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[bookmark: _Toc204757516]1.0 Introduction
[bookmark: _Toc204757517]1.1 An overview of the importance of building surveys.
Surveys establish the condition of a building to make judgements about acquisition, maintenance, or alteration Watt (2015). The importance of a survey increases with age due to deterioration, past neglect, misuse, and improper maintenance Watt (2015). 
Building surveying is an art and science; assessing a building and failure is a science, and surveying buildings is an art Smith and Gorse (2021). Building surveying has been recognised as a skilled profession for over 400 years but has been happening for thousands of years and consist of 3 core pillars Figure 1.  As a “profession exists to serve the interests of society in general, and the client in particular – not itself first” Smith and Gorse (2021). 
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[bookmark: _Ref203563356]Figure 1 The 3 pillars of building surveying Smith and Gorse (2021).
 RICS guidance identifies 30 types of building survey but in general a building survey can be defined as:
“An investigation and assessment of the construction and condition of a building and does not always include advice on value” Moxley (2016) and “will generally include the structure, fabric, finishes and grounds; the exposure and testing of services are not usually covered” Bell et al (2008).
Surveys gather information useful for the management of buildings, especially historic Grade II* listed neoclassical building such as the Dylan Thomas Centre Watt (2015). 
[image: A building with many windows
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Figure 2 Photograph oi the Dylan Thomas Centre Author (2025)
[bookmark: _Toc204757518]1.2 The role of digital technology in modern building surveys.
Digital technology in modern building surveys can improve productivity, detail, and precision, however, the digitisation within the building surveying profession is low, Dauda et al. (2025).
1.3 [bookmark: _Toc204757519]The purpose of the assignment and what it aims to achieve.
Demonstrate an understanding of the latest digital tools and techniques for building surveying and apply them the Dylan Thomas Centre. Identify the scope of the survey based on building type, location, and layout. 
[bookmark: _Toc204757520]2.0 Survey Objectives and Scope
[bookmark: _Toc204757521]2.1 Objectives of the building survey.
Identify the current condition of the building and to create a detailed historic building information model HBIM Pikulski et al. (2024) Figure 3 which can be used as a digital twin Yiğit and Uysal (2024).  Digital twins help the stewards of the building to preserve its cultural heritage by assisting in the monitoring and maintenance, potentially automatically identifying problems such as structural faults before severe damage occurs Yiğit and Uysal (2025). 
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[bookmark: _Ref204757071]Figure 3 Framework for HBIM Lin, G. et al. (2024)
[bookmark: _Toc204757522]2.2 The scope of the survey, including the type of building, location, and key areas of focus.
Located in the Maritime Quarter, formerly the Burrows, a patch of sandy meadows between the town and the sea. BGS indicates the geology to be blown sand and Diamicton which can be unstable Figure 4. 
[image: ]
[bookmark: _Ref203725623]Figure 4 Location map site edged in red https://digimap.edina.ac.uk/ (2025)
Now a built-up residential area with a low risk of flooding Figure 5 it can be exposed to strong winds and heavy rain. It is a level site with good parking and level threshold access with no overhead obstacles. 
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[bookmark: _Ref204586280]Figure 5 Flood risk naturalresources.wales (2025)
Constructed as the Swansea Guildhall in 1825 it looked different to the current building Figure 6 City and County of Swansea (2025).  
[image: A drawing of a building
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[bookmark: _Ref203661937]Figure 6 the original Guild Hall design 1825 City and County of Swansea (2024)
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Figure 7 The enlarged building with its new façade City and County of Swansea (2024)
In 1848 it was enlarged with the addition of Georgian style classical columns. Utilised for different purposes it became uninhabited in 1982 until its refurbishment in 1993 and its current use. The original building is likely of a solid wall construction, but the later enlargement may have utilised dissimilar materials or methods. It will be important to establish any difference in construction and how the new structure is tied into the old structure. 
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Figure 8 retrofitted DPC doorway off Somerset Place

Figure 9  Areas of focus for the survey
[bookmark: _Toc204757523]3.0 Selection of Digital Tools and Technologies
[bookmark: _Toc204757524]3.1 Digital tools or technologies that can be used in building surveys 
Figure 10 shows a summary of data collection and common survey methods.
[image: A diagram of a data capture
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[bookmark: _Ref204506912]Figure 10 Techniques of obtaining data and measuring Pikulski (2024)
[bookmark: _Toc204757525]3.1.1 Laser measuring  
The technique utilises laser beams to measure and capture the geometry of an object’s, generating point clouds that are used to create detailed 3D models Triviño-Tarradas (2024):
“Laser scanners can be divided into three basic groups: triangulation, time of flight (TOF) and phase-shift (PS) or phase-based (PB)” Tarvo et al (2013). 
Light detection and ranging (LiDAR) use TOF principle and is the most used Suchocki et al. (2025). Laser scanners can be separated into 3 categories Figure 14: 
	[image: A camera on a tripod
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Figure 11 Terrestrial laser scanner (TLS) equipment Z+F 5016 static Gharineiat, Z. et al. (2024)
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Figure 12 : Mobile laser scanner (MLS)  GeoSlam Zeb-Revo Russhakim et al. (2019
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Figure 13 Air laser scanner (ALS) 


[bookmark: _Ref204529558]Figure 14 Categories of laser scanner
[bookmark: _Toc204757526]3.1.2 Photogrammetry
Photogrammetry is a “technique is based on generating a point cloud from a series of photographs of a given architectural object which were taken at different angles” PIKULSKI et al. (2024). 
[bookmark: _Toc204757527]3.1.3 Thermography 
Detects thermal variations using IR either passive (natural energy of the object) or active (heat is applied to the object) Schabowicz (2019). Useful in identify thermal performance of a building, electrical faults, water leaks, cracks, prior work Ibarra-Castanedo et al. (2017) Figure 15, moisture problems or corrosion detection Schabowicz (2019).  
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AI-generated content may be incorrect.]
[bookmark: _Ref204503050][bookmark: _Ref204502960]Figure 15 (a) current photograph (b) raw thermogram (c) zero contrast thermogram (d) negative contrast thermogram (e) archive photo Ibarra-Castanedo et al. (2017)
[bookmark: _Toc204757528]3.1.4 Radar
Measures the transmission of short pulse radio energy and detects reflections at material boundaries or features Schabowicz (2019).
[image: ] [image: ]
Figure 16 Left Radar scanner showing rebar locations Schabowicz (2019) and right ground penetrating radar Pompeii Italy Corradini. et al. (2025)

[bookmark: _Toc204757529]3.1.5 Unmanned Aerial Vehicles (UAVs) or Drones
Historic buildings tend to have large area of inaccessible spaces Figure 17 which can be easily surveyed using a UAV Glover (2023).
 “UAVs have become increasingly popular in the Architecture, Engineering, and Construction (AEC) industry, with their utilization on project job sites nearly doubling from 20.7% in 2015 to 43% in 2020” He et al. (2024) and are “highly utilized to solve problems in various applications across different fields due to its low-cost, safety, and its low flying altitude” Arif et al (2018)
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[bookmark: _Ref204587304]Figure 17 Roof area Dylan Thomas Centre Google Earth Pro (2025)
[bookmark: _Toc204757530]3.1.6 Total station (TS)
Total stations combine electronic theodolites and electronic distance measurement in a single device and can measure a point in space in x y z coordinates with an accuracy up to 0.5 mm Tarvo et al (2013). Traditionally they are used to record single points of interest on building edges, corners, or points of interest, recording multiple points is time consuming making it impractical to acquire complex surface structure Tarvo et al (2013). Total stations require a direct line of sight and is time consuming when recording multiple points Mill et al. (2013). Robotic total station Figure 18 or one-man total stations are capable of different functions such as automatically scanning multiple points Grant (2020).
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[bookmark: _Ref204515250]Figure 18 Korec (left)Robotic total station, (middle)active prism (right) controller Grant (2020)
[bookmark: _Toc204757531]3.1.7 GNSS (Global Navigation Satellite System)
Uses satellites to pinpoint a location worldwide and has similar capabilities to a total station Grant (2020). Although much simpler and easier its relatively low accuracy (60-90cm) makes it suitable for activities such as earthworks Grant (2020). 
[bookmark: _Toc204757532]3.1.8 Real Time Kinematic (RTK) 
Compromises of a base station of known position broadcasting data to a receiver (rover). The Rovers position can be accurately calculated from the base station, this is then compared to GPS data received, the RTK algorithm adjusts for error improving precision to cm accuracy. The base station can be virtual utilizing mobile phone networks this is known as network RTK (NRTK)
[bookmark: _Toc204757533]3.2 Justify the selection of these tools based on the survey objectives and scope.
	Tool selected
	Reasoning

	ALS Equipped with Lidar, and thermographic camera
	The ALS can access areas of the building that TLS can’t or maybe dangerous for people. Lidar generates a point cloud for a 3D model and thermographic camera can assess the thermal performance of the building or spot other no visible problems Watt (2015)

	TLS using LiDAr
	TLS is able to capture more information and is more accurate than ALS or MLS Russhakim et al. (2019)  

	Total station
	Provides higher precision measurement and can act as check against automated data Grant (2020). Placement of retro-reflective targets act as anchor points to mesh data from the ALS and TLS
  

	NRTK
	Places the model in a terrestrial reference system Tini et al. (2024) improved accuracy over GNSS and mitigates interference caused by nearby objects. 



[bookmark: _Toc204757534]4.0 Survey Planning 
[bookmark: _Toc204757535]4.1 Develop a plan for conducting the building survey.
	Stage 1
	Desktop survey to gather information such as historical maps or documents, previous surveys, risk assessment and prior matters such as mining or litigation. The building is historic so it is vital to establish what makes it historic, its previous uses, current uses and what impact the survey may have along with associated vulnerabilities Watt (2015). 


	Stage 2
	Initial site visit to assess access, equipment required, potential hazards, obstacles, risks, the scope of the survey and dealing with the occupiers Glover, P.V. (2023).

	Stage 3
	Planning with the relevant parties and stakeholders, obtaining relevant permission, selection of survey techniques, extent of the survey, timeline and completing risk assessments.

	Stage 4
	On site data collection which would compromise of digital element and analogue or traditional element (taking some on site dimensions manually to ensure the digital model accuracy and further investigation of faults with a damp meter or endoscope or measuring cracks with a crack width gauge Hoxley (2016)). 

	Stage 5
	Processing of data, assessing accuracy and production of the point cloud, 3D models and a detailed written report. 

	Stage 6
	Present the information to the client.



[bookmark: _Toc204757536]4.2 Methodology to be used, including what data will be collected based on chosen tools and technologies. 
Established Ground Control Points using a total station and GNSS NRTK base station, so data from different sources such as the terrestrial laser scanner TLS and the UAV LiDAR scanner can be integrated with high-fidelity; The GCPs should be planned to maximize line of site and positioned near corners or recessed portions to mitigate occlusion effects Dabrowski et al. (2025).  GCPs form a geodetic network and act as “anchor points,” to compensate any misalignment in the ALS flight path Dabrowski et al. (2025). It will be necessary to have GCP within the building as GNSS signals struggle to penetrate buildings and can be achieved by measuring points through window or door openings. The exterior of the building is then surveyed using TLS at strategic points Figure 19
[image: ]
[bookmark: _Ref204157735]Figure 19 Example TLS locations around a building for data collection He et al. (2024)
TLS produces high density point clouds with more detail Figure 20
[image: A building with many windows
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[bookmark: _Ref204665434]Figure 20 Point cloud to generate a 3D rendering of a building Tarvo (2013)

 ALS provides coverage of the upper portions of the building inaccessible with TLS He et al. (2024) and follows a predetermined flightpath Figure 21.  
[image: ]
[bookmark: _Ref204161217]Figure 21 Typical pre-flight path planning (a) strip pattern (horizontal) (b) strip pattern (vertical) c. polygon pattern (d) circle pattern He et al. (2024)
The internal survey can then be carried out using the TLS and a total station to confirm accuracy or used in areas where the TLS is not suited. 
Once the data is collected it is processed see Figure 22

[image: A diagram of a survey
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[bookmark: _Ref204505040]Figure 22 Workflow stages of the survey Tarvo (2013)

[bookmark: _Toc204757537]5.0 Challenges and Solutions
[bookmark: _Toc204757538]5.1 Potential challenges that might be encountered during the survey.
The building is a publicly accessible it will be vital to minimise any impact on the visitors and inhabitants’ comfort and safety.
The building may contain materials that are potential hazards (lead, arsenic, asbestos) and its construction methods may make the build prone to moisture ingress producing toxic mould Glover (2023)  Figure 23.  The high vaulted ceilings may require specialist access equipment, potentially using a ladder could be unsafe and may damage delicate and historically valuable components. 

	[image: ]
Artex finish under stairwell potentially contains asbestos
	[image: ]

Water damage to ceiling could produce mould spores.

	[image: ] Timber windows may have been painted with lead-based paints.
	[image: ]
Window reveal near entrance show signs of potential water penetration or condensation which could produce mould spores. 


[bookmark: _Ref204073075]Figure 23 Interior of the Dylan Thomas centre Author (2025)

[bookmark: _Toc204757539]5.2 Proposed solutions or mitigation strategies for each identified challenge.
A plan outlining when and how the building is accessed i.e. surveying when the building is not open to the public, occupied (nighttime) or requires sectioning off. A clear plan of placing or storing equipment i.e. not near fire exit, presents a trip hazard or blocks public right of way, how that equipment is going to get to site, into and around the building. It’s in a residential area thus residents, local authorities and business should be consulted. The use of the UAV on the exterior of the building may be seen as intrusive and noisy, this will need to be considered in the flight plan along with weather conditions; the area can be exposed to strong westerly winds  It might be necessary to close part of the adjoining public right of way on Somerset Place while the UAV survey is carried out requiring permission.  
Nearby structures and large mature tress may impact survey equipment. GNSS RTK will mitigate location issues, but it may be necessary to carry out the survey when the trees are not in leaf improving line of sight, this coincides with colder weather making a thermographic survey more useful Glover (2023) and the building may have less visitors.  
There is an electrical substation to the rear and the owner should be consulted to ensure it is safe to operate in the vicinity; subs stations can produce strong electromagnetic fields which may impact electrical equipment, cause the UAV to deviate off its flight plan and potentially crash or arcing to survey equipment such as the UAV or a surveying staff. 
The building is not constructed to modern building standards. Consideration will need to be made in terms operating in such an environment i.e. steps may not be of a standardised height making it more challenging to carry equipment up and down, the presence of confined spaces and working at height (i.e. roof, high ceilings). Non-invasive methods should be used as not to disturb asbestos or other hazardous material. The building may have had (asbestos) surveys carried out and should be consulted. Consideration should be made in regard to ventilation to minimise exposure to mould spores or dust and use of PPE should be worn if working in a confined and or poorly ventilated area or survey these remotely using a UAV, robot or endoscope; similar mitigation should be considered instead of working at height Figure 24.
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[bookmark: _Ref204756478]Figure 24 Architectural detail that would be difficult to safely assess without a UAV Author (2025)
[bookmark: _Toc204757540]6.0 Conclusion and Recommendations
Digital technology can capture more information in a short space of time compared to traditional methods however the speed at which the technology develops and evolves out paces education and training needed to use it, leading to the fallacy that digital technology equates with accuracy; the accuracy of the equipment is only as good as the person using it Grant (2020).  A digital twin of the Dylan Thomas centre with regular digital surveys and data collected from IOT Sivasankari et al (2025) could improve sustainability El Husseini et al. (2025), identify problems earlier Yiğit et al (2025), improve indoor environment, energy efficiency and carbon footprint of historic buildings Ni, Z. et al. (2021).  

[bookmark: _Toc204757541]6.1 Summary of the key points of the survey plan.

Figure 25 Key points of the survey plan

Figure 26 Digital survey key points
[bookmark: _Toc204757542]7.0 Glossary
Diamicton - A type of siliciclastic sediment and sedimentary rock. Sediments that are poorly sorted and contain a wide range of clast sizes can be given this root name. 
Digital twin is a virtual model of an object, a system, or a process. It is connected to its real-world counterpart by a 2-way flow of right-time data, meaning it mimics it in all aspects.
Geodetic network is defined as a system of interconnected points used for simultaneous positioning and measurement, allowing for the collection of redundant information to assess the accuracy and internal consistency of the positioning process. These networks can be two-dimensional or three-dimensional and are utilized in various applications such as mapping and boundary demarcation. 
Global navigation satellite system (GNSS) is a satellite navigation system with global coverage to provide autonomous geo-positioning. There are four globally operational GNSS systems.
Historic building information modelling (HBIM) is a system of modelling historic structures from the collection of survey data using digital surveying tools. A range of software programs is then used to combine the image and process the data into e point cloud followed by texturing from the image data creates a framework for the creation of a 3D model. Mapping of BIM objects onto the 3D surface model is the final stage in the reverse engineering process, creating full 2D and 3D models including detail behind the object's surface concerning its methods of construction and material makeup. 
IR Infrared radiation refers to electromagnetic between microwave and visible light, ranging from 780 nm- 1 mm radiation with wavelengths 
Point Cloud: A set of 3D points in space with x-, y-, and z-coordinates on the sampled surfaces of 3D objects. By stitching a large number of such individual spatial points into a single data set with a common system frame, we can completely capture the geometry of entire 3D objects.
Radar consists of a transmitter producing electromagnetic waves in the radio or microwave domain, a transmitting antenna, a receiving antenna (often the same antenna is used for transmitting and receiving) and a receiver and processor to determine properties of the objects
Real-time kinematic is an algorithm that uses a combination of GPS signals and a local base station to provide highly accurate positioning data. Unlike traditional GPS systems, which rely on data from satellites alone, RTK GPS systems use additional data from a nearby base station to improve the accuracy of the GPS data. This can provide positioning data that is accurate to within centimetres. 
RICS Royal Institution of Chartered Surveyors
Unmanned aerial vehicle (UAV) or unmanned aircraft system (UAS), commonly known as a drone, is an aircraft with no human pilot, crew, or passengers on board, but rather is controlled remotely or is autonomous.
[bookmark: _Toc204757543]8.0 References 
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GNSS Network-based Real Time Kinematic (NRTK) survey to insert the area into the terrestrial reference system (TRS) is OSGB36 (Ordnance Survey Great Britain 1936)


These points are then used with a Total station to accurately mark retro-reflective targets on and around the structure. 


The TLS is then placed at strategic points to make multiple scans of the interior and exterior of the building.


ALS is then used to scan the outside of the building following the flight plan
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Figure 1. Framework for HBIM.
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Fig. 4. Typical pre-flight path planning (a. Strip Patter (horizontal), b. Strip Pattern (vertical), . Polygon Pattern, d. Circle Patter).
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