag has been dropped due to its 3-wheel nature.  Secondly, if the edge of a flag, on an intersecting line, is within 8” of the path, then the rear wheels might trip over this flag.  Finally, there would be difficulties in deploying a flag at a designated spot where the machine needs to turn.  Coming up with an algorithm to deal with all these factors and their combinations can be difficult.  There would be many bugs, and even after testing, there is no guarantee that all combinations have been tested.  

When planning the path to be typed in, the user should have the following in mind:

· Know where the machine is facing so that the instruction implies that the machine can move forward directly, without turning, to the designated position.  So with the example X25, this implies either that the machine is facing the start line being less than 25” away from the end line, or it is facing the end line more than 25” away from it.  The exception is that an X instruction followed by a Y instruction or vice versa will be interpreted as a turn.

· With the above factor in mind, when the machine is ready to travel to its first designated spot, it will be facing the right line.  Ergo the first input should be Y.

· The machine only travels along the marked field lines (including external lines).

· Plan the path so that previously dropped flags will not interfere with the machine.

1.9.12 Development

A rough guide to the details of developing this subsystem:

· Detail the strategy of “communicating” with the PIC – Oct.26

· Find the right keypad and LCD – Oct.29

· Prepare the pseudo-code – Nov.12

· Simulate the complete code in MPLAB – Nov.19

· Design a “debugger” circuit for the PIC – Dec.9

· Complete the PIC board with the debugging circuit – Dec.16

· Connect the keypad to the PIC (separately) – Dec.23

· Connect the LCD to the PIC (separately) – Dec.30

· Integrate keypad and LCD with the PIC – Jan.7

· Load either parts of the code on the PIC, step by step, and check the input/output pins – Jan.14

· Integration with sensors and electromechanical systems – Feb. 18

The main hardware required for the development of this subsystem (including extra parts for tests and possible mistakes):

PIC16F877 Microcontroller - $10 for one, plus up to $20 external to rover.

PIC Proto 64 Microcontroller Board - $15

16x1 LCD display - $6 x 1

Other standard circuitry parts (resistors, gates, etc.) including standard key pad ~ $4

Total cost of rover: $35

Total external to rover: $20

1.9.13 Validation

Please refer to the Development plan first.

· Do example in textbook of section 7.5 – to ensure that everything actually works first.

· Simulate the complete code in MPLAB.

· Test the “debugger” circuit.

· Test the keypad with the PIC.

· Test the LCD with the PIC.

· Test the LCD, keypad and PIC-integrated component.

· Calibrate the electromechanical subsystems and sensors with the PIC.
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Important Dates

Jan 20th 2003,

Complete Subsystem Functionality

Feb 10th 2003,

Complete System Integration

March 3rd 2003,
Complete System Functionality

March 17th 2003,
Public Demonstrations

Budget

Table 6‑1
Overall system budget.
	Subsystem
	Cost of Prototype
	Cost external to prototype

	Bus System
	$13.00
	$32.00

	Drive System
	$43.00
	$142.00

	Flagging System
	$56.00
	$44.00

	Sensory System
	$21.50
	$20.00

	Power System
	$78.20
	$24.00

	Control System
	$35.00
	$20.00

	Total Cost
	$246.70
	$282.00


Total Cost of project: $528.70

Conclusion

The Triumph will be successful because of its calculated stability, reliable electronics, powerful computer program, and innovative design.  The team has excellent qualifications, and is quite capable of carrying this task through to completion.  

The current design will work very well in the controlled environment that it is designed for, but it has very strict requirements—a smooth field, with limited dimensions, marked with accurate grid lines.  Deploying flags on designated spots near intersecting field lines may be challenging, but such challenges may be overcome through our team’s perseverance in finding innovative solutions.  With continued modifications, the Triumph design has the potential to function successfully in real-life mine sweeping operations.

Appendices

1.10 Team Qualifications

Alex Ayers has had industrial experience with design projects.

Ryan Janzen has several years’ experience with electronics.  He has individually designed and built hardware and software systems, such as a home automation system and a force generator control system.  His experience with power supplies, lead-acid batteries, analog/digital design, and real-time computer-hardware control will apply to this project.  See http://individual.utoronto.ca/janzen/electronics .

Wallace Yang has had experience with programming.
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