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Abstract

This project investigates three different aerial target systems and looks for a new
method for recovering them to a geographically challenging land area. This new method
was to be applied specifically to MOD (Ministry of Defence) Aberporth Range. It
attempts to find a solution by conducting research into possible solutions that could be
used, then creating a unique solution for the unique problem requirements. The solution
that was found for system one and two was, firstly to use the manufacturers information
and tailor it for lower altitudes. Then look at the wind direction and the varying land
heights for the Range. Using this information gained limitations for recovery were
created to maximise the possibility of land recovery. System three required a unique
method be created due to the lower altitude recovery heights than usual and gaps in
manufacturers information. This was done by extrapolating the manufacturers
information and applying trigonometry to confirm the theoretical calculations. These
theoretical results for each of the three systems were tested to confirm their accuracy,
ten test flights and recoveries for each system were carried out. The results showed that
the theoretical calculations were greater than the test flight results, this means the
theoretical results and created safety trace was suitable. The potential fitted OME
(Ordinance, Munitions and Explosives) when conducting recovery was also investigated.
This showed that given varying situations upon recovery that worst case scenario for the
OME was deflagration. It was however decided due to environmental reasons that all

OME should be used prior to attempting land recovery.
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1 Introduction

This report will look at land recovery methods for three different UAT (Uncrewed Aerial Target) systems at
MOD (Ministry of Defence) Aberporth. It was required that the availability of the land recovery option for
different UAT systems at Aberporth be increased while the risk rating remain unchanged. An investigation
was carried out into a means of maximizing the amount of wind that can be tolerated for land recovery,
whilst containing the recovery area to the Range boundary and avoiding the ammunition storage facility
{magazine) as well as occupied buildings. To do this firstly, research was carried out into UAT existing
recovery methods to see if any existed and could be used. Due to the gap in the literature, work was carried
out to explore a new method looking at the tolerable levels of wind for land recovery, whilst considering the
geographical area. Theoretical work was carried out into the possible options to maximise wind for the three
systems at Aberporth. Once this had been completed, agreed and approved the theoretical calculations
underwent recovery test flights at other Ranges. This was to see whether the target falls within the
calculated area, with the findings of the theoretical and test results being compared and discussed, before

concluding.
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2 Background

2.1 Uncrewed Aerial Vehicles (UAVs)

2.1.1 Applications

In recent years, the popularity and abundance of drones has increased dramatically, this is due to the cost
of the systems decreasing as well as an increase in their capability and ease of use. Drones are now being
utilized in a wide variety of different industries for varying tasks as well as being used and readily available
for hobbyists. [1] Examples of some of the industries that are utilizing these systems are the agriculture
industry, civil engineering, defence, videography and photography. A future application that a great deal of
research is going into is the use of drones for delivery of packages and products, with testing and

certification for use currently ongoing by a variety of companies. [2]

Firstly, looking at the agricultural industry they are using these systems to manage animal stock and
checking vast areas in a short amount of time. There are also other technologies being incorporated into
these systems such as using machine learning to conduct agricultural soil sensing. [3] As previously stated,
they are used in civil engineering to aid with construction, maintenance and architecture. These systems

can be fitted with a wide range of sensors and cameras to carry out a variety of different tasks. [4]

As can be seen on the news drones are widely used for varying military applications, examples of where
these systems have been utilised in recent conflicts include Iraq, Afghanistan, Syria and now in Ukraine.
These systems are used for multiple reasons including surveillance, reconnaissance, EOD (Explosive
Ordnance Disposal), providing aerial support to ground troops, logistics, precisely targeting enemy

positions, training, testing, direct offensive, search and rescue. 5]

2.1.2 Ethical issues
There is a great deal of distinction on the ethical issues associated with the use of drones for military

applications. The main ethical issue with using these uncrewed systems is their use for direct offensive
attacks, especially with the readily available off the shelf systems being easily convertible to an instrument
that can be used in armed conflict. The other main issue is the lack of regulation and governance that
surrounds these systems and how their export controls are conducted. [6] This is due to the ever-evolving
technology, the rapid pace that modern warfare is changing and the struggle of policy to keep up with
these changes. These systems are very much a controversial method of delivering lethal force due to the

dissociation of the system controller with the end effects. [7]
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In contradiction to the previous statements, there are however benefits to these systems due to them
removing personnel from dangerous situations. They are also able to be used to gather critical information
to aid in reducing mission risks as well as support and give aid to troops. Examples of this have been shown
across social media and news platform with medical supplies being delivered to injured personnel. [8]
[9]Another example is British Aerospace development of an evacuation drone which can carry an injured

person to safety. [10]

2.1.3 Governance
Aviation regulation falls under two broad categories: civil aviation and military aviation. Whilst not directly

driven by the health, safety and environmental protection legal requirements, both civil and military
aviation safety in the UK (United Kingdom) is closely related. Many aspects of aviation operations remain
subject to the Health and Safety at Work Act. Aviation safety generally follows the principles and
conventions established by the ICAO (International Civil Aviation Organisation) and the supporting Air
Navigation Commission, which establishes various standards, recommended practices and procedures for
air navigation services for adoption worldwide. Most countries around the world, including the UK,
therefore regulate aviation in a manner that both recognises and complies with ICAO principles,

conventions and procedures. [11]

The UK are now in the process of improving the governance and control of uncrewed aerial systems by
developing their regulations. Any UAV operations in the UK under the Civil Aviation Act and Air Navigation
Order Article 265, states they must be compliant with the provisions of UK Regulation EU (European Union)
2019/947 as retained and amended in UK domestic law under the EU Withdrawal Act 2018. The guiding
principles, based on those established by EU UAV regulations, is that the level of oversight and the
associated regulatory controls are proportionate to the level of risk associated with the distinct categories
of UAV operation. Lower risk operations involving smaller, low mass drones operated far away from people
therefore attract the least onerous requirements for safe operation. Other systems might require that a
SORA (Specific Operational Risk Assessment) process developed by JARUS (Joint Authorities for Rulemaking
on Unmanned Systems) be followed. This focuses on Specific category UAV operations and containment of
the operation within a defined and assessed operating volume as a method to manage ground and air risk.
SORA is also recognised within MAA RA 1600, the regulation governing Remotely Piloted Air Systems [12]
and the MAA RPAS Manual [13].




Investigation into land recovery method for uncrewed aerial targets

2.2 Aerial targets
One area of UAVs that are used by the military frequently are UATs (Uncrewed Aerial Targets), these

systems are used for trials, training, test and evaluation. Aerial target systems offer an opportunity to test
many distinct types of weapon systems utilizing one affordable and reusable system. They fly a wide
variety of speeds and have excellent manoeuvrability profiles, which offers a high degree of versatility.
They are used to meet a wide variety of engagement training requirements such as end-to-end weapons-
release training roles, including surface-to-air and air-to-air dog fighting. They can also be used for specific
weapon system requirements, they do this by utilizing different payloads and augmentation techniques.
They can carry both internal and external payloads some examples of these are chaff, flares, electronic
countermeasures, infrared augmentation, passive and active radio frequency augmentation as well as
vector and scalar proximity scoring. [14] Although many people believe that drones and this technology is

new it has been around for over one hundred years.

2.2.1 History

The original aerial targets did not have all the features described above and were considerably more basic
in design, one of the first target drones was developed in 1917 during the First World War. The image
below in Figure 2-1 depicts an example of one of the first aerial targets developed during this period. As
can be seen in the image this system was extremely basic, it took off and was recovered by using the skids

on the bottom of the aircraft on a runway. [15]

|
2
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=

- g

Figure 2-1- World War 1 original aerial target [15]
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As conflict progressed and aerial fighting became more commonplace, there was an increase in demand
for not only innovative technology but for new and novel solutions. This change gave hirth to the Jindivik
aerial target system, these systems were first developed and used in Australia, with the first flight for the
system being in 1952. The name Jindivik originates from an Australian Aboriginal word which means the
hunted one. [16]These systems were adopted into the United Kingdom by the MOD and were frequently
flown from Llanbedr in North Wales. The system was radio controlled, launched from a runway and

recovered to a runway by skid landing on deployable skis, this system is shown below in figure 2-2.[17]

Figure 2-2- Mid 1900 aerial target system (Jindivik) [17]

Other countries have also got their own solutions in varying forms with new systems constantly under
development. One example of a unique solution was the United States of America using an old F86 Sabre
and retrofitting a remote piloting capability to it. This was due to these systems being no longer of use with
new systems developed for use making them obsolete. Rather than scrap them they were used as target
practice for training as well as testing new weapon system capabilities. [18] Figure 2-3 below depicts an

image of a US Air Force F86 sabre.

11
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Figure 2-3- Image of US Air Force F86 sabre [19]
This then gave the way for the modern aerial targets that are now commonly used and are a vast
improvement on their predecessors. They are launched from a launcher meaning that a runway is not
required as well as being smaller in size and smaller teams needed to run the systems. An image is shown

below depicting the current aerial targets being launched in figure 2-4.

Figure 2-4- Current aerial target systems [20]

2.2.2 Recovery method

The new systems as depicted in figure 2-3 previously are recovered differently to their predecessors due to
their simplicity as well as being much smaller. These systems are recovered by parachute either in a big
open space with nothing around or to an open area in the sea. These parachutes are deployed by two
options, the first is a command sent by the remote pilot, the other is if the signal from the remote pilot is

lost for a fixed time, then it deploys. The parachute is deployed by a high integrity electranic system which

12
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either sets of a small gas charge, mechanical spring or explosive charge. This firstly deploys the drogue
shoot, which is a small parachute that when it catches the air flow pulls the lines and main shoot out ina
controlled manor whilst slowing the aircrafts speed. This is because if the main shoot were instantly
deployed the forces of the aircraft travelling forward against the force of the open parachute would rip the
parachute apart. Once the drogue shoot has slowed the aircraft and opens the main shoot the system will
then make a controlled decent on the main shoot for recovery. The image shown below in figure 2-5 is an

example of one of these uncrewed aerial targets being recovered on its parachute.

Figure 2-5-image of UAT falling on parachute. [21]

2.2.3 The three systems

The three systems have not been named in this project, this is due to the systems information being
proprietary, therefore there should be a distinction between each system and its information. For this
reason, the systems have been named system one, two and three. System one and two have a similar
airframe shape, parachute deployment method and weight, the difference between system one and two is
one is powered by a propeller with the other being propelled by a jet engine. System three has a different
airframe, deployment method and parachute to the first two systems and is propelled by a jet engine,

meaning it will be treated separately to the first two.

13
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2.2.4 Problem at hand

The reason for this investigation is when the system is recovered at sea it is a costly process which has a
long turnaround time, requires many hours worked, requires replacement of components due to
contamination, and requires a vessel with personnel aboard to be used to recover it. There are two
primary areas of investigation for this project these are the OME issues and the topography of the Range.
The OME investigation will look at scenarios the system could encounter when land recovering and what
the effect on the OME would be. An investigation will also be carried out to look at the effect of what
would happen to the stored OME if the system were to hit the magazine compound. Depicted below for
reference in figure 2-6 is an image from Google Earth of Aberporth Range boundary and the magazine
boundary. These are the areas that are required to be avoided on recovery, it also depicts a red arrow

illustrating the direction of flight when heading for land recovery.

durdated inter cept

Figure 2-6- Image of boundary and direction of flight from google earth.

2.2.5 Gap in the literature

A literature review was carried out into recovery, the first area where research was carried out was into
the manufacturer information. The information from the manufacturer for the three systems is for sea
recovery from set altitudes which was not suitable for use, these sources of information have not been
referenced due to their sensitivity. The reason they are not suitable is because the aim is to recover these
systems to land and from altitudes much lower than that stated in the manufacturers information. Some of
the information gathered from the manufacturers information however will be used to aid in the

development of a new recovery method.

Two Methodologies were found for land recovery of these systems, one being the Manorbier methodology

and the other being Hebrides methodology. [22] [23] These methodologies in their current form are not

14
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suited to be used either, due to the land recovery area being much larger for the two Ranges where the
methods are created for. They are also not formalized reports and are only rough workings out which have
not undergone scrutiny, technical assurance or in-depth peer review. This meant an investigation would
also be required into the validity and providence of these methods if they were to be used. Due to this
limitation as well as the limitation they would impose because of the smaller Range area, it would make

land recovery impossible to achieve.

Research was carried out for other sources of information which were pertinent to the UAV field, this
found two papers ‘Parachute deployment system for safe recovery of a drone’ [24] and ‘An overview on
the parachute recovery systems with additive manufacturing for UAV safe landing’ [25]. These papers
however were also found to be inapplicable due to them being more associated with smaller readily
available off the shelf UAVs, rather than larger UAT systems. These systems were also more of a last resort
if all systems fail and the system was falling from the sky, that a parachute would deploy to slow its decent

rather than using it as an actual recovery method.

Due to this gap that was found and the lack of further verified sources within the UAT information for this
given problem similar industries were researched. This found that similar work was carried out in the space
sector, this was for first stage rocket motors returning to earth on parachutes. This information was unable
to be used due to them recovering these systems to the sea and deploying the parachutes from high
altitudes. Other methods of recovery for the first stage motors are Space X Falcon 9 recovering vertically
onto remote sea platforms. [27] This was not applicable to these systems either, as the systems
themselves would not be able to achieve this functionality. Another example found was a report on the
Mars Precision Landing Using Guided Parachutes by John McKinney and Charles Lowry. [26] This method
used propulsion of the payload to aid in guiding the parachute to the desired landing location meaning that
this was also inapplicable. This means these solutions would sit outside the scope of this work but could

lead to some potential future work where new systems with this functionality are investigated.

One other unique method of recovery was found within the space sector where Rocket Lab attempted to
recover a booster using a helicopter. [28] The attempts to date have been unsuccessful as well as coming
with a great cost associated with it meaning it was discounted as a feasible option. As these systems are
constantly evolving and undergoing development with research currently being carried out in this area,
there could be new solutions in the future. Currently however there is no applicable solution that was
found. Due to the novel problem at hand and lack of literature that was applicable in the field a new

method for recovery was required to be created and tested.

15
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2.2.6 Reasoning for new method

As explained previously there is a gap in the literature due to the applicability of previous work carried out
in the area. This section will discuss the reasoning that the “Manorbier methodology’’ [23] was not
applicable for use but how the methodology works and can be adapted for Aberporth Range. This
methodology was read and taken back to first principals to ensure the logic that was used was correct. This
method was only applicable to system one and two due to the similarities previously discussed. This means
that the calculations used for these two systems are the same. The information and principals in this
methodology have been combined with manufacturers information so that the drift distances of these two
systems could be calculated, this was done so that lower altitudes than stated in the manufacturers

information can be calculated.

The first thing that was required to be calculated was how far the system will fly before the parachute has
fully deployed onto the main chute, this is called the “still air termination distance’. This calculation only
considers three factors: the max wind speed of the aircraft, aircraft speed and the system delay. This
equation is shown below in 2-1.

SATD = ((MWS + ACS) * SD)

Equation 2-1- Equation for still air termination distance
Where:

SATD= Still Air Termination Distance

MWS= Max Wind Speed m/s

ACS= Aircraft Speed

SD= System Delay
The system when heading in for land recovery will be flying at a speed of 55m/s with a system delay of 3 s
and a maximum wind speed of 15.5 m/s, this information was as per manufacturer instructions. The
calculation for the still air termination for these systems is shown below in equations 2-2. This considers

the worst-case scenario where the wind is directly behind the system coming into land.

SATD = ((15.5 + 55) * 3)=211.5 meters
Equation 2-2- System 1 & 2 SATD calculation

The next thing to be calculated was how far the system will drift when at sea level, this was to give a base
line before considering the height the recovery location is on land. The equation for this total drift distance
at sea level is shown below in equation 2-3.

TDD@ SL = SATD + ((0.2 = WS) = A)
Equation 2-3- System 1 & 2 TDD at sea level

16
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Where:
TDD@ SL=Total Drift Distance at Sea Level
SATD= Still Air Termination Distance
0.2= System 1 & 2 manufacturers table calculation constant
WS= Wind Speed
A= Altitude

Table 2-1 below uses the equation above to show the total drift distance at sea level for system 1 and 2 at
varying wind speeds, given an altitude of two hundred meters. This shows the drastic difference that

varying wind speed has on the drift distance of the system.

Wind speed (m/s) SATD (m) | Altitude (m) TDD @ SL (m)
25 211.5 200 311.5
5 211.5 200 411.5
7.5 211.5 200 511.5
10 211.5 200 611.5
12.5 211.5 200 711.5
15 211.5 200 811.5

Table 2-1- drift distance at sea level

Now that the drift distance at sea has been calculated and methodology for this created it was used to
calculate higher altitudes, this is to compare with the ones that are listed in the manufacturer tables. It was
found that the drift distance at sea calculations using this method at these altitudes matched what was in
the manufacturer tables. This meant that the methodology was correct and could now be manipulated to
consider the height above sea level where the system would be landing. The equation below in equation 2-

4 gives the total drift distance on land taking the height above sea level into consideration.

TDD on land = ((0.2 * WS) = (A — HAL)) + SATD
Equation 2-4- System 1 & 2 TDD on land
Where:

TDD = Total Drift Distance

0.2= System 1 & 2 manufacturers table calculation constant
WS= Wind Speed

A= Altitude

HAL= Height Above Land

SATD= Still Air Termination Distance

17
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Table 2-2 below shows a table of the drift distances on land where land was taken to be eighty meters

above sea level. Eighty meters was chosen from survey data of Aberporth Range which cannot be

referenced due to its sensitivity. This height however was the lowest point on the Range which means that

it considers the worst-case scenario for the maximum drift of the system.

Wind speed (m/s) | TDD @ SL (m) HAL (m) TDDon land (m)
2.5 311.5 80 271.5
5 411.5 80 331.5
7.5 511.5 80 391.5
10 611.5 80 451.5
12.5 7115 80 511.5
15 811.5 80 571.5
17.5 911.5 80 631.5
20 1011.5 80 691.5

Table 2-2- Drift distance on land

Figure 2-7 below shows a graphical representation of the correlation between the effect that an increase in

wind speed has on the drift distance on land from the results that were gained and shown above. As can be

seen from the graph the relationship is linear meaning as the wind speed increases so does the drift

distance. This means that they are directly proportional to one another, hence where the 0.2 constant in

the manufacturer information comes from.

TOD on land (m)

800

700

600

500

400

300

200

TDD on land(m)

10 15 20
Wind speed (m/s)

Figure 2-7- Graph of the TDD on land vs wind speed
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Figure 2-8 below shows a map of the area for potential drift for varying wind speeds from 2.5 m/s to 20
m/s. The central ring depicts the lowest wind speed and lowest total drift distance, the area then increases
for the drift distance as the wind speed increases. This image depicts the problem and why this method
cannot be used because occupied buildings and the magazine are within the boundary when the wind
speed are above 5 m/s. This means that land recovery could only be conducted if the wind speeds are 5

m/s or below which is highly unlikely.

Figure 2-8- current method illustration.

The third system is different to the first two because although it uses a jet like the second system itis a
different shape and uses a different parachute, meaning that it requires its own calculations be carried out.
The equation that was previously used cannot be used in its current form due to the information supplied
by the manufacturer not giving a table of information that is usable at lower altitudes. This was the 0.2
constant that was previously stated and is in red below, as well as where it sits in the equation can be seen
below in equation 2-5.

TDD on land = ((0.2 * WS)* (A— HAL)) + ((15.5 + ACS) = 3)

Equation 2-5- TDD on land

19
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Where:
TDD = Total Drift Distance
0.2= System 1 & 2 manufacturers table calculation constant
WS= Wind Speed
A= Altitude
HAL= Height Above Land
15.5= Max wind speed m/s
ACS= Aircraft Speed
3= System delay

The graph below in figure 2-9 shows the relationship between drift distance and altitude for a 15-knot
wind speed as supplied by the manufacturer of the asset. As can be seen on the graph the relationship

between parachute drift distance and altitude is not linear as it was previously so a constant figure cannot

be taken as before.

15 Knots wind speed altitude vs parachute drift distance
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Figure 2-9- Graph of altitude vs drift distance at 15 knot wind speed.

2.3 Research Question

The research question for this project is, can uncrewed aerial targets be recovered safely to landin a

contained area enabling redeployment? This means a methodology needs to be created in accordance with

the requirements in the next section.
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2.4 Requirements
This project work package is being complete for QinetiQ and specifically looks at land recovery for MOD

Aberporth Range. The client required that an investigation be conducted into if it is possible for each of the
three aerial target systems be land recovered to the Range. As part of this it was required by the Range that:
* [t be contained within the Range boundary.
* Avoid occupied buildings.
* Avoid the magazines area.

* Ensure the residual risk level does not change.

This required that theoretical work initially be carried out which would then be required to be backed up by

real world test results. To be able to conduct the required work there was a need to:

e Be assigned time to carry out the work.
e Have access to the manufacturer information.

e Be provided with test flight information for each system.

This was required to make the use of aerial targets on the Range a more cost effective and efficient service

to the customers.

2.5 Aim and objectives.
To successfully meet the requirements above there was a key aim and some objectives that have been

identified. The aim of the project is:
+* To theoretically calculate then prove under test that all three UAT systems can be contained within
the desired areas of the Range for safe recovery to land.
The aim of the project has associated objectives to ensure that it can be successfully delivered, these are
listed below:
* Look at the feasibility of land recovery for the three systems.
* Refine the calculations.
* Plot drift distance area.
* Investigate hazards associated with OME carried when conducting land recovery.

e Testthe theory.

¢ Compare the test and theoretical results.
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2.6 Method

A method and plan were required to ensure the aims and objectives above are met, these are listed below:

10.

11.
12.

13.

Research and gain understanding of the current drift distances calculations for sea recovery and its
methodology for calculation.

Conduct checks on the current methodologies validity and see if there was any way to expand upon
it.

Use various computer software systems, mathematical calculations and carry out modelling for
potential options.

Assess if the parachute drift distance and the free fall distance for the different systems fit within
the Range boundaries.

Have the information gained peer reviewed with any changes required being carried out.

Read the insensitive munitions reports and any supporting documentation about the fitted OME.
Assess what the effect of different scenarios would have on the fitted OME and ensure the worst-
case scenario is no more than deflagration.

Look at if it would be tolerable to land in magazine compound.

The methodology will need to be tested completing a minimum of five recoveries per system in
varying conditions to gain the required results and prove the methodologies validity.

The tests will consist of a land recovery on parachute where the information from the flight log will
be gathered, looking at the recovery height against time and calculating its drift distance.

An average of each of the systems results will be taken and compared with the theoretical results.
The method will then be a standard method ensuring that certain stipulations and restraints are in
place and clear.

Share the knowledge that has been gained with others.
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3 Drift distance methodologies

As previously explained a hybrid model was required for systems one and two due to the current method
being an omnidirectional safety trace. This previous trace does not consider wind from different directions
or the different height above land on the Range. As could be seen from the map previously shown above,
the higher wind speeds encompass an area where there are habited buildings, the magazine area and leave
the Range boundary. The other problem was there was currently no method for calculating the drift distance

for system three at low altitudes as previously explained.

3.1 System one & two

It was required that a hybrid drift area map be created which will take the direction of the wind into account
as well as the different heights on the Range. The problem with taking one height above sea level for the
whole of Aberporths Range was that the topography level varies from approximately 80 to 120 meters. The
data used for calculating the land height has come from surveyed information supplied by Terrestrial
Surveillance Development and Analysis. The difference in topographical heights means the drift area in some
Range locations will be smaller than the one that was previously calculated. This is slightly counter intuitive
to what first might be thought, the reason for this is due to the distance and time the system falls for being
reduced. The area where the boundary fence is which cannot take winds above 5 m/s, is higher than that of
the rest of the Range. The drift distance for this area will be re calculated to consider the specific height
above sea level for this point, this in turn will affect the drift distance and area plotted. The formula used for

this can be seen below in equation 3-1.

TDD on land = ((0.2 « WS)* (A — HAL)) + ((15.5 + ACS) = 3)

Equation 3-1- calculation taking inot account land height

Where:
TDD= Total Drift Distance
0.2= System 1 & 2 manufacturers table calculation constant
WS= Wind Speed
A= Altitude
HAL= Height Above Land
15.5= Max wind speed
ACS= Aircraft Speed
3= System delay

The chosen height above land was selected to be 110 meters from the survey data, this number was
selected due to the lowest point on the fence line being 113 metres. Table 3-1 below shows the new drift

distances for the new height above sea level at varying wind speeds.
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Wind speed (m/s) | TDD @ SL (m) HAL (m) TDD on land (m)
2.5 311.5 110 256.5
5 411.5 110 301.5
7.5 511.5 110 346.5
10 611.5 110 391.5
12.5 711.5 110 436.5
15 811.5 110 481.5

Table 3-1- Recalculation for difference in land height

The next adjustment to be completed was done by looking at the areas where the higher winds had the

greatest effect, which were the fence line and magazine area. These areas maximum wind that could be

tolerated were calculated as well as the amount of wind that could be tolerated across the rest of the Range.

Considering the limiting wind speed in certain directions and the height above land varying new restrictions

can be put in place. These are to limit the max wind speed when blowing between 300-322 degrees to 5 m/s

and 7.5 m/s max when blowing between 027- 080, for the rest of the Range the max was 15 m/s. The angles

for the magazines and fence line have an added tolerance of two degrees either side as a factor of safety.

Table 3-2 below shows what wind limitations are in place depending on which direction the wind is blowing

in. It shows what the Ranges maximum total drift for certain areas that can be tolerated is, from these

numbers it clearly shows the total calculated drift sits within the required boundaries.

Description Bearings (degrees) Wind speed max (m/s) | TDD on land (m) | Range MTDD (m)
Magazines 120-142 5 3315 335.00 m

Fence line 208-261 7.5 346.5 390.00

Rest of Range | 0-119, 143-207, 262-360 | 15 571.5 575.00

Table 3-2- Table of Range bearings max wind speeds system 1 & 2

The graph below in figure 3-1 shows the drift distance safety trace for the varying angles ensuring that the

system will not leave the boundry or enter the magazine, due to the limitations in place. The image below

in figure 3-2 shows the new hybrid area safety trace applied onto the Range area at Aberporth. The green

area depicted is the outer edge of the safety trace with the lines showing the angles whereby the wind

speed was limited. The outer two red lines show how limiting the wind speed has kept the drift distance

within the Range boundary and out of the magazine area.
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3.2 System three

Now that it was understood a new method was required, investigation into the best way to do this was
conducted using the manufacturers’ information on drift distance. The graph shown below in figure 3-3
shows the correlation between parachute drift distance and altitude. The manufacturers information is
depicted in blue which shows the gap for lower altitudes where it connects to zero. If a linear line was
taken as previous the drift distance becomes negative meaning it cannot be used. This is shown in the
graph below as the black line for the linear relationship of the manufacturer information. If a line is instead
taken from the 10,000 feet altitude point down to zerg, it remains above the drift distance from the
manufacturer meaning it is on the safe side as well as giving positive numbers. This is shown in the graph

below as the green line noted as theoretical constant drift distance calculation.

30 Knots wind speed drift distance against altitude

25000
20000
15000

10000

y=2.0738x-1255.6
5000

Parachute drift distance (ft)

5000 8000 10000 12000
-5000
Altitude (ft)
Theoretical constant calculation =®=Manufacturer information —— Linear (Manufacturer information )

Figure 3-3- Graph of altitude vs drift distance at 30 knot wind speed.

Table 3-3 below shows a comparison in data between that given by the manufacturer and the one gained
using the drift distance constant derived that was shown in the graph above. This shows that the constant

figures are always above that of the manufacturers meaning a bigger area is given.
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Manufacturers Derived constant
Altitude | information distance (m) distance (m)
0 0 0
1600 1700 3120
1800 2150 3510
2000 2600 3900
2200 3000 4290
2400 3450 4680
3000 4800 5850
4000 7000 7800
5000 9150 9750
6000 11300 11700
7000 13400 13650
8000 15450 15600
9000 17500 17550
10000 19500 19500

Table 3-3- Comparison of constant results and manufacturer values

This information meant that a drift distance constant for each of the different wind speeds could now be
calculated. Table 3-4 below shows the constants that were gained by calculating the slop of the graph for

each wind speed as previously shown.

WS (KNOT) | CONSTANT
5 0.32
10 0.645
15 0.97
20 1.3
25 1.625
30 1.95

Table 3-4- wind speed constants

Using the above constants and the previous method for systems one and two the total drift distance can
now be calculated using the formula shown below.

TDD onland = ((DDC) * (A — HASL)) + (WS + ACS) = 3)
Equation 3-2- Total drift distance on land formula
Where:
TDD= Total Drift Distance
DDC= Drift Distance Constant
WS= Wind Speed
A= Altitude
HASL= Height Above Sea Level (80 meters for Range & 110 meters for fence line)
ACS= Aircraft Speed
3= System delay

Using the altitude and drift distance constant previously calculated above the total drift distance at sea for

a 30 m/s wind speed at 300ft or 91.5 meters is shown below in equation 3-3.
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TDD on land = (1.95 *91.5) = 178.425 meters
Equation 3-3- Total drift distance at 30m/s for system 3

Below in figure 3-4 is a check logic that was carried out to ensure that the given answers were correct using

Pythagoras theorem. [29] Starting with an altitude of 10,000 feet or 3047.85 meters.

10,000 feet or
3047.85 meters ¢]

Figure 3-4- 10,000 feet drift distance triangle.
The drift distance from the manufacturer information is 19,500 feet or 5943.31 meters, by take the bottom
corner angle as 6 it can be calculated as shown below in equation 3-4:

Tan 6 = 3047.85/ 5943.31
Equation 3-4- Trigonometry system 3 10,000 ft.

6 =0.473851166 radians
So, if the altitude is 300 feet or 91.5 meters instead of the 10,000 feet above cutting the drift distance cone

at this height will give the drift distance at that altitude, this is depicted below in figure 3-5.

300 feet or
91.5 meters

10,000 feet or
3047.85 meters

Figure 3-5- 10,000 feet drift distance triangle with 300 feet cut out.

The drift distance at 300 feet can now be calculated, this is shown below in equation 3-5 and 3-6:

Tan (0.754623374) =91.5/Y
Equation 3-5- Trigonometry system 3 300 ft.
Y =91.5/ TAN (0.754623374)
Equation 3-6- Trigonometry system 3 300 ft. rearranged.
Y= 178.4251 meters

As can be seen the derived constant calculation and the trigonometry calculation give the same answer
and confirm the logic used. As previously completed with system one and two the different heights above

land as well as directional wind can be used to create a safety trace using this new method. The wind
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direction limitational angles and maximum wind speed are shown in Table 3-5 below as well as the
calculated total drift distance for each area. It also states what the Ranges maximum total drift that can be

tolerated is, from these numbers it clearly shows the total calculated drift sits within the required

boundaries.
Description Bearings (degrees) WS max (knots) TDD (m) Range MTDD (m)
Magazines 120-142 20 316.43 335.00
Fence line 208-261 10 272.49 390.00
Rest of Range | 0-119, 143-207, 262-360 30 507.28 575.00

Table 3-5- Hybrid area map bearing and max wind speed system 3

Images in figures 3-6 and 3-7 below show a graph and image of the safety trace gained taking the wind

direction as well as the height above land into consideration.

Total Drift Distance on land(m)
1

500.00

400.00

300.00

200.00

100.00

Figure 3-6- Graph illustration of drift distance system 3.
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Figure 3-7- lllustration of drift distance system 3.
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4 Results and discussion

There were a series of flights undertaken to prove the theoretical work carried out, unfortunately these
flights could not be completed at Aberporth without further information firstly being gathered. This was
due to further confidence in the recovery method being required before attempting the recovery at
Aberporth because of the potential of it leaving the Range boundary. This meant that the test flights were
conducted on two other Ranges, MOD Hebrides Range and MOD Manorbier Range to prove the theory
first.

A series of ten flight log data files were extracted from each of the three systems and used to gain the test
information. This data was extracted direct from the flight log and was proprietary information so it has
been formatted into graphs. The required information was filtered to look only at the recovery element of
the flight as well as specifically looking at the height and time information. The information required was
the initial height and time the system was at when the command to deploy the parachute was carried out,
until the system had landed. Once this information was gained an average of this data was taken for the
ten test flights that were conducted for each of the systems. The graph depicted below in figure 4-1 shows

the height against time for system one average test results.

System one Height (m) agaisnt Time (s)

220
200
180
160
140
120
100
80
60
40
20

Height (m)

0 12 24 36 48 6 7.2 84 9.6 108 12 13.214.415.616.8 18 19.2

Time (s)
Figure 4-1- Graph of Height against time of test results for system 1.
The calculation below in equation 4-1 looks at how long it took the system to land versus the height the
system was at when parachute deploy command was sent.

200104
Top — 104m/s

Equation 4-1- Decent deceleration system 1 calculation
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Equation 4-2 below shows the decent rate in meters against the speed the system was travelling at.

104 = 5.28 seconds

Equation 4-2- Time for system 1 to decelerate.
The equation below shows the forward drift distance the system has.

5.28 * 55 = 290.4 meters

Equation 4-3- System 1 drift distance

The graph below in figure 4-2 shows the average of the ten test flights results for height against time for

system two.

System two Height (m) against Time (s)
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Figure 4-2- Graph of Height against time for test results for system 2.

The equations shown below were used to calculate the drift distance of the system at two hundred meters

for system two.
200

Equation 4-4- Decent deceleration system 2 calculation

>3 = 5115 d
Tos=> seconds

Equation 4-5- Time for system 2 to decelerate.

5.115* 55 = 281.325 meters
Equation 4-6- System 2 drift distance
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The graph below in figure 4-3 shows the average of the ten test flights results for height against time for
system three. This altitude was higher than the others due to the asset owner being unwilling to go below

four hundred meters because the potential damage it could cause to the system from a hard landing.

System three Height (m) against Time (s)

R A R B A R B B
o —~ —~ ™ m < < Wi o M~ M~ o (2]

12

10.2
10.8
11.4
126
13.2
13.8

Time (s)
Figure 4-3- Graph of Height against time of test results for system 3.

The equations shown below were used to calculate the drift distance of the system at four hundred
meters’ altitude.

400

m =294 m/s

Equation 4-7- Decent deceleration system 3 calculation for 400 meters

61.7

594 = 2.0978 seconds

Equation 4-8- Time for system 3 to decelerate for 400 meters.

2.0978 * 61.7 = 129.43426 meters
Equation 4-9- System 3 drift distance for 400 meters

The equations below use the same data as before however they only consider the first two hundred
meters of altitude.

200 = 47.61905
a3z - 761905m/s

Equation 4-10- Decent déceferarion system 3 calculation for 200 meters

617 = 12957 d
47.61905 seconas

Equation 4-11- Time for system 3 to decelerate for 200 meters.

1.2957 * 61.7 = 79.94469 meters
Equation 4-12- System 3 drift distance for 200 meters
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The graph below in Figure 4-4 shows a comparison of each systems test results for time against height.

Comparisson graph of 3 system test results for time against height

450
400
350
300
250

200

Height (meters)

150
100

50

Time (seconds)

System 1 ——System2 ——System 3
Figure 4-4- Graph of Height against time for the three systems test results.

Table 4-1 below shows the theoretical results that were calculated for each system against the test results
that were gained. The theory results that are shown below are the minimum distance that the Range can

tolerate with this distance being within the magazine area boundary.

System Theory Results Test results
1 331.5 meters 290.4 meters
2 331.5 meters 281.325 meters
3 272.49 meters 79.94469 meters

Table 4-1- Theoretical and test results comparisson table

The results above show that all the test results are a smaller distance than the ones that were theoretically
calculated. This means that any test flights that would have been conducted at the Range would have

landed within the previously drawn safety trace.
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To ensure the safety of the personnel on the Range, road closures will need to be put in place these are
shown in the image below. This was done to stop personnel and vehicles accessing the danger area during

recover.

Figure 4-5- Road closures for safety trace.

While conducting research into the fitted OME for these systems a great deal of information was found
which was subsequently reviewed. This information showed that given a variety of situation such as impact
or fuel fire the worst-case scenario for all the fitted OME was deflagration. This meant that there was no
safety issue with recovering with OME fitted, it was however deemed that there was environmental issue.
This was that in the summertime the grass is often a fire hazard due to it being dry so any source that could
start a fire should be avoided. It was deemed that if the OME was not used during its flight that before it
comes in to recover it would be used. It was also assessed if it was tolerable to land in magazine compound
and was found that there was no credible risk from this. This was due to the entrance to each storage
building being facing away from the recovery direction, it was however decided that this risk would be

avoided due to legislative issues so the method still has wind restrictions for magazine area in place.
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5 Conclusion

The research question for this project was, can uncrewed aerial targets be recovered safely to land in a
contained area enabling redeployment? This work has made it possible to maximize the amount of wind that
can be tolerated for land recovery at Aberporth, therefore increasing the option for land recovery of the
three systems. This will save a great deal of money for the company as well as reduce the burden and risk
associated with recovery at sea. Another benefit is the time saving where these systems can be refuelled,
serviced and made fit to fly in a short turnaround time increasing capability. This project work has also been
shared with other Ranges and they are now looking at how they can improve their operations and current

safety argument around land recovery.

This new method has enabled the possibility for land recovery at Aberporth, however there are limitations
that are associated with this new method for land recovery. The first one is that additional information was
found post the test flights, this was the system delay believed to be 3 seconds was actually 3.8 seconds due
to manufacturers’ parts quality. This difference was due to the electronic components had added more
delay to the system than first anticipated due to lack of component consistency. It was agreed that higher
quality parts with higher integrity would be used when recovering to Aberporth, so that the system delay
would remain at 3 seconds. Another limitation was the availability of land recovery was limited by wind
speed blowing in certain direction for each system. There was also a requirement to have accurate and up
to date weather information provided by the onsite Met Office when planning to recover, due to the wind
limitations. The methods that have been used here would not be applicable to a new system, meaning

more work would need to be done if new systems were to be introduced.

This piece of work has now been accepted by the range for system one and two with the safety traces
shown being uploaded to the trials control system. This new recovery method was planned to be used for
a trial at Aberporth, however unfortunately the navy wildcat lynx helicopter had a successful kill of the
system meaning land recovery was not required. This means that the new method for system one and two
has yet to be tested at Aberporth range. The project managed to theoretically calculate and prove with
test results that all three systems could be recovered to Aberporth range. System three has not yet been
accepted for use by the Range due to a concern around the potential for hard landing. Although the system
would fall within the safety trace at the lower altitude, it goes against the manufacturers instruction. This
creates a business risk to the system rather than a safety risk due to the potential to damage the system
with the force of landing. This approval for use will require further work outside of the scope of this

project.
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5.1 Future work

There is future work that could be conducted in the area, the work conducted during this investigation can
be used as a base to expand on for this future work. The first piece of future work would be to look at the
landing forces involved with lower than recommended altitudes for system three. As part of this work, it
would look to gain the approvals required and carry out any changes needed to make land recovery for this

system possible.

Other future work would be to apply this method at different sites and apply it to new potentially different
systems currently being produced. There could also be an investigation into the tolerability of including
occupied buildings and the magazine area within the trace if the Range were to deem the risk acceptable.
There is also the potential to look at landing beyond the fence line in the fields behind which are owned by

the MOD but leased to farmers.

An area as previously discussed where future work could be carried out is into modifying these systems or
designing a new system with new functionality. This could include the ability to be recovered vertically onto

remote sea platform like the Space X Falcon 9. [27] or land back to a helicopter landing site on the Range.

5.2 Reflection

The project went well and the objectives previously outlined were met by improving the availability of land
recovery at Aberporth Range as can be seen and discussed above. While conducting the background research
a great deal was learnt about different systems, their use, history, novel solutions as well as the varying work
being carried out in this field and adjacent fields. This work gave a great insight into these systems and other
similar systems as well as new emerging technologies that are being developed. The skills, experience and
knowledge that have been gained during this project work will be applied in the future. These will be applied
to both academic studies as well as in my current role in the workplace. This work has also given me the
opportunity to learn more about academic writing, academic processes, the OME industry and company

corporate procedures.

This project work has been challenging as well as enjoyable to complete, the main challenge was to ensure
that the spelling, punctuation and grammar throughout the report was correct. This challenge highlighted
the importance of having work peer reviewed and to conduct multiple personal reviews. Another challenge
was to write in such a way that it was not too technical that it could be easily understood but still have the
required technical detail. This challenge however has also been enjoyable and interesting, giving the

opportunity to grow professionally and personally.
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7 Appendix- Ethical approval letter

Shown below in figure 2 was the OME ethical approval letter.

APPLICATION FOR ETHICAL APPROVAL
In order for research to result in benefit and minimise risk of harm, it must be conducted ethically.
The University follows the OECD Erascali manual definiion of research activity: “creative work
undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of
man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this
covers activities undertaken by members of staff, postgraduate research students, and both taught

postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

This form must be completed and approved prior to undertaking any research activity.
SECTION A: About You (Principal Researcher)

1 Full Name: Owain Plant

2 Student Number: 1910280

3 Email address: 1910230@student. uwisd.ac.uk

4 Programme of Study: OME (Ordnance Munitions and Explosives)
5 Director of Studies/Supervisor. | Gareth Collett.

SECTION B: Internal and External Ethical Guidance Materials

Please list the core ethical guidance documents that have been referred to during the completion of
this form (including any discipline-specific codes of research ethics, location-specific dodes of
research ethics, and also any specific ethical guidance relating to the proposed methodology).
Please fick to confirm that your research proposal adheres to these codes and guidelines. YYou may
add rows to this table if needed.

1 UWTSD Research Ethics & Integrity Code of Practice [z}
2 UWTSD Research Data Management Policy B

SECTION C: Details of Research Activity

1

Indicative fitle: | Investigation into a land recovery method for yncrewed aerial targets

2

Proposed start Proposed end
date- 02/04/2023 date- 221032024

Introduction to the Research (maximum 300 words in each section)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three
points below:
*  Purpose of Research Activity
* Proposed Ressarch Question
* Aims of Research Activity
* Objectives of Research Activify
Demonstrate, briefly, how Existing Regearch has informed the proposed activity and explain
* What the research activity will add to the body of knowledge
* How it addresses an area of importance.

Purpose of Research Activity
To enhance the current capability that the range can offer.

Research Question
To investigate the option for land recovery method for yncrewed aerial targets?

Aims of Research Activity

The first solution is not to do anything, the problem with this solution is the current system is very
time consuming and costly with a better more efficient method required. This means that something
must be done and the chosen method must be intrinsically safe and have the desired outcome every
time with no room for error. It is

First step is to look at the feasibility of land recovery for the three systems, this will be done by doing
theoretical rough calculations. These will determine if the parachute drift distance and the free fall
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distance fit within the range boundaries. This will need to be presented to the range safety
committee for approval and review.

The next step is to refine the calculations to determine maximum tolerable wind levels with more
accuracy, as well as plot the drift distance area onto a map. Once this is complete and has been
approved an assessment and report of the hazards associated with the fuel and OME carried when
conducting land recovery will be carried out. This must show that the systems used comply with the
insensitive munitions standards for these potential hazards, with the worst case scenario being
deflagration.

Once the OME report and the land drift distance reports are reviewed, scrutinised and approved a
test of the methodology will be conducted and results reported back. If the recovery method can
prove to be successful on five recoveries in differing wind speeds and directions then it will be put
into the standard range processes. This method and the knowledge that has been gained can then be
shared and used on other sites.

Objectives of Research Activity
1 Research and gain understanding of the current danger area, drift distances and its
methodology for calculation.

2. Check the current methodologies validity and see if there is any way to expand upon it.

3. Reading, understanding and using surveyed information supplied by TSDA

4, Using various computer software systems, mathematical calculations and carrying out
modelling for potential options while always working ethically with high integrity.

5. Concluding the best option is to explore the tolerable levels of wind for land recovery from
different directions.

6. Expanding on the Manorbier methodology by taking into account different land height for the

range and applying limiting wind features for wind in a certain bearing while following the ALARP
principal.

7. Read and create an argument for the use of OME on the system by looking at IM report for
stuff used and assess what would happen if system was to have slow cook off or fast cook off by
researching the fuel that is used and its burn temperature.

8. Look at what effect impact has on the fitted OME whether a hard landing would be enough
force to cause it to initiate.

9. Will lock at if it would be tolerable to land in magazine compound or near occupied buildings.
10. Compiling the work to create a presentation showing the methodology used and the findings
gained to the highest quality.

11 Presenting the information gained to the highest quality possible to the Group Lead Trials
assurance ranges and range safety officer for review and working with them for any changes
required.

12. Proposing the solution to the range safety comity as an option to be taken forward and to
look whether the proposal is tolerable.

Refine calculations and plot drift distance area

13.  Take into account feedback from range safety committee and carrying out necessary changes
as is required.

14. Refine the methodology then plot the findings using survey data and the trials controlled
system.

15. Get the methodology approved for area considering drift distance only with stipulation that
it’s only used when no OME is fitted.
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Investigate hazards associated with the fuel and OME carried when conducting land recovery

16. Checks must be carried out to ensure that the system used comply with the insensitive
munitions standards for the potential hazards it could encounter, with the worst case scenario being
deflagration

17. Create a safety case and look at safe procedure for dealing with fitted OME and if the drift
distance changes due to what is being carried.

Test of the methodology

18. Prior to test flight recovery the OME report and the land drift distance reports will need to be
reviewed, scrutinised and approved for use.

19. Trial the methedology and gain the required results from the test to prove validity.

20. Input methodology as a standard method ensuring that certain stipulations and restraints are
in place.

Proposed data collection methods (maximum 600 words)

Provide a brief summary of all the methods that may be used in the research activity to collect data,
making it clear what specific techniques may be used. If metheds other than those listed in this
section are deemed appropriate later, additional ethical approval for those methods will be needed.
You do not need to justify the methods here, but should instead describe how you intend to collect the
data necessary for you to complete your project.

The data that will be collected is survey information, technical aircraft information, met data and IM
certificates which will give the relevant outputs required described further in the project proposal.
This output data will be peer reviewed and scrutinized at both first and second line assurance.

SECTION D: Scope of Research Activity

Will the research activity include:

<
m
w
=
o

-

Use of a questionnaire or similar research instrument?

u} B
2 Use of interviews? (n] H
3 Use of focus groups? (n] H
4 Use of participant diaries? (n] H
5 | Use of video or audio recording? o H
6 Use of computer-generated log files? (m} B
7 Participant observation with their knowledge? (m} B
8 | Participant observation without their knowledge? u} H
9 ?:::ea:‘??o personal or confidential information without the participants’ specific o 7]
10 | Administration of any questions, test stimuli, presentation that may be o "

experienced as physically. mentally or emotionally harmful / offensive?

11 | Performance of any acts which may cause embarrassment or affect self-esteem? [m} H
12 | Investigation of participants involved in illegal activities? [m} H
13 | Use of procedures that involve deception? [m} H
14 | Administration of any substance, agent or placebo? [m} H
15 | Working with live vertebrate animals? m] z}
16 | Procedures that may have a negative impact on the environment? (m} x|
17 Other primary data collection methods. Please indicate the type of data collection

method(s) below.

Details of any other primary data collection method:
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If you have ficked NO to every question then the research activity is (ethically) low risk and you may skip
section E and continue to section F.

If YES to any question, then no research activity should be undertaken until full ethical approval has been
obtained.

SECTION E: Intended Participants

Who are the intended participants:
1 | Students or staff at the University?

<
il
g

2 | Adults (over the age of 18 and competent to give consent)?
Vulnerable adulis?

Children and Young People under the age of 187 (Consent from Parent, Carer or
Guardian will be required)
Prisoners?

(5]

Young offenders?

Those who could be considered to have a particularly dependent relationship with
the investigator or a gatekeeper?

People engaged in illegal activities?

Others. Please indicate the participants below, and specifically any group who
may be unable fo give consent.

Details of any other participant groups:

o|lo|lo|lo|lo|alalo
olo|o|jo|o|o|o(oE

W ||~ | ® || &

Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and
how will they be recruited?

10 How many participants are
expecied?

11 | Who will the participants be?

12 How will you identify the
participants?

Information for participants:

Will you describe the main research procedures to participants in
advance, so that they are informed about what to expect?

14 | Will you tell participants that their participation is voluntary?

15 | Will you obtain written consent for participation?

16 Will you explain o paricipants that refusal to participate in the
research will not affect their treatment or education (if relevant)?

17 If the research is observational, will you ask participants for their

consent to being observed?

18 Will you tell participants that they may withdraw from the research at
any time and for any reason?

19 With questionnaires, will you give participants the option of omitting

guestions they do not want to answer?

20 Will you tell participants that their data will be treated with full
confidentiality and that, if published, it will not be idenfifiable as theirs?

21 Will you debrief participants at the end of their participation, in a way
appropriate to the type of research undertaken?

<
m
=gl
=
o

N/A

13

o|jo|g|o|o|o|jo|o|o
o|jo|jo|o|o|o|o|o|O
o|jo|o|o|o|o|jo|o|o

22 | ¥ NO to any of above guestions, please give an explanation
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Information for participants: YES NO N/A
24 | Will participants be paid? o o o
25 | Is specialist electrical or other equipment to be used with participants? (u] o o
2% Are there any financial or other interests to the investigator or o o o
University arising from this study?
27 Will the research activity involve deliberately misleading participants in o o a
any way, or the parfial or full concealment of the specific study aims?

28

If YES to any question, please provide full details

SECTION F: Anticipated Risks

Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the
University, and the steps that will be taken to address them.

Risks to participants

For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm,
transfer of personal data, sensitive organisational information. If you have identified in section D
that there are no participants then enter N/A and go skip to question 3.

Risk fo parficipants: N/A | How you will mitigate the risk to participants

If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity,
drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give
details of the procedures to deal with these issues, including any support/advice (e.g. helpline
numbers) to be offered to participants. Note that where applicable, consent procedures should
make it clear that if something potentially or actually illegal is discovered in the course of a project,
it may need to be disclosed to the proper authorities

Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, nisk of accusation of
harm/impropriety, conflict of interest

Risk fo the investigator: N/A | How you will mitigate the risk o the investigstor

University/institutional risks
For example: adverse publicity, financial loss, data protection

Risk to the University: N/A | How you will mitigate the risk to the Universiy:

Environmental risks
For example: accidental spillage of pollutants, damage {o local ecosystems

Risk to the environment: N/A | How you will mitigate the risk fo environment:

SECTION G: Feedback, Consent and Confidentiality
If you have idenfified in section D that there are no participants then enter skip this section and continue to
section H.

1

Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when?

Informed consent

Describe the arrangements to inform potential participants, before providing consent, of what
involved in participating. Describe the arrangements for participants to provide full consent before
data collection begins. If gaining consent in this way is inappropriate, explain how consent will be
obtained and recorded in accordance with prevailing data protection legislation.

Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If
anonymity is not being offered, explain why this is the case.
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ECTION H: Data Protection and Storage

Does the research activity involve personal data (as defined by the General
Data Protection Regulation 2016 *GDPR" and the Data Protection Act 2018
‘DPA")?

YES

NO

“personal data” means any information relating to an identified or
identifiable natural person (‘data subject’). An identifiable natural
person is one who can be identified, directly or indirectly, in
particular by reference fo an identifier such as s name, an
identification number, location data, an online identifier or to one or
more factors specific to the physical, physiological, genetic, mental,
economic, cultural or social identity of that natural person. Any
video or audio recordings of participants is considered to be
personal data.

If YES, provide a descniption of the data and explain why this data needs to be collected:

Does it involve special category data (as defined by the GDPR)?

YES

NO

“Special cafegory dafa” means sensifive personal dafa consizting of
information as fo the dafa subyeds -
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a frade union (within the meaning of the Trade
Union and Labour Relations (Consolidation) Act 1392),
(e} physical or mental health or condition,
(7 sexual life,

(g) genetice,
(h) biometnc data (a2 used for ID purposes),

If YES, provide a description of the special category data and explain why this data needs to be

collected:

Will data from the research activity (collected data, drafts of the thesis, or
materials for publication) be stored in any of the following ways?

YES

Manual files (i.e. in paper form)?

University computers?

Private company computers?

]

Home or other personal computers?

Laptop computers/ CDs/ Portable disk-drives/ memory sticks?

“Cloud” storage or websites?

Other — specify:

For all stored data, explain the measures in place to ensure the security of the data collected, data
conﬁdenhalﬂy including details of backup procedures, password protection, encryption,

The data ihat WI|| be collecled \Ml be I:ept on password protected systems and any external
hardware will be password protected and encrypted. All data will have a three-step backup

procedure fo prevent data beina lost

Data Protection

Will the research activity involve any of the following activities:

YES

NO

13

Electronic transfer of data in any form?
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14 il;::igg of data with others at the University outside of the immediate research o =
15 | Sharing of data with other organisations? o B
16 | Export of data outside the UK or importing of data from outside the UK? (1 |
17 | Use of personal addresses, postcodes, faxes, emails or telephone numbers? n} B
18 | Publication of data that might allow identification of individuals? n} B

19 If YES to any question, please provide full details, explaining how this will be conducted in
accordance with the GDPR and Data Protection Act (2018) (and/or any international equivalent):

N/A

20 | List all who will have access to the data generated by the research activity:

The principal researcher, project team, industrial partner, external examiner & second marker

21 | List who will have control of, and act as custedian(s) for, data generated by the research activity:

Principal researcher.

22 Give details of data storage arrangements, including security measures in place to protect the data,
where data will be stored. how long for, and in what form.

Data stored will be kept password protected and encrypted. Once the project is completed all data
stored will be deleted.

Confirm that you have read the UWTSD guidance on data management (see

22 https:/Awwnw uwitsd ac ukflibrary/research-data-management/) iz
Confirm that you are aware that you need to keep all data until after your

23 | research has completed or the end of your funding iz

ISECTION I: Declaration

The information which | have provided is correct and complete to the best of my knowledge. | have
attempted to identify any risks and issues related to the research activity and acknowledge my
obligations and the rights of the participants.

In submitting this application | hereby confirm that | undertake to ensure that the above named
research acfivity will meet the University's Research Ethics and Integrity Code of Practice which is
published on the website: hitps://www.uwisd. ac uk/research/research-ethics/

. . . Date:
1 | Signature of applicant: Owain Plant 1410372023
Director of Date:
2 | studies/Supervisor. Gareth Colledt
3 | Signature:
FOR INTERNAL USE ONLY:
Ethical approval given
1 | Signature of assessor: Date:
2 | Name:
3 | Role:

Figure 7-1 - Ethical approval letter.
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

General Feedback

An interesting project with some good novel
problems to overcome. There is a good
dissertation here with information allowing both
SQEP and Non-SQEP audiences to follow what was
being investigated. Work mentions some classified
/1 O O information but this is not overly relied upon and
as such does not have a detrimental effect to the
work. Good level of referencing is used and is
appropriate in technicality. SPG issues throughout

and some sections are a bit muddled but generally
a very high quality piece of work - well done.

Introduction (5)

3/5 - Generally good introduction with a clear
outline of the dissertation. Some SPG errors are
present and section changes tense halfway
through.

Background (20)

10/15 - Good, wide subject net cast enabling
thorough exploration of the topic by both
specialists and laymen. Outlines some relevant
issues such as lack of governance and gradually
focuses in on UAT and their development. Could
do with more information regarding current
models used. Background sections also identify
reason for investigation and a gap in the
literature.

Methodology (5) Requirements and Design (5)

4/5 - Gap in literature identified and reasons for
gap identified well, options from outside drones
area considered and dismissed with reason,
outlining novelty. Method development done well



however the research question should have come
right at the start.

4/5 - Requirements are clearly noted, design of
initial set of tests used well to highlight issues
found at the range.

Results and Discussion (25)

10/ 25 - Marks here are awarded for results for the
calculations and results from section 2.2.6
onwards. They seem to be in the method section
but I feel they should have at least been re-
iterated in the main results section, if not putin
that section entirely. I understand however that
this preliminary investigation serves to highlight
the issues and provide data for the experimental
stage.

Results for all systems are displayed well and
logically thought through. information gained
from a variety of sources. The analysis is well
thought out, although only basic statistical
measures are used in the analysis, there are some
more complex calculations used. The actual results
and discussion section is a little thin on
discussion, there are further implications such as
road closures and OME considered here however.

Conclusion and Recommendations (10)

9/10 - Good conclusion section with clear benefits
for the range and the company as a whole, future
work section is good and gives opportunity for
more work to be done

Development (15)

15/ 15 - Experimental development has been done
very well, from the initial testing through to the
tests on each system there has been thought,
consideration and logic used throughout.

Reflection and Quality of Report (20 (10 marks
each))



10/10 - Reflection section is good, flaws have been
identified, I am glad that Owain has enjoyed the
process.

5/10 - Quality of report is generally good, lots of
good references and a clear story being told. Some
sections are a bit muddled and there are some
significant SPG issues throughout however.
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