Benjamin Davies / Assignment 1 / Dr. Jamiu Dauda / ACBA4002 / Digital Surveying 
Essay (2000 words)

There are two parts to be considered for the essay and these are to be approached in equal weighting.

Part 1

Outline a brief history of surveying, describing different measurement and surveying techniques from antiquity to the modern era.

What is Surveying?
Surveying is the technique of working out the terrain, terrestrial, and 3D positions of different points and the angles and distances in-between them. These points are used often to create boundaries, maps, and property for ownership, locations, such as the positions of structural components for construction. Surveyors constantly work with the likes of geometry, trigonometry, physics, engineering and the civil law. In modern times they currently use equipment like total stations, theodolites, 3D scanners, retroflectors, radios, digital levels, inclinometers, retroflectors, drones, GIS, and surveying software. Although this hasn’t always been the case, Surveying has been a technique in the development of human construction since the beginning of known history as any construction in the planning phase has required it.

Ancient Times
Surveying has been around since humans first created structures. In the times of Ancient Egypt, they used chain and rope stretchers to establish boundaries whenever the Nile river would flood onto the riverbanks annually. They also used a plumb bob instrument which originates from early first millennium BC and it compromised a vertical pole with big horizontal cross tools mounted at right angles on each bracket. Each cross tool would have a plumb bob hanging at each end and this would survey straight lines and 90-degree angles. They used a plumb bob Instrument to construct one of the seven wonders of the world, The Great Pyramid of Giza, at 2700 BC. This is how the pyramid is a perfect square and has a perfect north-south orientation.[footnoteRef:1] [1:  https://www.fig.net/resources/proceedings/fig_proceedings/cairo/papers/wshs_02/wshs02_02_paulson.pdf] 

[image: Great Pyramid of Giza - Wikipedia][footnoteRef:2] [2:  https://commons.wikimedia.org/wiki/File:Kheops-Pyramid.jpg#/media/File:Kheops-Pyramid.jpg] 

British monuments like Stonehenge were set out by old ancient surveyors with pegs and ropes and further in history we then had the Romans who were famous for their architecture, and they even recognised surveying as a profession within the empire. Something that they demonstrated perfectly was their ability to build perfectly straight roads that were incredibly durable and spanned great distances e.g. In Britain alone they built over 50,000 miles of road, with the longest straight road being over 50 miles long. The surveyors would set up markers often at visible points like atop of hills and would map out an optimal path to ensure the road was as straight as it possibly could be. They would then use a Plumb Bob so that the plumb lines would line up with the previous marker, then when they changed direction, they would use the plumb bob to record the degrees that it moved by. [footnoteRef:3] [3:  http://www.todayifoundout.com/index.php/2019/09/how-did-the-ancient-romans-manage-to-build-perfectly-straight-ultra-durable-roads/] 

[image: All Roads Lead to the Ancient Network of Roman Roads][footnoteRef:4] [4:  https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.thoughtco.com%2Froman-roads-definition-120675&psig=AOvVaw0ShGGdL2BIKvlYIyvrt8ql&ust=1620318759089000&source=images&cd=vfe&ved=0CAMQjB1qFwoTCID-wf77svACFQAAAAAdAAAAABAD] 


17th and 18th Century
As we go through the history of surveying, we then reach the more modern era of land surveying. For example, In the 17th century mathematician Edmund Gunter invented Gunter’s chain	, this device allowed large plots of land to be surveyed for legal, and commercial purposes. In the 18th century much more modern ways of surveying were invented. James Watt developed an optical meter for measuring distances in 1771, it measured the angle from which the distance to a point could be deduced. Then in 1787, Jesse Ramsden introduced the first accurate Theodolite which is an instrument that measured angles in horizontal and vertical planes. Dutch mathematician Willebrord Snellius introduced Triangulation to survey the distance from Alkmaar to Breda which is approximately 72 miles. The survey was a chain of quadrangles containing 33 triangles in all. He showed how to resection and calculate points within triangles between vertices at the unknown point. His work created the idea of surveying a primary network of control points and locating subsidiary points within the primary network. In 1740 Jacques Cassini undertook the first triangulation in France and this led many surveyors to use this method and it was established that surveyors could use this within map making and ended up being used to map out whole countries.[footnoteRef:5] [5:  http://www.planete-tp.com/en/history-of-surveying-i-r207.html] 

[image: Triangulation – National Library of Scotland Blog][footnoteRef:6] Triangulation from the 17th Century [6:  https://www.google.com/url?sa=i&url=https%3A%2F%2Fblog.nls.uk%2Ftriangulation%2F&psig=AOvVaw1q_OVtSVGeJtWIr1TXuoQc&ust=1620342493793000&source=images&cd=vfe&ved=0CAMQjB1qFwoTCKiRqKjUs_ACFQAAAAAdAAAAABAD] 




















20th Century
At the beginning of the 20th century, they had very much improved the chain and rope equipment method but still faced major issues with long distance measurements. Dr Trevor Lloyd Wadley developed a Tellurometer during the 1950s which utilises two microwave transmitters and receivers to measure distances then in the later stages of the 1950’s geodimeter introduced EDM (Electronic distance measurement) equipment which uses a multi frequency phase shift of light waves to find and record long distances and this method saved weeks of work and hassle which we previously had with the rope and chain measurements because it measures points that are kilometres long in a single go. Advances in the 1970’s created miniaturization of EDM and they became known as Total Stations which is an instrument that combines surveying, imaging and high-quality 3D scanning which blends field technologies with advanced features to create a tool that is gives accurate results for analysis and measuring. It contains an EDM, an Electro transit theodolite, a microprocessor and an Electronic data collector.[footnoteRef:7] [7: https://www.alleninstruments.com/what-is-a-total-station/] 

[image: A picture containing grass, outdoor, tree, farm machine

Description automatically generated][footnoteRef:8] Total Station [8:  https://upload.wikimedia.org/wikipedia/commons/thumb/a/a6/GPS-mätning_på_järnåldersboplats_i_Ytterby_sn%2C_Bohuslän%2C_den_28_april_2006._Bild_1.JPG/1280px-GPS-mätning_på_järnåldersboplats_i_Ytterby_sn%2C_Bohuslän%2C_den_28_april_2006._Bild_1.JPG] 


In 1978 the first prototype satellites of a Global Positioning System were launched by the US Air force which is commonly known as a GPS system and GPS’s use a large constellation of satellites to improve signal transmission and provide more accuracy and allow real time kinematic surveying which allows surveyors to get high accuracy measurements by using base stations and second roving antennas.





21st Century (Modern Era)
The Theodolite, Total stations and RTK GPS satellites are the primary methods of surveying which are used today, and remote sensing and satellite imagery continues to rapidly evolve allowing it to become cheaper and used more commonly. New technologies like 3D scanning and lidar topological surveys are being more commonly used along with UAV technology which provides processing for photogrammetric imaging.[footnoteRef:9] [9: 9 https://cdn.ymaws.com/www.mnsurveyor.com/resource/resmgr/imported/Hazelton_C21_Learning.pdf] 

[image: Optical Level.][footnoteRef:10] [10:  https://upload.wikimedia.org/wikipedia/commons/thumb/2/2c/DumpyLevel.jpg/1280px-DumpyLevel.jpg] 


Future of Surveying
Surveying is an art that is constantly evolving, we will see an increase in the use of droning, mobile 3D Mapping and changes in data management. The trends we are currently seeing show that surveying is improving majorly in data collection, data storage approaches and more accessible and flexible gathering of information. UAVs are becoming vastly more accessible and affordable and not contained for only military use. Mobile 3D Mapping is being so much more commonly used which will provide far much more detailed 3D Models and LIDAR and 3D Laser scanning has been improving for a very long time. [footnoteRef:11] [11:  https://www.takeoffpros.com/2019/12/23/future-of-surveying-technology/] 

[image: The 5 Best Drones for Mapping and Surveying - Pilot Institute][footnoteRef:12] [12:  https://www.google.com/url?sa=i&url=https%3A%2F%2Fpilotinstitute.com%2Fdrone-mapping%2F&psig=AOvVaw2_Qm6293jXfnEIcEzCqNva&ust=1620350817620000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMCIsqnzs_ACFQAAAAAdAAAAABAD] 






Part 2 
 
Briefly describe the application of digital surveying technologies in surveying listed buildings giving examples of appropriate tools to be used and the information to be collected from the survey.
The essay can incorporate the use of diagrams and figures to illustrate the text.

A list of references is required, and all referencing is to be clearly indicated throughout the essay


What is a listed building?
When a building is listed it considered to be special architecture or have some historical interest and have national importance and is therefore worth being protected. The authority of listing is given to the secretary of state by the Planning Act 1990 and there are 4 statutory lists maintained, which are the Historic national heritage in England, Historic Environment Scotland, The Cadw in Wales, and the Northern Ireland Environment Agency. A listed building can never be demolished, expanded upon, altered, or changed without special permission from local planning authorities, especially when the listed building is notable. Almost anything can be listed and sometimes it doesn’t even have to be a building, from phone boxes to castles. When it is listed, it is added to the National Heritage List. They are usually graded on 3 tiers to signify its importance with Grade 1 having the highest significance, Grade 2 being a mid-tier significance and this grade makes up for 92% of listed buildings in the UK[footnoteRef:13]. For example, in Swansea there are 521 listed buildings like Oystermouth castle, Swansea museum and the Norton house hotel.[footnoteRef:14] [13:  https://historicengland.org.uk/advice/your-home/owning-historic-property/listed-building/]  [14:  https://www.swansea.gov.uk/listedbuildingsindex] 

[image: Oystermouth Castle - Wikipedia][footnoteRef:15] [15:  Oystermouth Castle] 


What building surveyors look for within surveys
If a property is a listed historic building, you will need special heritage surveyors. These are Surveyors that will look for many characteristics within a listed property, the surveyors should create sketch plans, diagrams and photographs of the property. The notes they’ve made should record the construction and conditions of the inspection. they have to report on any unauthorised building alterations and extensions, the structure, materials it is made from, its history, and development. The surveyor will also look at the different types of timber, bricks, mortars and roofing to determine what materials the building contains and what issues it can lead on to. Surveyors specialise in understanding the nuances of these properties. 

The process of surveying listed buildings
The process of surveying a listed building is a step-by-step process which needs to be carefully executed to ensure that it is properly done. step one which is the planning, research and data analysis period which is crucial for further decision making and carrying out the survey properly. Step two is then the stage where field work is undertaken and completed, and this helps with data acquisition like getting site measurements and taking careful observations and recording them. Step 3 is the Computing stage where the data is processed digitally and calculated for the completed survey. Step 4 is then the mapping stage where the previous data acquired is presented within sketches and drawings and put into a final report, and finally step 5 is the report where the survey is completed and presented to the council and whomever required it to be done[footnoteRef:16] [16:  Presentation 4 – Dr Jamiu Dauda] 


What equipment do building surveyors use
The most common ways surveyors carry out listed building surveys include a visual examination instead of invasive ones where carpets and furniture are moved out and removed. They also carry out external examinations where they examine the ground level up to the roofing where chimneys and other surfaces are examined thoroughly, they then check for boundary walls and outbuildings and other areas which are contained within the building. They use equipment like PPE, Screwdrivers a, Umbrella, Note pads, Hammers, Steel and Fiberglass tapes for measuring, a Dictaphone, Camera, ladders, a damp-meter, moisture meters, laser measuring devices like a disto, tapes, rods and so on. If there is safe access, they then undertake an internal examination of the roof structure. The survey normally takes a day to complete with the final report provided to the owner within a 2-week period, but larger properties will normally take a longer time than this. Using this equipment ensures safety for the personnel, the capture of adequate and useful information, that no missing data and systematic and instrumental error are minimalised[footnoteRef:17] [17:  https://www.designingbuildings.co.uk/wiki/Building_survey] 

[image: Surveying Equipment | Chawton Hill Chartered Surveyors][footnoteRef:18] [18:  https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.chawtonhill.com%2Fsurveying-equipment%2F&psig=AOvVaw3AvZYkrUUP9MxmNFdOf6Cm&ust=1620411148338000&source=images&cd=vfe&ved=0CAMQjB1qFwoTCMCd0ZTUtfACFQAAAAAdAAAAABAD] 

The Safety Precautions
At all times building surveyors should use personal protective equipment like high visibility vests, high duty gloves, goggles, steel toe capped boots, ear defenders and hardhats,  surveyors should consistently take into account the hazards of working at height and working in confined spaces in which they use telescopic mounted cameras, also while doing so and should examine and be cautionary to the presence of hazardous materials like asbestos and black mould which is extremely hazardous to health and if inhaled can cause major lung illnesses. They should also take caution in older buildings which are deteriorating and that of which have been unoccupied for a long length of time as any loose material can fall and cause damage.
[image: Q&A: PPE in Construction | EHS Today][footnoteRef:19] PPE [19:  https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.ehstoday.com%2Fppe%2Farticle%2F21919495%2Fqa-ppe-in-construction&psig=AOvVaw2-Vlvdn16SptG915MTAbZh&ust=1620411048997000&source=images&cd=vfe&ved=0CAMQjB1qFwoTCKCr1eTTtfACFQAAAAAdAAAAABAD] 
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