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1 Introduction

The design and development of flying platforms is not a new concept, it has been an
ongoing task by the United States military since 1964 [1]. Billions of dollars have been
spent researching and developing uninhabited (or unmanned) aerial vehicles (UAVs) for
a variety of different purposes.

In the military field, UAVs could be considered as a cost-effective alternative for
important missions such as gathering electro-optical information, delivering munitions,
deceiving and jamming radars, and as targets for missile tests [2]. Civil applications of
UAVs are providing topographical data for geographical researches, agricultural
spraying, meteorological measurements at high altitude, pollution studies, traffic reports
and a large range of other applications [3].

Many of the applications above use or obtain information. There are currently two ways
in which UAVs can relay information. The first is by the use of wireless
communications such as satellite communication, this method is currently been utilised
by UAVs such as the RQ-3A DarkStar Tier III Minus [4] and Predator [5]. The second is
by information storage to a hard drive of some description which can then be read upon
return of the UAV. This is currently being used by the Australian military to track
"rebels" and "gangs of thugs” on the Solomon Islands, it is used as it is more secure than
sending transmissions that maybe intercepted [1].

UAVs are more preferable to manned aircraft as a result of the reduced expenses and a
lesser restriction of flight destinations. For example, fuel costs are generally lower, there
are no pilot costs, and they are able to enter toxic environments with no major cause for
concern. For these reason and many others the UAV market is expected to grow by a
compound annual growth rate of 12.2% and have an annual revenue of $6.78 billion by
the year 2008 [6]. Therefore the importance and relevance to real world applications can
be seen and forms good reason to undertake this project. Further information on UAVs is
discussed in Section 2.2.

This project is a continuation of the work that has been undertaken by students at the
University of Exeter since 2001. Its final goal is to design and develop an autonomous
unmanned aerial vehicle (AUAV). The work set was based on the suggestions
formulated by the 2003 group. Its aims were to adapt the current design to enable an on
board power supply, use an IC engine, and increase the reliability of the control system.

This report covers the management of the project, aspects of propulsion, and then
concentrates on control sensor manipulation.
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2 Background Research

The concept of an autonomous flying platform is not new, however it is a difficult
concept to grasp when approaching the field of avionics for the first time. Therefore
before work was set on project objectives, background research was necessary to give an
indication of what aspect will be involved in the design and development of flying
platforms. Thus the project reports of the previous years were analysed and a internet
search on current UAV's were performed.

2.1 Flying Platform Definition

The definition of a flying platform as stated by [7] reads “a device that can take off
vertically, can hover, and has a gross weight of less than 1000 1bs”. The definition of
autonomous is “Able to act independently. In the case of Swift, this means that the
spacecraft can repoint itself without ground controllers feeding it commands” [8]. This
implies that there must be an incorporation of a propulsion and control system which
must work in unison to achieve the overall objective of stable flight. The next section
will discuss current UAVs their purpose and other important factors.

2.2 Unmanned Aerial Vehicles (UAVs) to Date

UAVs can be either autonomous or semi-autonomous i.e. controlled remotely. The area
that this project is concerned with is autonomous, although some semi-autonomous
UAVs can provide the necessary scope to enable a better understanding of certain
operations.

2.2.1 RQ-2 Global Hawk

The "R" is the Department of Defence designation for reconnaissance; "Q" means
unmanned aircraft system. The current range is RQ-1 to RQ-7. Each Global Hawk costs
$15 million to manufacture. This UAV is over 40 feet long, and thus requires a very
large run-way for take-offs and landings. Controlled by a human operator, not an on-
board computer, the Global Hawk can stay in the air for as long as 40 hours. In that time,
and without stopping once to re-fuel, it can travel 3,000 miles to its target, focus upon an
area of up to 3,000 square miles, from as high up as 65,000 feet. This area can be
analysed by the use electro-optical, infra-red and Synthetic Aperture Radar (SAR)
cameras to take pictures of the ground. This information can then use wireless
technology or satellites to transmit those pictures in "real time"; and then return back to
its base station. The Global Hawk was first used by the Department of Defence to help
NATO bombers spot potential targets in the 1998 war over Kosovo [1]. A picture of the
Global Hawk can be seen in Figure 2.2.1.1.

Figure 2.2.1.1. Global Hawk [1]
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2.2.2 General Atomics’ RQ-1 Predator

The Predator as shown in Figure 2.2.2.1 is quite similar to the Global Hawk, it also
requires a human operator and a long run-way for take-offs and landings. But at $4.5
million each, the 27-foot-long Predator is cheaper and smaller [5]. As a result, it is worth
the risk of being sighted and shot-down which explains why the Predator is normally
flown at relatively low altitudes of 25,000 feet and below. Predators were first deployed
for reconnaissance and surveillance operations ("RQ-1") by the US military during the
1995 civil war in Bosnia. Since then Predators have been used more extensively, for
instance the USA's assault on Afghanistan in October 2001 [9]. Although they were not
used in the March 2003 assault on Iraq as 12% of them crashed in 2001 as a result of bad
weather and technical problems [9].

Figure 2.2.2.1. Predator [5]

2.2.3 Sikorsky’s Cypher

The Cypher as shown in Figure 2.2.3.1 can be relatively small with some versions only
being 8 feet tall, 3 feet wide, and a weight of 30 pounds, which allow it to enter
buildings as well as hover above or land on top of them [9]. The uniqueness of the
Cypher isn't simply a matter of its small size and manoeuvrability. Unlike the Global
Hawk and the Predator, the Cypher is a fully automated uninhabited spy plane, it simply
needs to know where to go to find its targets. Once given this information, the Cypher
can launch itself vertically, like a helicopter and can use the military's network of Global
Positioning Satellites (GPS) to find out where its launch has placed it. It uses a variety of
on-board cameras to see where it needs to go, and purposely built internal computer
programs to inform it that it has reached its destination, what to do, and when to return to
the base station [10].

Figure 2.2.3.1. Cypher [1]
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2.2.4 RQ-3 Darkstar

The DarkStar as shown in Figure 2.2.4.1 was a low observable tactical reconnaissance
UAV designed by The Lockheed Martin Skunkworks. It is remotely controlled by a
computer, and can hover over high threat areas whilst being invisible to detection. At
$10 million it would have provided an affordable, near real time, continuous, all weather,
wide area surveillance in support of tactical commanders. It can fly at an altitude of
45,000 feet, and could hover over a target area 500 miles from its launch site for eight
hours, evading detection and defence with its low observable design. The Department of
Defence cancelled the Dark Star UAV program in February 1999 due to budget cuts.
Given a trade-off between stealth and range, the Air Force chose the range of the non
stealthy Global Hawk over Darkstar's stealth [11].

Figure 2.2.4.1 DarkStar [4]

2.2.5 The Hoverbot

Of all the UAVs investigated the Hoverbot was the most informative as it was closely
linked to the group’s current design and it exhibited the same budgetary constraints. The
Hoverbot was the result of similar University project to this one, carried out by the
University of Michigan.

The Hoverbot had four rotor heads and four electric motors to complement them. It also
comprised of eight sensors for control, these included; three gyros primarily used to
measure the rate of rotation about the roll, pitch and yaw axes and control the damping.
Three accelerometers to measure accelerations in the x, y, and z directions, and were
used for the overall control. One ultrasonic sensor for close proximity height sensing, to
an accuracy of a few millimetres, and one fluxgate compass for heading information to
+0.5°. The fluxgate compass could not replace the gyro 6 because of its slow sampling
time e.g. in the order of 0.4 seconds [12].

The design of the Hoverbot led to understanding of the current platform in the sense of
rotor or ducted fan position. L.e. “the distributed weight of the 4 rotor heads increases the
moment of inertia and thereby the time constant of the system” [12] this in turn enables
more time to sense changes and correct them, hence explains the current position of the
ducted fans in the current platform design.

This design also gave an insight into how the current platform can be controlled. Figure
2.2.5.1.a shows that increasing two adjacent fans will cause the platform to tilt and create
a thrust component perpendicular to side that was raised.



Liam Dushynsky 4™ Year Group Project 5
The Design and Development of a Flying Platform

Figure 2.2.5.1.b shows that by having counter rotating fans the platform should stabilise
itself with respect to yaw, which is the horizontal rotation of the platform. Although this
will only hold true if the moment induced on each fan is the same, as the reactive force
of the blades against air must cancel each other. By using this information the platform
can be forced to rotate right or left depending on which pair is increased.

The height control of the platform can be achieved by collectively increasing or
decreasing the power to all four motors in normal operation, or by increasing or
decreasing opposite pairs when performing horizontal rotation.
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Figure 2.2.5.1. Controlling the Hoverbot [12]

The Hoverbot also touched on control issues that may be useful for controlling the
current platform. For instance the main control block or Multiple Input Multiple Output
(MIMO) where all the sensor information is fed and then manipulated in such a way that
it can control the motors accordingly, [12] states that for complete control and
stabilisation, each output must be affected by all inputs. This may be implemented by the
use of complex compensation algorithms.

The actual control of the Hoverbot was never implemented and tested fully. A prototype
was built, but soon after funding ran out and they were forced to stop the project.

2.3 Conclusions of UAVs to Date

As can be seen from Section 2.2 it is clear that the possibility of being able to develop a
fully autonomous flying platform is feasible, though it generally requires vast amounts
of money and expertise. This research demonstrated that the main aspects to consider
whilst designing flying platforms are issues of control, structure and propulsion.

Control can be broken into two discrete sections, height and stability. The height control
manipulates the vertical motion of the platform, it is the simplest to implement and can
be achieved by the use of several different methods. Such methods include the use of
accelerometers, ultrasonic sensors and GPS etc.

The stability control will affect the platforms ability to stay level, manoeuvre, and stay
airborne. It is normally very difficult to achieve and requires accurate sensors such as
gyros, complex compensation algorithms, and complex electronic circuitry.

The structural design is very important. It has to be as light as possible whilst still
maintain structural integrity during flights. It also dramatically affects the stability of the
platform as it dictates the majority of constants in the control algorithms. The most
common type of failures associated with flying platforms are due to inadequate stability
control [9].
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The propulsion system of a platform must also take great priority. It is generally the
heaviest component of a platform and dictates how the platform is controlled. There are
several options for propulsion systems; current designs include Internal Combustion (IC)
engines, gas turbines, and electric motors. By making a choice on the drive part of the
system you must also remember to incorporate the drive necessities e.g. nitro methane
fuel or battery cells etc.

2.4 Analysis of Previous Groups’ Efforts

It was evident from reading the 2003 reports, that the main issues they covered were the
stability control, structural design, and propulsion aspects of the platform. They achieved
a lot in the time given. They fully designed and constructed their structure and control
circuitry. They also researched, ordered, and incorporated five ducted fans into their
structure. They managed to test the stability control in one axis with relative success,
and performed several tethered flights.

However, their control circuitry was prone to excessive drift, and the sensors they used
were constantly failing. They did not perform complete autonomous flight. As they
could not source a power supply light enough to go on the platform and powerful enough
to power the ducted fans. As a result they used very large and heavy batteries and
attached them to the platform via an umbilical cord.

Several recommendations were formed by the group members and these include [13]:

¢ Implementation of Digital control — to reduce the control system to just sensors,
processor and fan motors, allowing flexibility and change of control values.

e Use an Inertial Measurement Unit (IMU) — to replace all the current unreliable
Sensors.

¢ Develop control theory in parallel with physical improvements.

e PID and PD improvement — in the area of matching and varying time constants.

e Widen operation amplifier operating regions — to gain a more accurate and
responsive voltage range.

¢ (Consider counter rotating fans — to reduce yaw effects.

¢ (Consider anhedral design or design for effective mass distribution — to create
inherent stability.

e Research new battery technology — to drive current electric motors.

¢ Investigate applications of current power sources — to determine if there is
another way to obtain the power required to drive the electrical control fans.

This information when coupled with the research into UAVs and discussions with all the
group members and project supervisors helped form the product design specification
(PDS). More detail on the PDS is discussed in Section 3.1.
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3 Project Management

Project management has evolved in order to plan, coordinate and control the complex
and diverse activities of modern industrial and commercial projects. Its purpose is to
foresee or predict as many of the dangers and problems as possible and to plan, organise
and control activities so that the project is completed as successfully as possible in spite
of all the risks. Project management starts before any resources are committed, and must
continue until all work is finished. “The aim is for the final result to satisfy the project
sponsor, within the promised timescale and without using more money and other
resources than those that were originally set or budgeted” [14].

3.1 Product Design Specification (PDS)

The end result of a project must be fit for the purpose for which it was intended.
Therefore it is important to define exactly what was expected of the group from the onset
of project. At the beginning of the project an initial PDS was formed [Appendix 1]. This
document was important as it dictated the initial organisation of the group and its set of
objectives.

Although this PDS listed what was expected from the project, it was subject to
change provided the changes made were justified with relevant information. An example
of this was the initial concepts of batteries. It was disregarded as there are none currently
available which have the required power to weight ratio necessary for platform use.

3.2 Initial Group Structure
Initially it was decided that within the group there must three fixed positions. These
positions consisted of:

e Chairman — to conduct and chair meetings, and to ensure that deadlines were
set and met each week.

e Treasurer — to ensure that all moneys spent on the project were properly
budgeted and accounted for. Also to make sure that the project supervisors
were consulted before any large purchases are made.

e Secretary — to accurately minute each meeting so that there is a record of the
discussions and deadlines covered. These minutes would then be used for
future reference and to resolve any disputes.

These positions were set throughout the whole duration of the project so that continuity
existed. The position of Chairman was allocated to Liam Dushynsky, Treasurer to Kevin
Lowis, and Secretary to James Mackenzie-Burrows.

After this initial allocation the group structure took the form of Figure 3.2.1. This
structure resembles a project team organisation structure as it consisted of a team that
has been specially assembled for the specific purpose. The project manager is in direct
command, with complete authority for directing the participants so that the project meets
all the objectives [15].

This structure is also flat which is ideal for communication throughout the group, but it
does have its drawbacks, the main one being that the project manager needs to be able to
understand how all the various participants operate, and to appreciate at least in outline
their particular skills, working methods, problems and weaknesses. This demands a
fairly wide degree of general experience.
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Figure 3.2.1. Initial Group Structure

3.3 Group Organisation

It is obvious that if all the project objectives are to be achieved, the people,
communications, jobs and resources must be properly organised. But the form which this
organisation should take might not be so obvious. Effective organisation will ensure that
clear lines of authority exist, and that every member of the project knows what he or she
must do to make the project a success. This was the goal of the management throughout
this project.

After the initial group structure had been decided upon, the way in which the group
would operate had to be confirmed.

3.3.1 Meetings

There was a group decision on structure and times of the meetings. It was decided that
unofficial group meetings would be held every Monday at 10am, so that the progress
over the weekend could be discussed, and official meetings with supervisors would be
held every Thursday. The meeting times were chosen as to not conflict with any of the
group members timetables, and it allowed for certain rooms to be booked for the
duration of the project at those set times. The meetings followed a consistent structure.
This structure can be seen in [Appendix 2].

Meeting agendas were made available to each of the group members and supervisors
prior to every meeting. As can be seen from [Appendix 2] the agenda consisted of
numbered sections that were relevant to that particular meeting and date, e.g. 30/10 6.3,
referred to the 30™ October, the 6" meeting, section 3 which is the Chairman’s report.
This was done so that the minutes could match up to the meeting.

The minutes of the meeting served several purposes throughout the duration of the
project. They displayed a list of attendance, which was used to check when certain
members of the group were absent. They were a record of when ideas and concepts were
first discussed and they illustrated any problems that group members were having at any
particular time. They also listed all the tasks that were set during the meeting or that
were already pending. This was so that group members could check their records in their
log books and compare it to what was actually noted so that any confusion could be
rectified before the next meeting. A copy of the minutes can be seen in [Appendix 3].
Like the agendas they were made available to all members of the group prior to the
meeting.
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3.3.2 Section Allocation

For the group to work effectively as possible, areas of work were not initially set by any
one person. The group as a whole reviewed all of the previous year’s reports and
concluded which sections they believed they would like to pursue. By doing this all
members actively took responsibility for their particular sections, and there was no cause
for resentment within the group.

This section allocation was susceptible to change throughout the duration of the project.
There were numerous reasons for the possibility of change the main one being a
realignment of resources as to ensure that critical tasks were met.

3.3.3 Communication

Efficient organisation and communication is essential for motivating all the group
members. A well-motivated group can be a joy to work with and will generally produce
good results. Whereas a badly informed group, with vague responsibilities and
ambiguous levels of status and authority, is likely to be poorly motivated, slow to
achieve results, and extremely frustrating to work with.

The prerequisite of good management communications is the provision of adequate
feedback paths through and across the group. This allows progress to be monitored,
difficulties to be reported back to the project manager and advice to be given on any
problems that arise.

Communication was achieved by several different means throughout the duration of the
project. The most obvious was at group meetings where all group members were present,
and discussions of problems, current progress, and expectations could be carried out.
Another method of communication was via the internet which allowed for
communication of information over weekends and other periods of time where contact
between members was difficult. The last and probably most effective method of
communication was the introduction of core time. Core time was set in place to make
sure that all members of the group were on the university campus at set periods of time.
These times were set at 11am-1pm every Tuesday, Wednesday and Thursday, although
each week did vary depending on the current circumstances. This enabled group
members to ascertain information from other group members almost instantly. The lab in
which the group worked in had a white board which was dedicated to this time. The in-
out board can be seen in Figure 3.3.3.1. This was used to show where all the group
members were during core time. It was found to be so effective that it was commonly
used at other times as well.
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Figure 3.3.3.1. In-Out Board
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3.3.4 Information

Information exchange is a result of communication. For the group to be effective
information had to be shared with ease. There were several ways in which the group did
this. The main method was by handouts at group meetings, this was usually done when a
group member was explaining his or her work within the meeting. Another method was
by WebCT.

WebCT 1is a program designed by Exeter University and its role is to act as an
information storage site on the internet that can be accessed from anywhere, providing
the right username and password are inserted. WebCT is where the minutes and agendas
for each meeting were stored. Folders were also set up that covered different aspects of
the project, these folders could then be added to by posting information into them. For
instance, all project management files that were created by the chairman were put into
the project management folder. This could be accessed by any of the group members
from any location, which allowed them to review the project status whenever they
wanted to without seeking consultation from the chairman. Once WebCT was up and
running, a file was created that listed the last five updates. This was done to save time in
searching for newly uploaded files through all the various folders. Screen shots of
WebCT can be seen in [Appendix 4, Figures 4.1 and 4.2].

The last method used to display information was the use of the whiteboards and walls in
the workshop. The white boards were used for either teaching purposes between group
members or for keeping other members informed of the current situation, i.e. pending
tasks. The walls were used to display project management information. Large versions of
the Project analysis, in the form of Gantt Charts, Tracking Gantts, and Network diagrams
were printed out and attached to the wall for all group members to see and relate to.
More information on the Project analysis can be seen in Section 3.4. An example of this
method can be seen in Figure 3.3.4.1.

Figure 3.3.4.1. Tracking Gantt displayed on the workshop wall

3.4 Project Analysis

The need for project planning has always been present in project coordination. Ideally
strategic plans are made before the start of an operation and by following them; the
operation is successfully concluded [16]. However this is not the case as operations
rarely go according to plan. This was evident within the early stages of “The Design and
Development of the Flying Platform” project.











































































































































































































































































