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Abstract

This project plan presents the outline of the final year engineering project of Robert
Ross and Wade Tregaskis: to develop a cheap autonomous UAV from off-the-shelf
components.

The need for autonomous UAV technology is briefly outlined, from which is derived
the project’ s objectives, broken down into primary (essential), secondary (potential)
and tertiary (future work).

The strategy by which these objectives will be fulfilled is covered, including a
systems breakdown and division of labour within the team. The strategy includes a
summary analysis of major risksto the project, and notes several possible solutions to
each.

Lastly, atask schedule and project budget are included, covering the project from start
to finish based on anticipated needs.
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1. Introduction

UAV's (Unmanned Aeria Vehicles) are, by common definition, re-usable, heavier-
than-air craft which do not carry people [1]. Traditionally these aircraft have been
controlled in real time from a remote location; hence the term remote controlled
aircraft. Given this, one could argue they are still not really unmanned; the persistent
need for human piloting, albeit remotely, negates their benefits in many scenarios.

More recently, however, autonomous control has been slowly introduced, where
control systems onboard the aircraft help pilot the craft, with the aim of replacing
human control altogether. Autonomous control of aircraft provides faster responses
and alows operation in electrically noisy environments, over ranges limited only by
flight time, and in areas where standard remote control systems may not be able to
operate (e.g. in mountainous terrain) [2].

The purpose of this project isto create an inexpensive autonomous UAV using off the
shelf components, including a hobbyist model plane, a GPS receiver, a magnetometer
and accelerometers. Using these primary sensors a microcontroller onboard the
aircraft should be able to pilot the aircraft between multiple predetermined waypoints
without remote intervention.

While the UAV operates, it will record data from various sensors, ranging from
avionics to arbitrary payloads such as temperature sensors, cameras, etc. This data
will be stored onboard in non-volatile memory, for transfer to a PC once the UAV
lands.

Commercial and military uses of UAVs constitute arapidly growing field of
applications and research, with a predicted global market of US$17 billion by 2010
[3]. Although the concept behind this project has already been implemented, this
project should serve as useful research in arange of fields including real-time control
systems, fault tolerant design, navigational vectoring, miniaturisation and weight
reduction.

2. Project Objectives

The objectives of this project can be broken up into three categories. The primary
objectives are the fundamental goals set to be achieved in this project. Achievement
of all of these primary objectives constitutes the successful completion of project.
Secondary objectives are extensions and enhancements on the primary objectives,
which are desirable to explore but not critical to the success of the project. Tertiary
objectives are related project ideas that may be researched as part of the project, but
which are currently not planned for implementation due to time, budgetary and

1 Unmanned Aerial Vehicle. http://en.wikipedia.org/wiki/Unmanned aerial_vehicle, Accessed
5/4/2006

2K C. “Unmanned Aeria Vehicles— Arethey ready thistime? Are We?’
http://www.aeromech.usyd.edu.au/wwwdocs'UAYV _RAE€eS prez 26Nov97.PDF, Accessed 10/4/2006

3 UAV Market Space. http://www.uavm.com/uavmarketspace.html, Accessed 20/4/2006




technical constraints. They may be considered as indications of where future work
may be directed.

2.1

2.2

2.3

Primary Objectives

Outfit amodel aircraft with a navigation and control system consisting of a
GPS receiver, a magnetometer, accelerometers and an AVR microcontroller.
Write software for the microcontroller to sample each of the sensors and
control the aircraft according to a pre-determined flight plan. (proviso:
Aircraft will be launched and landed under manual control)

Write computer software to develop aflight plan for the UAV to follow, with
acommunications link to facilitate transfer of the flight plan between UAV
and PC.

Support onboard recording of all flight data (e.g. GPS co-ordinates,
magnetometer readings, etc) onto an SD memory card.

Provide an in-flight wireless simplex communication channel to transmit data
from the UAV back to aground controller (i.e. PC).

Provide a control system to manually switch between autonomous control and
human control.

Secondary Objectives

Add additional onboard sensors, which can be sampled with the results stored
on the onboard SD card. Classes of sensors to be investigated include battery
monitors, temperature sensors and pressure sensors.

Install an onboard wireless video camerato provide proof-of-concept video
images of the data acquisition capabilities of the UAV.

Implement error correcting codes (ECC) for the wireless PC link transmission
to ensure signal quality and attempt to recover corrupted data.

Implement of a cyclic redundancy check (CRC) for the wireless PC link to
detect data corruption.

Implement a failsafe autonomous control system, whereby if remote control is
out of range the UAV will return to previous position where controller wasin
range, and progressively search for asignal.

Tertiary Objectives

Implement a visual landing system using a small camera and edge detection
algorithms, to allow the aircraft to autonomously land on a[well defined]
runway.

Implement a collision detection system based on ultrasonic or laser
measurements to detect the presence of upcoming objects and to avoid these
objects.



2.4  Project Team Responsibilities

Due to the extensive and difficult nature of this project it was decided forming a
project team was necessary to complete the project to a satisfactory standard. To
facilitate project continuity and avoid duplication, each team member will take
responsibility for separate project objectives. An emphasis on blackbox interfacing
will be stressed to ensure that the various achieved objectives cohesively integrate
correctly. The project responsibilities are as follows:

Robert Ross

Microprocessor control of aircraft through servos.

Sampling of GPS, Magnetometer and Accelerometers.

Development of al onboard control systems, including manual override.
Wireless video camera devel opment.

Wade Tregaskis

Development of PC flight plan software.

All communications links between the aircraft and the host computer.

All additional sensors (besides GPS, Magnetometer and Accelerometers)
added to aircraft (battery voltage, pressure, temperature).

All software and development related to operation of the onboard SD memory
card.

In addition to these responsibilities Robert will act as the chief pilot, particularly for
takeoff and landing when the aircraft isin manual control. The responsibility of
developing navigational algorithms will be shared.

3. Objective Strategy

To successfully complete this project many small tasks need to be completed. This
section details first the overall strategic objective of how the project will be
completed, and then shows in more detail the primary objectives, providing a
breakdown of the steps involved to complete the project. Following thisis a section
on the risks involved, which have the potential to introduce both time and budgetary
blowouts.
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3.3 Risks

Within a project of this complexity some risks are present which threaten progress
towards meeting objectives. With the aeromechanical implementation some
additional unique risks need to be addressed. The risksfor this project and their
projected remedies include:

a) Weight of added avionics equipment severely degrades flight performance.
Solutions:
Optimise the circuits involved to decrease weight; possibly remove
magnetometer.
Increase wingspan to provide more lift.
Upgrade motor to provide more thrust.

b) Microprocessor has insufficient processing or memory capabilities to complete
project.
Solutions:
- Upgrade to more powerful microprocessor.
Use an additional microprocessor to handle independent tasks.
Use an FPGA in concert with the microprocessor.
Use external RAM if memory is inadequate.

c¢) Aircraft suffers major damage, lost, stolen.
Solutions:
Complete replacement aircraft can be purchased at Toy Kingdom in
Greensborough for $189.
Spare parts for the aircraft (wings, tailplane, propeller) can be acquired
separately and so only damaged parts need be replaced.

d) Interference (between GPS, controller and radio link)
Solutions
- Radio equipment of different frequency may be required or crystals may
be changed.
Transmission antennae may be moved further from receiving antennae.
Improved antennae may be installed.
Additional antennae may be used (to solve coverage problems).



4. Schedule



5. Budget

Military and commercial UAV s typically have starting prices well above $10,000.
Thisis clearly well beyond the realm of what can be provided for this project. Itis
also well beyond what many potential users of autonomous UAV s can afford.

With arelatively constrained budget and through full utilization of La Trobe
University, Main Vision and personal resources we seek to create a UAV at afraction
of the commercial costs as outlined in the following sections.

5.1 Budgetary Revenue

The bulk of the spending budget is provided by La Trobe University, with $200 per
student. Special thanks also goesto Mr. Alvin Ng (General Manager of Dick Smith
Electronics) and Mr. David Meadows (retired Engineer, Woolworths) for their
organisation and generous contribution to the project.

Source Amount
La Trobe University Project Budget $200.00
La Trobe University Project Budget $200.00
Dick Smith Electronics Project Grant $200.00
Total $600.00

5.2  Budgetary expenses

The magjority of the budget will be spent on sensors and control equipment for
onboard the aircraft. Theinclusion of a LiPO battery should provide double the
flight-time at just 60% of the weight of the origina NiMH and NiCad batteries,
justifying its budgetary inclusion.

Item Cost
GPS 78.95
GPS antenna 22.95
Accelerometers 199.90
M agnetometer 49.95
Microprocessor (AVR) 12.00
RF Link 17.95
Sensors (temperature, pressure) 30.00
LiPO battery (x 2) 64.00
LiPO Charger 45.00
Servo connectors/Power connectors 20.00
Misc production/Mounting/smal 55.00
components costs
Total Cost $595.70




5.3 Non-budgeted resources

To minimise costs most of the airframe and development hardware has been acquired
on loan. If this hardware was to be purchased the project costs would be blown out by
several thousand dollars, so avery specia thanks goes to all the contributors noted

below.
Item Provided by
Model Aeroplane Robert Ross

SLA Batteries for ground control systems

Wade Tregaskis (c/o Aidan Carter)

Wireless video camera and receiver

Robert Ross

Laboratory equipment (CRO’s, Signal

La Trobe University, Robert Ross (Lab),

Generators, Soldering equipment) Paul Main (Main Visions)

AVR development tools Paul Main (Main Visions)

SD Flash Card (for onboard data logging) | John Devlin

PCB Fabrication La Trobe University, Robert Ross (Lab)

6. Commercial Viability

The commercial future outlook for UAVsis bright with an estimated US$17 Billion
dollar global market for the year 2010. Currently the market is segmented into two
broad categories: defence and commercial. The defence industries - which currently
make up 95% of the global UAV market - have provided much of the funding and
research into UAV technologies over the last few decades. UAVs are used by
defence organisations for things like surveillance, scouting, and for reusable
communications and radar networks. Currently the defence market iswell served by
established aerospace companies such as Lockheed Martin, Northrop Grumman and
Boeing.

In contrast the commercial UAV market is an area which shows demonstrated rapid
growth for demand in areas such as agriculture, meteorological and asset monitoring
services. Companies developing UAV s for the commercial market include Bell,
Aerosonde and Yamaha. The use of UAVsin the commercial market is till inits
infancy, with many research aircraft being created but far fewer aircraft ready for
deployment to meet the needs of commercial users.

We would suggest that given appropriate resources our product would be aimed
towards the commercial market and would seek to set abenchmark in thisarea. The
following section contains a brief SWOT analysis to support the commercial viability
for UAVs.

6.1 SWOT Analysis

The purpose of thisanalysisisto identify the key factors working both for and against
an entrant in the commercial UAV market.




Strengths:

Australiahas alarge potential market, particularly in the agriculture sector
where there are well over 120,000 properties nationwide [4], which would
provide a suitable customer base. The use of UAVs for these farming
communities would increase productivity and also provide safer work
environments for land owners.

Audstraliaisalarge, sparsely populated country with large open areas to
facilitate testing and deployment of UAVs.

Operations utilising autonomous UAV s scale better than those using piloted
aircraft; since the mgjority of control is performed autonomously asingle
operator can be monitor dozens of UAV's simultaneously.

Weaknesses

Currently in the farming and agriculture markets thereis a lack of awareness
of the benefits and capabilities of Autonomous UAVs. Thislack of market
awareness would need to be addressed though promotional mediums such as
trade & agriculture shows, and television programs which focus on rural issues
- such asthe ABC Landline program.

Insurance, particularly relating to public liability, further constitutes a large
weakness. An insurance package would need to be developed so that the

UAYV operators are fully covered when operating their craft within strict
guidelines, along with public liability and professional indemnity insurance for
the supplier.

Opportunities

The commercial UAV market currently has little competition and is primarily
served through custom-built, research-orientated aircraft - particularly in the
specialised meteorological fields. Providing consultation and user friendly
UAVsin related fields such as agriculture would provide an effective solution
to increase both productivity and safety in rural Australia.

The commercial UAV market promises rapid growth in the near future, with a
large potential market both in Australia and internationally.

Threats

Since a number of established aerospace companies service the defence sector,
it islikely they would seek to enter the commercial sector in earnest once
another player demonstrates it’s viability. Thiswill, however, require them to
develop significantly cheaper aircraft and provide customisation and
consulting services to users — a service we would expect to provide right from
the get-go.

With changing technology - particularly in the areas of safety and terrorism -
government legislation may pose athreat to the viability of the product.

4 Agricultural Commaodities, Australia 2003-2004
http://www.abs.gov.aw/AUSSTATS/abs@.nsf/productsbytitl e/2829A 5E125F18442CA 2568A 9001393
FC?OpenDocument, Viewed 3/3/2006




Within the navigational planning for flights, keep-out areas would need to be
introduced to prevent users from flying in dangerous or restricted
environments. Furthermore, secure in-flight reprogramming of the aircraft
would be an expected policing measure so that aircraft can be redirected as
needed by appropriate authorities (e.g. registered air traffic controllers).

7. Conclusion

The importance of autonomous operation is becoming more and more apparent in
today’ sworld. The cost of labour in rura areasisincreasing, while the work to be
done, and areato be covered, isincreasing. Thereis huge potential for autonomous
UAVsin thismarket. Similarly, intimes of conflict human life is unnecessary put at
risk operating vehicles, such as aeroplanes or UAV's, which should be capable of
piloting themselves.

Figure 3 La Trobe University baseball diamond. Taken 17/05/2006

The traditional barrier to use of autonomous UAV technology, particularly in the
commercial sector, has been cost. The purpose of this project isin no small part to
show that afully functional UAV can be developed and built in a short time period, at
afraction of the cost of equivalent commercial and military UAVSs.
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