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Digital Surveying 
Surveying is important to record and assess all aspects of a building prior to construction, renovation or sale. Historically, many tools were used to survey buildings, relying on the basic principles of mathematics and physics. In modern surveying, digital tools are available to make surveying more reliable, faster and easier to complete. This essay aims to summarise the history of surveying and describe how digital surveying tools are used through the example of listed buildings. 
Section 1: History of Surveying
1.1 Ancient Surveying
The earliest examples of surveying techniques can be traced down back to ancient Egypt (2700BC). Their projects were diverse, including tasks as simple as plotting land after flooding, to the construction of the of the Great Pyramid of Giza (D&T, 2021). The instruments were crude but they provided an incredible amount of accuracy, for example the engineers of the Great Pyramid of Khufu aligned the pyramid to the cardinal points accurate to within four minutes of arc (Jarus, 2018). The tools invented and used by the Egyptians provided the principles that modern surveying equipment use to this day. 
Firstly, the square level, a levelling instrument developed by the Egyptians (D&T, 2021). This uses two lengths of wood of equal length and a divider connected between them to create a right angle with a plumb bob hanging from the tip of the triangle shape (Figure 1A). The two ends of the sections of wood (legs) are placed onto a surface and the plumb bob is observed when manufacturing a level surface. Marks are drawn or carved into the divider where the string of the plumb bob hangs to allow the surveyor to observe the horizontal angle of the surface in question. 
Secondly, the groma, a device with a variety of uses including land plotting and road construction (D&T 2021) It is constructed with two equal length sections of wood arranged in a cross pattern, with plum bobs hanging at each end (Figure 2A). This unit was then hung from a stand so the unit can free hang allowing it to balance itself creating a level. Usually operated by a team of two, a surveyor and apprentice, the surveyor would observe the plumb lines directing the apprentice where to drive the ranging poles into the ground (D&T, 2021). This technique allowed the users to mark straight plots of land with a greater degree of accuracy than by using the naked eye alone. 
Finally there was the plummet, described as one of the simpler tools used by ancient surveyors, the plummet was constructed with a wooden back piece and usually two wooden ‘spacers’ (Figure 1C). A plumb bob was hung from the top of the wooden back plate and the spacers would distance the plumb line away from the backplate to measure the vertical level of an object (D&T, 2021). The surveyor would observe the plumb line from the side looking at the angle, much in the same fashion a builder would use a spirit level today.  
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Figure 1: Ancient Egyptian surveying tools – the square level (1A), groma (1B), and the plummet (1C) (D&T, 2021)
1.2 Roman Surveying
Later on after developments in the Roman Empire, the Romans adopted the use of these surveying tools and items such as the Groma were used extensively all over the empire for road construction and military camp construction (Lyman & Wright, 2019). Taking inspiration from the ingenuity of the Egyptians, an architect by the name of Vitruvius (15BC) constructed what would come today to be called an odometer. This consisted of a system of cogs and wheels which deposited a pebble into a container after a certain amount of rotations, the user could then count the pebbles which detailed a certain distance covered (Lyman & Wright, 2019).  Another Roman invention significant to the history of surveying is the was the water level, this invention was a tube filled with water, at the ends of the tubes there was a sight made of horizontal and vertical lines (Lyman & Wright, 2019). This allowed the Romans to rely on a datum and was used extensively in the construction of aqueducts. 
1.3 Surveying from 1000AD to 1900 AD
These Roman inventions were carried on largely untouched into the 16th century AD aside from the invention of the magnetic compass carried over from the middle east in the 12th century AD (Lyman & Wright, 2019). Coming into the 16th century the use of plane tables was prevalent, following on with the introduction of graphic triangulation, this allowed more accurate point location therefore creating great advances in the map making field (Lyman & Wright, 2019).  In the 17th century, the mathematician Edmund Gunter developed a surveying chain (Gunter’s chain), divided into 100 links along 22 yards. This developed a standard that is still in use today, the area of 10 square chains being that of an acre. During the 19th century, William Roy began to construct the most accurate map of Britain to date, unparalleled in accuracy for the time (Lyman & Wright, 2019). During this time, he was commissioned to geodetically connect the royal observatories in Greenwich and Paris to identify their relative positions, it took three years to construct an instrument capable of this task, which came to be known as the Great Theodolite (Lyman & Wright, 2019). This instrument was revolutionary in the surveying field as it allowed a whole country to be measured using triangulation with a single base length.
1.4 Modern surveying 
Modern surveying, with the introduction of rudimentary BIM, is much more involved and accurate when compared to surveying techniques in its historical development or more traditional surveying techniques. The use of computers and digitalising gives surveyors greater control over the information collected and allows them to generate more intricate and informative reports. The arsenal of a modern surveyor contains a wide variety of tools to accurately lot and examine property from an empty field to a grade 2 listed grand mansion. Many of these tools have been inspired by equipment previously discussed, although they are much more precise, their principles remain similar (GKS, 2021). 
The surveying techniques used today vary based upon the site itself and what the purpose of the site will be, the two largest classifications for surveying are plane surveying and geodetic surveying. Plane surveys are much more localised, the max size is 300 square miles, and therefore much more common - examples of this include cadastral surveys or construction surveys (Rajput, 2021). Secondly, geodetic surveying takes into account the theoretical shape of the earth, therefore it is usually used for surveys of the earth’s surface - examples of this include the use of LIDAR scanners for route surveys or geological surveys (Rajput, 2021). 
When measuring the distance between points surveyors have a few different options based upon what they are trying to achieve. Firstly they could use triangulation, which allows surveyors to calculate the location of a point relative to the position of other points using trigonometry. Secondly there is traversing, which requires surveyors to measure the angles between points to locate the next point. These can come in two options, close tied and closed loop. Close tied starts at one point and finishes at another, closed loop finishes at the starting point. 
Section 2: The use of Digital surveying technology in listed buildings:
2.1 The Challenge Listed Buildings
Surveying a listed building provides many different challenges for a surveyor when compared to an unlisted or new building. Firstly, listed buildings are celebrated for their architectural or historical importance, therefore they carry with them unique characteristics either from initial construction or from the years of wear and tear the building has experienced (Historic England, 2021). Another issue presented by listed buildings can take the form of inconsiderate design or lack of foresight in the construction process.  For example, a building may not have correct damp proof installation (Shaw, 2018) this can cause issues with thermal bridging and damp to creep into the building structure. Therefore, surveyors have to take issues like this into account when surveying a listed building, whereas modern buildings have strict regulations that prevent issues like this. 
When visiting any site or building it is of up most importance that any person is dressed in the correct PPE, incorrect PPE or lack of PPE can put your own life at risk and others also at risk. Although this is not technology specific to listed buildings it is of upmost importance.
As listed buildings especially historically listed buildings age the structure of the building can warp and change from initial specification, more over if the building is especially old it may never have been level in the first place (Historic England, 2021). As discussed earlier in this essay, the ancient Egyptians used plumb bobs for this task, technology has since moved on and now must digital surveying kit is equipped with a spirit bubble to bring the tool to level (GKS, 2021). It is important to take pictures and measurements at a level angle to ensure readings are accurate, from a specified point, and are not misinterpreted.
2.2 Digital Surveying of Listed Buildings
A modern survey has a large amount of data required. Before a full assessment is made the surveyor must study the history and development of the building, including any upgrades or renovation (GKS, 2021). After this has taken place the surveyor has to go to the site and survey the site to take and initial assessment. This involves assessing the condition of the building and all of its main elements, the buildings elements are then noted for their condition. The dimensions of the building, its overall condition, and any structural or safety issues (including damp) must be assessed for a surveyors report (Britannica, 2013). In the modern age, digital surveying is used predominantly for this as it is quicker and more convenient to operate than more traditional tools (GKS, 2021).
The simplest and arguably most important piece of kit for a surveyor is a high quality digital camera, good quality photos are both an incredible visual aid for a report but are also useful in case of a surveyors report being used in court (GKS, 2021). Telescopic stands or handles are recommended to gain a better angle when looking at roof condition or damage. The digital camera should be used in almost all parts of the survey, any damage or issues with the building should be documented in the report.
Another important tool in surveying listed buildings is a moisture meter, which can be used to detect moisture ingress and humidity levels within a property, quantifying the results for easy interpretation in a report (GKS, 2021). This is important to assess as issues of this nature could lead to damp and mould development if left untreated, which then leads onto rot and threatens the structure of the building itself. Alongside moisture meters, surveyors us thermal cameras, which allow observation of areas of a building that could be causing a thermal bridging effect (where cold and warm air meet causing areas of damp to occur within the property) (GKS, 2021). 
When surveying the inside of a listed building a laser distance meter can be used to easily calculate the horizontal and vertical lengths in a room, more sophisticated laser measuring equipment can automatically calculate the volume of the room (GKS, 2021). Digital laser scanners also provide the advantage of data storage so drawings can take place off site if required. 
For plotting the outside of a building, a surveyor has the choice between two pieces of equipment, a theodolite or a total station. Theodolites, a non-digital surveying tool, have been used for 500 years requiring only a simple knowledge of trigonometry and an accurate base point they can be operated. Total stations, however, are more sophisticated calculating the distances and angles with a laser distance meter to create a digital map of the site (GKS, 2021). Total stations are simpler to operate and require less time, allowing surveying to be completed more efficiently and cheaply. Alternatively, should a highly accurate and detailed 3D model of the building need to be constructed within 3D model space, a 3D laser scanner can be used by pointing the tool at various points of the structure allowing it to be scanned and transferred into model space (GKS, 2021). 
After this a full assessment of the building is taken, allowing the surveyor to inspect the certain aspects of the building and assess any potential concerns. The data, once collected, needs to be collated into a technical survey report which allows the surveyor to express any issues with the building in an accurate, brief and clear format. This allows the owners of the building to make an informed decision on how to proceed with any repairs or maintenance for the building.
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