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Your employer requires a new data set for a littoral zone within a friendly urban area. The information to be collected should include the topography of the area above the neap lowest astronomical tide chart datum, including local structures and access ways within 250 metres of the mean sea level to a resolution of 15cm. Your task is to investigate the practicalities of acquiring this dataset. 
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Remote sensing and Imaging can be conducted for use in multiple fields such Surveillance, Weather and Geology. The uses of remotely sensed images are endless. Two uses of remote sensing and imaging are:
· Climate – Tracking the decline of a glacier.
· Military – Tracking the build-up of troops.
Remote Sensing and Imaging is a [1] “process of detecting and monitoring the physical characteristics of an area”. 
One of the main drivers of remote sensing and imaging has been war. Throughout First and Second World Wars aerial photography became ever more capable originally with the use of “Pigeon Photography” and later on the perfection of photography from planes, thus capturing images such as that in Figure 1, which lead to the ultimate destruction and sinking of the Bismarck. More recently (2018) remote sensing and imaging has captured what is deem the illegal construction of military bases on contested islands/parcels as shown in Figure 2.










[2]
[image: https://ncap.org.uk/sites/default/files/NCAP_ACIU_N_0183_0660_WEB.jpg]
[bookmark: _Ref518588280]Figure 1 Photographic Reconnaissance of German Battleship Bismarck with Heavy Cruiser Prinz Eugen
[3]
[bookmark: _Ref518835584][image: https://nationalpostcom.files.wordpress.com/2016/12/south_china_sea.jpg?w=620&quality=60&strip=all] Figure 2 Chinese runway construction on Fiery Cross Reef

Remote sensing is also used by civilians to track and map vast areas and countries. 
[bookmark: _Toc519191725]Platforms 
There are multiple platforms that meet the different requirements needed such as:
Static – a fixed position.
Fixed Wing Aircraft – are capable of long duration flight, extremes of high and low altitude and low airspeed.
Rotary Wing Aircraft – are capable of low airspeeds and multiple altitudes and also able to hover for extended durations/
Unmanned Aerial Vehicles – air capable of extreme altitudes and in some cases constant flight.
Satellites – are capable of travelling vast distances in short durations and at altitudes (orbit) impossible for aircrafts.
[bookmark: _Toc519191726]Passive and Active systems

There is a difference between Passive and Active sensor systems:
A passive sensor system is able to [4] “measure energy that is naturally available”, whereas an active sensor has to [4] “provide their own energy source for illumination”.
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The following 3 sections are different approaches that may be taken acquire the data needed in the specification.

[bookmark: _Ref518835141][bookmark: _Toc519191728]Aircraft 

Aircraft (mainly fixed wing) are commonly used for aerial photography, laser scanning (LIDAR), Thermal imagery, IR and RADAR. The equipment has historically tended to be heavy, but advances in technology has reduced the equipment in both size and weight.
The 
The British Ordnance Survey Team have two specialised aircraft with a camera that is capable of:
[5]
· “196 megapixels
· Large Format digital aerial camera
· Mutli-spectral capability
· Panchromatic and 4 colour channels Red, Green, Blue and Near Infra Red.”
An aerial laser scanning system is able to capture vast amounts of data, be it fine detail at altitudes as low as 200m, or larger amounts of data at the cost of quality. The spatial resolution aircraft can capture can be as low as 5cm (0.5m) per pixel, meaning that very detailed images can be taken. [6] “when flying low and slow, pixel sizes on the order of 5 and 10cm are possible”.
[bookmark: _Toc519191729]Satellites

There are many satellites currently in space all with different purposes. Some of these satellites are used for monitoring earth. 
Satellites have a variety of options when it comes to orbiting [7] “Military satellites are designed to move in complex elliptical orbits around the earth, so that they can photograph very large areas of the surface (whole continents) …Commercial satellites, by contrast are ‘geo-stationary’, that is, designed to stay ‘motionless’ in orbit”. Making use of what is already in orbit for the function needed is a logical step.

Satellites are platforms with a perfect vantage point to use remote sensing and imaging as depicted in Figure 3 Satellite Surveillance.  The two main points to consider with satellite are the following:
· Spatial Resolution
· Temporal Resolution

[8]
[image: Artist's rendition of Landsat 7 remote sensing satellite above earth.]
[bookmark: _Ref518748016][bookmark: _Ref518743842]Figure 3 Satellite Surveillance

When photographing earth, the area covered in each pixel is dependent on the ability of the camera equipment. [9] “High spatial resolution 0.41 – 4 m, Low spatial resolution 30 – 1000m”. If the task was to map different ground terrain, low resolution would be perfect for the reason that; large areas of ground terrain type are much the same. The area the low resolution covers (1000m) would also be an added benefit. Whereas, if small object, or person needed to be tracked high special resolution would be used (see Figure 4).
[9]
[image: ]
[bookmark: _Ref518746966][bookmark: _Ref518746944]Figure 4 Pixel Resolution

As all satellites orbit the earth the amount of time they can be in a certain location is set by what orbit they are in. satellites can orbit between 300 and 1500km. [9] “Temporal resolution specifies the revisiting frequency of a satellite sensor for a specific location.
High temporal resolution: < 24 hours- 3 days
Medium temporal resolution: 4 – 16 days
Low temporal resolution > 16 days”
One of the more advance satellites currently in orbit is [10] the WorldView-4 Satellite Sensor has a high spatial resolution of 0.31m, with a swath width of 13.1km (area captured in one go, see Figure 3) with a temporal resolution of 97 minutes.
It is worth noting that the specifications of military satellites are either never published, or are deliberately misleading [11] “In a pre-digital era more than 30 years ago [currently 2018] years before Google Earth, an ultra-secret US satellite program spied on other countries by taking much higher quality photos of the planet’s surface. The intelligence community call this program Big Bird and Keyhole-9”. This shows that the technology is already available to use a satellite as a surveillance platform.
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UAV’s have been around for quite a while with one of the first UAV’s taking the shape of US Air [12] Force B-24 Liberators packed with explosives and guided by radio control from a B-17 Flying Fortress. 
There are many UAV’s that are currently being used by both civilian, law enforcement and military purposes. The UK military’s Watchkeeper UAV has the capability to fly at [13] 5,480m altitude with a maximum speed of 194km/h and [14] endurance of over 16hrs. [14] Watchkeeper utilises both optical and radar sensor systems such as the Thales I-Master Synthetic Aperture Radar (SAR) and Ground Moving Target Indicator (GMTI), as well as Compact Multi-Purpose Advanced Stabilised System (COMPASS). SAR and GMTI allows the Watchkeeper to detect slow moving targets in either a 20km strip mode, or 15km spot mode. COMPASS has a [14] “Step stare function [that] allows the capture of full frame digital still, which are geo-registered at the pixel level and can be tiled for high resolution area coverage.”
One of the main benefits of using UAV’s like the Watchkeeper is its [15] “persistent and flexible all-weather ISTAR [Intelligence, Surveillance, Target Acquisition and Reconnaissance] capability with the ability to conduct surveillance through cloud and obscuration”. 
Other UAV’s have a long flight duration capability such as QinetiQ’s Zephyr High Altitude Long Endurance (HALE) UAV. It is able to fly for extended periods of time [16] “at altitudes above the weather and air traffic (above 50,000ft), offering an operational low-cost persistent military capability by the end of the decade”. At altitudes such as this it is likely to have visual range of hundreds of kilometres unimpeded by the weather making it a suitable candidate as a surveillance platform. It is also known as a [17] “pseudo-satellite, because it endures like a satellite giving extreme persistence on-station, it can be relocated like and aircraft, and it is cheaper than both to operate [which is ideal for considering this reports specification]”. 











[bookmark: _Toc519191731]Recommendations 
This report recommends that the use of a UAV similar to that of the Zephyr, carries out the task of data acquisition for the following reasons: 
· The area for data acquisition is deemed “friendly” so visible surveillance such as aircraft and UAV’s will not be a problem. 

· The requirement (in Section 1) stated that the resolution must be 15cm (0.15m), to which a satellite does not meet this specification at 0.31m. To get the best data the area must be surveyed multiple times day/night, high/low tide to understand the location and what is under the water at high tide. Whilst specifically the WorldView-4 Satellite Sensor has a temporal resolution of 97mins, this may not allow it meet the second requirement of surveying the specific area at the neap lowest astronomical tide chart datum, as it might miss the specific timings of the tide. Although, other satellites (specialist civilian, or military) may be able to meet the criteria. A satellite would easily meet the specification of capturing data within 250m of the mean sea level. Aircraft and UAV’s are much more suitable for the roll, meeting the requirements of the spatial resolution (0.5m see section 3.1) and they are able to fly on command the meet the specific times if needed. In the case of the Zephyr, it could continually remain over the area acquiring data.

· Whilst the initial cost of getting a satellite into orbit is large, once up there it is in constant use meaning that it can be used (as long as it is in the correct position) any time, without having to rely on a pilot. The Zephyr is also known as a pseudo satellite, as it is cheap to run and can constantly remain in flight for extended durations of time at high altitudes, giving it the high visibility over hundreds of square kilometres.

· Aircraft and UAV’s cost for; each flight, the up keep and maintenance and the use and training of a pilot, although UAV pilot training is less costly. These systems can be operational for extended periods of time, especially in the case of the UAV’s that are capable of over 16hrs (Watchkeeper), and even continued use (Zephyr HALE UAV). The Zephyr also costs considerably less per flight as it is solar powered.

· Weather conditions can affect the outcome of getting the required data, dense cloud cover could restrict the satellite from acquiring the data, whereas aircraft and UAV’s are more flexible and able to drop below the cloud cover. Certain UAV’s like the Watchkeeper are not restricted by the cloud cover as highlighted in section 3.3. The Zephyr cruises at up to 50,000ft so is unimpeded by weather conditions.
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Raster data such as images is obtained through remote sensing. In order to utilise the data gathered the data should be processed to enable georeferencing to standard survey maps of differing scales, or creation of digital terrain relief models.
The captured data includes many errors (intentional/Unintentional). These are geometric errors (also known as Systematic and Random Distortions) and radiometric errors which need to be corrected to create and accurate dataset. 
[18] There are many errors in the data which is captured by remote sensing and/or imaging. The errors in the digital numbers that are recorded from the sensors can be due to different atmospheric conditions as well as the sun’s elevation and azimuth (depicted in Figure 5). Radiometric Correction corrects and adjusts the data captured. 
[18]
[image: ]
[bookmark: _Ref519102283][bookmark: _Ref519102279]Figure 5 Radiometric
Images, and/or data that are taken from above earth are geometrically distorted. This can be for a variety of reason such as the earths movement, or the positioning of the sensor platform. Using Geographical Information Systems (GIS) the dataset such as a picture, or snapshot can be imported, scaled, aligned and adjusted in the correct orientation to allow it to seamlessly be imported onto and overlaid over a map such as an Ordnance Survey Map. This is carried out by specialist software. The software has many variables that allow the precise overlay of data over different countries coordinate reference systems and geographic projections, also allowing a choice between sub coordinate systems that an individual country may have (the UK has 3). 
One of the important points of this is that the scaling of each has been adjusted so that they match, otherwise the information construed on the overlay will be wrong. A 1:1250 scale means that for every 1cm on the map the real distance is 1250cm (1.25m). 
[19]
[image: ]
Figure 6 Spatially Correcting the Data

[bookmark: _GoBack]Digital terrain data can be capture by various means of platforms, some of which have been covered in this report (Methods of dataset capture ). The use of Light Detection And Ranging (LIDAR), ground facing Radar, or even a laser system may be used to collect data on the Topography of a specific area. 
From the data gathered a Digital Terrain Model (DTM) (depicted in Figure 6) can be produced. [20] “A shaded relief model uses different colour shades according to the varying levels of elevation and azimuth to create an enhanced simulated terrain.” It is useful as [21] human brains use the information from light and shadows to determine distance and create a mental image, or model of the terrain that is depicted. This can then be put through a similar scaling and point identification process to enable it to be overlaid. Natural features, or distinguishable building for example would be used as datum points at which to be used to match up the DTM and other data such as Raster data. The outcome is something like that shown in Figure 7 with contours and other added data overlaid.

 








[21]
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[bookmark: _Ref519107158]Figure 7 Digital Terrain Model
 [21]
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[bookmark: _Ref519107953]Figure 8 Digital Terrain Relief Map
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