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A history of and the techniques used in surveying

Introduction
In this essay I will be discussing the different techniques and equipment used over the different eras for surveying and measuring.  I will be highlighting Ramsdens’s theodolite and how he was commissioned to measure two known points (the royal observatory in London and an observatory in Paris) so that Britain could be divided via triangulation. After the previous point is discussed, I will outline the use of modern surveying equipment in the listed building sector of construction. This will be achieved by explaining why 3D laser scanning can be useful in the surveying of listed buildings.

History of surveying and the different measurement and surveying techniques used from antiquity to the modern era.
As humans have evolved, so have our techniques and skills in relation to construction. for thousands of years surveying equipment has been utilised and in turn, has been refined to become more and more accurate. It is said that the ancient Egyptians first used levelling and surveying equipment. Although the methods used back then can be viewed as crude compared to today's standard of modern surveying equipment, it was a crucial step in our development as a society. without these pioneering methods of surveying the modern world would look very different and impractical.  (ICSM, Accessed 04/08/2021)
Many amazing construction marvels that can still be seen today, such as the great pyramids of Giza were constructed using old surveying and measuring methods (ICSM, Accessed 04/08/2021).  Although the overall understanding of mathematics at this time was basic, the ancient Egyptian engineers also had an eye for structures and roads to be level, plumb and also measured accurately. Even though advanced mathematics formulas were not used, they used physics and other crude but surprisingly accurate ways to level, plumb and measure to a consistent level.  (ICSM, Accessed 04/08/2021)


[image: ]





(Tony North, Accessed 03/08/2021)
This is an example of an Ancient Egyptian level. Interestingly it works the same as a spirit bubble found in modern day levels, but instead of using a bubble, a plumb bob is used at a pivot point at the top of a triangle, which then hangs down to correspond with a mark drawn on the apparatus to show level. (Tony North, Accessed 03/08/2021)
Once the basic principles of surveying were mastered, we then started to fine tune these techniques making them more and more accurate and even thinking of new ways to develop it further. With this in mind triangulation was theorised and brought into practice. Triangulation has been utilised by the Egyptians, Greeks and the Romans from very early periods. (ICSM, Accessed 04/08/2021)
Triangulation works by using two known points with known angles. These angles are obtained by using a theodolite. Once these angles are obtained the rest of the angles can be worked out using only these 2 points and some calculations. (Britannica, 2011) 



One of the first theodolites invented, was made by a man named Jesse Ramsden.[image: ]
(Surveyors Historical Society, Accessed 03/08/2021)
Ramsdens’s theodolite construction was commissioned by British cartographers. They asked him to build a theodolite because they wanted the Royal Observatory in England and an observatory located in France to be measured so that they could divide Britain into triangles for surveying. The building of the instrument started in 1782 and would take 3 years to theories and construct, making the completion date 1785. Once fully assembled it was an astonishing 3 foot in diameter square and weighed in at 90kg. (Surveyors Historical Society, Accessed 03/08/2021)
Triangulation is particularly useful in areas not easily accessible by person or machine. It is because of this need for understanding our surroundings that we have been able to map out most of the world. (Britannica, 2011)
Surveying dates back to 3000 BC in Egypt. With farm boundaries needing to be re-marked due to flooding and also the construction of the great pyramids of Giza. There are also biblical references to land boundaries suggesting that a basic level of surveying has been around and understood for a very long period of time. (ICSM, Accessed 04/08/2021)
When the Romans started surveying, they recognised it as a specialist job. They utilised surveying for many of their much-needed construction projects such as aqueducts and roads. They used a tool called a “Groma”.  (Britannica, 2016) This was used to line up your stake positions using a series of plumb bobs. If it was not for the innovation of ancient societies such as The Egyptian and the Romans and their intense desire for surveying and construction of infrastructure, castles and villages then much of Britain and much of the world would not be as developed and refined as it is today.  (Lyman, Wright and Wilfrid, 2019)

Digital surveying technologies used in surveying listed buildings 
Thanks to advancements in technology, we now have a range of equipment that make the jobs of a surveyor a lot easier and with high accuracy. One of the main areas of construction that modern surveying instruments such as laser scanning or multi-image photogrammetry can become really useful is when surveying listed buildings. This is because the new techniques offer non-invasive ways of inspecting a building. Previously a feature would be meticulously removed from for restoration or measured in place with a book full of measurements for the tradesmen to contend with. Due to laser scanning for example, this can greatly cut down on the amount of data being shared and in turn cut down on mistakes. (3D_scanning. Wikipedia, 2021)
3D laser scanning is very effective and desired for this type of work due to the ability to turn the data taken from the instrument and make a 3D model for the BIM (Building information management) process. A laser scanner and a camera are similar in the sense that they both take in an image through a lens that's within its field of view. a camera will take in light from the objects in its field of view whereas a laser scanner will measure the distance to lots of difference on an object to produce a 3D model of the objects inside its field of view. (3D_scanning. Wikipedia, 2021)
Usually, a 3D laser scan will not be fully complete in just one scan, multiple scans, are usually taken to make the 3D image (3D_scanning. Wikipedia, 2021).  Once all of the data is taken from the objects. The files are then sent to image registration software, where all of the data gets combined into one file to make a 3D model. The files are then uploaded to programs such as REVIT to be rendered into a 3D model.
Conclusion
In conclusion I have outlined the different surveying techniques used throughout the different eras. I have shown this by writing about Ramsdens’s invention of the Theodolite and why it was used to map out Britain by triangulating points from an observatory in London and an observatory in Paris. In continuation I have shown how modern surveying equipment can be utilised in the restoration of listed buildings. This has been achieved by discussing how 3D laser scanning can make the task of restoring listed buildings easier by being able to contain the information in one place and greatly reduces mistakes due to less information needing to be passed on to tradesmen.
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