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1.0 Introduction
1.1

The purpose of this essay is to describe a brief history of surveying and the techniques used through the eras. I will then describe the application of digital surveying technologies in surveying listed buildings and the appropriate tools used and the information to be collected from the surveys. I will do this by researching a multitude of surveying techniques  cited from relevant sources and my own practical experience of implementing these surveying techniques. I will present my findings with the aid of diagrams and figures to illustrate the text.
1.2 What is Surveying?
Britannica describes surveying as;

Surveying, a means of making relatively large-scale, accurate measurements of the Earth’s surfaces. It includes the determination of the measurement data, the reduction and interpretation of the data to usable form, and, conversely, the establishment of relative position and size according to given measurement requirements. Thus, surveying has two similar but opposite functions: (1) the determination of existing relative horizontal and vertical position, such as that used for the process of mapping, and (2) the establishment of marks to control construction or to indicate land boundaries.
(surveying | Definition, History, Principles, Types, & Facts, 2021) 
Surveying in construction can take various forms. For example, surveys can be carried out to determine the condition and value of a building or a land survey can be carried out to determine the setting out on the ground of the positions of proposed construction or engineering works. 
2.0 A Brief History of Surveying
2.1
The history of surveying dates back to ancient times, with a recorded land register in Egypt in 3000BC, and re-establishment of farm boundaries following floods of the Nile River and construction of the Great Pyramid of Giza recorded about the same time. Surveyors were utilised in these times prior to the construction of the great pyramids. The Pyramids were then constructed 2560BC By Pharaoh Khufu. In ancient Greece the practice of surveying was used and their knowledge of geometry also came into play, and they began to standardise procedures for surveying. They used these techniques to construct the Acropolis, in Greece, constructed 5th Century BC By Phidias.
Surveying tools used in ancient Greece were a Schoinion, a cord of some standard length, derived from the Greek word Schoinourgos (the land surveyor). For example, Heron of Alexandria knew that the length of the schoinion could change by humidity and he gave some recipes on how to keep the distance as constant as possible, by hanging weights or smearing the schoinion with wax. The schoinion was 100 cubits divided in 8 hammata (knots) and halysis (metallic chain). This did not have the problems of the cord but it was probably expensive and too heavy to be used as often as the schoinion. Another tool used was Kalamos, a measuring rod from reed or wood.
Under the Romans, land surveying was established as a profession and land surveyors established the basic measurements under which the Roman Empire was divided, such as a tax register of conquered lands (300AD). The Renaissance was a cultural movement that took place in Europe. The High Renaissance between the 14th Century and 16th Century, and Late Renaissance period within the 17th Century.
Vitruvius, a Roman architect, who's theory on architecture was that structures must exhibit the three qualities of stability, utility and beauty. Vitruvius used the odometer to survey land. The odometer of Vitruvius was based on chariot wheels of 4 feet (1.2 m) diameter turning 400 times in one Roman mile (about 1400 m). For each revolution a pin on the axle engaged a 400 tooth cogwheel thus turning it one complete revolution per mile. This engaged another gear with holes along the circumference, where pebbles (calculus) were located, that were to drop one by one into a box. The distance travelled would thus be given simply by counting the number of pebbles. 

(Sleeswyk, André Wegener "Vitruvius' Odometer", Scientific American 245.4 (October, 1981), pp. 188–200) 
In 1086 the Doomsday Book was commissioned by William the Conqueror to assess the extent of the land and resources being owned in England (parts of Wales and Scotland) at the time, and the extent of the taxes he could raise. The information collected was recorded by hand in two huge books, in the space of around a year. However, William died before it was fully completed. Some examples of measurements used in the book are inch, foot and cubits. Traditional surveying techniques included pacing and chain.
In all of these situations, the status of measurements of preceding times was subject to alternative forms of evidence of ‘what the land boundary was intended to be, and where it was intended to be located’: measurements and mathematics alone do not provide the correct answers.
3.0 Traditional Surveying Measurements and Equipment
3.1

The first Ordnance Survey map was published in 1801. England’s most south easterly county, Kent, was one area most vulnerable to French invasion. These early maps, with their elaborate hill shading and attention to communication routes, highlight the emphasis given to military use. In time, this military face would soften and the map design was developed to appeal to a much wider audience. 
In 1784 William Roy, founder of Ordnance Survey, was commissioned by The Royal Society to geodetic-ally connect the Royal Observatories of Greenwich and Paris to resolve a dispute over their relative positions. The leading instrument maker of the day, Jesse Ramsden, took three years to the make the instrument that measured three feet across – The Great Theodolite. Under the authority of the Master General of the Board of Ordnance, Roy began the London/Paris triangulation in 1785. By using angle measurements and at least a single measured baseline length, a whole country can be measured using the triangulation method. A dense framework of triangles with accurate coordinates at the nodes allows for accurate surveying of map features. Utilising the theodolite and trigonometry, Roy created a network of accurately measured triangles that extended to France and then back to a verification baseline in Kent.
Trigonometry helps us find angles and distances and is used a lot in construction and engineering. There are six trigonometric ratios, sine, cosine, tangent, cosecant, secant and cotangent. These six trigonometric ratios are abbreviated as sin, cos, tan, csc, sec, cot. "SOHCAHTOA" is a helpful mnemonic for remembering the definitions of the trigonometric functions.
Traditional surveying tools include the chain, that is normally 66' long consisting of 100 links. 
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(Traditional Chain)
Another tool a surveyor uses is a compass to determine the direction of a line. The compass needle points to the magnetic North Pole and by turning the compass in the direction of the line being surveyed, the direction of the line can be observed. Although there are many varieties of compasses, they all fall into two main categories: either a "plain" compass or a "vernier" compass. A plain compass has no adjustment and always reads magnetic north. A vernier compass has an adjustable scale that allows for the "setting off" of the magnetic declination and the compass can then directly read true north.
The transit and theodolite are used by the surveyor to measure both horizontal and vertical angles. While the purpose of the two is similar, as a general rule a theodolite is more accurate than a transit. However, there is no specific rule as to when one definition ends and the other begins. Generally, these instruments have a minimum accuracy of one minute of angle and some very precise theodolites will measure angles to an accuracy of one-tenth of a second of angle. To put these accuracies into perspective, at a distance of one mile, one minute of angle covers about 1.5 feet. At a distance of one mile, one-tenth of a second of angle covers about 0.003 feet.
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(Transit and Theodilite)
4.0 Digital Surveying
4.1 Surveying Today
Today we use surveying for mapping the earth above and below the sea, prepare navigational maps, establish boundaries of public and private lands and development of engineering data for bridge construction, roads, buildings and land development.
The equipment used today has become more digitalised and plays a major role in construction surveying. Construction surveys are surveys which are undertaken at a construction site to provide data regarding grades, reference lines, dimensions, ground configuration, and the location and elevation of structures which are of concern to engineers, architects, and builders.
Modern equipment used in construction surveying includes the Total Station. Total Stations Require tripod, detail pole, prism and Total Station. Total stations can be used to measure distances and angles with the use of the prism and details pole. Offers two modes of measurement, with infra red and Red laser mode. Total stations enable measurements to be taken where access is restricted such as, railways, motorway white lines. Can also be used for measurement of elevations. Total stations have built in recording ability where measurements and angles can be downloaded and digitally transferred through industry software.
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(An example of a Total Station – Photo: Business Wire)
Another modern tool is a Disto Laser. Typically used in building surveys. Hand held disto equipment uses a laser  beam. Modern versions can calculate room areas, volumes and angled slopes. Other tools used can be a Thermal Camera and Moisture Meter/Protimeter. A Thermal Camera detects thermal bridging / heat loss detecting areas of poor detailing, damage or construction defects. A Moisture Meter/Protimeter detects areas of damp / water ingress detecting both moisture (damp) and humidity levels.
These tools are often used in the surveying of listed buildings.
5.0 Listed Building Survey
The definition of a listed building survey is a survey of older buildings, some of which are of such historical or architectural importance that they’re listed and therefore maintain a certain level of protection. The reason for these building surveys can be to produce detailed floor plans and elevations, determine the state of existing conditions and fulfilment of building legislation.
The building surveying process is as follows:

• Planning: Research, analysis, and decision making. 

• Field work: Data acquisition, site measurement and observation 

• Computing: Data processing and calculation

• Mapping: Data representation, sketches and drawing 

• Report 
6.0 Information to be Collected from Survey
The information to be collected from the survey includes the History and development of the building. The original construction principle of the building, which can be determined from an as-built survey. An as existing survey of the condition of the building. A full assessment survey to identify any major and minor defects and to determine what they could mean.
After performing the survey using the digital tools previously mentioned then a survey report will be completed. The data collected and discussed in the technical survey report will provide detailed advice on the condition of the building, describe the identifiable risk of potential or hidden defects, make recommendations for any further special inspection,  help make a reasoned and informed decision when purchasing or planning for repairs, maintenance or upgrading of the property and where practicable, provide an estimate of costs for identified repairs. 
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