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1 [bookmark: _Toc70328160]Introduction

This report aims to cover what surveying is defined as. It aims to cover a brief history of surveying and how it first originated. It aims to show how surveying has evolved over time and how techniques have improved as time as gone on into the modern era. It aims to cover some digital surveying techniques and how they are used today by using real life example of listed building and how that survey produces a report.
2 [bookmark: _Toc70328161]What is Surveying

Oxford languages defines surveying as, “the profession or work of examining and recording the area and features of a piece of land so as to construct a map, plan, or detailed description of it.” (Languages, 2021).


3 [bookmark: _Toc70328162]A Brief History of Surveying

The history of surveying is one that dates back centuries and is full of exciting evolutions from all around the world. Evidence found, leads us to believe that in the fertile valleys and plains of the rivers; Tigris, Euphrates and Nile, stones had been placed out as boundary markers as early as 1400BC and preserved within the clay at the tombs of Thebes is a representation of how measurement was taken.

Using a rope with knots spaced out equally one person stood at each end measuring, while two higher class citizens oversaw the measurement, most likely the land owner and boundary inspector. In addition to this method, evidence suggests that wooden rods were also used as a method of measuring distance. Although no evidence from this period points to an accurate way to measure angles, a method to measure the level was identified. This Egyptians managed this by creating a wooden A frame with a plum bob suspended from the apex of the frame. By ensuring both sides of the A frame were equal heights they could take two measurements and find the correct height in between both measurements. With these two simple methods it enabled citizens to remeasure and mark out their boundaries when their land was flooded or destroyed by the flooding rivers, it also enabled them measure land area at request and even construct eye catching pyramids to precise accuracy. (Wright, 2019) was a good source of information for this. 
[image: The Groma allowed Accurate Surveying of Straight Lines and Right Angles]
By 400 B.C land surveying became a profession. A measuring tool used by the Greeks and Romans was called the Groma. A Groma allowed surveyors to accurately measure right angles and straight lines, which in turn allowed vast areas of land to be surveyed and divided up into regions. This then allowed areas of land to be taxed by the government. It meant that land surveying was looked upon as a noble profession by the Roman people.          Image taken from (Muelaner, 2018).

[image: Compass]221 B.C is when the Chinese invented the first magnetic compass, a tool still vital to surveying now. This was managed by using an iron oxide mineral that aligns itself north to south. By making one end of the mineral a spoon shape, it ensured that the long spoon handle side always wanted to point South. By creating the compass, the Chinese were able to divide up their vast amounts of land with great accuracy, marking out boundaries and using the compass to plot maps (NationalMagLab, 2014). 
 Image taken from (NationalMagLab, 2014).

[image: ]Around 120 B.C., the Greeks had improved on their geometry and managed to create a new tool called diopter. The diopter comprised of a cogwheel and a water level, it is compared to a piece of modern-day surveying equipment called the theodolite. A theodolite, like the diopter, is used to measure angles on horizontal and vertical planes. Importantly for the profession of surveying the diopter was portable and easily taken out into the field to be used (Arora, 2010).                      Image taken from (Arora, 2010)

[image: ]A Roman architect and engineer called Vitruvius, invented the first odometer around 15 B.C. This piece of equipment featured a wheelbarrow with a wooden wheel with a known circumference. Every time the wheelbarrow completed one full revolution it automatically dropped a pebble into a bucket, resulting in an accurate measurement and recording of great                       distances (Ancientpages, 2016).  
                Image taken from (Ancientpages, 2016)
An important landmark in the history of surveying within the England around 1088 A.D, was a book named the “Domesday book.” This was at the request of king William the Conqueror and consisted of a log off all those who owned land within England and even had stated the size of their land and descriptions of boundaries, occupants and even property elements. By the king keeping this log it put a much greater responsibility on land surveying.

[image: Triangulation Surveying]In the 16th century European surveyors had adopted the method of triangulation and intersection. Edmund Gunter, an English mathematician alive around 1620, invented a chain consisting of 100 links with a ring for every 10 links. The chain measured 66 foot in length and was later officially called Gunters chain. Chain measurements could be easily converted into imperial units, for example, 1 mile was the equivalent of 80 chains and 1 acre was 10 square chains. Gunters chain remained the most effective piece of measuring equipment used within England unit superseded by the 100-foot steel tape. During this period studies into astronomy resulted in the   Image taken from (AnonB, 2021)         development of extremely large angle reading devices. 

Studies into astronomy meant that further development into angle measurement tools became essential. This meant in 1571 Joshua Habelmel created the first theodolite. As previously mentioned, the diopter could measure angles on horizontal and vertical planes, however the theodolite was extremely precise. Set up using a tripod and a compass, with the use of triangulation, it enabled exact mapping of plots of land throughout Europe. The theodolite was improved as time went on, Jonathon Sisson added a scope in 1725 and in 1787 Jesse Ramsden created a tool that measured angles in planes.

It is claimed that modern day surveying began towards the end of the 18th century and that the first major event for modern day surveying was undertaken by two French engineers, together they took a measurement of the meridian  from Barcelona in Spain to Dunkirk in in France. This was done to establish the basic unit for the metric system.

By the 20th century most current surveying tools and techniques had slowly evolved and been improved as use went on, with the development of large cities and long complex roads became a much greater need for surveying and as a profession it grew. By 1920 photogrammetry was introduced, this resulted in accurate mapping from ariel photos could be done. By 1960 lasers had been used for measuring distance to staggering accuracy as well as being using as an alignment tool. A huge step for modern day surveying was the use of satellites. They could be used as reference points for geodetic surveys. The aid of computers massively speeds up the process of acquiring data and accurately recording it. (Wright, 2019) and (courthousedirect, 2018) were great sources of information for the history of surveying.



4 [bookmark: _Toc70328163]Digital Surveying Technologies and Listed Buildings

	
Surveying technologies have evolved a long way since surveying became a profession. To aid modern day surveying in buildings there is a vast range of equipment and technologies available. Digital technology helps to improve the accuracy of the survey so that the data collected is as reliable as possible. 

Within the U.K buildings can be listed under one of three categories. 

Grade 1 - Buildings of exceptional interest. About only 2.5% of all listed buildings fall under this category.

Grade 2* - Buildings that are particularly important buildings of more than special interest. This accounts for about 5.8-6% of all listed buildings.

Grade 2 – These are buildings of special interest and these account for 91.7% of all listed buildings. 

(England, 2021) was a good source of information for listed buildings.


5 [bookmark: _Toc70328164]Planning and Fieldwork - Maritime and Industrial Museum

A survey could be carried out for either of these reasons,

· To obtain a detailed plan/ elevation of the building.
· To find out its existing condition.
· To get an idea for a retrofit or renovation plan.
· Required to do so to fulfil building legislation.



It is important that the surveyor about to carry out the survey does prior research to the building prior to carrying out any fieldwork, by doing this the surveyor can correctly identify equipment he may potentially need (DesigningBuildings, 2021).

When the surveyor goes out to the field to carry out the survey, they will start off with the initial survey of the extremities of the building ensuring all the main elements are serviceable and safe, they will then record their initial findings on the external, internal, grounds and services. Reporting the condition of them from good too very bad, or if not accessible, not inspected is to be stated. The surveyor will then rate the building on its overall condition rated from good to poor.

[image: Coronavirus Latest Information and Advice]Here is a picture of a local listed building local to the University in Swansea. A range of digital surveying tools would have been used when the listed building survey was carried out because digital equipment can aid in the survey through multiple ways. 
It can be used to gain access into areas where it could otherwise be difficult or unsafe to access out the equipment. For example, a telescopic inspection camera which consists of a rigid extendable pole with a high-quality camera, with the ability to record or take photos. This makes high roofs and gutters easily accessible without   Picture taken from (Anon, 2021)       
the need for the surveyor to put themself in a potentially dangerous position.

Another piece of digital equipment used is called the Protimeter Survey Master, this can be used by the surveyor to measure the dampness in the walls. Where its unsafe or unpractical to take measurements with a tape, an optical distance measurer can be used to get accurate dimensions for spaces and rooms.
Another piece of digital equipment that can be used is a thermal camera, it can be used to identify areas within the listed building that loose excessive heat, an extremely handy piece of equipment for older buildings where build composition is unknown.

6 [bookmark: _Toc70328165]Computing, Mapping and the Report

Once data has been collected through the means of fieldwork it is now vital it is recorded and kept safe until it can be processed off site. This can be done by manually writing all information in a paper logbook as each measurement is taken on site, or if the surveyor is fortunate enough to have more advanced technology it can be recorded electronically and stored safely until off site.

Once all relevant data is recorded and the surveyor has the correct data to comprise their report, they can leave the site and start processing the data in an office. At this point any calculations required can be processed and all computing finished. Once all computing is finished It is down the surveyor to lay out the data in a logical way that makes sense to the client, this can be adjusted and made more or less technical based on the level of the client. The report should include all relevant information and tables of data that clearly identify key points within the survey.


7 [bookmark: _Toc70328166]Summary


Within in this report, a history of the evolution of surveying has been shown in a logical order highlighting key advances within the profession which have brought it to the stage it is at now.  It clearly explains what a listed building is and how they are graded in England and Wales and this is followed up by the process of surveying a listed building, highlighting key digital equipment that can aid a surveyor in providing a more accurate survey report. It highlights the process of taking the information off site and comprising a report for the client. 
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