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1. Introduction 
Surveying is crucial to the design process of any structure or land as it provides the foundation for accurate measurement and mapping, ensuring proper land use. It is vital for planning and managing structures making sure they are where they are meant to be and that they are safe to use. It also supports other industries like mining and agriculture by providing data gathered from surveys to manage the resources needed and the resources gained.
Building surveys are vital for assessing the condition, design and structure of buildings. It indicates whether a building is up to standard or not. A building survey can be used on new construction and existing structures making sure they are safe to use. 
Digital technology has a huge role in quality control, project planning, risk management and more. It is also used massively in building surveys, things like drones, laser scanners, RTK and GNSS systems, are all different digital technologies within building surveys and each have there own use and qualities. The aim of digital technology within building surveys is to make the process more accurate and efficient and, in most cases, cost effective. 
The purpose of this report is to show the benefit of digital technology in building surveys and to show real world uses of digital tools. It will outline specific digital tools that are used within surveys and also the strengths and weaknesses that come with them. Using the tools the aim is to survey a site and determine the scope of the survey, including the type of building, location, and specific areas to be assessed. 
2. Survey Objectives and Scope
The objective of the building survey is to provide an assessment of the buildings condition identifying any issues. By conducting an external and internal survey of the building you will get a good overview of the structure and will be able to identify any points of interest using the survey results. This will primarily cover the roof, walls, floors and ceilings of the structure. This is a low-level survey suitable for providing a brief overview of the structures condition.  
The building is The Y Fforym Library based on UWTSD’s waterfront campus. It will undergo an internal and external survey using modern technology to scan the environments, mapping it out. A key area to focus would be the roof of the building as it is inaccessible and also positioned on the coast of Swansea making it susceptible to worse weather conditions, this will also impact the building in general. 
Site Description - The Y Fforwm library is a 2,705m2 pitched-roof library constructed using reinforced concrete frames at low level, steel frames for the upper levels, brick clad walls and profiled-metal roofing.

3. Selection of Digital Tools and Technologies
One digital technology used in building surveys is drones. Drones are more efficient, accurate and cost effective than traditional methods of reconnaissance. They can capture precise measurements and detailed images, using the high-quality camera and LiDAR (Light Detection and Ranging) sensors on a drone it enables surveyors to create 3D maps and models. They can also be equipped with thermal sensors and optical gas imaging (OGI) cameras which are both tools used in surveying. A drone only requires one surveyor and also allows for examination of fragile buildings that weren’t accessible due to there dangerous nature. The data received from a drone can be suitable for input into building information models (BIM) which is a collaborative process that uses digital technologies to design, create, and maintain buildings and infrastructure. 
The next tool is, Terrestrial Laser Scanning (TLS), this is a digital tool that utilizes LiDAR (Light Detection and Ranging) sensors to scan and capture highly detailed 3D data. TLS devices work by emitting laser pulses that travel through the air, hit objects, and then reflect back to the scanner. By measuring the time it takes for the pulse to return, the device calculates the distance to the object. This data is then used to determine the position of the point in 3D space. It is able to capture millions of these data points in a very short time, allowing for extremely precise mapping. The resulting data points, known as a point cloud, create a digital representation of the scanned area with high accuracy, typically down to millimeters. These point clouds are then used to create detailed 3D models of objects, buildings, terrain, or entire landscapes. The point cloud can be further processed to extract useful information, such as measurements, volume, or surface area. TLS devices are typically mounted on tripods or handheld for portability. Handheld scanners are especially useful for scanning smaller or more confined spaces, such as interiors of buildings or complex structures that are difficult to reach with traditional surveying tools. This flexibility allows surveyors to rapidly scan and capture data in environments where traditional methods might be slow or impossible. TLS is especially beneficial for tasks that require high levels of detail and precision, such as creating as-built models for construction, performing structural analysis, or preserving historical sites.
Another technology used is RTK-GNSS (Real-Time Kinematic Global Navigation Satellite System) surveying, this is a high-precision method of obtaining data using satellite signals to determine positions. It is an advanced form of GNSS (Global Navigation Satellite System), including GPS, Galileo, and BeiDou. RTK-GNSS improves accuracy by using real-time corrections from a base station, achieving centimeter-level precision. It works by comparing signals from satellites received by both a base station (at a known location) and a rover (a mobile receiver). The base station calculates errors in satellite signals, and these corrections are sent to the rover in real-time, allowing the rover to adjust its position for high accuracy, typically within a few centimeters. This is used in many fields requiring precise data. The main advantages of RTK-GNSS include high accuracy, real-time corrections, and efficient data collection without the need for post-processing. It is versatile and useful in a variety of industries, such as surveying, construction, and agriculture.
These tools were selected for this survey as the survey chosen was an internal and external scan of the structure. These tools are well suited to this type of survey as they are better than older methods in terms of accuracy, time, and also ease of use. The external scan will be done by the drone as the buildings roof is not accessible and also the structure is three stories high. Any boundaries of the building will be taken using the RTK-GNSS system and the internal survey will be done with the TLS as its able to scan an area in real time and be used by hand. 
4. Survey Planning 
In order to complete a building survey these steps are required. Firstly, before anything it is necessary to find out what is being surveyed and why. This was covered earlier on, an external and internal scan to show the structure in a model and see any issues. This also covers the next stage of the plan, the type of survey. In order to prepare for the surveys a desktop survey would be done and then on-site reconnaissance. A desktop survey is a preliminary review of the information about the survey site giving details on maps, reports, rainfall data, historical information, photographs, and previous site or construction plans. This can be helpful to identify potential hazards. The survey can now go ahead and be complete where the data can be collected and reviewed. A survey report is the last step of any survey showing the results. 
The primary data collected will be collected using LIDAR (Light Detection and Ranging) to create 2D or 3D models of both the interior and exterior of the structure. 


5. Challenges and Solutions
The main challenges of the survey will come from the downsides of the tools used. 
Drone surveys, while offering significant advantages in speed and accessibility, come with several challenges. One major disadvantage is limited battery life, which restricts the duration and coverage of surveys. This shouldn’t be much of an issue as the building in question isn’t too large. Weather conditions such as high winds, rain, or fog can also interfere with drone operations and affect data quality. Finally, data processing can be time-consuming, as large volumes of aerial imagery and LiDAR data need to be analysed and processed into usable results.
One of the main disadvantages of terrestrial laser scanning (TLS) is its limited range and obstructions of TLS also pose challenges, as the effective range of the scanner may depend on the type of laser used, and it struggles with obstacles like dense vegetation or transparent surfaces, such as glass. The interior of the Y Fforym has glass implemented. Environmental sensitivity is another concern, as adverse weather conditions like rain, fog, or dust can scatter the laser pulses and reduce accuracy. However, this won’t be an issue as it is being used inside Finally, specialized training is necessary to fully operate the equipment and interpret the data, which can be an added difficulty for those not familiar with the technology.
RTK-GNSS has some limitations, including dependence on the base station's proximity and signal quality. It can struggle in areas with obstructions like tall buildings or forests. The system also has a limited effective range, and the equipment can be costly, especially for high-end systems. Additionally, radio link disruptions can affect data accuracy.
The main challenge for this particular survey is probably the weather disruptions to the drone as it is based on the seafront. Finding a suitable day for this is the best solution as it will be beneficial to the data gained. 
6. Conclusion and Recommendations
This report has explored the use of digital technologies in building surveys, focusing on drones, terrestrial laser scanning (TLS), and RTK-GNSS systems. These tools offer significant advantages over traditional surveying methods, including increased accuracy, efficiency, and the ability to capture detailed data in real-time and can also be more cost effective. The primary goal of the survey for The Y Fforym Library was to assess the building's condition, focusing on both internal and external scans, particularly the roof, which is inaccessible and vulnerable to coastal weather conditions.
Drones were chosen for the external survey due to their ability to safely scan high and hard-to-reach areas, capturing both imagery and LiDAR data to create detailed 3D models. TLS was selected for the internal survey due to its high precision and the ability to be handheld, while RTK-GNSS was used to map boundaries with centimeter-level accuracy. These tools are well-suited to this survey, as they allow for rapid, accurate data collection and are more efficient than older methods, particularly when considering the building's height and location.
Despite the advantages, challenges such as drone battery life, weather conditions, and potential obstructions to TLS and RTK-GNSS systems must be considered. Drone surveys may face limitations due to weather, particularly near the coastline, but careful planning and choosing favorable days can mitigate this risk. TLS, while highly accurate, can struggle with environmental interference and obstacles like glass, although this is less of an issue in the interior but also still a challenge as the interior of the Y Fforym incorporates glass to allow for plenty of natural lighting. RTK-GNSS systems also depend on signal quality and proximity to the base station, which can affect accuracy in obstructed environments.
In conclusion, while digital technologies present significant advantages for building surveys, careful planning, preparation, and adaptation to environmental conditions are essential for maximizing their potential and ensuring the success of the survey.
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