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Introduction
The following report investigates the practicalities of gathering information to fulfil the requirement for a new data set of a littoral zone within a friendly urban area. The solution must include topography of the region along the shore, above the neap lowest astronomical tide chart datum and include local structures and accessways within 250m of the mean sea level, to a resolution of 15cm.

Aim of Report:

The report will provide considerations of;

· Different methods of data capture
· The most effective approach to gathering the information
· How the raw data remotely obtained could be processed to georeference it to Ordnance Survey 1:1250 scale data, and a digital terrain relief model of the same scale could be produced

Scope of report
	Three instrumented sensor platforms and capture technologies are considered for the application of gathering new geographical information from an overhead perspective, including advantages and disadvantages to using each method. Justification is given for the recommendation of the most effective method, based on relevant factors of the area and requirement specifications of the task. The report concludes with a descriptive outline of how remotely sensed data is processed and georeference to Ordnance survey data and how a digital terrain model for the area can be created from this dataset.

1. Data capture

	Large areas of geographic data can be captured from an overhead perspective using instruments travelling remotely at an aerial distance (e.g. from aircraft or satellite) to Earth’s surface. Sensed data for this area under investigation could include topography of urban land, sea, beach or hills. Captured images may contain natural and artificial features including vegetation and buildings. 
	
	Data can be recorded from the reflected or emitted electromagnetic radiation from the landscape. Digital images can present information in a numerical array for computerised analysis and display. Using implicit knowledge or local statistical data, visual datasets can be analysed, and interpreted to convert the sensor data into useful information for extracting answers to zone specific queries (e.g. changes to landscape or for social science research). Geographical Information Systems (GIS) can be used to link information to remotely sensed images, including “topography, political boundaries and pedologic, geologic or hydrologic data” [1].

	Available Satellite imagery will not suffice for this task, since their sensors do not offer the resolution and are prone to cloud interference. The highest ground resolution available to the public from satellite imagery is currently around 30cm (DigitalGlobe), half the (15cm) resolution required. Military satellites can capture resolutions down to as low as 7cm “but it’s safe to say that the precision of U.S spy satellites is a closely held secret” [2]. Public available satellite imagery is far less detailed and up to date than images captured by instruments mounted to survey aircraft and so Low Altitude Remote Sensing (LARS) platforms should be used.

	Since the region is a friendly area, a 3D ground survey could be carried out on foot using a GPS receiver for positional purposes, an electronic distance measurement device, a theodolite and data recorder to measure distance and angles within the area. This can be a very accurate for collecting and confirming data (accessways) within an area but is very time consuming.

Considering the nature of the littoral zone of interest, topography and high resolution of information required, the following are appropriate methods of data capture for this task:

Method One: Aerial surveillance photography (drones vs aeroplanes)

[image: ]	The main advantage of producing aerial photographs of an area is that images of high resolution, with fine details such as spatial (size, shape and orientation) and spectral (tone, colour and spectral signature) data can be recorded. This is ideal for “route surveys, town planning, constructions project surveying, cadastral mapping etc.” [3], capturing the geology, forestry, agriculture and cartography. Digital photos can be captured by low flying unmanned aerial vehicles (UAV’s) to provide images of even higher resolution than surveillance aeroplanes (Fig.1 & 2). However, aeroplanes can map larger areas and within shorter time periods than drones due to their higher flight altitude and larger fuel and power capacity compared to a drone’s 3 hours short battery life. Typically, aeroplanes cover between 500m to 8km at an altitude of 20km. The latest generation of large format digital cameras mounted to aircraft can capture a resolution of up to 2.5cm but are a more expensive method of image capture than UAV’s. Photomapping from the underside of aircraft and drones entails blur correction due to the motion of the platform and low altitude. The advantage of aerial photography also includes the use of stereoscopic parallax for measuring distance or height of objects, from recorded overlapping images (stereo-pairs of photographs). The relative position and orientation of photographs can be reconstructed using analytical plotters to produce 3D parallax-free stereo models of a terrain for accurately measuring height.
[image: ]Fig.1 – X8 Long Range Surveillance fixed wing drone [4]                         Fig.2 – DJI Pro 4 [5]

Advantages 

· Resolution: High resolution photographs can eliminate the need for special analysis. 

· Further Application: Photographic images can be fused with elevation data to create Digital Terrain Models (DTMs).

· Equipment Weight: Surveillance drones can carry more than 18kg in weight, ideal for carrying digital cameras. Being lighter and more agile than aeroplanes, drones can access smaller areas of landscape.


Disadvantages

· Timing Limitations: Passive remote sensing is dependent on sunlight. It is necessary to consider what time of day to take capture the images. Photographs need to be taken in daylight for cameras to detect reflected light. To produce images with softer lighting and good contrast, photographs must be taken at the beginning or end of the day, preferably in late evening. The direction of the sunlight and weather on the day must also be considered. Depending on the specifics of interest, it would be necessary to work out the timings for the best position of the Sun and angle that would make the subjects appear at their best.

· Atmospheric conditions: Information contained within reflected (or emitted) Electromagnetic Radiation (EMR) from the Earth’s surface can become modified (by scattering or absorption) or attenuated (light is refracted) whilst traversing towards the sensor. This results in spatial distribution of data, introducing radiation from the sun or nearby ground areas into the field of view. However, “camera lenses are carefully deigned to control this bending of light rays to maintain colour balance and minimise optical distortions” [6]. Scattering can reduce image contrast and spectral signatures of objects on the ground. Planning for a clear day can avoid image interference due to atmospheric effects and ground conditions (e.g. avoiding heavy snowfall).

· Location errors: “Positional errors caused by the perspective of sensor optics, the motion of the scanning optics, terrain relief and Earth’s curvature” [7]. The wide-angle cameras used, means that at time of exposure the camera is not perpendicular with all objects being captured. Tilt can also cause photogrammetry errors, but image corrections can be made in post processing. Relief displacement due to the vast heights of objects positioned direct beneath the camera on exposure, makes surrounding objects appear to lean outwards, and this requires corrective planimetric positioning and must be considered if using images for area and distance measurement purposes. 

· Information loss: Occurs when converting pictorial images to digital images. Digital CCD cameras best suit this method of remote sensing. In its pictorial form, an image can be “examined by human interpreters; in its digital form (as an array of integer values), it can be easily analysed by quantitative methods to extract information not evident to the human analyst” [7]. 

· Cost: Expensive camera equipment is required alongside the drone and pilot, with very high-quality lenses to prevent loss of image clarity (distortion due to imperfections on the lens shape. Aeroplane surveillance is a very costly approach (fuel, equipment, licensed pilot). 

· Image Duplication: Due to forward and side overlap and ground area photographic drift due to crosswinds. Image crab can also be a result of correctional flight paths to compensate for drift without changing camera orientation.

· Commercial Flight Permissions: Permission is required from the Civil Aviation Authority (CAA) to fly drones over or within 150m of congested or organised open-air assembly of more than 1000 people [8]. There are however, plenty of companies in the drone surveillance industry with licensed pilots that can perform this task quickly at reasonable cost. Aeroplane or helicopter surveillance could be problematic due to access to airspace and maintaining low enough altitude at the location. 

· Layers: Photographic images cannot gather terrain information beneath vegetation, only data from the tops of objects are gathered.
	The interaction between varied spectral radiation and the Earth and atmosphere can provide very useful information. Images of areas from above can characterise and define the behaviours of both. For the UK, the aerial survey season typically runs from March through to October when the daylight lasts the longest and atmospheric clarity, humidity and temperature is of ideal conditions, enabling individual pixels to be visible as separate cells of adequate brightness.


Method Two: Light Detection And Ranging (Lidar)

	Lidar is an active remote sensing platform, usually mounted to an aircraft (or spacecraft). Lidar transmits energy within a narrow beam of frequencies from a continuously known and stable altitude towards the ground and collects the reflected backscattered energy at its receiver to form an image of the surface. Green visible light (of around 0.532µm wavelength) is used for penetration of waterbodies and near infrared (1.64µm wavelength) for sensing vegetation, detecting open water and insensitivity to atmospheric scattering. Using built in lasers, independent of solar illumination, Lidar’s can be operated from drones (Fig.3) any time of day to acquire data in parallel flight lines. 

A Lidar scanner measures the distance from the sensor platform to the ground using the distance, velocity and time equation.

Distance = Velocity of laser light x time / 2

Variations in topography can be measured from knowing the velocity of which the laser light travels and the total time it takes for the light to travel the distance to the ground surface and back.

Lidar drones “can provide continuous beach and nearshore observations over wide areas at high special resolution, including during conditions when in-situ observations are unsafe or ineffective [9].”

[image: ]
Fig.3 – Lidar drone with RIEGL VUX-1UAV lightweight airborne laser [10]








Advantages

· Positional: As well as assessing the brightness of backscatter, Lidar collects angular positions, changes in frequency and timing of reflected pulses, enabling analysis and extraction of information that describes range, structural terrain and vegetation, not immediately provided by optical sensors. Lidar data is useful for producing contour maps of an area. Onboard Global Positioning Systems (GPS) provide accurate records of the geographic location of an aircraft as it acquires sensor data, labelling the location of the elevation data. 

· Resolution: The very narrow beam of coherent light used by Lidar allows for capture of very highly detailed imagery over small or large footprints. “A scanning mirror directs the pulses back and forth across the image swath beneath the aircraft” [11].  

· Digital Terrain Modelling: This platform is good for creating Digital Elevation Models (DEM). Algorithms can be performed on the data to create 3D images with terrain texture, reminiscent of an ariel photographs. 3D models can combine Lidar and aerial photographic images for realistic computerised investigative survey research. 

· Multiple Layered data: Lidar is the only platform that can sense data to differentiate between multiple terrain layers, by collecting primary and partial secondary returns (e.g. from a vegetation canopy layer and ground surface layer underneath trees). 

Disadvantages

· Accuracy: Lidar is not always accurate at representing shorelines (systematic errors of GPS signals), stream channels and ridges (contours) may not form hydrographically coherent surfaces. Soft and hard breaklines can however, be inserted by an analyst during terrain analysis to define changes in terrain and separate data arrays into discrete units for creating individuality (road edges, ridgelines and ditches). 

· Reliability: Lidar pulse returns from water can be unreliable since laser pulses are often absorbed by water.

· Laser hazards: Precautions need to be taken around lasers when using Lidar, as short wavelengths can cause retina damage.

Overall, Lidar on drone platforms can conveniently produce reliable and highly accurate and detailed terrain models due to flight levels, resolutions of gathered data and flexibility of flight planning. Providing direct measurement of surface elevation, Lidar is more time and cost effective, with less post processing required than photogrammetric methods. 

Method Three: Interferometry Synthetic-Aperture Radar (InSAR)

	Aerial images captured by SAR can provide accurate topographic information. Using radar technology (to measure distance to earth surface), GPS and an inertial measuring unit (attitude and position of aircraft), InSAR exploits radar’s ranging capabilities to measure differences in slant-range distances to the same feature from two different perspectives (SAR images). This is method is similar to stereo photography and can “reveal changes that occurred during the interval between the acquisition of the two images” [12]. Mounted to a moving platform (aircraft, spacecraft or satellite), the system moves the radar antenna over the target region, providing fine spatial resolution. SAR transmits successive pulses of radio waves from a single and narrow-beam forming antenna to illuminate the area and collects the echo of each pulse on a receiver, digitally storing the returned data for post processing. The return signal is automatically georeferenced to point clouds. Mathematical filtering techniques deal with multiple returned echo’s so that data is captured, arranged and stored correctly, even allowing for features to be removed from the terrain during data analysis.

SARs can be mounted inside drones but are rarely commercially available (Fig.4).

[image: ]
Fig.4 SAR equipment fitted to a drone (such as Lockheed Martin’s TRACER technology) [13]


Advantages

· Digital Terrain Modelling: This technique can be used to create 2D or 3D images of landscapes. DEM can be used to measure phase differences between complex images (from different angles) to provide height information from SAR data. “InSAR combines two (accurately aligned) SAR images of the same area into an interferogram by computing the differences in phase of the radar waves” [14]. 

· Resolution: A large synthetic aperture is produced when the platform travels over a target in the time it takes for the radar pulse to return to the antenna receiver. A higher resolution is produced when the aperture is increased, either using a larger antenna or a moving antenna. When the SAR platform moves, the antenna location changes in relation to the target area. The continual and successive radar echo recordings from multiple antenna positions are combined during signal processing, forming a synthetic antenna aperture. Resolutions of around 10cm can be produced or even up to a few millimetres using ultra-wideband SAR’s.

· Not time constrained: SAR uses active remote sensing (radar within the microwave spectrum) so it can be carried out at any time of day, independent of altitude or weather conditions (during cloud cover).

· Accuracy: InSAR is highly accurate with ability to cover large areas.

· Historical data comparison: Since it is an older technology there is the availability of older SAR maps for comparison.



Disadvantages

· Interferences: Results can be affected by phase differences due to uncorrected platform orbits and atmospheric signals (due to spatial and temporal differences in atmospheric delay).

· Cost: It is a very expensive method due to its complex technology. Mathematical calculations (phased differences and FFT) involved with the post processing of images can take a considerable amount time and effort. 

	InSAR platforms mounted to satellites cannot produce images of the required resolution and could take days to complete due to the lengthy orbital periods of satellites. Other issues include “image frequency, unwrapping errors arising from signal wavelength and the requirement for surfaces with high backscatter of radiation” [15]. Since the feasibility, practicality and commercial availability of flying radar at low enough altitudes is unlikely, this method is not the best choice of data capture.


2. Recommendation

	 Drone mounted Lidar and high definition digital aerial photography are the most cost effective, flexible, reliable and simplest means of acquiring the remotely sensed data for a topography of this area. Being a friendly area, there will be no presence of hostile activity, therefore no unknown difficulties or hazards for using a remote-controlled aircraft. Using a programmed flight path, a drone could be flown throughout the airspace above the region, once permission has been granted. If the drone has built-in geofencing software restrictions permitting it from being flown in certain areas, this may need removing temporarily if flying near an airport. Since the topography of the area down towards the shoreline may include hillsides, a drone with camera angling abilities would be required so that as it hovers over such areas the camera can rotate to capture images perpendicular to the sloped ground. Ground control points could mark the area with points of known geographical reference (using a GPS device on the ground). These markers, visible on images taken by the drone, could then be used to georeference the map tiles to ordnance survey maps. 

	The two technologies compensate each other to accurately and quickly create inexpensive and high-quality maps, ideal for producing a Digital Terrain Model (DTM) of the region. The detailed 2D data gathered would be ideal for the task and could be combined with Lidar contour data to create 2D topography or even 3D DSM models. 

	Aeroplane surveillance images are adequate for the required specifications but due to smaller coverage size of the area of interest and for feasibility reasons it would be more practical and cheaper to employ a professional drone surveillance company to gather the data. Expert drone pilots could fly over the area safely at continuous altitude in parallel flight lines. 

	In accordance with the safety regulations for flying small unmanned surveillance drones, application for permission of commercial operating would need to be requested from the CAA to fly the Lidar or camera fitted drones over the area at the low altitude, within the required 250m from mean sea level. The operators must follow the regulations contained within the Air Navigation Order 2017 [16]. This capture height is equivalent of flying over the top of the tallest building (One Canada Square is 235m) at Canary Wharf, London, and therefore a drone would be most suitable for the task and could provide high enough resolution for the 1:1250 scale. 
 
For this task, data capture would also have to be performed during the period when the tidal conditions meet the requirement (above the neap lowest astronomical tide chart datum) for the sensors to collect the correct topographical data (e.g. where the tide reaches inland). Any uncertainties about features relating to images could be confirmed by conducting street level surveys (all year round). 


3. Georeferencing and Digital terrain relief modelling

	Once free from distortions (due to Earth’s rotation, oblique viewing or relief displacement), digital raw images can be related to the correct locations on Earth’s surface. This mathematical process is called georeferencing and can be performed by applying map coordinates to marker features (pixels) in the image, turning remotely sensed data into geospatial data. Using GPS positioning data, attached to the images during aerial capture or ground markers in the images, raster images and topography maps can be used to produce georeferenced map projections, with every pixel and contour line having a known co-ordinate. 

	Using a Geographical Information System (GIS) computer software, the sensor data can be georeferenced to its corresponding positional location on the Earth’s surface. All points, lines and areas (features) on and above Earth’s surface have a position and can be registered to individual coordinates using an appropriate coordinate system related to the Earth’s surface. As a result, a relationship can be established between the (X, Y) coordinates of a digital map and its corresponding angular longitudinal and latitudinal coordinate on Earth’s surface. This is called the geographic coordinate system (Fig.5).  

[image: ]
Fig.5 Geographic coordinates system [17]

A common global coordinate system is the GPS-based World Geodetic System 1984 (WGS84) which could be used for this task.
 
Spatial data can be represented by either; a vector or point system (Fig.6) , using a “single pair of (X,Y) coordinates, lines by a series (X,Y) coordinate pairs and areas by series of (X,Y) coordinate pairs where the first and last points are the same” [18], or a raster or cell system (Fig.6) that uses single cells, lines by sequence of neighbouring cells and area by collection of continuous cells. 

[image: ]
Fig.6 – Raster or vector system [16]

The two fundamental methods of referencing spatial data are the geo-centric system and the projection system [17].
	
	The geo-centric system is a 3D coordinate system in which the centre of the Earth acts as the origin of the three axes. It can be expressed either in 3D Cartesian coordinates X, Y, Z (Fig.4) or as “longitudinal (λ), latitude (φ) and height (H) above a known reference surface – the ellipsoid” [18].

[image: ]
Fig.7 Cartesian Co-ordinate system [17]

	The projection system “takes the 3-D coordinates and expresses them as a plane plus height above it… Coordinates on the plane tell us where a particular point within the projection is being used and are measured as distances, east and north from the starting point or origin” [18]. Care needs to be taken to choose a projection with properties that cause the least amount of distortion to distances, directions, scale and area. The National Grid projection is used in Great Britain.

	As well as projection, coordinate points also depend on the ellipsoid frame of reference used for measuring locations on Earth’s surface, known as the datum. For this task the sensed data could be coordinated onto local datum (mean sea level) for establishing vertical control and height accuracy. Horizontal control could be established by using WGS-84. By projecting the longitudinal and latitudinal coordinates of the horizontal datum surface onto a (flat 2D) computer model of the Earth, the map projection is formed. Following this, the spatial data recorded can be imported and loaded onto the computerised surface at the correct locations using georeferencing positioning. Each pixel of the raster is georeferenced and assigned real-world coordinates. Contour data can be imported for the terrain modelling of an elliptical 3D Earth model. The 2D raster images can then be layered over the top of the terrain surface to complete the 3D model.

	The raw photographic data collected during remote sensing can be processed by converting it to a raster image and georeferencing it to conform to a map. Using Geocoding, a grid can be superimposed on top of the transformed image. This would involve interpolation and projecting each raster element onto the original image and storing the new transformed image pixel data (i, j) as a new map image in the (x, y) plane. This is done by systematically subdividing images into smaller areas of equal size (tile sets) and shape. Such maps can then be uploaded to a horizontal datum using GIS software. Additional information can be added to the map using databases of data about the local area and by performing queries on the data. The answers to queries can be plotted to the specific locations on the map along with other data such as shape and elevation of terrain, collected by the range finding Lidar. 
	
	Using the contour line data gathered by the Lidar, digital contour maps and Digital terrain models (DTMs) can be used to present raw data in either digital 2D or digital 3D models of terrain for analysis and visualisation. This enables deeper understanding of an area. These models represent the difference in the highest and lowest elevations of the area. 2D contour maps show points of connecting levels of equal elevation, whereas DTM can present continuous elevation information across its model. Using DTM packages incorporated within GIS software, contour lines of a topographic map can be digitised to obtain a dataset of (X, Y, Z) co-ordinates of the area topography. This can then be rendered into a 3D Digital Surface Model (DSM) of the area, and the 2D raster or photographic image possibly captured alongside Lidar data, can be overlaid. Both maps need to use the same datum and coordinate system and be of the same scale for them to line up correctly. DTMs can be used for land studies such as modelling water flow, transportation system planning, or test range facility planning for firing artillery test rounds out to sea. DTMs allow the user to rotate and manipulate the computerised 3D model of a map to view areas from every angle of the terrain, providing a better understanding of the region. 
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