


Determining the Effectiveness of Photogrammetry Techniques Against Manual Measurements on Explosively Formed Craters 
Research Proposal
Charlotte Knight


Contents
Figures	2
Tables	2
1. Introduction	3
2. Background to the Proposed Research	3
3. Aims & Objectives	4
3.1 Aims	4
3.2 Objectives	4
4. Experimental Design	5
4.1 Outline of Experimental Procedure	5
Stemming	5
Trial	5
4.2 Data Collection	5
4.3 Data Evaluation	6
4.4 Risks & Limitations	6
4.5 Ethical Issues	7
6. Resources & Planning	8
6.1 Physical Resources	8
6.2 Human Resources	8
6.3 Other Resources	8
6.4 Gantt Chart	9
References	10
Application For Ethical Approval	11


[bookmark: _Toc104036451]Figures 
Figure 1- Image displaying how photogrammetry works [3]	3
Figure 2- Diagram demonstrating how to measure the lip to lip (orange) and the apparent diameter (black) [7]	6
Figure 3- Gantt chart demonstrating trial timings	9

[bookmark: _Toc104036452]Tables
Table 1- Firing plan	5

[bookmark: _Toc104036453]1. Introduction 
Manual methods of crater measurement have been around for decades. Using tape measures to calculate crater dimensions such as maximum depth, lip to lip measurement and apparent diameter is both time intensive and has a high degree of human error. Using photogrammetry instead can speed up this process, eliminate human error and can ensure an accuracy of up to 0.5 pixels [1]. This project will compare the effectiveness of the two techniques through an explosive mine trial, whilst providing valuable data on the crater dimensions from explosives with varying quantities. 

[bookmark: _Toc104036454]2. Background to the Proposed Research
Photogrammetry is a three-dimensional coordinate measuring technique which uses photographs as the fundamental medium for measurement. As demonstrated in figure 1, it triangulates the line of sight from multiple images to create a 3D point. A large photoset would therefore create enough 3D points for a 3D model to be made. Through the addition of a scale bar, this model would be completely to scale, therefore allowing the user to take a range of accurate measurements of various dimensions [2]. As the model is digital, it can be viewed at any time, anywhere. Therefore, external verticalization of results can occur, thus increasing the reliability of the data. 
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[bookmark: _Toc103970504]Figure 1- Image displaying how photogrammetry works [3]

[bookmark: _Hlk103973316]Photogrammetry techniques have yet to be used to characterise explosive craters, however extensive work has been completed on volcanic and lunar craters [4] [5]. Volcanic craters, for example, are in incredibly hostile environments, so photogrammetry’s fast, cheap and non-invasive approach has appealed to many researchers [6]. These same principles are entirely relevant to energetically formed mine craters. They are often formed in dangerous war zones, where the time personnel have to analyse the data is limited. Doing measurements by hand is time consuming, which is not only dangerous for the personnel doing it, but also could lead to measurements being rushed. Utilizing this photogrammetry approach will not only speed up data capture, but will minimise human errors. As long as enough photographs are taken from the correct angles, the resultant 3D mesh can be processed and viewed at any time, thus reducing the human interaction time with the crater. The non-invasive approach to photogrammetry is also appealing, as no data is lost through personnel stepping in or out of the crater for measurements. Overall, this new technique seems highly beneficial for this scenario, however experimental testing is still required before making the full conversion. 
Regardless of which technique is the most effective, data from the trial will directly increase the UKs understanding of the Net Explosive Quantity (NEQ) required to form each crater. Such information could assist in determining the mine system used, assisting any operational work that could occur. 

[bookmark: _Toc104036455]3. Aims & Objectives

[bookmark: _Toc104036456]3.1 Aims
· To collect crater data for a range of different NEQs of PE8
· To analyse the data, and compare the photogrammetry results against manual measurements 
· To compare timing data for photogrammetry and manual measurements 
· To determine the most effective measurement technique based upon results from both data sets
[bookmark: _Toc104036457]3.2 Objectives
· Write the risk assessment and trials plan and get them signed off by the appropriate staff
· Order all the trials material in time for practical work to begin
· Collect manual and photogrammetry measurement and timing data for all shots 
· Compare data and summarise in a trials report and presentation 


[bookmark: _Toc104036458]4. Experimental Design

[bookmark: _Toc104036459]4.1 Outline of Experimental Procedure
Practical work will be divided into sections as follows:
[bookmark: _Toc104036460]Stemming
Inside an approved explosive processing room, PE8 will be stemmed into mine cases by Suitably Qualified and Experienced Personnel (SQEP). 
On the trial site, holes will be dug for the mine cases in preparation for the trial. Holes should be deep enough for the mine case to be fully buried inside, with an 10cm overburden.  

[bookmark: _Toc104036461]Trial
On the day of the trial, a mine case will be selected, and placed inside its designated hole. The overburden must be checked again to ensure accuracy. Next, an RP-83 detonator will be pushed into the 3kg mine case, with the outer edges taped shut. The mine will then be fully buried in the soil, with the detonator lead out. All personnel will leave the area and go to the splinter proof bunker. Once ready, the firing cable will be connected by the Trials Conducting Officer (TCO). Once they have confirmed it is safe to fire, they will charge the firing pack and detonate the charge. After the explosion has occurred, they will then ensure the area is safe for team members to advance. This is to be repeated for the 5 shots for each day. The firing plan for the week is as follows:

	Day
	Monday
	Tuesday 
	Wednesday
	Thursday
	Friday

	NEQ
	5x 3kg charges
	5x 4kg charges
	5x5kg charges
	5x6kg charges 
	5x 7kg charges


[bookmark: _Toc103970548]Table 1- Firing plan
Once all scheduled shots have been fired for each day, the data collection can begin. If adverse weather was to impact the trial, data should be recorded immediately after the firing, to ensure no characteristics are lost to rain. If such conditions make this impossible, tarpaulin should be placed over each crater to prevent water entering. 

[bookmark: _Toc104036462]4.2 Data Collection
After the shots for that day are complete, data collection must occur. First, manual measurements must be completed. Pickets must be placed across the cardinal points of the crater, and string tied across. Depth measurements should be made every 10cm across each string, from the string to the maximum depth of the crater below it. Once complete, the maximum observed depth for the whole crater must be recorded. Additionally, the lip to lip and apparent diameter must be measured, as demonstrated by figure 2. The total time taken to complete this process must be recorded for each crater, and a mean time calculated for each explosive NEQ.
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[bookmark: _Toc103970505]Figure 2- Diagram demonstrating how to measure the lip to lip (orange) and the apparent diameter (black) [7]


Once completed, scale markers must be added at each cardinal point around the crater, with labels detailing the shot number. The string and pickets should be removed. The photographer must take an image of the crater, with at least one of the scale markers in. This should be repeated with the camera above their heads, to ensure data is collected for the bottom of the crater. Then, they must then take a step to their right and repeat these steps. This continues until they have circled round the crater’s circumference. Then, they must take two steps back, and repeat taking photographs. This should be repeated for each shot. 

[bookmark: _Toc104036463]4.3 Data Evaluation

Photogrammetry will be conducted for each photo set using the software Abaqus. The maximum depth, lip to lip and apparent diameters should be compared against the raw values. 
Measurements and timing data will be tabulated. 

[bookmark: _Toc104036464]4.4 Risks & Limitations

All risks will be tabulated with their preventative measures inside a signed off risk assessment. The main risks for this trial are:
· Accidental initiation of explosives during work, storage, and transportation
· Lightning initiating the explosive 
· Manual handling causing skeletal problems when transporting the explosives   
· High levels of noise from firings causing hearing damage
· Slips trips and falls from uneven ground 
The project risks will be tabulated inside a risk matrix. Such risks could include:
· Issues with explosive procurement, meaning the cost is higher than expected
· Environmental issues- Salisbury Plain is home to many protected species of plants and wildlife. If such species were to habitat the trial site, the trial dates may have to be moved/ the trial location may have to be changed
A few limitations to the trial are as follows:
· Camera accuracy- the cameras used have a 15MP resolution, which could make photogrammetry data less accurate [8]
· Soil type- as mentioned previously, the mines will be buried directly into the soil within the trial site. The consistency of this soil (if it contains even amount of rock, soil, clay etc. in all areas) is unknown. Variances in the soil type could result in different crater dimensions for different shots (a crater in clay soil will be larger than that in chalk). Unfortunately, due to costs and time constraints, soil to the specification STANAG 4569 AEP-55 cannot be used
· Weather conditions- rain will increase the density of soil, so will therefore impact the crater size formed. Weather conditions on the day should be noted in the trials log. The shot NEQs for each day are identical, to ensure consistency between days and varying conditions

[bookmark: _Toc104036465]4.5 Ethical Issues
An environmental check on the trial site must be conducted before firings occur. This ensures there are no protected species or plants present that could be harmed when the trial occurs. 


[bookmark: _Toc104036466]6. Resources & Planning

[bookmark: _Toc104036467]6.1 Physical Resources
The physical resources, with approximate costings are shown below:
· PE8 £7,000  
· RP-83 detonators £2500
· Mine cases £500
· Stemming rods £100
· Tape measure £5
· 50m String £5
· 4 Scale markers £20
· 4 pickets £20
· Shovel £15
· 3m Tape £5
· Digital camera £250
· Stopwatch £5
·  tarpaulin
· Laptop with Agisoft software (already procured)

The Personal Protective Equipment (PPE) required are as follows: 
· Nitrile gloves
· Steel toe capped boots
· Manual handling gloves
· Ear defenders
PPE will be provided by the company, and costs will not be charged to the project. 

[bookmark: _Toc104036468]6.2 Human Resources
The staffing roles required are: 
· Trials Conducting Officer (TCO)
· First aider
· Range sentries
· Trials staff
· Trials manager
All staff should be deemed competent through the explosive National Occupation Standards (NOS) for explosive workers and have an in-date certificate. All supplementary training to job roles (such as ballistic trauma training) must be within date. 

[bookmark: _Toc104036469]6.3 Other Resources
· Range booking
· Magazine and process room booking

[bookmark: _Toc104036470]6.4 Gantt Chart

A rough timeline of deliverables can be found in figure 3. 
  [image: ]
[bookmark: _Toc103970506]Figure 3- Gantt chart demonstrating trial timings
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In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. 

The University follows the OECD Frascati manual definition 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:
	Charlotte Knight

	2
	Student Number:
	
1907828

	3
	Email address:
	1907828@student.uwtsd.ac.uk

	4
	Programme of Study:
	OME

	5
	Director of Studies/Supervisor:
	Dave Holley



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 tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.

	1
	UWTSD Research Ethics & Integrity Code of Practice
	☒
	2
	UWTSD Research Data Management Policy
	☒

	3
	
	☐



SECTION C: Details of Research Activity
	1
	Indicative title:
	Investigation into the effect the NEQ has on crater dimensions 

	2
	Proposed start date:
	01/09/2023
	Proposed end date:
	30/08/2024

	
	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 Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research 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. 

	3
	Purpose of Research Activity
To determine the effectiveness of photogrammetry techniques on explosively formed craters.  


(this box should expand as you type)

	4
	Research Question

If photogrammetry a more effective measuring technique than traditional measuring techniques?

(this box should expand as you type)

	5
	Aims of Research Activity

· To collect crater data for a range of different NEQs of PE8
· To analyse the data, and compare the photogrammetry results against manual measurements 
· To compare timing data for photogrammetry and manual measurements 
· To determine the most effective measurement technique based upon results from the above. 

(this box should expand as you type)

	6
	Objectives of Research Activity
· Write the risk assessment and trials plan and get them signed off by the appropriate staff
· Order all the trials material in time for practical work to begin
· Collect manual and photogrammetry measurement and timing data for all shots 
· Compare data and summarise in a trials report and presentation 
(this box should expand as you type)

	
	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 methods 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.

	7
	Photographs of the crater will be taken with digital cameras. The photogrammetry software Abaqus will then be used to measure the specific crater dimensions. Crater measurements will be taken using string and tape measures. The time taken to complete the two techniques will also be measured. 

(this box should expand as you type)



SECTION D: Scope of Research Activity
	
	Will the research activity include:
	YES
	NO

	1
	Use of a questionnaire or similar research instrument?
	☐
	☒

	2
	Use of interviews?
	☐
	☒

	3
	Use of focus groups?
	☐
	☒

	4
	Use of participant diaries? 
	☐
	☒

	5
	Use of video or audio recording?
	☐
	☒

	6
	Use of computer-generated log files?
	☐
	☒

	7
	Participant observation with their knowledge?
	☐
	☒

	8
	Participant observation without their knowledge?
	☐
	☒

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	12
	Investigation of participants involved in illegal activities?
	☐
	☒

	13
	Use of procedures that involve deception?
	☐
	☒

	14
	Administration of any substance, agent or placebo?
	☐
	☒

	15
	Working with live vertebrate animals?
	☐
	☒

	16
	Procedures that may have a negative impact on the environment?
	☒
	☐

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	☒

	
	Details of any other primary data collection method:



(this box should expand as you type)
	
	



If you have ticked 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:
	
YES
	
NO

	1
	Students or staff at the University?
	☐
	☒

	2
	Adults (over the age of 18 and competent to give consent)?
	☐
	☒

	3
	Vulnerable adults?
	☐
	☒

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	5
	Prisoners?
	☐
	☒

	6
	Young offenders?
	☐
	☒

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	8
	People engaged in illegal activities?
	☐
	☒

	9
	Others. Please indicate the participants below, and specifically any group who may be unable to give consent.

	☐
	☒

	
	Details of any other participant groups:
Complete this only if your participants cannot give consent. This includes animals

(this box should expand as you type)
	
	



	
	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 expected?

	
N/A

(this box should expand as you type)

	11
	Who will the participants be?

	

N/A
(this box should expand as you type)

	12
	How will you identify the participants?
	
N/A

(this box should expand as you type)




	
	Information for participants:
	
YES
	NO
	
N/A

	13
	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 to participants 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 questions 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 identifiable as theirs?
	☐
	☐
	☒

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

	22
	If NO to any of above questions, please give an explanation 

	
	You should be able to tick YES for all of these questions. If not, then explain why not in this box.

Participants are not required for my proposal. 
(this box should expand as you type)



	
	Information for participants:
	
YES
	NO
	
N/A

	24
	Will participants be paid?
	☐
	☒
	☐

	25
	Is specialist electrical or other equipment to be used with participants?
	☐
	☒
	☐

	26
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	27
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	28
	If YES to any question, please provide full details 

	
	

(this box should expand as you type)



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.  

	1
	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 to participants:
There are always risks. Do not write N/A unless you have no participants.

(this box should expand as you type)
	How you will mitigate the risk to participants:
N/A

(this box should expand as you type)

	2
	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

	
	

N/A
(this box should expand as you type)

	3
	Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to the investigator:
There are always risks. Do not write NA.

Health and safety
(this box should expand as you type)
	How you will mitigate the risk to the investigator:

Conduct a risk assessment that has been approved through Dstl procedures.


(this box should expand as you type)

	4
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to the University:
There are always risks. Do not write NA.
Adverse publicity

(this box should expand as you type)
	How you will mitigate the risk to the University:

Conduct a risk assessment and trial plans that have been approved through Dstl procedures.


(this box should expand as you type)

	5
	Environmental risks
For example: accidental spillage of pollutants, damage to local ecosystems

	
	Risk to the environment:
Damage to ecosystems


(this box should expand as you type)
	How you will mitigate the risk to environment:

Conduct a risk assessment that have been approved through Dstl procedures. Inform the environmental lead about the trial, and ensure they are happy with the proposed actions. 


(this box should expand as you type)



SECTION G: Feedback, Consent and Confidentiality

If you have identified 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? 

	
	N/A

(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is 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.

	
	N/A

(this box should expand as you type)

	3
	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. 

	
	N/A

(this box should expand as you type)



SECTION 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

	1
	“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 to an identifier such as a 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.
	☐
	x

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

	2
	
(this box should expand as you type)

	
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	3
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	
x

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

	4
	


(this box should expand as you type)



	
	
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
	NO

	5
	Manual files (i.e. in paper form)?
	☒
	☐

	6
	University computers?
	☐
	☒

	7
	Private company computers?
	☒
	☐

	8
	Home or other personal computers?
	☒
	☐

	9
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	10
	“Cloud” storage or websites?
	☐
	☒

	11
	Other – specify:

	☐
	☒

	12
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:

	
	

All data will be kept in password protected cloud storage on Dstl’s computer system which
will not be shared.


(this box should expand as you type)



	
	Data Protection

	
	Will the research activity involve any of the following activities:
	YES
	NO

	13
	Electronic transfer of data in any form?
	☒
	☐

	14
	Sharing of data with others at the University outside of the immediate research team?
	☐
	☒

	15
	Sharing of data with other organisations?
	☐
	☒

	16
	Export of data outside the UK or importing of data from outside the UK?
	☐
	☒

	17
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	18
	Publication of data that might allow identification of individuals?
	☐
	☒

	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):

	
	

All data will be encrypted and kept in password protected cloud storage on both myself and works system. 

(this box should expand as you type)

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

	
	Myself

(this box should expand as you type)

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

	
	The principal researcher.

(this box should expand as you type)

	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. 

	
	 
All data will be encrypted and kept in password protected cloud storage on both myself and works system. 


(this box should expand as you type)

	22
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	☒

	23
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	☒




SECTION I: Declaration
	
	The information which I have provided is correct and complete to the best of my knowledge. I 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 I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	1
	Signature of applicant:
	Charlotte Knight
	Date:
20/05/2022

	2
	Director of Studies/Supervisor:
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	3
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