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Abstract: Geographical Information Systems (GIS) are used as a platform for the analysis in many application areas but none as topical as monitoring our environment. Much investigation is underway to discover new techniques to analyse the coastline and visualise changing beach morphology. Investigating new methodologies to monitor or even mitigate any detrimental changes to coastal areas is both challenging and extremely important for the preservation of these valued landscapes. Data acquisition techniques for the coastal zone are constantly under scrutiny and although traditional methods are still employed, they are often costly and labour intensive with questionable accuracy.

Laser- scanning techniques such as airborne LiDAR (Light Detection and Ranging) are used to gather terrain data by the Environment Agency in the UK. However this can also be an expensive exercise, thus the frequency of data collection is limited. The emergence of High Definition Surveying (HDS) or terrestrial laser scanning devices could prove to be a suitable alternative approach to gather coastal terrain data.

This paper illustrates: the suitability of HDS, 3D modelling and subsequent GIS integration as an alternative method for the spatio-temporal analysis of coastal environments. A case study area of the South Wales coastline have been selected to demonstrate the methodology and it’s comparison with traditional methods such as beach levelling. The issues that are addressed include the practicalities of data acquisition, data handling strategies, appropriate digital surface modelling techniques and integration into a GIS. The paper concludes with examples of the analyses achieved with HDS and GIS compared with airborne LiDAR and more traditional methods.

1. Introduction

Physical geography and the study of our natural world has captivated the interest of most humans at some stage in their lives, and for some it is obviously a passion to try to monitor and somehow explain why our planet continually changes. Methods for examining coastal erosion and beach morphology have been extensively investigated in recent years. Changes to our environment and looking at new ways to monitor or even slow down any detrimental changes to our landscape are an important environmental issue. Varma (2001) comments that “with the heightened awareness of environmental problems that have developed in recent years we have seen a surge in research pertaining to reliable methods for capturing geospatial data that could allow for a better understanding of environmental processes.” Thus investigations into methods of data capture, analysis and visualisation of such data have driven this research.
Strahler and Strahler (2002) suggest that because natural processes are constantly active the earth environment will actively change. They go on to suggest that environmental changes are now, not only a natural phenomenon which have, “acted on the planet for millions of years” but that the human race is having an even greater impact than ever before. It has also been stated that coastal and marine areas are ever increasing in value to the well being of nations (Macharia, 2004). So building a spatial data infrastructure or coastal spatial data infrastructure (CSDI) may become a requirement of local government (Longhorn, 2005).
2. Coastal Geomorphology

The study of sandy beaches, including near shore processes and sediment transport remains a central theme for coastal geomorphologists (Sherman and Gares, 2001). The landscape of a shoreline or beach often changes quite dramatically over a short time scale. For example storms can have a major effect on sand deposits and movement within the space of just a few hours. Beach morphology, the concept of the changing the physical make up of our coastline is now a well documented subject area. At this land, water interface the ecosystems that prevail are constantly changing and this is due to natural and human intervention (Kidner et al., 2005).

3. Why is Data Collection and Processing Necessary?

The UK Government is actively involved in an Integrated Coastal Zone Management Policy (ICZM). This initiative works at a national and local level with local government introducing active Shoreline Management Plans (SMPs). Other agencies are actively involved in data collection for the shoreline: Environment Agency (EA); Ordnance Survey UK (OS); Defra; and partnership such as the Severn Estuary Partnership (SEP). The overall plan of such groups is aimed at monitoring the long term evolution of the coastal processes. Although there is evidence of much data gathering, it is still not clear if there is a definite geographical database in place or to what extent is modern technology really being used to visualise and properly assess such data and promote public participation as suggested by many SMPs to communicate and disseminate. 

3.1 Data Acquisition for Coastal Monitoring  

Due to increased awareness in problems with our environment and the continuing improvements in GIS software, there is a demand for better geospatial data to help with the monitoring of the environment and particularly the coastal zones. Emphasis must be given to new information gathering initiatives from remotely sensed data (RS) and to advancements in integrating data from differing sources such as Geographical Positioning Systems (GPS) and RS within the GIS (Varma, 2001). The following provides a taxonomy of data collection methods for beach and coastal surveys:

· Traditionally Surveyed Data

· Real-Time Kinematic GPS
· Remote Sensing
· Aerial Photography
· LiDAR Light Detection and Ranging
· High Definition Surveying
The use of a computer based information system to aide the decision making process is not a new concept. However, with Geographical Information Systems (GIS) and their ability to support the development of visual information systems, communication of the processed data could hopefully reach a wide audience. 

Data gathering techniques on the coastal zone are always under review and although traditional methods are still employed, this research will set out to test the suitability of High Definition Surveying (HDS) as an alternative to more traditional methods of data capture such as ground surveys for modelling and analysing morphological changes to Beaches. It will further question the suitability of GIS and the tools such packages offer for visualisation and data analysis. Further more, the study will document a comparison of HDS and airborne LiDAR data obtained for the study area.

4. How Can We Process this data?
A GIS is an information technology tool that can manage, analyse and report on data. The data can encompass applications from many disciplines, business, legal, social, environmental plus many more. The common theme is that all the data is spatially referenced. Burrough., et al. define a GIS as “A powerful set of tools for collecting, storing, retrieving at will, transforming, analysing and displaying spatial data from the real world for a set of purposes.
4.1 GIS as a tool to Visualise Geographical Concepts

The proliferation of GIS software is now pushing up demand for high resolution visual spatial data sets. Because of this, new ways to capture ground data are constantly being explored. We can capture field data in many forms, naturally and symbolically, and through digital graphical displays (Pundt et al., 2000). We could gain insight to real world concepts such as beach morphology. Pundt et al. (2000) state that “Field based, mobile GIS can be useful for environmental characterisation, modeling and decision support.” In order to gain a greater understanding of how we can use GIS to visualise beach morphology an investigation and documentation of the science of Geovisualisation seems an appropriate first step.

Geovisualisation implies the use of visual geospatial displays to explore data and through that exploration to generate hypotheses, develop problem solutions and construct knowledge. It is obvious that this is facilitated by an interactive and dynamic environment where the user has access to the data via graphic representations. (Menno-Jan Kraak 2003) Within a Geovisualisation environment, a map is used to help the user to stimulate their “visual thinking”. A map as a visual analysis tool should give insight to spatial patterns and trends.
5. Traditionally Surveyed Data
Topographical surveys of the beach will allow for the measurement of the surface of the beach. This data capture method will provide a series of points which could then be mapped using GIS software. Often used when such data cannot be readily acquired from other sources (Heywood et al., 2006). This kind of surveying method is a popular choice for collecting data for beach profile analysis along the Gower and South Wales coastline (Kidner et al., 2005).
Software such as ArcGIS will allow this data to be used to produce Digital Elevation Models (DEM). The data is usually received as X,Y,Z co-ordinates and nowadays it is more usual to employ some form of GPS device to help with this data capture technique. 

This is vector data capture and could be considered as a primary source. It is expensive and time consuming although Longley et al., (2005) state that it is still one of the best ways of obtaining accurate point data. The more traditional tools such as theodolites have been replaced with electro-optical devices sometimes using laser technology. They can produce accurate references measuring angles to within 1mm.

6. LiDAR Light Detection and Ranging

Light Detection and Ranging (LiDAR) can be thought of as an airborne mapping technique (Kidner et al., 2004). It is becoming an important mapping tool that is finding a growing audience in GIS (Burtch, 2002). A LiDAR system comprises of three data collection tools mounted on an aircraft (Figure 1): An infra red (IR) laser scanner, Global Positioning System (GPS) and Inertial Navigation System (INS). The GPS measures the position of the aircraft and the INS measures the roll, pitch and yaw of the aircraft. The laser is rapidly fired to the ground by an oscillating mirror. The light has obviously travelled  some distance (D), by knowing the speed of  light or velocity (v) and using a highly accurate timing device is used to capture (t) we can calculate the distance using a simple formula D =vt /2 (Burtch 2002). The aircraft flight path divides the collected data into a series of flightlines or strips (Wehr and Lohr, 1999, Kidner et al., 2004).
Airborne laser scanning is thought of as a relatively new technology for an automated method of generating digital terrain modelling (DTM). However, it should be noted that its development began in the 1970’s and it makes use of laser technology which has been available for many years. 

Accurate references to external co-ordinates are obtained by kinematic positioning of the laser platform to differential GPS and inertial attitude by IMU (Ackermann, 1999). Every time a laser beam is directed at a spot on the earth surface a vector X,Y,Z coordinate is captured. All laser systems measure by some means of distance between the sensor and the illuminated spot on the ground (Wehr and Lohr, 1999). This spot must be in the lasers field of view. Consideration must be given to the aircrafts movement i.e. the flight path, which will allow for the collection of data over a surveyed area.

One of the major advantages of laser scanning is that because of the accuracy in data capture, there is the ability to produce valuable DTM for coastal zones which are difficult to achieve with other data acquisition methods. These can be easily understood and interpreted within GIS to produce graphical representation of relief and changes in relief. (Channel Coastal Observatory, 2007).
7. High Definition Surveying (HDS) – The Technology
Ground-based High Definition Surveying (HDS) or terrestrial 3D laser scanning is beginning to filter into organisations as yet another way to capture survey data suitable for entry and analysis into a GIS. As Teeuw et al. (2005) discuss, they are similar to total stations which are modern day theodolite levelling devices. This type of scanning device has been gaining popularity in the built environment as a mechanism to capture point data that will allow for the display of 3D models of buildings (Figure 2) and engineering structure such as bridges or pipelines.

There are several systems available on the market and (Fröhlich et al., 2005) comment on the difficulty in classification of the available laser scanners but suggest that we could consider time of flight, triangular phase or pulse, or base the classification on technical specifications achieved. With these attempted classification various systems which offer similar scanning services for example Leica Systems, Optica, Minolta   were investigated. The Leica HDS 3000 system is in the category of time of flight i.e. a pulse based measuring device that operates at a wavelength of 532nm. The system is mounted on a tripod and scans at regular interval to build a ‘cloud’ of points (Figure 3a). Each point has attribute data attached and can be analysed eventually within a GIS or other computer systems which can build a 3D image of the surfaces or buildings captured within these point clouds.

Previously the technology was referred to as 3D scanning, however, Leica System feel that High-Definition more accurately describes the technology as it does operate in a different fashion to other survey data retrieval methods. Leica Systems state that it is the overall density of the data capture which sets the technology apart and helps to build 3D visualisation. HDS are able to produce a 360 ° scan of an area with a densely populated point cloud of data that provides a high level of accuracy in data returned. Such devices can scan between 50 – 100m but can be extended to measure up to 200m. The Leica system is reported to have accuracy up to 6mm.
Artificial targets are used during the scanning process and placed at measurable points in the planned scan area. The target measurements are used to determine known points that can help to rectify data within the chosen coordinate system i.e. for geo-referencing the Point Clouds captured (Stenberg et al., 2005). Figure 3b shows; a twin-target pole system contains two HDS flat targets and an accurate (20') vial for precise pole setups at control points, which allows quick orientation of scans to vertical, quick geo-referencing of small sites; a 6" Circular targets. These are larger and are more convenient for acquisition at longer ranges or lower scan densities (Leica Geosystems, 2007).

8. High Definition Surveying (HDS) of the Coastal Zone
While this relatively new technology is gaining in popularity for use within the built environment to capture 3D images of building or structures, there has also been some reported successes with the use of this technology for scanning coastal and somewhat inaccessible terrain. For example Bauer et al. (2003) report on the use of such devices to monitor rock glacier changes in the Austrian Alps. They state that although there is available airborne data for the terrain, because of predominantly vertical viewing angles the readings achieved near steep slopes are limited thus terrestrial laser scanning is proving to be a useful alternative.  

Caldra et al. (2005) at the University of Bari in Italy have recently investigated the use of HDS to monitor geomorphological changes to the Apulia coastline which can be found in the Mediterranean between the Adriatic and the Ionian seas some measuring 793 km long. As in the Penarth survey they made use of the Leica HDS3000 in order to are investigate this methodology as a more cost effective method for coastal surveying. 

9. A case study of Penarth Beach, South Wales, examining data capture via various technologies
One such study of coastal geomorphology has been presented by Phillips (2006) who noted that in “1997 the effects of severe erosion along the Penarth Wales foreshore became apparent when the beach surface fell to critical levels”. To that end this study will look at an area of Penarth beach and use data presented in various formats including ground survey data collected by Phillips during and following the completion of the Cardiff Bay barrage construction. 

To facilitate the study, an area of the Penarth foreshore was used. This area was chosen because of the extensive research carried out by Philips on this section of the beach. The survey zones concentrated on an area south of Penarth Pier (Figure 4). This area allows for interesting observation of the sediment movement because of the tidal range in the Bristol Estuary and namely Cardiff where it can reach in excess of 13 m. (Phillips and Williams 2007). Phillips further concentrated on a smaller area using survey stations 6 – 14 and produces a grid of points along the beach to obtain elevation readings. See Figure 5 (a and b). 

Once this grid area of beach had been established three data acquisition methods were compared namely data from traditional surveys. LiDAR data made available form the Environment Agency (EA) of the UK and a survey conducted using the newer technique of HDS.
This grid and the subsequent elevation points (i.e. Z values) have been input into ArcGIS to investigate the capability of 3D Analysts’ with such data. Various investigations have been conducted within the ArcGIS environment and it has proved to be a suitable tool to provide quick answers to data sets gathered manually from beach surveys. The package provides a tool set which allows for a prototype view of changes to beach morphology over time. Datasets can be quickly analysed and visualised by building simple scenes with the available X,Y,Z data and Ordnance Survey (OS) data. As can be seen in Figure 5 (c), simple Triangulated Irregular Network (TIN) models and raster Digital Elevation Models (DEMs) will allow for comparison of views and with a limited amount of data points the results provide reasonable success. Although the visual processes that can be applied to coastal datasets can help coastal managers with their decision making processes we need to be able to produce beach profile data and sediment volume calculations in order to provide useful information for coastal management. Within the ArcGIS 3D analyst environment, predefined tools can be used to build profiles and calculate volumes for a given area. Using the Functional Surface tool in 3D analyst it is possible to calculate a volume of an elevation model. 
Although there is some success for analysis of beach morphology using the above described method, the next stage of the study is to look at other methods of data acquisition for beach surveying and to test their accuracy and provision of useful data for analysis.
9.1 LiDAR Penarth

The EA fly over the U.K. acquiring elevation data using airborne LiDAR, already 80% of England and Wales has been captured. They aim to collect data on a yearly basis and thus they have a mechanism for identifying topographic changes. Figure 6 is an example of a LiDAR derived Digital Terrain Model DTM that has been generated in a GIS package, it shows the case-study area, Penarth. This data can also be used to determine beach profiles and volumes. 
The main attraction of LiDAR datasets of the coastal terrain is that they provide a far more detailed picture of sediment content on the beach or foreshore. As the data collects a mass of points, each with a height reference, we can build up a far more comprehensive picture of sediment contained within the Penarth survey grid area.
9.2 Penarth and High-Definition Survey (HDS)

This paper has investigated two methods used to gather data on the Penarth foreshore, namely traditional surveying methods and airborne LiDAR, the third and final method of data acquisitions under scrutiny is the use of HDS or terrestrial LiDAR as it is sometimes called. To perform the survey, use was made of the Leica HDS3000 (Figure 7) and accompanying Leica Cyclone software. The scan was carried out on September 6th 2007. 

Several considerations are needed before embarking on a scan of this nature as there is a need to maximise information relevant to the beach morphology. Weather conditions need to be fair as the scanner will be unable to find target views in misty or wet conditions. Tidal times need to be monitored as to maximise the beach area available when scanning. It is therefore better to start the scan at low tide which will allow for more time and thus allow for a higher resolution of scan. Because of the large tidal range at Penarth, some 13m, there is a clear advantage when using terrestrial scanning devices because it will allow for a long time period to capture data. 

The HDS scan of the Penarth foreshore had to capture the same data grid as collected via traditional methods i.e. we had to capture data in the same area as the grid discussed above. As there is a distance of 240m between station 6 and 14 along the foreshore grid, it was necessary to carry out two scans at location near station 8 and 12. The two scans were then registered or ‘tied’ together using the cyclone software. The resulting final scan should thus have a better resolution. To enable this procedure, targets supplied by Leica are used to register the scans. 
Once the data has been acquired it is stored on the accompanying laptop which is connected to the laser scanning unit via a network cable. Any further processing of the data can be carried out post survey using the Cyclone software. The data can be manipulated inside the Cyclone software package or exported for use within a CAD or GIS package.

Over 2 million data points were collected for Penarth beach. Four targets were used to accurately register the two scans that were taken. These were very quick, low resolution surveys. Figures 8 to 10 are examples of the collected point cloud. The density of the point cloud makes this a far more accurate method for data collection especially when compared to the manual data sets. Also the visualisation of the data is almost immediate. The images shown are the result of the two scans tied together. The XYZ and graph image seen in the centre of the screen represents the location of the scanner during one of the scans. Although the scan can operate in 360° mode there will inevitably be a loss of data directly below the scanner tripod stand but this can be mitigated due to the positioning of the scanner in subsequent scans.
Using the point could within the Cyclone software environment we can also generate a DTM or mesh, this compares favourably with the airborne LiDAR data available for Penarth (Figure 11).

9.2.1 Extracting Point clouds

The next step in the experiment with the HDS data point cloud was to look at methods of extracting smaller sample areas to enable the calculation of volume and profile data for the grid area. This was first done within the Cyclone software environment. With the extracted data set we are able to build a mesh or DEM (Figure 12a and 12b).
The data output from the cyclone software is stored in .PTS file format. We can open this as a text file however, the data is not a .CSV format and needs to be converted before we can use this within ArcGIS or other GIS environments. The captured data provides positional X,Y,Z data, an intensity value for each laser return and colour reading in RGB format.
Finally, from the HDS laser scanned data, a DSM at 5cm resolution of Penarth beach was created. Beach profiles were created from the model at various locations. Figure 14 shows a comparison of profile 1 (location shown in Figure 13) derived from HDS data and airborne LiDAR. It is evident that there is an extremely close correlation between the two datasets. 
This has a double effect as the HDS should actually be of higher accuracy than the airborne LiDAR, therefore to a certain degree it also validates the airborne LiDAR for Penarth. It should be noted that the HDS laser scan and airborne survey were not conducted on the same day. As the beach is a dynamic area, for validation purposes both surveys should take place on the same day/time. However, some confidence prevails in both LiDAR and HDS data sources in that the permanent wall feature on the beach is at the same location in both datasets. The LiDAR and HDS DSMs were also compared for differences in volumes and contours etc, and as the profiles show there was also a very high correlation between the two datasets. Where the benefits of the HDS would be fully realised, is if surveys could be undertaken on a more regular basis, e.g. monthly, weekly, tidal and pre and post storm.
10. Conclusion 
The above investigation into the data provided by the HDS scan of Penarth shows that this is a very useful method for capturing data pertaining to beach morphology. The speed at which point data can be capture far surpasses the amount of surveyed information that could be collected via a manual or traditional scan of the same area. Phillips (2006) noted that to collect the survey points for the Penarth foreshore grid could take up to a full day where as the scan for the same area was captured in just over an hour. The scanned data is collected in real-time and is capture into the cyclone software and can be processed immediately. However, post processing of the data can provide a spatially indexed set of points for use within a GIS.  These are all clear advantages for promoting the use of this technology in coastal terrain monitoring. Because a quick scan can be achieved in a relatively short space of time then they could be conducted more frequently.

Ultimately, within this research what we are trying to do is find the most accurate and efficient data acquistion method to build digital terrain models within GIS software for coastal environments.. Jude et al. (2006) state that over the last 10 -15 years coastal application of GIS have evolved as technology becomes available and affordable and hopefully more user friendly. We can concur with this and as Penarth, South Wales has been surveyed with respect to beach profiles in a traditional manner for many years, there are also a number of airborne LiDAR data sets available gathered by the Environment Agency (EA) which can all be used to compare and validate HDS as a suitable alternative. However, experiments continue with the use of High Definition Scanning (HDS) devices placed under investigation as another possible method for data capture. Although this is still in an early stage of investigation, the results are already showing that HDS could prove a cost effective advancement for beach monitoring. By using HDS, surveys can be carried out more frequently and any detrimental effects acting on our coastal zones could be discovered earlier.
Some questions that need to be addressed regarding the worthiness of this new approach to data acquisition are as follows: Could this equipment help to monitor sediment deficit and replenishment to predict cycles of change? Could results from such surveys be subsequently used to govern the licensing or other development allowances given to organization that operate around our coastline? Can we use this data easily with in a GIS considering the amount of data captured and the processing required? How could database and GIS software address the issues of file sizes and the need to provide a spatial index for the captured data?
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Figure 1 LiDAR beach surveying
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Figure 2 Old grammar school, Swansea Metropolitan University intensity point cloud
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Figure 3(a) Leica Systems High Definition surveying Systems (b) Target point for HDS
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Figure 4 Upper image Penarth 2002 lower image Penarth September 2007
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Figure 5 (a) Survey points alone the Penarth Coast and (b) grid of surveyed data (ArcGIS and OS landline) (c) the manual survey data presented in ArcGIS 
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Figure 6  LiDAR derived DTM
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Figure 7 Leica HDS3000 on Penarth Beach September 2007
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Figure 8 Registered scanned data
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Figure 9 High resolution laser scan of the pebbles on Penarth beach
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Figure 10 HDS laser scan of wall and step features on Penarth
Figure 11  DTM or Mesh generated within Cyclone
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Figure 12 (a) the fenced off polygon (b) mesh produced form the fenced off area within in cyclone
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Figure 13 LiDAR  DTM and profile location 1
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Figure 14 HDS laser profile and LiDAR profile comparison
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Figure 15 Point data in ArcScene
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