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Summary 
Beadlam Roman Villa is an English Heritage Trust guardianship site and scheduled monument (NHLE 13256). Due to its location, the villa site has been inaccessible to the general public. Next year the English Heritage Trust (with support from Ryevitalise Landscape Partnership Scheme) are planning to install improved infrastructure (fencing, paths etc) to open the villa as one of their many free-to-enterF sites. This will also include two interpretation panels.
The proposed small project will assess the landscape setting of Beadlam Roman Villa by:
· Undertaking aerial investigation and mapping using aerial photographs and lidar to identify, map, record and better understand the site of Beadlam Roman villa and the surrounding landscape.
· Taking aerial photographs using an Unmanned Aircraft System for more detailed survey of the villa site.
· Using the drone-acquired aerial photographs to create an orthomosaic-photograph (a mosaic of photographs photogrammetrically rectified to a plan view), and a Digital Elevation Model (DEM) to help with interpretation of the site and provide illustrative images.
· Providing a specification and managing the tender process for contracted geophysical survey of the villa site.
· Undertake research into current understanding of Beadlam Roman villa and its importance in the wider Roman landscape of Yorkshire.
· Providing outreach – training to Ryevitalise project volunteers in Aerial Investigation and Mapping techniques/presentation of project results.
The project will be carried out under the Shared Services Agreement that exists between Historic England and the English Heritage Trust. It will contribute to Historic England Strategic Activity 12 Support the English Heritage Trust, especially Tier 2 Activity 12.1 Manage Subsidy to English Heritage Trust and provide Shared Service to our Service Level Agreements and Activity 02 Investing in knowledge creation, skills and organisations (including English Heritage Trust) where our help is most needed, specifically Tier 2 Activity 2.1 Create necessary new knowledge.
The results of the project will help visitors to Beadlam Roman villa to better understand, enjoy and appreciate the site and its wider landscape.

Background
This project will provide baseline data to the English Heritage Trust to enable them to better understand the archaeological landscape context of Beadlam Roman Villa. This project is formulated in response to a Support Request from Sally Wilson (Properties Curator North, English Heritage Trust) and builds on an earlier project options document. The works are timely, given the plans to open the villa as one of the English Heritage Trust’s many free-to-enter sites. This request follows previous successful collaborations with Historic England’s Archaeological Investigation team on projects including Belsay Awakes, Birdoswald and Richmond Castle, where Historic England research input has aided the interpretation of those sites. 
Historic England’s Aerial Investigation and Mapping team were approached to undertake an analysis of all readily available recent and historical aerial photography and lidar to inform the reinterpretation of Beadlam Roman villa. The work will help the English Heritage Trust better understand the setting of the villa and will provide data that can be used to create visual material for display panels and to guide the location of new fencing and pathways. The aerial investigation and mapping will focus on a 20sq km area encompassing the present-day settlements of Helmsley,  Beadlam, Nawton and Harome. There are number of sites within the contextual area including scheduled under the National Heritage List for England (NHLE):
Beadlam minor Romano-British villa (NHLE 1011365)
Round barrow 60m north-east of Riccal Bridge (NHLE 1019515)
Pockley Gates round barrow 600m west of Beadlam Grange (NHLE 1019341)
Three round barrows 800m ENE of Helmsley Bridge (NHLE 1019345)
Round barrow 420m north of Rye House Farm (NHLE 1019595)
Round barrow 300m north of Rye House Farm (NHLE 1019596)
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Fig 1: Aerial Investigation and Mapping proposed project area
Aims
The Historic England research project will specifically aim to address the following broad themes:
· Identify any visible archaeological remains within the English Heritage Trust Beadlam Roman villa site and increase understanding of its significance.
· Understand the wider landscape context of Beadlam Roman villa from prehistory to the modern period.
· The results of the research will provide a framework for community engagement and enhancement of the experience of English Heritage Trust customers visiting the site.
Public Value
This project has been evaluated against the PVF Lite challenges, as it is categorised as a small project.
Assured Alignment?
Clarity of goals: How well does the project address the published goals of HE?
This project has clearly defined goals which aim to promote the best use of historic environment evidence gathered at public expense. It aims also to ensure the quality of this information, underpinning its value to heritage management and supporting Historic England’s reputation and that of the English Heritage Trust. 

Appropriate resourcing?
Measurement of unit costs: Has good use been made of unit costs to allow easy assessment of efficiency?
Timely and consistent financial management information can be gathered through the Corporate Project Management System ‘ProjectView’ which brings together information about staff time and costs. The system enables us to monitor progress against estimates in real-time at agreed review points throughout the project. 
At the end of the project, analysis of estimates against actuals will provide us with a better understanding of estimating staff time and cost and enable us to refine and provide improved estimates for similar future projects.
Internal HE resources (staff time and T&S) form a secure source of funding.

Public Support?
Stakeholder needs: Have key stakeholders been identified clearly and are their needs well understood?
See Stakeholder section for a full list of stakeholders. 
Enhanced EHT visitor experience when on site.

Capacity Development?
Well-designed evaluation: Is a proportionate evaluation built into the project to enable learning about what works and for whom?
Evaluation is built into the project through the use of multiple techniques to ensure the quality of the interpretations provided to the English Heritage Trust.
Quality Assurance will ensure Aerial Investigation and Mapping products meet the full project scope.
Workshop demonstrating AIM techniques and project results will be delivered to Ryevitalise volunteers. Feedback will be sought to assess usefulness of the workshop.

PVF Assessment

Figure 2: PVF Assessment chart
Commentary – notes for assessor
Pillar 1 scores 4 because it directly addresses a number of Historic England’s corporate activities.
Pillar 2 scores 4 because the project team uses a well-established and rigorous project management approach, has a proven track record of delivery of similar projects and outputs, and actively engages in continuous improvement in project delivery through analysis of lessons learned from previous similar projects.
Pillar 3 scores a 3 because although the key stakeholder groups are identified it is hard to understand the full impact on EHT members at this stage.  
Pillar 4 scores a 4 because the methods for monitoring and evaluating the project are highlighted and include a benefits realisation stage. 
Budget 
The only anticipated costs are T&S for travel to Beadlam Roman villa. Approx £30.
As outlined under the task list below the current staff resource is expected to be 55 days (0.275 FTE).
Roles and Responsibilities

Project Board – Sally Wilson (EHT), Mark Douglas (EHT), Helen Winton (HE)
Project Executive/Senior Responsible Officer – Matthew Oakey
Project Manager – Sally Evans (HE)
Project Delivery Team –David Knight (HE), Neil Linford (HE), Andrew Roberts (EHT)

Scope
The work will be delivered by Historic England. The Project Team will be drawn from the Archaeological Investigation Team. As part of this, Historic England’s Aerial Investigation and Mapping team will undertake the mapping and recording of 20sq km surrounding Beadlam Roman villa.
The project will be planned in accordance with the following Historic England guidance (which includes scope notes):
• MoRPHE PPN 7: Interpretation and mapping from aerial photographs and other remotely sensed data.
• Standards for aerial investigation and mapping projects
• Aerial Investigation and Mapping Technical Specification
• UAS Method Statement
• EAC Guidelines for the Use of Geophysics in Archaeology | Historic England
Aerial mapping scope
The scope of the mapping will adhere to Historic England’s Aerial Investigation & Mapping Standards. It will include all archaeological features visible as earthworks, structures, soilmarks and cropmarks, including features visible as earthworks on historic photographs which have since been levelled. Chronologically, these may range in date from the Neolithic to the 21st century. 
Cropmarks, parchmarks, soilmarks 
All sub-surface archaeological remains visible as cropmarks, parchmarks or soilmarks will be mapped and recorded.  
Earthworks 
All archaeological earthworks visible on aerial photographs will be mapped and recorded. This includes features visible as earthworks on early photographs, which have since been levelled and archaeological features depicted on OS maps that are within the Aerial investigation & Mapping sphere of interest.  
Buildings and structures
The foundations of ruined buildings visible as cropmarks, soilmarks, parchmarks, earthworks or stonework will be mapped and recorded. Standing roofed or unroofed buildings will not normally be mapped. The exceptions are in specific archaeological contexts such as industrial and military complexes (see APPEFNDIX 2), or when associated with other cropmark and earthwork features.
Ridge and furrow 
Medieval and post medieval ridge and furrow will be mapped and recorded, regardless of preservation. Individual furrows will be mapped by a single polyline.
Post medieval field boundaries
Post medieval field boundaries (upstanding or levelled) that are depicted on OS first edition or later mapping will not generally be mapped. The exception to this will be where they form part of an earlier field system that is not depicted by the OS.
Parkland, landscape parks, gardens and country houses
Vestigial man-made elements of landscape park and gardens will be mapped and recorded. Those elements of the park that are still in use such as formal gardens and tracks will not be recorded.
Industrial features and extraction
All extraction, irrespective of size, will be mapped and recorded. Industrial complexes will be mapped as seen. This includes any roofed or unroofed structures that are still upstanding.
20th-century military features
Military features up to and including the Cold War will be mapped and recorded. This includes any roofed or unroofed structures that are still upstanding.
Natural features
Natural features which are geological or geomorphological in origin will not be mapped. If there is risk of confusion in contexts with other archaeological features, then the natural features will be mentioned in the text record.
Sources
The project area is covered by 1m resolution and 50cm resolution Environment Agency lidar. 
The aerial photograph collections of the Historic England Archive (HEA) will be assessed. Digital orthophotographs supplied through the Aerial Photography for Great Britain Agreement (APGB) and Google Earth will also be consulted (coversearch 130181). At present there is no access to the Cambridge University Collection of Aerial Photography (CUCAP) archive so these images cannot be assessed. The North York Moors aerial photographs collection holds copies of photographs held by the HE Archive so will not be assessed.
Unmanned Aircraft System
The  Unmanned Aircraft System (UAS) survey will be undertaken to capture vertical aerial photography of Beadlam Roman Villa and its immediate setting  (Figure 2) to process through the digital photogrammetric process Structure from Motion to create an orthomosaic  and digital surface model. Illustrative oblique imagery will also be captured. 
Geophysical Survey
Historic England’s Geophysical Survey team will provide a specification and manage a tender process to select and appoint a suitable contractor for GPR survey meeting the standard for Historic England/English Heritage Trust procurement procedures focussing on the immediate setting of Beadlam Roman villa (Figure 2).
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Fig 2: The immediate setting of Beadlam Roman villa (blue) will be assessed by UAS and geophysical survey.
Methods
The work will be delivered by Historic England. The Project Team will be drawn from the Archaeological Investigation Team; namely the Aerial Investigation and Mapping team with some input from the Geophysical Survey team. The following methods will be deployed:
1. Undertake UAS survey of Beadlam Roman villa and process the  imagery to produce an orthomosaic photograph and digital elevation model (DEM). See APPENDIX 1 UAS method statement.
2. Acquire Environment Agency lidar, Historic England Archive vertical and oblique photographs, APGB orhophotographs and non-AP data: height data, NRHE monuments and events and HER data.
3. Lidar data will be visualised using Relief Visualization Toolbox 2.2.1 to produce 2D GeoTIFF images. In addition to these, the data will also be viewed in 3D in Quick Terrain Modeler.
4. All in-scope archaeological features within the project area defined above will be mapped from aerial photographs, lidar and UAS-origin data. See Standards for Aerial Investigation and Mapping Standards and Guidance for full details. All available aerial photographs held by the HE Archive will be assessed along with the newly acquired datasets resulting from UAS survey. Archaeological features will be mapped using ArcMap 10.7.1 and will have textual data (see Table 1). Monument polygons will be created to outline the extent of a single monument.
5. Full archaeological monument records will be produced using WARDEN.
6. GIS (Geographic Information Systems) data will be imported into an online portal (utilizing ESRI’s ArcGIS Online software) to enable remote access to EHT staff.
7. An RRS report to summarise the results of the survey and an interpretation of the site and its role in the wider Roman landscape will be produced.
8. All new aerial photographs will be archived in the HE Archive in Swindon. Digital copies of the original images (along with the orthophotographs and DEM data) will be supplied to EH via the HE Archive Service Level Agreement with EH.
9. The HE Geophysical Survey team will provide a specification and manage tender process to select and appoint a suitable contractor for GPR survey meeting the standard for HE/EHT procurement procedures.
	Attribute
	Description
	Sample data

	WARDEN No
	Historic England Research Record Unique Identifier (UID)
	79060

	HER_No
	HER number for those features concorded with existing HER records
	MHU1513

	PERIOD
	Date of feature (EH Thesaurus). Single or dual indexed terms
	MEDIEVAL

	NARROW_TYPE
	Monument Type (EH Thesaurus). Specific monument type for individual features
	FISHPOND

	BROAD_TYPE
	Monument Type (EH Thesaurus). Broader monument type to enable grouping of individual features
	CISTERCIAN MONASTERY


	EVIDENCE_1
	Form of remains (EH Thesaurus) as seen on PHOTO_1
	EARTHWORK

	PHOTO_1
	Source feature was mapped from (air photograph or lidar)
	NMR RAF/3G/TUD/UK/3 PART I 5097 14-DEC-1945

	EVIDENCE_2
	Form of remains (EH Thesaurus) as seen on PHOTO_2
	LEVELLED EARTHWORK

	PHOTO_2
	Latest available source (air photograph or lidar) to give indication of current state of preservation. Not applicable for cropmark sites
	NMR 28225/36 19-OCT-2011

	Heritage_Gateway
	URL to full monument record on Heritage Gateway
	Heritage Gateway - Results


Table 1. Aerial mapping attribute data.
Stakeholders and Interfaces
The client for the project is The English Heritage Trust, led by Sally Wilson, Andrew Roberts and Mark Douglas. English Heritage Trust (with support from Ryevitalise Landscape Partnership Scheme) are currently negotiating access with the neighbouring landowner to enable improved infrastructure (fencing, paths etc) to open the villa as one of their many free-to-enter sites. This will also include two interpretation panels. Enhanced interpretation resulting from the research will contribute to its future sustainability by increasing the appeal of the site to visitors. Training from Historic England staff will provide additional support to Ryevitalise Landscape Partnership Scheme volunteers.
Our understanding of Beadlam Roman villa and its wider landscape will be enhanced by the project. This will enable EHT members and other visitors to better understand, value and care for the site. The research will also provide opportunities for community engagement during and after the project.
The project will interface with the work of the Historic England Listing Team by providing enhanced information on the five scheduled monuments within the project area. It is also possible that sites which meet the criteria for scheduling will be identified.
If any sites that may meet the criteria for scheduling or significant amendments to designated sites are identified, these will be discussed with the Historic England Listing Team. Advice will be taken from them on how best to progress these cases at a future date. Listing outcomes do not form part of the project so no Listing Group involvement is anticipated beyond informal dialogue.
The work of the project will interface with the Historic England Archive via the provision of aerial photographs and other data. Results of the project will be deposited with the Historic England Archive where they will be available to the general public and professionals.
The project will enhance the historic environment record by updating the Historic England Research Records and exchanging this data with North York Moors Historic Environment Record (HER).
If any sites that may meet the criteria for scheduling or significant amendments to designated sites are identified, these will be discussed with the Historic England Listing Team. Advice will be taken from them on how best to progress these cases at a future date. Listing outcomes do not form part of the project so no Listing Group involvement is anticipated beyond informal dialogue.
Communication
Regular project meetings will be held with the project team to facilitate discussions regarding issues and progress and to agree and assign tasks and timescales.
It is expected that most communications with the project team will take place via MS teams. All documents will be shared on the York server. Project management documentation will be uploaded onto Project View. 
Quality assurance will be maintained by the project manager and project SRO. 
Monitoring and Reporting
Highlight reports will be produced by the Project Manager at the completion of each stage gate. These will be circulated to stakeholders.
Project experts will update MS Projects weekly to ensure accurate reporting of project resource.
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The aerial investigation and mapping cannot proceed until the Historic England Archive provide the photo loan.
The project ideally needs to conclude this financial year (end of March 2022) to enable the project results to be included in the opening of the site.
Risks
The project risks are detailed in the Risk Log below:
	Risk No
	Description
	Probability
(1 to 5)
	Impact
(1 to 5)
	Countermeasure
	Time/cost
	Owner
	Assigned To

	01
	PD not approved
	1
	5
	Submit revised PD or abandon project
	Staff cost for production of PD
	PM
	PM

	02
	Late arrival of air photo loan from HEA.
	3
	5
	Loan request already in place
Delay start
	Delay
	PM
	HEA

	03
	Poor weather limiting drone flight
	2
	1
	Assess weather conditions in advance. Delay drone flight.
	Delay
	DK
	DK

	04
	COVID restrictions (homeworking) reimplemented
	4
	5
	Scan all photos as a last resort.
	Delay
	SE
	HE ET



Probability: 1 = Remote; 2 = Unlikely; 3 = Possible; 4 = Probable; 5 = Highly probable
Impact: 1 = Insignificant; 2 = Minor; 3 = Moderate; 4 = Major; 5 = Extreme/Catastrophic

Products/Outputs

	No.
	Product description
	Purpose
	Communication/ dissemination plan
	Stage / delivery date

	1
	Photographs, DEM and orthophotograph derived from drone flight
	Illustrative and reference material
	Deliver to EHT 
	1

	2
	Specification/tender document
	Select and appoint a suitable contractor for GPR survey meeting the standard for HE/EHT procurement procedures
	Deliver to EHT
	2

	3
	OASIS Event Record
	To signpost the project to HERs and potential data users
	Online via Archaeology Data Service
	3

	4
	Digital Aerial Mapping
	Graphical depiction of features visible on aerial photographs and lidar
	Delivered as a digital product via ArcGIS Online. Copies of the data will be deposited in the Historic England Archive, the local HER and the aerial archaeology mapping explorer app
	3

	5
	New/amended WARDEN research records
	Textual record of features.
	Online via heritage gateway/digital outputs to EHT
	3

	6
	Research Report
	Summary of project results and interpretation of the villa
	Online via RRS reports online, via OASIS and digital copy to EHT.
	4

	7
	Workshop
	Training/summary of project results
	Teams meeting or in person
	5



Quality Assurance will be undertaken on Aerial Investigation and Mapping products following Quality Assurance Guidance for AIM staff.
All aerial investigation and mapping products are Historic England copyright but will be supplied to EHT via the HE Archive SLA with EHT.
Lessons Learned
Lessons learned will be uploaded to Project View throughout the project lifecycle.
Assessing Impact/ Outcomes
The results of the project will directly feed into interpretation being undertaken by EHT. The impact of the project will therefore be measurable from visitor numbers and feedback over the next few months and years.
Timetable

Overall Timetable
See MS Project for Gantt Chart
Start date -	November 2021
Milestones – Completion of stage 3. Completion of stage 4.
End Date -	March 2022

(Gantt chart to be created in MS Project on sign-off of PD).
Project Task List

	Stage/ Task No.
	Task Name/Detail

	Staff initials/ 
Specialism
	No. of days/ Work
	Duration
	Predecessors/ Dependencies


	MAIN 

	1 UAV survey

	1.1
	Pre-site assessment and permission to fly
	DK
	0.5
	
	N/A

	1.2
	UAV survey of Beadlam Roman villa
	DK
	1
	
	1.1

	1.3
	Processing of UAV data
	DK
	1
	1 week
	1.2

	2 Geophysical Survey

	2.1
	Provide a specification and manage tender process to select and appoint a suitable contractor for GPR survey
	Neil Linford
	6
	2 weeks
	N/A

	3 Aerial investigation and mapping of Beadlam Roman villa and environs (20sq km)

	3.1
	Create OASIS record(s)
	DK
	0.25
	
	

	3.2
	Acquire and process EA lidar
	DK
	0.25
	
	

	3.3
	Download and process APGB orthophotographs and height data
	DK
	0.25
	
	

	3.4
	Manage HE Archive aerial photograph loan
	DK
	1
	
	N/A

	3.5
	Analysis and archaeological mapping from APs and lidar
	DK
	22
	
	1.1, to 1.4

	3.6
	Undertake Warden recording
	DK
	4
	
	1.5

	3.7
	Perform QA
	AIM
	0.25
	8 weeks
	1.6

	4 Reporting

	4.1
	Research review and interpretation of Beadlam Roman villa
	AR
	5*
	
	

	4.2
	Research Report Series report
	DK
	15
	4 weeks
	1.3, 2.1, 3.7, 4.1

	5 Provision of GIS data

	5.1
	Export and packaging of GIS data for HE Archive, HER and EHT
	DK
	0.5
	
	3.7

	5.2
	Advice and development of GIS portal to enable online access to data
	AIM
	2
	1 week
	3.7

	6 Outreach

	5.1
	Training to volunteers/presentation of project results
	DK
	1
	
	4.1

	Total Historic England staff days
	
	
	55 (*plus 5 days EHT staff time)
	
	



Health and Safety
The work will be office based and appropriate Health and Safety procedures will be adhered to as outlined in Historic England’s Health and Safety Policy.
UAS Flight and Aerial photography for AIM and EHT at Beadlam Roman villa (this will be added to MS Project)



Appendix 1 UAS Method Statement 
The UAS survey will be undertaken to capture vertical aerial photography of Beadlam Roman Villa and its immediate setting to process through the digital photogrammetric process, Structure from Motion, to create an orthomosaic and digital surface model. Illustrative oblique imagery will also be captured. 
The resulting imagery will aid the Aerial Investigation & Mapping, which will help inform the English Heritage Trust as to the archaeological landscape setting of the villa and aid the Trust in establishing any potential impact on the archaeology from increased access to the site. 
The work will be undertaken and delivered by Historic England. The flight team will comprise Dave Knight (Aerial Investigation and Mapping) as the Remote Pilot (Flyer ID: FLY-H6LZRG) and Dave Went (Archaeological Survey & Investigation) as Observer. 
Method 
All rules and safety procedures will follow those set out in Historic England’s Unmanned Aircraft Systems Operations Manual v2.4 and the UAS Standard Operating Procedures. All flights will conform in line with our operational authorisation by the Civil Aviation Authority (CAA). 
A pre-survey site assessment will be undertaken prior to visiting the site. Pre-flight planning will include checking for nearby or infringing air traffic risks on both www.dronesafetymap.com and https://notaminfo.com/ukmap and highlight any sensitive or security-risk areas that should be avoided. All relevant permissions will be obtained from local landowners, tenants, Air Traffic Control and the Royal Air Force where relevant. 
An on-site assessment will be carried out to ascertain whether it remains safe to operate. Factors to consider will be the weather condition including wind-speed, obstacles in flight such as trees and overhead wires and obstacles on the ground such as livestock. Care will be taken to avoid filming private property (in this instance0 Pockley Gates which is located to the immediate south-east of the survey area) and to avoid major communication routes (the A170 forms the northern boundary of the project area). 
Pre-flight safety checks will be carried out according to the Operations Manual. When all these factors put together are deemed to be acceptable the flight will take place. 
The base station and UAS landing pad will be located within the survey area, but not immediately adjacent to the villa remains. A safety perimeter of approximately five square metres will be established around the landing pad with cones – only the Remote Pilot will enter this area when landing the UAS. Targets identifiable from the air will be set out at numerous locations throughout the survey area. These will be surveyed using GNSS and used as control in the photogrammetric process. 
On take-off, basic safety manoeuvres of the aircraft will be undertaken to ascertain that it is functioning correctly. The camera settings (ISO, aperture, shutter speed) will be set according to the lighting and requirements on site. 
The mapping flight will be pre-programmed into the necessary app. The project area will match the scheduled area (Fig 2) plus a considerable buffer as the flight reasonably allows battery and time-wise. 
Safety 
Both personnel will follow the IMSAFE model to establish that they are both physically and mentally well enough to undertake the survey. The personnel will wear high-visibility clothing. There should be no public ingress to the flight area, but signage will be erected at the nearest gated entrance to the field. The observer will act to keep uninvolved persons out of the survey area, or at least inform them that a UAS survey is taking place and the drone will be kept at a safe distance. 
In the event of an unplanned technical incident with the UAS, such as the loss of control or a loss in the data link between the controller/mobile phone and the UAS, the Remote Pilot is trained in several procedures to regain control and bring the UAS back to its point of take-off. In the event of a fly-away, the direction, height, speed and remaining battery will be noted, and emergency services called if deemed necessary. 
In the event that the Remote Pilot becomes incapacitated, the Observer will be trained in the basic function of the UAS, primarily in how to return it to its point of take-off point safely. 
Heat-resistant gloves and a fire extinguisher will be kept close to the Remote Pilot at all times. 
Technical Specifications 
The Remote Pilot will be operating a DJI Phantom 4 Pro v2.0 (serial 11UDH3KR710025) (UAS05). The UAS uses intelligent flight batteries, each with a flying capacity of approximately 20 minutes depending on weather conditions, allowing a total flying time of approximately two hours over six batteries. 
The viewing platform will be a Samsung Galaxy S8. The mapping flight will be undertaken using the applications DJI Pilot or Drone Deploy. Additional oblique photography will be captured manually using DJI Go 4. All imagery will be captured in .DNG RAW format with 4:3 image aspect ratio. The photographs will be geotagged using the on-board UAS GPS. Tighter ground control will be established with a Trimble R10 integrated Global Navigation Satellite System (GNSS) calibrated using a Virtual Reference Station (VRS) for networked real-time kinematic (RTK) survey. The vertical mapping photography will be photogrammetrically processed post-flight using  Agisoft Metashape Professional Version 1.7.4 to produce an orthomosaic and digital surface model. 
Summary	Pillar 1	Pillar 2	Pillar 3	Pillar 4	4	4	3	4	
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