2

An Evaluation of the DJI Fly 2 Mini Unmanned Aerial Vehicle and Matterport Pro2 3D Scanning Device as a Method of Assessing Beach Topography Change at the Site of Rhossili Bay, South Wales.
Milo Fleming
1902803
University of Wales Trinity Saint David
08/04/2023





















Abstract
This study investigates and evaluates the suitability of a DJI Fly mini 2 unmanned aerial vehicle (UAV) and a Matterport Pro2 as a method of assessing beach change. Data collection was conducted across a one-month study period at the site of Rhossili Bay, South Wales. The analysis of the results showed the potential of UAVs in measuring beach change whilst also proving that photogrammetric 3D scanning is not advisable on an open sandy beach. It is concluded that moving forward UAVs that have real time kinematic positioning (RTK) and automated flight planning available becomes the standard requirements for UAVs that seek to assess beach change. It is decided that terrestrial laser scanning (TLS) should be used and not photogrammetry when creating a 3D model on an open sandy beach environment.  
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[bookmark: _Toc131773736]Introduction
In recent times, there has been a rise in interest regarding new technologies within coastal management planning and monitoring with researchers becoming increasingly attracted to the use of Unmanned Aerial Vehicles (UAVs) and 3D photogrammetry laser scanning within planning and monitoring practices. The possibility and likely probability that these technologies could drastically better the field of coastal management has generated a rush to gain more knowledge upon how they could be used by researchers in the field to better past practices of data collection. The complexity of the various ways in which new technologies could be implemented within coastal management research raises questions of considerable interest to researchers with this report seeking specifically to better understand and evaluate how the use of a DJI Fly 2 mini-UAV and Matterport Pro2 3D scanner could be used to aid coastal research. 
[bookmark: _Toc131773737]1.1
Knowledge of how best to use new technologies within the field has great importance to coastal researchers as coastal zones are typically very dynamic areas which are influenced rapidly by various environmental forcing agents (Komar, 1998, Woodroffe, 2002, Selvavinayagam, 2008 and Pranzini and Williams, 2013). With studies recently showing that by 2100, we can expect mean sea level to rise to up to 1m (Church et al.,2013 and Nicholls et al., 2014) and population density being considerably higher in coastal than non-coastal areas (Small and Nicholls, 2003). The rapid, straightforward assessment of the mean high-water line has never been more important (Ibid). In England and Wales, 30% of the population live within 10km of the coast with £120 billion worth of resources and infrastructure in danger of coastal flooding along with another £10 billion at risk of coastal erosion (de la Vega-Leinert & Nicholls, 2008). Given ever growing coastal communities and exceptionally high value of assets at the coast, if best available practice is not implemented in assessing the impacts of climate change the damages can be devastating (Hoggart, Buller and Black, 2014). The calculation of coastline environment changes and related shoreline studies such as beach height measurement are vital to the improvement of appropriate management approaches (Anfuso, Pranzini and Vitale, 2011) Thus, how to ever improve management and monitoring techniques of these areas has become an important component of recent research surrounding coastal management. This has become more prevalent as urban development, human activities and resource use are ever increasing in coastal areas which generally lead too long-lasting damaging effects such as increased environmental degradation and hazard vulnerability (Bagli and Soille, 2003 and Mills et al., 2005). It has been suggested that the use of UAV’s may be simple to use, cost effective and not require too much time. With the initial realization of the potential of photogrammetry in the Earth sciences (James and Robson, 2012, Westoby et al., 2012 and Fonstad et al., 2013) that there has been a dramatic rise in the number of recent publications that use this method. This study will further contribute to this bank of knowledge. This may solve the classic problem in coastal research of what the most efficient way is to gather data upon a coastal area. Could it be that it is by replacing old practices and their problems with this new technology?
In recent years there has been a clamour to discover how the fast-developing new world of UAV’s may help alleviate some of the previous problems with past techniques. Unmanned Aerial Vehicles (UAV’s) have rose to prominence in recent years with its use in various areas of geoscience in order to gather topographic data aiding gully erosion (Marzolff and Poesen, 2009), rocky cliff erosion (Mancini et al., 2017), tidal inlet evolution (Long et al., 2019), beach dune system evolution (Mancini et al, 2013, Goncalves and Henriques, 2015, Brunier et al., 2016, Turner, Harley and Drummond, 2016 and Guisado-Pintado, Jackson and Rogers, 2019). UAVs in these studies have been noted to be easy to deploy as well as being a comparatively cheap way to gather data at a local scale. This has led to their increased use within ecological research and management over the last decade (Anderson and Gatson, 2013)
There is now beginning to be a fast-moving switch towards UAV’s and new technology such as 3D photogrammetry within the field of coastal research with drones and 3D technology now being widely known to have the potential to provide a low risk, low cost fast method of monitoring coastal zones (Goncalves and Henriques, 2015 and Cook, 2017). Despite this, it is accepted that UAV and 3D application is still relatively novel, specifically in coastal systems (Hugenholtz et al., 2012, Whitehead and Hugenholtz, 2014 and Vincent, Weden and Ditmer, 2014). So far, as mentioned applications involve topographical and geomorphological mapping (Delacourt et al., 2009, Hugenholtz et al., 2013 and Turner, Harley and Drummond, 2016) and erosion discovery and coastal hazard detection (Chong, 2007 and Pereira et al., 2009). UAV’s can gather ariel observations at user decided frequencies (daily, monthly) and are relatively inexpensive which has led too drone surveys being used at a higher frequency in recent years (Mancini et al., 2013, Casella et al., 2016, Turner, Harley and Drummond, 2016 and Duffy et al., 2017).  Regardless of the notable improvement made in recent years, it is not regarded as a new development as it originated out of the evolution of technologies being experimented with during the 20th century (Colomina and Molina, 2014). 
There is also a race to understand techniques that generate 3D data of the landscape it studies. One of the ways of doing this is using photogrammetry to digitally generate 3D models. This is the new generation of field techniques for understanding coastal environments geomorphometry. The exploitation and challenges surrounding this technique are still novel. The Matterport pro 2 model this research paper evaluates uses a combination of photogrammetry and LiDAR (Light detection and ranging) technology to generate highly accurate 3D models of spaces. Previous studies using this technique in the field of coastal research have been reviewed by French and Bunningham (2011). For example, coastal cliffs have been studied by Westoby et al., (2012) while coastal boulders using this technology have been studied by Gienko and Terry (2014). It is noted in these studies and other papers how the texture of surfaces, particularly in low texture or flat research site environments make 3D image construction very difficult (Mancini et al., 2013 and Eltner et al., 2015). It is an aim of this paper to see if the Matterport pro 2 3D device may be used following consultations with experts in the field to successfully create a methodology that can gather results on an open sandy beach. This equipment has not been extensively studied and so any new research surrounding the topic is of importance to coastal researchers.
Despite the move towards UAVs and 3D scanning within coastal research there still lies a research gap in a standardized methodology outlining how Unmanned ariel vehicles and 3D scanning equipment could be used in coastal zone management. Coastal zone management has become a recognized structure in balancing the need for development against the need to protect natural resources in these coastal zones. Coastal zone management is imperative for generating and implementing the data needed to manage and monitor conservation areas. The ever-increasing threat of climate change coupled with anthropogenic activities has led coastal researchers to develop and then use new and improved tools to manage and monitor the coastal zone.
[bookmark: _Toc131773738]1.2
In this paper we aim to contribute to the existing research surrounding the use of Unmanned Aerial Vehicles (UAV’s) and 3D photogrammetric equipment by evaluating two pieces of equipment (DJI Fly 2 mini and Matterport pro2) performance during data collection. First the research projects aims and objectives will be outlined before a literature review will be conducted looking at all previous knowledge surrounding the use and potential of UAVs in coastal management. Past beach height methods will be touched upon before a table presents the main findings of the review and how it will inform this research. Then the creation of a methodology agreed by Professor Alan Williams, an expert in coastal Geomorphology will be explained, showing how and why this projects data collection was undertaken. The results of this methodology will then be presented, with observation analysis conducted on the photogrammetry data provided by the UAV. Following both positive and negative findings of this study combined with a resulting interview with Professor Matt Drummond a set of instructions that will help advise other coastal researchers of the best ways in which to use 3D scanning and UAV techniques as a method of assessing beach change. A comprehensive conclusion of the study’s findings and recommendations for the future will then conclude this report. 
[bookmark: _Toc131773739]1.3

Project aim
To evaluate the use of UAV and 3D scanning technology as a method of assessing beach change at the site of Rhossili Bay, Gower
Project objectives
· To compare the results collected from a UAV with Matterport pro2 3D scanning device as a method of measuring beach change. 
· Critically analyse the merits of using drones as a method to measure beach change.
· To propose a set of instructions to advise coastal zone managers on the effective use of UAVs and 3D scanning equipment in coastal management practices.  
[bookmark: _Toc131773740][bookmark: _Hlk125550597]Literature Review

Unmanned Aerial Vehicles (UAVs) have become increasingly popular tools for coastal research and management due to their versatility, efficiency and cost effectiveness. Coastal UAVs have been used in a wide range of applications, including coastal erosion monitoring, beach profiling, marine wildlife surveys, oceanographic data collection and pollution monitoring. In recent years, the use of coastal UAVs has expanded rapidly, and researchers have been exploring new ways to enhance their capabilities and improve their effectiveness. This literature review aims to provide an overview of the current state of research on coastal UAVs, highlighting their applications, limitations and future directions. By synthesizing existing literature, this review will identify gaps in current knowledge that may be built upon with the findings of this paper in order to aid and advance the use of coastal UAVs in management and conservation. The review will first look at the current uses of UAV technology in society before delving deeper into their use in a coastal management sense where previous studies are looked at with their advantages and disadvantages noted. Then a brief outline and review of previous methods of beach height measurement will follow. Then….. The literature review will be conducted following extensive reading around the chosen topic in order to better understand the use of technology in coastal monitoring as well as understanding how the new UAV methods may improve past practices.
[bookmark: _Toc131773741]2.1 Critique of existing methods of rapidly assessing beach change

There are various existing methods of assessing beach sediment change over differing timescales. This report however focuses on those methods which rapidly assess beach sediment change.
[bookmark: _Toc131773742]2.2 The current use of UAVs in Society 

In the last decade there has been a demand for adaptable cost-effective hands-on initiatives in society as a whole as technology advances. UAVs have been one area of specific interest and growth in both the scientific and civilian world allowing for a new era of remote sensing and study of the environment to begin (Valavanis and Kontitsis, 2007). According to Valavanis and Kontitsis (2007), UAVs first appeared in the first world war where they were used in a military sense. Although, he also noted that humans first started the birth of UAVs around 2500 years previous, whereby we started imitating birds in creating objects that could fly, in this sense, the beginnings of UAVs may be linked to the field of aeronautics. As time passed, the next event that is noted as being key to the development of UAV’s is according to Nonami et al., (2010) the Cold War, Vietnam War as well as the Gulf War due to their increased use here in military operations. The technological design of UAV’s has no doubt drastically changed if we look at the drones of today against those used throughout history. At present, there are many different types of UAV that vary depending on which assignment it may be used for. Overall, UAV’s have the ability to attain aerial photos with ease, which can then be used for analysis in multiple fields using varying techniques. UAVs are included in the field of remote sensing with the most technologically advanced types being UAVs for military use.
UAVs are also becoming highly useful for the general population of today. They can be used for everyday tasks in order to manage, collect, map and analyse information they are able to gather. They have been studied in numerous fields of knowledge, with Geospace being one of the most prominent. Authors have also found that UAVs are a beneficial device in data collection within forestry, civil engineering, geophysics, geology, geomorphology, geography, urban studies, architecture, agriculture and photogrammetry (Eisenbeiss and Sauerbier, 2011, Colomina and Molina, 2014, Cigna 2018, Garg et al., 2018 and Niedzielski et al., 2018). 
UAVs are classified by Dalamagkidis (2015) as an unmanned aircraft which is supported by a remote-control system. There are also other terms such as UAS (Unmanned aerial system), RPV (Remotely Piloted Vehicle, drones or RPAS (Remotely Piloted Aircraft System). UAV is largely used photogrammetry, computational science, robotics and AI (Artificial intelligence). 
The limitations and advantages of UAV’s have been studied by several different authors with some advantages noted that UAVs may be used in a high-risk situation, for example in a very remote area, where there is now threat to human life because of this technology (Boccali et al., 2017 and Nikolakopoulos et al., 2018). Also, that they are cheaper and have fewer operating fees than a manned aircraft (Akcay, 2015, Barlow, Gilham and Cofra, 2017 and Afif et al., 2019), as well as this they have the ability to collect data rapidly (Ahmad et al., 2013 and Barrile, Bilotta and Nunnari, 2017). Some limitations have been stated as the fact that it may be difficult to use some models in harsh weather conditions (Chou et al., 2010, Koshitzki et al., 2017, Ardi et al., 2018 and Fiorucci et al., 2018). Lazar, Beguz and Vulic (2018) and Ghorbanzadeh et al., (2019) also reported that cheap UAVs may experience problems with their sensors in comparison to high end models. This is also the problem with the engines of cheaper models, which have a limited rechargeable altitude compared to the high-end models (Danzi et al., 2013 and Sun et al., 2019).
[bookmark: _Toc131773743]2.3 Coastal UAVs 
Unmanned aerial vehicles (UAVs) are being used more and more for cost effective environmental monitoring in order to gather data that is useful in coastal management practices (Ouellette and Getinet, 2016). As previously stated, enhancements in both the accessibility and affordability of Unmanned Aerial Vehicles have led to the growth in different types of applications that can enhance coastal management fields, these include the monitoring of wildlife (Kelaher et al., 2019), fisheries compliance (Bloom et al., 2019), marine habitat mapping (Joyce et al., 2018),  topographic mapping (Goncalves and Henriques, 2015), assessing storm damage (Turner, Harley and Drummond, 2016), modelling wave run up (Casella et al., 2014) as well as erosion (Clark, 2017). When UAVs are looked at together with satellite data which is often used in similar fields, it is seen that UAVs can gather imagery which is of a higher resolution, as well as being more flexible in the data collection frequency. As UAVs can shorten the gap between the labour intensive, often small-scale techniques used in sampling and low resolution, large scale remote sensing methods therefore enabling a more efficient collection of data in better detail across a relatively large area. As the benefits and capabilities undoubtedly increase together with the efficiency of cost, UAVs application in coastal management will continue to grow at a rapid rate.
Small UAVs (less than 7kg) such as the one used in this report, are compact and affordable making them perfect for monitoring with little disturbance to both wildlife as well as people (Linchant et al., 2015). Christiansen et al., (2016a) further backed this up by noting how the sound made by a small UAV cannot be heard below the water. As a result, UAV’s have been widely used in the monitoring of coastal wildlife, for example whales (Aniceto et al., 2018), dugongs (Hodgson, Kelly and Peel, 2013), rays and sharks (Kiszka et al., 2016, Raoult and Gaston, 2018 and Colefax et al., 2019), dolphins and manatees (Ramos et al., 2018), numerous wetland species (Han, Yoo and Kwon, 2017), sea turtles and crocodiles (Bevan et al., 2018) and coastal birds such as penguins (Goebel et al., 2015). In addition to this, UAV studies have also been seen to focus on gathering data upon entire populations of species of bigger marine fauna on sandy beaches, this has allowed for marine populations to be compared both temporally and spatially (Kelaher et al., 2019). Another area of coastal monitoring which uses drones is the ground-breaking biological recording of marine sea life, an example of this is the collection of sampling from whale blow, the benefit of drones being the research boats can be kept at safe distances without being invasive to the wildlife (Pirotta et al., 2017 and Geoghegan et al., 2018).
Unmanned aerial vehicles also have the potential too survey and monitor marine protected areas and fisheries in a cheap and discreet manner (Jimenez Lopez and Mulero-Pazmany, 2019 and Nyman, 2019). The UAVs used here may also be used to better protect against illegal fishing and the resultant impacts (Toonen and Bush, 2018). Bloom et al.,  (2019) also successfully tested trying to detect the use of fishing gear which is illegal and that which is abandoned. Unmanned aerial vehicles also have previously positively aided the stock assessments of fisheries, by enabling a quick, effective way of biomass estimates for jelly fish (Raoult and Gaston, 2018) as well as measuring the quantity of salmon nests at the time which they spawn (Groves et al., 2016).
The usage of coastal areas can also be monitored using unmanned aerial vehicles (UAVs).  Management strategies use human use data to better inform decisions made when trying to ensure sustainability of the over exploited coastal zone in an economic and ecological sense (King and McGregor, 2012). It is important drone data such as this is gathered as beaches are vital assets for coastal areas and act as honeypots in attracting tourists on a yearly basis. These people often partake in activities such as fishing, surfing and swimming. This recreational use of the coastal environment can cause the degradation of the coastal zone if not properly managed which then in turn reduces the areas ecological, economic and recreational value (Lucrezi and Van Der Walt, 2016) For this reason beach management through the use of UAVs has been noted to be imperative in order to stop unsustainable levels of use, this aids dune protection, access problems, run off control, revegetation strategies and water quality monitoring (Chen and Teng 2016, Papakonstantinou, Topouzelis and Pavlogeorgatos, 2016). UAVs signify a highly helpful step towards an improved assessment of recreational beach use which undoubtedly aids coastal management decisions. Previously manual counting has been undertaken by researchers (King and McGregor, 2012) as well as other methods such as manned aerial surveys (Blackweir and Beckley, 2004) and community surveys (Dwight et al., 2007).
[bookmark: _Toc131773744]2.4 Review of beach height measurement tools in coastal management

In this section previous techniques of assessing beach heigh measurement are outlined and reviewed. The common monitoring method for surveying beach topography change is GNSS-RTK (Global Navigation Satellite System-Real-Time Kinematic) surveys, these allow for the gathering of very accurate data from the transects which it measures (Harley et al., 2010).
These include ground survey along transects, LiDAR, the satellite-based waterline method, stereophotogrammetry from satellites and aircrafts, bathymetry measurement by SAR imaging of wave current interaction and SAR (Synthetic Aperture Radar) interferometry from both satellites and aircraft. A brief description of each method is followed by potential advantages and disadvantages of the technique. 
Ground surveys are typically made up of measurements taken at even distances down the beach. It uses conventional survey methods using total stations and theodolites. In order to gain a longitudinal point of view when looking at the beach, shore-parallel transects may be used. The profiles used often reach past the average high-water mark and into the space in which storms may affect. A further detailed review of the various parts of beach transect assessment can be found in (Gorman, Morang and Larson, 1998). There are numerous advantages to the use of ground surveys with some being the high accuracy of the surveys, easy repeatability is possible and the entire beach and near shore area can be monitored fairly simply. It is also possible to record other data during the survey such as the type of beach material found. Some of the drawbacks of this method are that it is a labour-intensive technique with often two or more people required also large areas can be surveyed easily on a regular basis due to logistical problems and this method only allows for a 1D view making it hard to map spatial data (ibid).
The next method investigated is that of Airborne stereophotogrammetry whereby aircraft is used to cover a larger area in a relatively short amount of time. It uses stereoscopic imaging from two different views of a 3D item by obtaining overlapping pictures from two different aircraft positions. Airborne photography which is built upon by photogrammetric interpretation of stereo-pairs to create DEM, this can then give results at numerous different scales dependent on what the application is required for (Neill 1994). Balson et al., (1996) has given an example of where airborne stereophotogrammetry produces a DEM of a narrow beach. The advantages of this method are that spatial data can be mapped and large areas can be recorded at a high accuracy. Some of the disadvantages of this method are that only in good weather can data be gathered; it can be problematic to gain a reference point on flat areas (such as open sandy beaches) and also it can be very costly. In order to find a way around the problem associated with this technique in recording flat open areas Holland and Holman (1997) put forward an alternative variant of this method which instead uses trinocular stereophotogrammetry to retrieve foreshore topographic data from a group of overlapping videos, this allows the equipment to discover the location of the shoreline and overcome the problem of not having features to focus on in open sandy beaches. This can gather beach height data at a relatively low cost.
LiDAR (Airborne scanning laser altimetry) enables fast and accurate mapping of elevation measurements (Flood and Gutelius, 1997 and Gutelius, 1998). LiDAR operates by gauging the time and direction of laser pulses sent from the aircraft towards the ground and then back up, it then uses kinematic GPS to assess the location of the aircraft before measuring its heading, pitch and roll values using the navigation system located internally. Following this, a dense map of heights is gathered by laser scanning and sampling different heights every couple of meters. The area which the laser concentrates on can be measured to a planimetric accuracy of ca. 1m and a vertical height accuracy of ca.15cm on flat open sandy beaches (Huising and Pereira, 1998). The main benefits of using this method are that it is very accurate, spatial data can be recorded, areas with a high coverage can be mapped with ease and it is rapid in production of the results. Some of the drawbacks of this method are that there can be no cloud present below the LiDAR scanning, and it can be costly in comparison with other techniques such as UAVs (ibid).
Airborne interferometry uses two SAR antennae which are both located on the same aircraft and simultaneously capture data, therefore mitigating some of the problems associated with the satellite based technique. Adams et al., (1996) and Madsen, Martin and Zebker  (1995) discovered that this technique when mounted on a jet aircraft enables the monitoring of a full tidal range in bad weather possible in a short amount of time. This technique also has a high accuracy, spatial data can be gathered and various data apart from just height can be recorded. This technique does not however allow the near shore zone to be recorded and also planimetric and vertical accuracy are fairly low (ibid).
The next technique that can be used for beach topography mapping is the Waterline method which uses the sea as an altimeter and only functions within the intertidal zone (Collins and Madge, 1981, Mason et al., 1995, Koopmans and Wang, 1995 and Ramsey, 1995). The waterlines position is calculated using an image processing method once a remote sensing image has been captured.  The average sea level measurements are superimposed on the water line by combining surge water elevations and the total tide of that area. By using this data, a set of heightened waterlines can be calculated and a raster DEM is able to be added. This method allows an intertidal DEM to be created of a big area, it is suitable for flat, wide beaches and allows spatial data to be mapped. This method can also unlike some of the others be used in all weather conditions and can be used for beaches which aircraft cannot reach. It however only allows the intertidal are to be covered and has an inaccurate planimetric accuracy (ibid).
Another method which has historically been used for beach topography mapping is satellite interferometry. It works by collecting two SAR images which are captured with a short time frame between and a slightly different antenna location during acquisition (Massonnet, 1997 and Henderson and Lewis, 1998). This data may be analysed in order to gather information upon the height. If the entire tidal range is to be recorded. Research using this method has shown that it may be difficult to gather data on open sandy beaches as sand changes in colour as it dries in the time between the two images meaning coherence is lost (Mason et al., 1995). This method however does allow changes to be monitored accurately with a large area able to be recorded and spatially mapped. The disadvantages of this method are that as stated gathering data over sand may be problematic and there is a low planimetric and vertical accuracy.
Optical satellite data may also be used in order to create a DEM from SPOT or Landsat data by understanding stereopairs (Tateishi and Akutsu, 1992) or through the use of the waterline technique previously mentioned (Koopmans and Wang, 1995). Using this method, it can be difficult to gather data on the entire tidal range due to orbit times, whilst cloud cover can affect the collection of data and low planimetric and vertical accuracy can also be present. It does allow a large area to be recorded and data apart from just height can be gathered.
From the methods discussed, Airborne stereo comes across as the best technique because it is highly accurate and can cover large areas, this is also the case with airborne LiDAR which is seen to be useful because of its rapid assessment. Ground survey is noted to be productive, however accuracy can be lower than the previous two methods mentioned. Despite these historic methods having their advantages as well as disadvantages, they are still costly in comparison to UAVs and will take more time to collect data. The remote sensing methods mentioned can be accurate and reliable when compared to the conventional field studies such as ground survey which may be laborious and costly (Mumby et al., 1999). Various studies have also used Landsat and Satellite imagery mentioned to asses variations within coastal zones (Vanhellemont and Ruddick, 2014, Diaz-Delgado, Cazacu and Adamescu, 2018, Schulz-Stellenfleth & Staneva, 2019 and Yang et al., 2019). The potential of UAVs to improve the practice of beach topographic mapping is endless with this study attempting to prove how they can match some of the advantages of these methods whilst also eliminating the disadvantages. This is partly down to the fast-developing world of computer applications allowing data to be processed rapidly with a high spatial resolution accuracy. This has been proven in the studies of coastal change and coastal processes by (Chabot et al., 2018, Chen et al., 2018, Collin et al., 2018 and Jaud et al., 2019).
[bookmark: bbib76][bookmark: bbib50][bookmark: bbib10]Previously, satellite-based remote sensing images have been widely used in the reports upon environmental dynamics for the monitoring and mapping of land use changes (Yang and Lo, 2002, Muller and Zeller, 2002 and Cardille and Foley, 2003), riparian and forest ecosystem (Johansen and Phinn, 2006 and Johansen et al., 2007), oil spill events (Brekke and Solberg, 2005) and animal behaviour (Fiedler and Bernard, 1987 and Coyne and Godley, 2005). However, the remote sensing imagery often has a very high spatial resolution within its data and therefore can be very costly which means it is not easily available to the wider scientific society because of financial limitations. This study aims to see if a cost effective UAV may be useful as a method of assessing beach change in comparison with studies mentioned above and the Matterport pro2 3D scanning device.
[bookmark: _Toc131773745]2.5 Previous UAV studies in coastal management practices.

Drones or UAVs have been used increasingly in coastal zone management with unmanned aerial vehicles being enhanced in areas such as software, navigation systems, video sensors and photographic capabilities (Klemas, 2015). The cheaper UAVs can have go pros attached as well as hyperspectral and thermal sensors. As mentioned above UAVs can often be cheaper and more efficient in speed of collecting data, this is seen in the studies of (Casella et al., 2016, Barlow, Gilham and Cofra, 2017, Appeaning Addo et al., 2018, Chen et al., 2018, and Jaud et al., 2019). As well as this, they have been complimented for their ability to map large areas at a low cost, some of the potential drawbacks of other techniques reviewed (Casella et al., 2016, Sturdivant et al., 2017, Chabot et al., 2018 and Chen et al., 2018).
Unmanned aerial vehicles (UAVs) can help mitigate some of the negatives associated with other methods of coastal monitoring. Next, a few studies in which UAVs are used are reviewed with their benefits outlined. A DJI phantom 2, the same one as was used in this study, was used in French Polynesia to explore shark and ray densities (Kiszka et al., 2016). This report showed that over a short amount of time, unmanned aerial vehicles could be used to assess marine fauna densities within coastal lagoons, with the use of the DJI Phantom 2 proving to be a success. Cao et al., (2018) also proved the effectiveness of unmanned aerial vehicles in classifying mangrove vegetation. Previously using other methods of remote sensing techniques this has been seen to be difficult, this is now possible using the hyperspectral images provided by UAVs combined with image processing methods recently developed. Multispectral images provided by unmanned aerial vehicles have also been assessed in the monitoring of the ecology of wetlands over a long period of time by Diaz-Delgado, Cazacu and Adamescu (2018). This report found that there is immense potential in using UAVs in the study of wetland ecological studies.  Multispectral UAV imagery has also been used by Chabot et al., (2018) who utilized object centred image processing techniques in order to chart the aquatic vegetation in shallow coastal waters. It was discovered that the spectral, temporal and spatial resolution that is provided by unmanned aerial vehicles can be useful in assessing fluctuations in the vegetation of coastal wetland areas, which previously has been very difficult and laborious for field surveys. Furthermore, it has been proved by Doughty and Cavanaugh (2019) that if multispectral unmanned aerial vehicle images are united with regular field recordings by using two different sensors to determine a basic mapping workflow, then the approximation of salt marsh biomass is possible. Moreover, at the Tiahura lagoon located in France, Casella et al., (2016) found it is feasible to use cheap UAVs as a rapid survey method in the mapping of height and spectral specifications upon coral reefs within shallow waters. Casella proved that in conditions of calm waters, low sun glint and low winds that a DJI Phantom 2 unmanned aerial vehicle could be successfully used. 
In the surveying of the intertidal zone, several investigations have been conducted by researchers such as Barlow, Gilham and Cofra (2017) who measured variations in chalk sea cliffs using point cloud and spectral information. The findings showed that UAV imagery can offer a beneficial basis for research on the coast surrounding slope stability. UAV’s ability to map large scale geomorphic alterations at the coast was proved by Chen et al., (2018). The research investigation used a UAV with a quad rotor which had a non-metric sensor attached in order to aid the existing tools in assessing geomorphic and topographic variations on the beach. Over a long time period of 12 years, Jaud et al., (2019) concluded that UAV photogrammetry is able to be used in the surveying of coastal morphological changes as it is able to quickly acquire 3D topographic data at a high spatial resolution. Jaud et al., (2019) used a UAV with various differing platforms and sensors for a long-term coastal monitoring investigation for this research. The research detected features like beach cusps and cross shore movements, with the use of a UAV a success. Shaw et al., (2019) conducted research that showed both RGB camera and a UAV LiDAR system are appropriate for evaluating beach change following a 6-month comparison of the two. 
Next, literature upon intertidal sediment studies indicated the likely usefulness of UAV applications in surveying structural geology at the coast with Ko and Lee (2019) using a DJI Phantom 2 UAV in Korea to detect geological structures. In mapping intertidal sediments Fairley et al., (2018) suggested a simple UAV workflow. In this study, UAVs with multispectral and thermal cameras where directed to fly over three different sand and mud based research areas. This report found that while the use of a thermal camera in mapping sediment did not work well due to changing environmental factors such as changing temperature over the intertidal zone, the relationship between multispectral and colour reflectance against surface moisture was able to be recognised. Overall, the report found UAVs to be a good method in the remote sensing of the intertidal sediment.
UAVs have been used in coastal areas to survey marine litter accumulation rate by assessing the distribution and type of litter in a number of studies (Deidun et al., 2018, Martin et al., 2018, Fallati et al., 2019 and Merlino et al., 2020). Specifically, a plan was devised to observe and identify the marine debris by Deidun et al., (2018) together with the Marine Strategy Framework Directive (MSFD) by using a cheap UAV. This plan was seen to be a good addition to marine management practice as it was noted how a large survey area could be recorded in a short time period. A DJI Phantom 4 was also used in a study over a longer time period by Merino et al., (2020) who assessed the dynamics of beach debris in Italy. These reports findings highlighted how there was a solid relationship between the UAV findings and the findings of normal field studies where counting was used as a method. These reports showed the effectiveness of UAVs in this area of coastal monitoring.
The use of UAVs has also been trialled in assessing the effects of coastal flooding and coastal erosion. A study using a drone was conducted by Appeaning Addo et al., (2018) whose findings outlined the threat of sea level rise upon rural areas with its processes shown using a UAV to destroy 77 properties for the period between 2005 and 2007. As well as this, Duo et al., (2018) found there to be numerous advantages of integrating the use of a DJI Phantom 2 drone with local experiences in the surveying of coastal damage proving UAV usefulness in this field following its post storm observations in Feb 2015.
Coastal land mapping has been a further area of coastal monitoring that has positively benefitted from the use of UAVs with its use proving to be highly efficient. It was found by Sturdivant et al., (2017) that UAV imagery can aid the mapping of land and its use in coastal areas with the report highlighting how the use of the UAV significantly enhances the ability to gather data surrounding elevation and mapping data. Furthermore Yang et al., (2019) showed that the UAV multispectral mapping techniques can add to the already gathered satellite data where there is a dearth of sufficient data, proving that the use of UAVs can aid coastal land cover mapping and use data collection.
[bookmark: _Toc131773746]2.6 Challenges in using UAVs in coastal zone management

These studies reviewed above have various advantages in the field as mentioned when using UAVs in the coastal zone as highlighted, however there are drawbacks to these methods as next reviewed. Firstly, in the study using a fixed ground control point (GCP) by Jaud et al., (2019) it was found to be difficult in long term assessment as the beach was ever changing. It was noted that various alternative targets as GCPs should be used in order to make sure accuracy is high in the data gathered (Jaud et al., 2019). The reflectivity of water in the investigations of (Casella et al., 2016 and Cao et al., 2018) upon coral reefs proved to be a drawback while in the studies conducted by (Kiszka et al., 2016, Deidun et al., 2018 and Fairley et al., 2018) it was apparent that flight restrictions negatively affected the use of the UAV. Further problems highlighted were technical difficulties to do with the analysis and ability to process a big number of images that had been gathered (Chabot et al., 2018 and Fairley et al., 2018). A large problem in several studies was that there was regularly a problem in consistently setting GCPs which the negatively affected the reliability and accuracy of studies. 
Overall, Unmanned Aerial Vehicles have been shown to be highly effective tools in gathering remote sensing information in coastal areas for coastal zone management practices. This is due to their low operating cost together with the ability to gather spatial and temporal data at high resolution. They have been seen to enable important data to be collected for the monitoring of inter tidal investigations, coastal land use, damage assessment, tracking coastal organisms and land cover mapping. This use of UAVs in coastal monitoring is expected to keep increasing as thew cost of the equipment becomes cheaper over time. Also, as the technology improves year by year coastal research will continue to benefit with the data gathered expected to become of a higher quality with possible disadvantages being mitigated as time progresses. The results so far on the usefulness of UAVs and the potential moving forward is very exciting for coastal researchers around the globe. 
[bookmark: _Toc131773747]2.7 3D DEMs on beaches

Three-dimensional digital elevation models otherwise known as DEMs are usually used to measure morphological changes and trends (Pike, 1995, Pike, 2000, Evans et al., 2003 and Hengl and Reuter, 2008). Monitoring these changes requires high resolution DEMs that can capture what may be significant changes to the coastal landscape after actions like coastal storms (Guisado-Pintado and Jackson, 2018). Photogrammetry is a world-renowned technique that uses digital image processing to create 3D DEM models. The first applications of this method focused on creating DEMs through the use of photogrammetric ideas and GPS (Lane, Richards and Chandler 1994, Lane, 2000 and Brasington, Langham and Rumsby, 2003). In recent times there has been the creation and improvement of structure from motion (SFM) techniques that are derived from principles of stereoscopics have proved to help create 3D surface models that use images that overlap from varying viewpoints (James and Robson, 2012 and Fonstad et al., 2013). Past studies such as Micheletti, Chandler and Lane (2015) work have fuelled a large group of researchers from the field of geo sciences made up from both experts and non-experts that have used photogrammetry as an important method in the generation of 3D models in order to develop digital surface mapping over various scales (Eltner et al., 2016).  Likewise, the use of laser scanning to generate 3D models in coastal locations has risen in the past decade; reports of beach nourishment (Pietro, O’Neal and Puleo, 2008), observing of small bedforms and aeolian systems (Mancini et al., 2013, Montreuil et al., 2013, Pelletier and Jerolmack, 2014, Baddock, Nield and Wiggs, 2017; Fabbri et al., 2017 and Smith et al., 2017) are various examples. Nonetheless, several limits of this method are still present, as an example, understanding the impacts of the varying design of surveys when complex morphologies that include ground control points in image processing are still in the early stages of understanding, these are substantial deliberations that need to work out (Micheletti, Chandler and Lane, 2015, Convey and Roberts, 2017 and James et al., 2017). Furthermore, the calibration of the camera, the distortion of the lens and a took ‘doming’ effect also contribute as an important factor in the resulting final data model (James and Robson, 2012, Eltner and Schneider, 2015, Carbonneau and Dietrich, 2017 and O’Connor, Smith and James 2017). It is also noted in other studies how the texture of surfaces, particularly in low texture or flat research site environments make 3D image construction very difficult (Mancini et al., 2013 and Eltner and Schneider, 2015). As well as this, the different altitude the camera is located at relative to the ground will also complicate image matching (James et al., 2017). All the above noted factors are vital in achieving a good quality of data for the final 3D surface model (ibid). Some of the mentioned factors are not yet sufficiently addressed within the topic of geomorphology meaning problems are still expected to be present as researchers seek to discover what is good and bad practice. This study will evaluate the use of a 3D Matterport pro2 to see how it performs and if any of these issues can be overcome during this study. 
In conclusion, this literature review has highlighted the significant potential of coastal UAVs for a variety of applications, including coastal monitoring, mapping and surveying. The advantages of UAVs over traditional surveying methods, such as cost effectiveness, flexibility and high-resolution imagery make them an attractive option for researchers and professionals working in coastal environments. However, challenges such as flight regulations, technical limitations and environmental conditions must also be considered. Several studies have demonstrated the successful application of coastal UAVs for various purposes, such as monitoring shoreline erosion, assessing beach debris and mapping marine habitats. The use of UAVs in combination with other technologies, such as remote sensing can provide valuable insights into coastal dynamics and contribute to the development of effective management strategies for coastal environments. Overall, the literature suggests that coastal UAVs have a significant potential to improve our understanding and management of coastal environments. Further research is needed to create a pre agreed standardized methodology for the use of UAV and 3D technology in coastal management. As technology advances and more studies such as this paper add further bricks in the wall of knowledge surrounding new technology in coastal management, the more reliable and useful the information gathered will be to all key stakeholders involved in coastal management.
[bookmark: _Toc131770991]Table 1: Summary of literature review
	Author
	Topic
	Findings
	Future research

	Eisenbeiss and Sauerbier, 2011 Colomina and Molina, 2014
Cigna, 2018
Garg et al., 2018
Niedzielski et al, 2018
	UAVs in society
	UAVs are increasingly being used in modern data collection in areas such as forestry, civil engineering, geophysics, geology, geomorphology, geography, urban studies, architecture, agriculture and photogrammetry.
	To further investigate how the use of UAVs may aid coastal management strategies.

	Linchant et al., 2015 
Christiansen et al., 2016a
	Coastal UAVs
	Small UAV’s (less than 7kg) are compact and affordable making them perfect for monitoring.
	To add to the literature surrounding the positives and negatives of smaller UAVs in coastal management.

	Adams et al., 1995
Madsen, Martin and Zebker, 1995 Huising and Pereira, 1998
Flood and Gutelius, 1997
Gutelius, 1998

	Beach height measurement tools in coastal management
	Airborne stereo and Airborne LiDAR have been observed to be highly accurate in providing rapid assessment of the coastal zone.
	To compare the use of UAVs to the existing methods of beach height measurement.

	Kiszka et al., 2016
Deidun et al., 2018, Fairley at al., 2018, 
Chabot et al., 2018 
Jaud et al., 2019

	Previous challenges to UAVs in coastal management studies

	There were drawbacks surrounding flight restrictions, setting fixed ground control points, technical difficulties and weather conditions in the studies reviewed.
	To examine how this coastal monitoring process could be improved following these results combined with the results of this study to better inform future coastal management practices.

	Mancini et al., 2013 Eltner and Schneider 2015
	3D Photogrammetry
	The texture of surfaces, particularly in low texture or flat research site environments make 3D image construction very difficult.
	To evaluate whether this is also the case with a Matterport pro2 scanning device.



[bookmark: _Toc131773748]Methodology 

[bookmark: _Toc131773749]3.1 Introduction 
This research project aims to combine two different methods of assessing beach change to collect coastal zone management topographic data at the site located at the northern end of Rhossili Bay, Gower, Wales. As outlined, UAVs can capture high resolution imagery of the Earth’s surface, this coupled with the advanced photogrammetry software from a Matterport pro 2 means detailed and accurate data can be gathered at the selected research site to provide information surrounding the critical task of beach management and conservation. To measure beach change using the DJI Fly 2 mini UAV and Matterport pro 2 the methodology involves several key steps. Firstly the UAV is flown over the desired area, capturing aerial videos and photographs that may be used to asses beach topography changes over time. The Matterport pro 2 will also use a combination of photogrammetry and lasers to scan the beach environment to stitch together a walkthrough 3D image. A Landsat will be used to give the location of image capture and start and end points of the flight before photoshop and Matterport cloud will be used to analyse data collected. The methodology was created with the projects research objectives in mind. These were:
· To compare the results collected from a UAV with Matterport pro2 3D scanning device as a method of measuring beach change. 
· Critically analyse the merits of using drones as a method to measure beach change.
· To propose a set of instructions to advise coastal zone managers on the effective use of UAVs and 3D scanning equipment in coastal management practices.  

[bookmark: _Toc131773750]3.2 Research method 
The techniques used in this research methodology as listed below were selected after consultations with experts in the field (Jenkins, Poulton and Williams, 2021, pers.comm) whom agreed this was method of data collection was the best course of action to take in order to meet the research projects objectives. Prof Williams is an expert in coastal geomorphology, following an interview conducted with him the methodology stated below was moulded and approved as the correct way to use the available equipment in order to meet the projects aims and objectives. Experts with knowledge of 3D scanning techniques were also consulted in order to find the most likely method that would allow the UAV and 3D scanning equipment to work on the notoriously difficult open sandy beach. An interview was conducted with Rhys Poulton and Mike Jenkins (Poulton, Jenkins, 2021, pers. comm) (Head and assistant of operations at PictureIt360 Virtual Tours) in order to gain access and understand how best to use the Matterport pro2 scanning device, the methodology surrounding the Matterport 3D scanning device, specifically the use of dustbin lids and the scan to be completed early in the morning so the beach would be less reflective and more favourable light conditions were done with these recommendations in mind (Poulton and Jenkins, 2021, pers.comm). Furthermore, the following methodology allowed the project to best test the UAVs suitability to recording sand change by gathering data at various heights. It was decided data collection would be conducted at 10m to take a view into the intimate intricacies of the beach environment to see what could be noticed from this close view, and then 50m to gain a wider perspective of the area surrounding the high-water mark (ibid). Following meetings with Rhys Poulton, an expert in the use of drone data footage (Poulton, 2021, pers.comm) it was decided that aerial footage would be used to overlay all of the videos on top of one another using photoshop in order to colour code the differences in beach height elevation over time in order to gain quantitative data. In order to compare video footage to photographic footage it was decided (Poulton, Jenkins, Williams, 2021, pers.comm) that a photograph at the beginning of each flight would be taken so observation analysis could be conducted to provide the study with qualitative data. The entire methodology was overseen and agreed by professor Alan Williams, expert in coastal geomorphology (Williams, pers.comms).
Footnote 
· Interview conducted with prof Alan Williams, a coastal geomorphologist expert.
· Interview conducted with Rhys Poulton and Mike Jenkins – Head of operations and assistant of operations at Picture it 360 virtual tours. (https://pictureit360.com/uk-home)
· 

[bookmark: _Toc131773751]3.3 Data collection methods 
A UAV DJI Fly mini 2 was selected as the UAV of choice for this projects data collection as it met all the required needs whilst also being within the projects budget of £700. This project required a drone which could collect data to a height of 50m, had a flight time of at least 30 minutes and a 4k video resolution. The DJI fly mini 2 ticked all these boxes. When looked at in comparison to other UAVs within the budget the DJI fly mini 2 was able to shoot videos at 4k resolution and withstand winds of 24mph with its powerful motors. It was slightly faster than the rival DJI Mavic mini model which topped out at 2.7k resolution therefore counting against it. The more powerful motors were anticipated to be important in a windy research site with the mini 2 having top speeds of 16m/s compared to 13 m/s of its predecessor. The mini 2 also allows the shooting of DNG raw photos which isn’t available on the JPEG-only Mavic Mini. This allowed a greater editing flexibility on apps such as photoshop. The UAV which represented the best value for money whilst hitting all key specs was chosen. The Matterport pro2 3D scanners were chosen as they were the model this project had access too, (Jenkins, 2021, pers.comms) with other 3D monitoring equipment proving too costly to purchase or rent for this particular study. It was decided that an evaluation would be conducted based upon how the available equipment performed. 
[bookmark: _Toc131773752]3.4 Sampling 
UAV data collection was collected over a 1-month period throughout the summer months where every available day in which a flight could feasibly take place was conducted. The UAV was flown at 2 different altitudes (10 and 50m) over a 100m transect at the Northern end of Rhossili Bay, Gower. Matterport pro 2 3D scans are to be conducted twice, once prior to the first ariel data collection and once following the completion of UAV data collection.

[bookmark: _Toc131773753]3.5 Access and consent
Access to the study site was through a car park at Broughton caravan park followed by a 10-minute walk through the sand dunes along a public footpath in a westerly direction to the Northern end of Rhossili Bay. The two local campsite owners, Mr Gareth Howells of Hillend campsite and Mr Robert Elson of Broughton caravan site were spoken to (Howells, Williams, 2021, pers.comms) in order to gain permission to film on the beach which borders their campsites with Hillend being a mile to the South and Broughton being a mile to the east. Also, the landowner of the island of Burry Holmes which is situated to the North of the research site by 150m was also contacted and Cathy Rees also granted permission for the data collection to go ahead (Rees, 2021, pers.comms). Local beach goers were also informed prior to data collection that there would be a UAV recording overhead. They were respectfully asked to vacate the area where possible for 15 minutes.
· Interviews with Mr Gareth Howells and Mr Robert Elson, local campsite owners of Hillend and Broughton sites to gain consent to film.
· Interview with Cathy Rees -owner of Burry Holms to gain consent.

The equipment needed to undertake this study is listen below, before a step-by-step guide is outlined detailing and explaining the methodology used during this research projects data collection.
[bookmark: _Toc131773754]3.6 Equipment and software
· DJI Fly 2 mini UAV
· iPhone and DJI Fly 2 Mini App
· Landsat
· Matterport 3D scanning device
· Photoshop 
· [image: DJI Mini 2 - Make Your Moments Fly - DJI]Matterport cloud
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[bookmark: _Toc131770965]Figure 1:DJI Fly 2 Mini UAV (DJI, 2021).
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[bookmark: _Toc131770966]Figure 2: Matterport Pro2 3D scanning device (Matterport, 2021).


[bookmark: _Toc131773755]3.7 Pilot study
A pilot study was conducted prior to the beginning of the research. In this pilot study the UAV DJI Fly 2 mini was flown over the pre agreed flight path along the high-water mark at Rhossili Bay for 100m. Firstly the UAV was flown at a height of 10m and travelled North in a straight line along the transect of 100m whilst recording a video. This process was repeated at 50m. A Landsat was used to give the correct start point for each flight. When the UAV was at the start point of each flight, an aerial photograph was taken using the DJI remote control. The UAV worked well with fine weather and low winds allowing for successful data collection. A pilot study was not able to be conducted using the Matterport pro 2 due to difficulty in accessing the equipment due to cost of the apparatus. The pilot study using the UAV showed the Landsat to work well in giving the correct ground control points.  

[bookmark: _Toc131773756]3.7 Unmanned Aerial Vehicle Data Collection Step by Step
1) Flight path and frequency of flight
· A study site and transect length for this projects research was then chosen following consultation with experts in the field, personal observations and google maps. The site decided was a 100m transect (Williams, 2021, pers.comms) at the Northern end of Rhossili Bay, Gower, Wales. This was chosen due to its proximity to the Lougher estuary to the North which has the second largest tidal range in the world allowing for large movements of water which will affect the study area selected (Williams, 2021, pers.comms). This large movement of water from the estuary through the gully onto Rhossili Bay combined with refraction of water off Burry Holmes means this transect should have a greater rate of shoreline change than other possible study locations. It is also a West facing beach meaning it is exposed to the prevailing South Westerly winds and storms that regularly hit the Gower Peninsular. The UAV will fly along the shoreline at a consistent altitude and speed to ensure that the images and videos captured are uniform and can be accurately processed.
· Following consultations with experts in the field surrounding transect length, it was decided that two altitudes were to be flown during data collection, these being 10m and 50m in order to gain varying perspectives of the beach change during the study.
· The project was to be conducted during the month of July daily as the weather during this time period is more likely to be optimal UAV flying conditions.
· The daily flights were planned around the daily tide times where local data was analyzed. It was decided flight times would not be within 2 hours of high tide that day, so that the foreshore would remain visible.
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[bookmark: _Toc131770967]Figure 3: Maps highlighting area of study

The above figure shows our area of interest. The green map is a map of Wales, and highlighted in red is Swansea. The navy map is a map of Swansea, and the arrow coming from this map leads to our point of study, Rhossili Bay. 

2) Weather Conditions
· The weather conditions and tide times will be studied prior to data collection with each check being done the day proceeding data collection. The windy app will be used to determine if wind speeds may be too high (above 25mph at time of data collection) or to check what time of day rain is forecast so that it can be avoided if possible. 

3) Safety considerations
· It is checked that there are no people or obstacles in the flight path. 

4) Test flight
· The protective equipment surrounding the gimble camera should be removed, with a test flight undertaken to ensure the camera is working. The tests should include the connection of the UAV to the DJI Fly 2 mini app on the iPhone which is connected to the remote control, adjusting the focus of the UAV camera whilst looking at the results on the iPhone app, testing the aperture, shutter speed and checking of the light conditions. It should also be checked at the higher altitude of 50m, how the wind is affecting the flight path of the UAV. If it is unable to be safely flown, the data collection is to be stopped.
5) Image capture
· The UAV will first take a photograph at the beginning of each flight, whilst the UAV is stationary using the Landsat to provide the same location Then, following successful photograph image capture, begin recording a video for the duration of its flight across each of the two pre-determined flight paths at specified altitudes. 

6) Data capture
· Each day during data collection, A Landsat is to be used to give the same ground control point at the start and end of each transect for the UAV flight to be completed each day at the same location. The UAV is to be flown directly above the Landsat supplied ground control point before data capture begins.
· The UAV is to be launched at the Landsat location and flown over each of the two 100m flight paths directly North across the transect where photogrammetry is to be used to collect aerial video footage. This will be done by first taking an image whilst the UAV is stationary before starting recording at the beginning of the transect then stopping recording when the end of the transect is reached. It will measure the length of flight on the DJI Fly 2 mini app, With the Landsat to be used at the end of each flight to ensure it is finishing in the correct position.
· Once data has been captured and the two videos are obtained, the UAV will then be safely landed with protective equipment reapplied.

By carefully planning the data collection process and following these steps, the UAV should be able to capture high quality data which can then be analysed to measure beach change over time. This can be used to identify areas of erosion and sediment deposition, monitor the effectiveness of remediation efforts and to inform future beach management strategies.
With the use of the UAV outlined above, next the methodology will explain the steps taken whilst using the Matterport pro2 3D scanning equipment. 
[bookmark: _Toc131773757]3.8 Matterport 3D Scanning Data Collection Step by Step

Prior to the beginning of the months UAV ariel study a Matterport 3D scanner was to be placed upon the same transect with the aim of gathering 3D images from the ground which would then be uploaded onto a video platform once processed to be analysed. These steps are to be repeated once prior to the months data collection and once following the months data collection.
1) Equipment and software selection

· A Matterport Pro2 3D scanner was chosen as this was the equipment that the study had access to, its specifications enabled it to collect the required data and generate high resolution 3D images. Matterport is the standard for 3D space capture with it being able to turn 360 panoramic images into 3D spaces. Once collected the data was to be uploaded to the Matterport cloud in order to be processed and converted by the Matterport servers. This study wanted to evaluate its use on an open, sandy beach.

2) Site selection and preparation

· Prior to collection, tide times were considered with the scans being undertaken on a morning in which the tide is less than 2 hours from high at first light.
· The 3D scans are to be conducted at first light to give the scanners the most likely chance of working as they need dim conditions with targets to bounce their lasers off (Jenkins, 2021, pers.comms). 
· A study site of 100mx5m was selected with it being the same transect the UAV was flown over in order for comparison able to be conducted on the same stretch of beach between the two methods of measuring beach change (Williams, 2021, pers.comms). Four posts with lids on were placed at each corner of the 100mx5m research site in the hope that the scanners would bounce off these allowing for an enclosed 3D image (Jenkins, 2021, pers.comms). 

3) Set up the scanning device.

· Posts were made from 3m tall wooden posts with dustbin lids attached to the top. Landsat was used to gather the location of the posts so as this method could be repeated in the same place when re conducted.

4) Conduct the scan.
· Once the study site has been established, the 3D scanning equipment was placed within the study area in order to begin recording, once the first scan is completed it will be moved 10m down the transect every 10m until it reaches the opposite end of the study area so that the entire area has been scanned and is able to be stitched together. 
5) Process and analyze the data.
· Once completed, the data is to be uploaded to the Matterport cloud in order to convert the 360 images into a 360 walk through tour. This can be used to observe sediment and slope change using maps and visualizations. It may be used to inform management decisions, such as where to place nourishment or take action to mitigate erosion.

The use of Matterport 3D scanning equipment to measure beach change involves selecting suitable equipment and software, preparing the site, conducting the scan, processing and then analysing the data before presenting the study’s findings. With good planning and execution this methodology can provide valuable insights into how beaches are changing over time to inform management decisions and protect these valuable natural resources. 

[bookmark: _Toc131773758]3.9 Research method limitations

The research method limitations that have been identified whilst outlining the methodology are that there was no pilot study for the Matterport pro 2 3D scanning device. The best UAV that was possible for the task was chosen however it is accepted this comes with limitations relative to the specifications of the DJI fly mini-2. 
[bookmark: _Toc131773759]Results 

The study aimed to see the changes of the dune landscape and specifically the strandline through aligning UAV footage for the same pre decided section of land and beach. For each height in which the UAV was flown, videos would be overlaid on top of each other in a video editor (photoshop) in order to colour code beach height measurements across the study. Also, 4k photos will be taken and uploaded to photoshop in order to overlay a grid on top of them, in order to analyse specific areas and visual notes to be made. Data collected by Matterport 3D scanners are to be uploaded to a 3D platform (Matterport cloud) in order to merge scans together and create a walkthrough 3D image that will be observed and analysed creating both qualitative and quantitative data. 

[bookmark: _Toc131773760]4.1
In this research project a DJI Mini 2 UAV was used to measure beach change in the coastal area of Rhossili Bay through the gathering of aerial videos and photographs. The primary objective of this study was to assess the effectiveness of UAVs as a method of measuring beach change and to provide data showing changes in beach morphology over time. The secondary objective of this study was to compare the use of the UAV to that of Matterport 3D scanners in measuring beach change over the duration of this studies data collection. The use of the DJI Fly 2 mini-UAV was seen to have several advantages over the Matterport pro 2 as it was observed to enable the analysation of high-resolution images gathered from a large area in a short space of time. The use of Matterport 3D scanning devices was observed to be problematic with it proving difficult to gather images compatible to a 3D scan on an open sandy beach. This showed how the UAV was better suited to the gathering of data than the Matterport pro 2 as is outlined in the results section below.

[bookmark: _Toc131773761]4.2 DJI Fly 2 mini-UAV Results

The qualitative data collected in this study by the DJI Fly 2 mini consisted of aerial photographs taken at the start point of each flight which were used to make observations on beach change over time. The UAV performed 16 out of 30 days data collection at the required recording height of 10m and 50m (see appendices). The initial processing of the 32 aerial videos (JPEG) gathered across the two altitudes (video resolution 4k/30fps) and the final processing of these videos at the height of 50m are shown and outlined below. The processing of the data was performed using photoshop, available for free online.
Figure 4 shows an image captured at 50m altitude at the first day’s data collection. Next, Figure 5 shows an image captured at the end of the 1-month study, a grid was overlaid on top of both image captures so results could be visualised to illustrate spatial and temporal patterns of beach change. 
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[bookmark: _Toc131770968]Figure 4: First day of data collection, from 50m.
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[bookmark: _Toc131770969]Figure 5: Last day of data collection, from 50m.

The main themes that were observed between the first (Figure 4) and last days (Figure 5) data collection at the height of 50m included accretion, erosion and human impacts. It is observed that the changes between data collection at the start and end of the UAV ariel data collection are subtle, however, some noticeable differences are worth noting. 

Firstly, at grid 5,7 the overall structure of this tide line has shifted. Initially at the start of data collection see a very West facing high tide mark. By the end we see a high tide mark which has altered to the West-north-west direction. This is thought be to do with the vast amount of SW swell that was hitting Burry Holmes and having a knock-on effect on the tidal mark. Secondly, looking at grid 18,9, we see the pebble line has decreased and become slightly shorter but wider. It is accepted this could be difficult to judge as pebbles can get covered easily by strong wind. Despite this, change has been noticed, with the UAV enabling this difference to be seen. Lastly, with respect to grid 22,7, we see that the footpath has become more defined, due to wind and the approach of the summer season, more tourists meaning a human impact on the study area can be observed to perhaps damage the beach ecosystem. These results have proved in theory that a DJI Fly 2 mini UAV may be used to asses beach change with changes in the coastal zone showing to be able to be observed over time as detailed above. 

Next, the results from the aerial photographs taken at a height of 10m are analysed by observing the images gathered and taking notes. Each day’s data can be found in the appendices of this project. It is noted that the images allow changes in the beach environment to be noted. The gap between day 7 and day 8 (appendix 7 and 8) shows an increase in human footsteps, this could be a factor in dune erosion. Furthermore, at day 5 (appendix 5) we see a large change in the landscape with stronger lines of sand built up possibly from overnight storms/swell. It is accepted that as the images across the data collection are taken at varying times of the day there is changes of light present at the lower height of 10m causing shadows meaning images are incomparable. Occasionally the ISO on the UAV is too high meaning the images are out of focus and also incomparable. Overall, the study height of 10m allows the project to closely observe the beach environment and take a view into the inner workings of erosion and accretion. It highlights the importance of gathering photographic data at this height when creating strategies for beach management and conservation by showing that changes in the beach environment are able to be seen. Despite this, improvements moving forward following the results of this study may be made, such as the gathering of data at the same time each day to ensure comparable light and shadow conditions. This will be further discussed in the discussion section of the research project. 
As previously stated in the research project’s methodology section above, the study aimed to use aerial videos gathered at the varying altitudes of 10m and 50m to colour code the differences in beach topography change over time using image processing software (Photoshop). This was planned to be completed by overlaying all the videos gathered at 50m on top of each other in a video editor before using the programming to provide a colour coded data set of how the beach environment changed day to day, this was also planned to be completed at the measurement height of 10m. However, the results of the data collection showed that this was unable to be conducted. This was due to the UAV being unable to be flown in a perfectly straight line across the transect each day, along with perhaps the main problem that the UAV was also unable to be flown at identical speeds across the transect each day during data collection. These factors combined together has resulted in the studies original methodology being unsuccessful, a drawback of the method. It is accepted that wind speed and manual flight caused this drawback, meaning the gathering of accurate and reliable aerial footage that was able to be compared day to day in the way this study required was not possible. Following this discovery, it was analysed at which wind speeds at ground level translated into accurate data collection, whereby the DJI Fly 2 mini UAV was able to be flown in a straight line, at the same speed accurately. This would therefore ensure successful gathering of aerial video footage that would be able to be successfully uploaded to a video editor in order for the colour coded differences in beach height change to be shown.

[bookmark: _Toc131770970]Figure 6: A graph showing UAV flight capabilities.

At ground level, there is a layer of wind known as the boundary layer where the wind speed is lower than the UAV will experience during its flight. The above graph was developed using the results of this study to outline at what altitude the UAV could be successfully flown at depending on the ground level wind conditions. This has been developed following the conclusion of this data collection, with the aim of informing future researchers of the limitations of this method if aerial videos are to be used as data. Figure 6 was created following the analysing of the aerial footage on photoshop from the data collected during this study. It was plotted on the graph above at what height the drone was stable enough to use the data. For example, at 10m altitude the highest wind speed at ground level the data was useable for was 22mph. Any higher than this during data collection and the footage was not useable. The same principle has been applied to the height of 50m. As plotted, the highest wind speed at ground level where the data was stable enough to be used was 8mph. These two points have been plotted to give an r value which can be used to inform future researchers. 
This section has outlined the results of the DJI fly 2 mini in collecting aerial data footage. It has been shown how aerial photography may be successfully used to observe structural beach change over time at an altitude of 50m through the use of an overlaid grid. It has also been shown that a UAV may be used to take a more detailed look at beach change at a height of 10m. It is accepted this height is not the optimal height to observe change, with the higher the altitude data is collected from, the more is able to be seen. That being said, with the low-cost model UAV this study used, it is noted how video data collection is only able to be accurately gathered at certain altitude, relative to ground level wind speed. This study has shown how on an open sandy beach, at high altitude, video data collection proves difficult if as this study required that the UAV needs to travel at the same speed in a dead straight line each time in order to overlay videos. 
[bookmark: _Toc131773762]4.3 Matterport Pro2 3D Scanning Results

Next, the results of the Matterport Pro2 3D scanning device are presented. A Matterport 3D scanning device was used to scan the research site. Four 3m high posts with dustbin lids on were placed at each corner of the research site with the aim of the laser scanners refracting off them to create an enclosed image. The Matterport 3D scanning device can be seen in Figure 2. Two of the four dustbin lid posts which were placed at the Northern end of the transect can be seen in figure. 
Following data collection, the scans were to be uploaded to the Matterport cloud. Unfortunately, these failed to upload due to the laser scanners and photogrammetry technology not having enough to refract off on the highly reflective open sandy beach. The studies aim of the lasers bouncing off the dustbin lids failed to work. It is accepted that this is not an ideal way of measuring beach topography change, especially as was the case during this study where the operating cost and access to the equipment was high and limited, meaning there was no room for pilot studies, trial and error or practice using the highly technical equipment. It is concluded following this study that Matterport pro 2 3D scanning equipment is not best suited to gathering data on Rhossili Bay. It is shown that the UAV whilst with its problems, did outperform the Matterport pro 2 3D scanner comfortably. However, just as the methodology for the DJI mini 2 could be improved, so could the methodology for the Matterport pro 2 3D scanners. In the discussion section below, a revised and improved method for measuring beach change using a UAV and Matterport pro 2 3D scanner is outlined building upon the results detailed above in this study. It is planned that these improvements could be made, and the study could be re trialled with the long-term view of creating a widely accepted, accurate, reliable method for assessing beach change using a UAV and 3D scanning equipment following trial and error of numerous methodologies. 
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[bookmark: _Toc131770971]Figure 7: 3D scanning device in use at site.
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[bookmark: _Toc131770972]Figure 8: Mike Jenkins operating the Matterport 3D pro 2 device.

[bookmark: _Toc131773763]4.4 Limitations of Research Project

There were some notable limitations that presented themselves when analysing the DJI fly mini 2 data. Firstly, the altitude in which was data collected by the DJI Fly mini 2 would have been more revealing the higher it was collected. Perhaps heights of 100m and 250m would have collected images that would have been of more use to coastal researchers. If the UAV was able to be flown at 100m, the structure of the dunes, sandbanks, high water mark and footpaths could all have been analysed at once. Furthermore, if the UAV was to be flown at 250m it would have also enabled the rock line and dune change to be added to this. These flights would have to take place specifically on days where there was less than 5mph wind at ground level, and so in retrospect, perhaps data collection could have been spread out over a longer time frame so that data collection could be openly conducted when weather conditions were optimal. This perhaps could be conducted at first light on a very still day where wind speed is expected to be less. A further limitation was that due to work commitments and tidal changes, some days data collection was conducted in the morning, sometimes the evening. If this was conducted again, either the morning or evening mid/low tide would be stuck to so as the light would hit the sand at the same intensity in each picture. This would alleviate the problem as noted that sun glint is an issue that needs addressing in order to enhance the use of UAVs for coastal zone research (Jaud et al., 2019). A further issue that stopped the UAV performing optimally was due to varying wind directions, the UAV would not always travel at the same speed across the transect selected. This prevented the overlaying of videos in a video editor for detailed analysis. For this to work, UAV flight would need to be flown at identical speed each day, strong headwinds from the North or tailwind from the South prevented this from happening.  Also due to wind speed at high altitudes, the UAV would not always travel in a perfectly straight line, so perhaps mounting semi-permanent masts from one end of the transect to the other would aid data collection as these could be followed during flight. The graph in figure 6 could also be followed to ensure the UAV was flown in conditions that allow it to perform optimally. 
[bookmark: _Toc131773764]Discussion

As previously stated, UAVs or drones have transformed topographic surveying with in being employed in many varying environments (Eisenbeiss and Sauerbier, 2009, Ryan et al., 2015, Casella et al., 2017, Dąbski et al., 2017 and Chirayath and Earle, 2016). This change has not been any more apparent than in the study of our coastline (Mancini et al., 2013, Gonçalves and Henriques, 2015, Klemas, 2015 and Turner, Harley and Drummond, 2016). The results of this study combined with the previous literature have allowed this project to critically analyse the use of UAVs as a method of measuring beach topography change. In this research project, we utilized UAVs and Matterport 3D scanning equipment to gather data before analysing the results to gain an insight into the advantages and disadvantages of the effectiveness of this technology for coastal monitoring. In this discussion section, the project will examine the results of this study in relation to specified positives and negatives in order to help inform future practitioners of the ways this technology can be used. Then, challenges that presented themselves during the project will be discussed and investigated. Following this, the information presented so far combined with interviews with experts in the field will be used to create an instruction manual to better inform future research that wishes to use similar technology in the hope that it will enhance and optimize our understanding of using technology to study coastal areas.   
            The primary advantages noted within this study was the UAV’s ability to acquire high resolution aerial imagery in a rapid cost-effective way. It also was shown to be safe and non-invasive in regards to the study area. 
It took under an hour to measure the beach topography change at the study transect of 100m when collecting data, this is far quicker than other methods such as traditional surveying techniques which can often be time highly time consuming. The UAV was able to cover a large area of beach quickly allowing for frequent and efficient monitoring of changes over time. During the collection it is possible to rapidly repeat photography and video collection in case of an error. Due to the small amount of time taken allowing it to be a method that can be used very quickly. This means it may be useful when assessing damage from storms to allow a shorter response time from management which will then benefit all key stakeholders involved.
The UAV was also able to be deployed and operated with ease with the only cost being that of the UAV model whereby a cheap model was chosen that still ticked all the boxes required for the monitoring making it a cost-effective method for beach topography measurement. This speed of collection proves how time efficient UAVs may be. More recently, Jeff Bezos, CEO of Amazon, proposed his desire to use drones as a method of same-day-delivery. He estimated it would arrive within half hour. He further went on to add that the drones would be autonomous, simply input the GPS coordinates and it would take off and fly to the given destination (Rose, 2013), thus making it quicker and more cost-effective. This study helps prove this thought by showing the successful, rapid use of drones
As seen in appendix 14, at a measurement height of 10m it is observed that shoreline features can be clearly and accurately seen. This shows that the use of a UAV in assessing beach change can be highly valuable to researchers who wish to monitor and measure shoreline changes. It presents itself as a viable method not only in this field, but also in other areas in where the monitoring of remote areas is of critical importance. The UAV in this study has been shown to be agile and successful in not only gathering images rapidly, but also in gathering many images over time. This study gathered images over a month-long period effectively, allowing for a comparison from results at the start against the results at the end of the study period. It is essential in monitoring practices that this can be done. Aasen et al., 2018 recently noted that UAVs can provide us with information higher in spatial and temporal resolutions whilst complimenting very high-quality plane and satellite systems. The work of this study builds upon and backs up his findings. 
Another key positive noted when looked at through the eyes of the researcher is that of safety and accessibility, The use of the UAV in this study was observed to eliminate the need to personally travel across the research site, whereby instead it was able to be flown from a safe spot. Due to the high distances all UAV models including the one used in this study can travel, it was noted how in other studies where workers must traverse across more dangerous terrain such as steep cliffs or unstable slopes how it could highly reduce the risk of injury. As it can also access remote beach areas thought previously out of reach the method can provide a comprehensive understanding of the entire beach system. Erdelj et al., 2017, found use for UAVs in disaster management. They found that UAVs could not only help survey the affected areas, but also assist and aid communication links between survivors and the nearest telephone masts.
Another important factor that was noted when analysing the positives of the UAV was that it is non-invasive, the collection of the data was possible without disturbing the study area of the beach transect chosen. This is important in coastline monitoring where this method could be used to minimize the impact on wildlife and vegetation. 
While UAVs offer many benefits for measuring and monitoring beach topography change as outlined and analysed above, there are some potential disadvantages to consider as well including, Weather dependence, limited flight time, technical complexity, legal and regulatory challenges as well as the risk of accidents and damage.
Perhaps the main disadvantage of the use of UAVs as a method of measuring beach topography change this study brought to light was how highly dependent the DJI fly 2 mii UAV was on the weather with bad conditions such as rain, fog and strong winds limiting its ability to collect the required data. It was shown during this study how adverse weather effects flight stability and therefore reduces the accuracy of data collected. UAVs in general have certain flight specifications, when the UAV used in this study was analysed, due to it being a low-cost model, its ability to deal with high winds was less than that of a more expensive model. The DJI fly 2 to can withstand winds of 24mph whereas the can considerably more costly Autel EVO 2 can withstand winds of 39mph. This is noted to be a problem in hindsight as even if the wind was relatively low at ground level, once it was flown to a height of 50m to collect data, it was hard to get it to fly in a straight line along the transect at the shoreline as the methodology required. This then caused the data collected to regularly be insufficient in its primary aim of overlaying all the videos collected on top of each other in order to colour code the differences in beach height change. This is seen to be a major disadvantage of UAVs in beaches whereby the average wind speeds are usually high. On the other hand, if a costlier model was chosen as mentioned, this could possibly be mitigated further. Despite this, data was able to be collected when wind speed was low, with the UAV performing well and meeting the aims of data collection. Perhaps it was not foreseen how high the wind would be at the heights in which the UAV needed to be flown at, with this maybe being a drawback of the method if the UAV was required to be flown at higher altitude, such as at 250m in order to see the entire beach environment to gain optimal data which would be done if this project was repeated. It is accepted that with the UAV being unable to be flown repeatedly over the same flight path because of wind effecting flight stability, that this method lacks in guaranteed accuracy of data collection if this model is chosen. Furthermore, it is unable to be flown in the rain. This is a disadvantage of the method as data is needed to be collected at set times where rain can and did cause the cancellation of data collection. This is accepted to be a problem in this study and may be in other similar studies. As this study was conducted in Wales, a typically wet and windy country, it was shown how UAVs may be unreliable if the time in which data is able to be collected is not able to be scheduled around adverse weather. This also must be noted as a disadvantage of measuring the effects following a storm if conditions are still bad, then the UAV may be unable to be flown meaning its key advantage of being able to be conducted rapidly is lost. Thick sea fog is a further hinderance with this also being accepted as a drawback of the method with pictures and videos unable to be captured if it comes in as can be the case. My study builds upon findings of Li, Sun and Talpur (2022), in which they noted experiencing problems with the wind when flying a quadrotor UAV. The UAV would experience blade-flapping, dramatic fluctuations in propeller lift and extra movement on the body, which has significant impact on the UAVs stability. They acknowledge that wind disturbance (and other disturbances) should be considered in the controller design, in order to maximise UAV performance.
Despite as the previously mentioned advantage of the rapidness of data collection using the UAV, if a longer flight time is needed than the one in this study, such as if the UAV is required to be flown to a remote area, the limited flight time of this model may be a drawback of the method. The DJI fly 2 mini has a flight time of 31 minutes, perfect for this study however when UAVs are looked at as a whole, this may be on the shorter side. Again, if a more costly model would be chosen, this would be further mitigated. A study by Khuzaimah (2022) further reiterates this point; using UAVs in oil palm plantations, they found that most UAVs have a short flight duration, ranging from 20 minutes to 1 hour, which can only cover so much of an area per flight. Furthermore, they noted that longer flying UAVs are more costly.
The UAV as mentioned was easy to operate, however despite this, it may not be simple to some organisations or individuals with no transferrable experience or knowledge. It is accepted some time would have to be taken to learn, with numerous pilot studies needing to be conducting for the individual to gain confidence flying the model before data collection. Data processing using the UAV also required some technical skill and knowledge which may not be readily available. Also, UAVs have technical limitations such as limited payload capacity and limited range which may affect the resolution of the data collected.
UAVs are also the subject to regulations and restrictions by aviation authorities, which can vary depending on the country and region. Obtaining the necessary permits and complying with regulations can be time consuming and costly. For example, Clark, Ford and Tabish (2018), carried out a study assessing the role UAVs can play in emergency response in the Artic, Canada. They found many legal limitations including but not limited too; inability to fly beyond the pilot’s line of sight, inability to gain access to fly drones rapidly and inability to rapidly train pilots.
It is also noted that whilst this wasn’t a problem during this study, how there was a chance the UAV could have crashed or collided with an object, causing damage to the equipment and potentially harming people or wildlife if this did occur. 
Overall, while UAVs offer many advantages for measuring and monitoring beach topography change, there are some limitations and challenges that should be considered when deciding whether to use this method. Proper planning, training and risk management can help mitigate these disadvantages and ensure the safe and effective use of UAVs for beach monitoring. In a report on UAV incidents and accidents from Williams (2004), it found that electrical and mechanical accidents are just as common as accidents caused from human error and that those caused by human error are heavily dependent on the system being used.
The results of this study show that when the use of a UAV in monitoring beach change is compared to the use of 3D photogrammetry, that the UAV is proven to be superior. The use of 3D photogrammetry is proven to not be a recommended method of assessing beach change based on this studies results. It is proven to be very difficult to ensure the scans can be stitched together when data is required to be gathered from an open sandy beach. 
Instruction manual for future use following the results of this study.
Next, a set of instructions that could be used as framework for future researchers wishing to create and undertake studies using a UAV and a 3D scanning device is proposed. Following the results of this study and a resulting interview with (Drummond, 20223, pers.comms) it is proposed a DJI phantom  4 UAV with RTK is used by future researchers wishing to measure beach change using a UAV. Whilst is accepted that this is a more expensive UAV, it is also accepted that having a UAV with real time kinematic positioning (RTK) is vital to ensure reliable and accurate results with data proving to be very difficult to successfully gather without this present.
As well as a DJI Phantom RTK UAV, a GNSS base station is needs to be established at the study site. It is vital that the GNSS base station is set up at a known location on the beach. This should be a fixed, unmoveable point (Drummond, 2023, pers.comms). The location of this base station is then where a GNSS rover should be placed. This should then be connected to the UAV with RTK (DJI Phantom 4) (Poulton, 2023, pers.comms).
Following the results of this study and the interview with Drummond (2023, pers.comm) it is proposed moving forward that automated flight planning is essential in any future methodology surrounding the measuring of beach change using a UAV (Drummond, 2023, pers.comms). It is recommended (ibid) that the ground station app is chosen as it is compatible with this UAV (Drummond, 2023, pers.comms). It will also allow the study to plan a specific flight path by specifying start and end points that will be automatically flown at the desired altitude and flight speed. This will allow problems in this study to be overcome by using this slightly more expensive equipment (DJI mini 2 - £500 vs DJI Phantom 4 - £5000) however it can be rented at £100 per day which may be more cost effective. This will allow the UAV to take a series of overlapping images automatically that can be stitched together to create an auto mosaic. 
A further important step when creating future methodology is ground sampling distance (GSD). This is the distance on the ground represented by each pixel in an image captured by the UAV. It is vital that the GSD is correct as it directly relates to the resolution of the data captured (Drummond, 2023, pers.comms). To calculate GSD: GSD + (Altitude * Sensor Size) / Focal Length (Drummond, 2023, pers.comms). This should be followed by all future studies as an important step that cannot be missed when creating UAV methodologies in measuring beach change.
Once GSD, A base station, ground control app and the UAV have been established and connected, it is possible to begin data collection. These factors and technicalities should not be overlooked if reliable data is to be gathered. Following the gathering of data, the best way to analyse and present the data is that of a digital terrain model (DTM) which can be created using relevant software such as QGIS or Global mapper to convert the data from the ground station app into a DTM. The data gathered in the ground station app will use the RTK and base station to accurately georeference the location the data captured to ensure the Orth mosaic data is accurately positioned in the correct geographic space. This can then be compared to existing or future topographic data.  

Determine the study area and project objectives (will guide selection of GSD and altitude settings)
Select correct equipment – UAV with RTK




Use an automated flight app (ground station) 






Set a base station ground control point. 




[bookmark: _Toc131770973]Figure 9: Flow chart to outline the most important steps to ensure accurate UAV data collection.
Next a set of instructions that are then summarised in a flow chart are presented for the use of terrestrial laser scanning (TLS) technology. Following the results of this study outlining how photogrammetry 3D data collection has its issues, it is recommended TLS is the desired technology for creating 3D data to measure beach change. 
Following consultations with experts in the field (Drummond, 2023, pers.comms) the equipment recommended is a Matterport with BLK as this is more suited to outdoor use. It is a compact, lightweight and highly accurate laser scanner than can capture 360 degree panoramic images and 3D point cloud data. The scanner is manufactured by Leica Geosystems, a well-known brand in the surveying and geomatics industry and is designed to work seamlessly with Matterport 3D capture and visualisation platform.  A Tripod, GNSS Receiver with the relevant TLS data processing software such as CloudCompare is the other equipment needed. First, the TLS should be set up upon the desired study site. It is noted that this is a far more costly piece of equipment compared to.
When conducting data collection an important part of this is to place a mirror filter over the mirror on the TLS to make sure that sand does not affect the sensor (Drummond, 2023, pers.comms). This could result in broken equipment and a very large repair cost. The TLS and tripod should be moved around the beach to capture images and data from all angles and positions. It is also advisable that numerous poles be placed in the surrounding areas that the equipment can base its scans off. Once the scan has been completed, the data needs to be georeferenced using the GNSS receiver which should be attached to the tripod prior to the scan being completed, making sure it is stable and not moving. By using GNSS to reference the captured data, it is ensured that the 3D model accurately reflects the correct location of the environment that has been scanned. The data should then be processed to create a digital elevation model (DEM) using CloudCompare to extract elevation data at the beach surface. Volume changes could then be calculated over time (Drummond, 2023, pers.comms)
Select the correct equipment (Matter port BLK)

Place poles for the 3D scan to use as reference points 







Place filter over sensor


Select the correct software to process the data






[bookmark: _Toc131770974]Figure 10: Flow chart to outline the critical planning steps when creating methodology that uses TLS as a method of measuring beach change.

Whilst all steps and instructions outlines are critical in planning and executing a 3D scan for measuring beach change, above some important factors are outlined following consultations with experts in the field (Drummond, 2023, pers.comms). Any error or oversight during planning and execution can impact the accuracy of the survey and the reliability of the data collected. 
It is accepted that the cheapest available UAV and 3D photogrammetry equipment used in this study results in inaccurate and unusable beach topography data. Moving forward, it is noted that better equipment must be chosen with certain technicalities not to be overlooked. The use of this technology in coastal management decision making has been proven to have immense potential however more work needs to be done to both improve the cheaper equipment over time to allow all models to gather sufficient data. As well as this more work needs to be done to create a standardized methodology for all researchers to use. It is hoped the results of this study can add a brick of knowledge to this research gap so that mistakes made here are not repeated with the recommendations stated followed to ensure future success.
Conclusion
Over the past few years, this project has embarked on a research project aimed at understanding and evaluating how a DJI Fly 2 mini and a Matterport pro 2 can be utilized to measure beach change. Beaches are dynamic environments that experience constant changes due to various natural and anthropogenic factors, making it essential to monitor and quantify these changes accurately (de la Vega-Leinert & Nicholls, 2008). In this study we have highlighted the potential of coastal UAVs in accurately and efficiently measuring beach change. This research project conducted upon Rhossili Bay, South Wales demonstrates the effectiveness of UAVs as a method of measuring beach change.
By comparing the aerial photographic and video data gathered by the UAV to the topographic data attempted to be collected and turned into a 3D model by the Matterport pro 2, it has allowed us to evaluate the technologies use by comparing them to previous literature and each other through a literature review, results and discussion. 
The high-resolution imagery and comprehensive coverage provided by UAVs enable accurate photographs of beach morphology to be obtained. It also highlights essential steps that must be followed when using this technology. It has highlighted the drawbacks with cost effective equipment, showing that in order to gather the most reliable and accurate data, more expensive models of UAV and 3D scanning equipment need to be used. This study also identified some limitations of the UAV based method, including potential errors caused by high wind speed at high altitude. 
The use of 3D scanning equipment is also shown to be problematic, however an instruction guide following the results of this study is proposed to future researchers, with the potential for this equipment to contribute to coastal management able to be seen should the detailed improved instructions be followed and successfully work. 
The results show how UAV imagery can, if used correctly, provide detailed imagery on shoreline dynamics, including erosion and accretion helping identify the areas of vulnerability and aid planning to avoid coastal disasters. Whilst there are limitations such as weather conditions and the need for highly skilled operators, the potential benefits of the technology outweigh the challenges. This study does challenge the work (Goncalves and Henriques, 2015 and Cook, 2017) who state low cost equipment may be used to asses coastal zones. Whilst it is appreciated that some affordable models may be used, it is not yet possible to use the cheapest, most basic models on the market to measure beach change. 
Moving forward, it is crucial to continue exploring the potential for UAVs and 3D photogrammetry to address the remaining challenges. The results of this study, combined with future research papers should further aid the development of the bank of knowledge in order to develop standardized protocols for UAV and 3D based assessments of beach change. Overall, our study contributes to the growing body of literature surrounding the use of technical new technology in the understanding of the coastal zone.
 By writing this report we inform coastal management decision makers upon both good and bad practice in regard to the technology used by providing an evaluation of the DJI Fly 2 mini and Matterport pro 2. It is concluded that for data collection objectives of this study to be successfully met, it would have been advisable to use the slightly more costly DJI Phantom 4 UAV with RTK to gather UAV data due. It is outlined how vital automated flight planning and RTK are in the gathering of accurate data. This is also the case for the 3D scanning equipment, whereby it is advisable for the more expensive Matterport BLK to be used to its enhanced ability to gather scans outside. This should be used whilst paired with a GNSS receiver to ensure accuracy. This paper backs up the work of (Mancini et al., 2013 and Eltner et al., 2015) who argue 3D photogrammetry is very difficult upon open sandy beaches. 
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Appendix 1: day one (insert date) of data collection, extremely windy conditions made it difficult to assess however the land seems flat and wind swept (taken from 10m). 
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Appendix 2: day two. This footage is a lot clearer as there was less wind and therefore less wobble from the drone. You can visibly see lumps of sand formed from overnight wind (taken from 10m). 
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Appendix 3: day three of data collection. The land seems to have flattened and the drone footage was nice and smooth, so the wind speed but have been low (taken from 10m).
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Appendix 4: day four of data collection found rocks uncovered due to overnight wind and swell (taken from 10m).
[image: A picture containing wall, building, nature, dirty

Description automatically generated] 
Appendix 5: day five saw the biggest change in the landscape. You can notice stronger lines of sand built up (taken from 10m).
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Appendix 6: day six of data collection was similar to day five in regards to visible strong lines shown. However, there is a change of light due to the sun on the sand dunes which is a slight issue as it makes the images harder to compare as the light creates harsher shadows (taken from 10m).
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Appendix 7: day seven of data collection. The high water line seems to have disappeared from our path that we set out to film. There is also an increase of human footsteps and a section of log that has been washed in by the tide overnight (taken from 10m).
[image: Text, letter

Description automatically generated]
Appendix 8: day eight was similar to day sevens data collection. An increase in human footsteps, hard to distinguish the high tide line and the log has been taken out by the tide (taken from 10m). 
[image: A picture containing wall

Description automatically generated]
Appendix 9: drone appears to be out of focus on day nine. Usually the ISO is too high (taken from 10m).
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Appendix 10: day ten saw an increase in sand build up, suggesting higher wind speeds (taken from 10m).
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Appendix 11: day eleven of data collection saw an increase in human footsteps again and a clear distinction between hard and soft sand (taken from 10m).
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Appendix 12: on day twelve of data collection, we found fewer build ups of sand than seen previously, but still a distinct high-water line (taken from 10m).
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Appendix 13: day thirteen is similar to the previous day, a distinct hightide line is shown, perhaps with more wind as seaweed and rocks have been brought in (taken from 10m). 
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Appendix 14: day fourteen of data collection was very windy, as seen from the visible lumps and marks in the sand (taken from 10m). 
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Appendix 15: day one again but taken from the nearest point of similarity at 50m.
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Appendix 16: day two taken from 50m. Visible changes in the sand, suggesting strong wind.
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Appendix 17: day three taken from 50m. The land seems nice and flat and there is a distinct high-tide line. You can see differences from the previous day (wood drifted). 
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Appendix 18: day four taken from 50m. Lots of changes in the sand, wood has drifted again. 
[image: A picture containing wall, nature

Description automatically generated]
Appendix 19: day six of data collection taken from 50m. Lots of strong lines shown again but hard to compare as the sun from the sand dune creates harsh shadows. 
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Appendix 20: day seven of data collection taken from 50m. Here you can see lots of lines and movement within the sand, suggesting wind overnight. More wood movement and an increase in human footsteps.
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Appendix 21: day eight of data collection from 50m. Similar to day seven, still an increase in human footsteps (visibly busier too). Lots of lines and lumps in the sand. 
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Appendix 22: day nine of data collection from 50m. A change in lighting makes it harder to read and compare but still solid lines visible and changes seen in sand. 
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Appendix 23: day ten of data collection from 50m. Lots of sand change and build up of sand. 
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Appendix 24: day eleven of data collection from 50m. An increase in human footsteps can be seen again, as well as sand movement from wind and tide. 
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Appendix 25: day twelve captured from 50m. 
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Appendix 26: day thirteen captured from 50m.
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Appendix 27: day fourteen captured from 50m.
To be completed
· Add 3d scan paragraph into introduction
· Add 3d scan paragraphs into lit review – add row to lit review table
· Insert quotes into UAVs pros and cons
· Write abstract
· Write conclusion
· Finish references
· Finish appendices
· Complete the user guide for future researchers. – include drummond recommendations????
· Insert image of study site and equipment used.
· Format document
· Make final decision on project aims and objectives after talk with chris.
· Ask time and where to submit.
· Ask about title
Flight capabilities of a DJI Fly 2 mini to ensure accurate video data collection
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