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Fig 1. Terrestrial Laser Scanner
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1. Glossary of Terms 

Existing Building Survey – The taking of a survey on an existing building, capturing its current age, condition, furniture, dimensions and structural characteristics to then create digital accurate records to be used when completing an overview. 

Terrestrial Laser Scanner – Ground placed laser scanner that uses a laser to spin 360 on its axis, to capture millions of points on all present structures fixed and not fixed such as furniture within its scope. The captured data then producing high levels of 3D data to create digital drawing models.

Manual Hand Laser – A laser that is handheld, used for quickly capturing close measurements of a perimeter such as doors, windows and widths of an area during a site survey or even for installation use. 

LiDAR – a technology that allows laser pulses to capture and measure the three-dimensional information about the building and the terrain in that measured area.

Scan Position – The location chosen for where the user would like the laser scanner to capture its digital information.  Often, the scan position is required to capture the whole coverage of an area. 

Point Cloud – The process where millions of points are captured in 3D by the chosen instrument, which showcases the surface geometrics of the environment. 

Orthographic Projection – A practise that is used to show three-dimensional shapes or particles in two-dimensional view. Most of the time used for sections and also further planning. 

RAMS – This is a professional document that shows the potential hazards that can occur when undertaking a certain task, judges the risks that are present and provides a way of safely working whilst also inserting control measures so work can be safely executed.








2. Introduction 
This document provides a professional existing building survey that was initially proposed to be carried out for “The Dylan Thomas Centre of Excellence”. However, due to circumstances that would have had significant changes on measurements, the team re-located to take the survey to the IQ Building (Which is sat on the UWTSD land). 

“The IQ building at UWTSD in Swansea's SA1 area was completed in the 2018/19                academic year” Treglown Slide. As an existing building and as an attraction to education, the IQ building’s purpose and communal events hosted bring large publicity to the specific areas of the university. These factors taken into consideration meant that the survey had to be pre planned and the surrounding public had to be notified of the practise. The Instrument that the team used to take this survey is called a Terrestrial laser scanner. With the piece of equipment turning a full 360 degrees at a point, it’s recommended to have the scanner a clear vision of the areas surrounding. To gather clear and accurate measurements from present walls, doors and fixed furniture. 

3. Planning of the Survey 
3.1 The Purpose of the Survey
The Main Purpose for the taking of this survey, is to collect a pin-point accurate record of measurements located at the first floor of the IQ building. With the change of plan to survey the IQ building, the aim is to capture the corridor widths, fixed pillar locations, door widths and features that will ultimately have to be concluded in the summary of the IQ’s survey (Appendix 1). By walking the area, it frequently gave the team a strong idea of the scope of work and measurements needed to conduct this professional survey. Throughout this survey as mentioned the use of a terrestrial laser scanner to ensure precise measurements are captured, along side the laser scanner a manual traditional method will be put into practise to allow the team a clear indication of the technical advantages between the two methods.  Obtaining two sets of data allows the purpose for this survey to be successful and gives stronger results for measurements with two results. Alongside the capture of measurements, it will then allow to produce a digital point cloud. “This approach is particularly effective where a reliable digital record is required for co-ordination, verification or future design work” PointSCAN. Calculations pre survey have been complete. 

3.2 Survey Area Definition  
This survey has full focus on the first floor of the IQ building, this is shown via the 
First floor layout scan that we gathered using the terrestrial laser as a team (A3 with scaling 1:200). With the knowledge gained of the IQ building and the recognition of popular foot traffic and lecture rooms, the survey had to be taken around furniture placements and real-world circumstances. A fully detailed 360-degree turn of each corner of space will be produced on the layout along with “measured distances with an accuracy of less than 10cm, making it ideal for detail surveys” The Survey Association. The area definition also helped and influenced where the scan positions sat and the tactic on how to capture these measurements. 


3.3 Surrounding Site Assessment 
Before any process of scanning took place, due to the building being operational there was a clear and concentrated site assessment to comply with all risk factors and a standard that the survey is to be safe, under control and efficient for purpose.  This survey was taken with both the use of a terrestrial laser scanner with tripod attachments and the more traditional method of a manual handling laser. The site assessment heavily focuses on the terrestrial laser scanner due to its mass, width and the characteristics it holds.

3.3.1 Environmental and Surface Conditions 
The lighting conditions at level 1 is consistent with illumination at a permanent due to the presence of artificial lighting predominantly in the corridor of the first floor. Generally, LiDAR doesn’t rely upon the increase of light, door panels with glazing attached where thought to be a potential source of noise. Temporary cleaning signs placed Implied the specific area was active and had an increased foot traffic, this meant scans were planned at lower activity slots. 

3.3.2 Access & Movement
The laser scanner used was transported through the double doors present at the southwest of the first floor, with its tripod legs attached when carrying (Appendix 2) the team members had no issues with the transportation through doors. The plan for the movement of the scanner and its large tripod stance had to be measured before putting into practise. The reasoning behind this is that the circulation route was evaluated and deemed the corridor as a highly congested area. With the inclusion of a direct foot path for the scanner, it eliminates the focus of interference and increases concentration on placing the scanner correctly at its fixed position. The placement of furniture located at the communal area was taken into consideration, as these objects can cause issues regarding the scans outcome and ultimately result in additional scans.

3.3.3 Scanning Positions 
The scanning positions for the first floor are planned and laid to reduce the hidden corners of the area but also to increase the coverage so all features and lengths are collected. Positions for the straight corridors are to be located central to gather widths of the corridor and placement of doors along the perimeter. Towards the ends of the corridors where the two points meet, scanning positions would be at a corner point to allow for the full scope of the area. However, with multiple obstacles intercepting the scanners vision and the narrow corridors concluding the transition to larger spaces on the first floor, numerous additional scans are to take place to allow the scanner to register and process correctly. Taking close attention to the seating area near the emergency exit, there is a clear chance of the scanner capturing a wide-angle scan. At the communal area of the first floor, the scanner is to be placed at multiple angles to capture hidden measurements and the geometry around partitions and fixed desks in some cases. 




3.3.4 Safety Considerations 
When conducting a survey with such a widespread and technical instrument, often a large part of the hazards is issued towards the instrument in use (Appendix 3). In this situation that is correct, the legs are a large trip hazard when positioned. To prevent the hazard clear zones are to be put in place for minimal interference with external factors. With multiple fire exits placed around the IQ building, so ensuring that none of these zones were blocked during the survey was key. Taking into considerations now the manual hand laser due to its flexibility to capture measurements. A key issue would be the capture of door measurements, to make sure not only the door is static and that it doesn’t hit the team if in use. 

3.3.5 Limitations of the Survey 
When conducting the site assessment before the initial start of the survey, multiple limitations were identified.  Reflective surfaces, long narrow corridors and fixed pillars all have an influence on the strategy of how the team conduct the scanning. 

3.4 RAMS 
Before the conducting of the IQ buildings survey, a RAMS was completed to combine and consider significant hazards present and blockages that interrupt the completion of the survey. 

	Risk
	Impact
	The Mitigation

	Public Footpaths/hotspots
	Motion Interference. 
	Pause scans (if instrument used is advanced), take a re-scan of the specific scope, deploy signage near the area. 

	Narrow Corridors 
	Many occlusions, which are blocking clear view of the first floors perimeter.
	Adjusting the tripods head to avoid the low-level occlusions, undertake multiple scans where and when safe to do so.

	Equipment becoming unsafe to use 
	Damage to the instrument and an impact on the user and others around. 
	Make sure that prechecks are taken before use, assess the areas that the scanner will be placed. 

	Carrying of the equipment 
	Carrying of the scanner can cause trips and falls if not carried correctly, and structural damage to the surrounding if congested. 
	Make sure that movement of the laser scanner the tripod legs are locked and secure. Assess beforehand surrounding low-level furniture that can cause trips.




Table 1. RAMS relevant to the IQ Building 


4. Practical Survey 
4.1 Scan Positions 
As shown below in Figure 1, Multiple scans were taken on the laser scanner to ensure that the team was getting the maximum performance and efficiency. The positions chosen due to factors such as the shape of the first floors perimeter (Team was aware from site assessment), occlusions present on the day of survey and public footpaths overall increased. However, for the position of the traditional manual laser, was not restricted by any of these factors due to its versatility to function freely and its wireless use. 

[image: ]

Fig 2. Located scan positions (marked)

4.2 Survey Execution Summary 
The survey on the first floor was conducted correctly and as planned via workflow, with only minor adjustments during the day of the survey.  The laser scanner produces a full 360-degree turn, this meant that our team had to move completely out of the scanners vision. This was the only major adjustment that hadn’t been picked up during the initial site assessment. This involved frequent movement towards external doors present on the first floor whilst the scanner was in operation. As seen in figure 1, the marked scan positions are placed predominantly at the centre of the narrow corridors whilst other scan positions were placed at corridor junctions. The survey was taken mid-day but due to extreme weather conditions, public movement was reduced so scans weren’t at a halt. 
The environmental conditions, which was the reflection beaming from the metallic door plates required an initial adjustment to the angle of the scanner. The team checked the scans to monitor any overlaps that occurred to ensure that results weren’t interfered with.  Whilst all of this was taking place, the manual hand laser was also put to the test, and measurements were then manually written onto the layout drew. Overall, the execution plan highlighted the importance of awareness and highly co-ordinated workflow management. Considering the foot traffic, spatial constraints and reflective door kicks, the laser scanner provided and produced a professional dataset and a strong overlap that was adjusted to fit after every scan. The dataset created, extracted precise measurements and gave the team a clear and meaningful comparison between the manual-hand laser measurements that had been labelled on a sketch. 

4.3 Issues Encountered & Resolutions
The careful planning of the site survey was to ensure that any interferences were resolved before start. However, despite the assessment some variables couldn’t be controlled and was out of the team’s grasp. External technical issues such as noise appearing once data uploaded to the point cloud, with RAMS set in place this was mitigated by movement of the scanners angle. The furniture that was present created blind spots when scanning, this was resolved by selecting correct places to scan to capture but also avoid. Another issue was the movement of the team to different adjacent rooms along the first floor. With already identifying that the IQ building can be a busy area on the university campus, this was a challenge with classes also taking place. 

5. Analysis & Measurement of the Survey 
5.1 Measurements taken from Scan Data
The layout produced by the terrestrial laser scanner showcases key dimensions that have been now directly extracted to the point cloud. These certain dimensions include corridor lengths which are adjacent and are 26m (East corridor) & 31m West which both junction at the communal public area of the first floor. Individual measurements for the walls are from the 6-12m mark with the inclusion of walls and doors. The generated point cloud allowed true geometric measurements of the building to be taken, including different angled sections instead of presuming that the walls are perfectly straight. With the terrestrial scanner being used to its full potential, it captured millions of 3D points to collectively create the first floor its own digital point cloud. One of the many advantages that comes with the point cloud, is that once captured on site measurements can be taken repeatedly without having to return. 
 
5.2 Comparison with the Traditional Methods 
5.2.1 Accuracy 
When using the terrestrial laser scanner, it produced consistent measurements across the whole first floor, this was with the inclusion of the difficult angle walls, doors and windows present. With the production of the point clouds accurate geometric captures (Appendix 3), this allowed long wall dimensions at measurements 26.4m and 36m and the shorter adjacent corridor lengths like 2.5m, 1.4m and 0.6m to be measured correctly alongside their true alignment. The laser scanner also didn’t make any assumptions on the angled sections located at the north junctions of the first floor and therefore meant the straightness of the walls didn’t come into the conclusion for gathering measurements. On the other hand, the manual-hand laser has large amounts of trust on the user end and how the person using the tools line of sight is between the two points. With the high rates of obstruction present on the floor, operators hand movement and sudden angle change, will bring error to the final collection of results. 

5.2.2 Speed 
Overall, the terrestrial laser scanner requires more time when firstly capturing the different scans, as the process of setting the scan position taking a large section of the time. Also, when conducting the survey, the process of scan to the transition of data to the iPad (linked to the scanner) took a large amount of time. However, once this transition of data was complete and the team dealing with the overlaps of multiple scans, large numbers of measurements could be extracted almost instantly. This meant that the team could now capture all perimeter, door and window measurements (e.g. 11.2m, 7.6m, 6.2m, 9.7m) anywhere with access to the point cloud. Focusing on when the team used the manual-hand laser, the process was decreased in time taken when taking isolated measurements such as door widths and window lengths. However, due to the floors layout the manual laser struggled, with long lengths a huge increase in scans had to take place.

5.2.3 Completeness 
	Characteristics 
	Manual Hand-laser Recordings 
	Terrestrial Laser scanner (Point Cloud)

	Level of Detail 
	Very limited detail, due to only distances measured with a start and an end point. Angular points must be estimated by the team. 
	Millions of points captured at a high level at a professional resolution point cloud. Measurements collected were captured from irregular walls present on the IQ’s first floor.

	Area Covered by Singular Scans 
	Will only capture what the team choose to measure (e.g. 5.8m, 5.7m,11.58m). therefore, anything that isn’t manually lasered and captured will not be concluded in the surveys results. 
	All surfaces on the entire first floor were captured, this due to the 360-degree scope. This included every single offset, recess and corridor length. This allowing the team to capture all measurements for this professional survey. Measurements captured such as 36m and 26.2m for the entire adjacent corridor lengths.

	Complete measurements in the dataset
	Only showcases what was included on the day and the measurements taken. Second site visit would be required for further interpretations.
	The datasheet will have every possible measurement if the scan position covers it within its scope. This allows It to be viewed from the point cloud, to then allow further practises with the information captured.

	Suitability for analysis 
	Only can be used for basic checks due to the minimal attributes that the tool holds.
	The tool can be ideal for numerous reasons such as comparing and creation of a model If requested.



Table 2. The comparison between both Instruments attributes.


6. Appendix 

Appendix 1 - First Floors Scan Layout @ 1:200 on A3
[image: ]
Fig 3. First Floors Scan Layout @ 1:200 on A3
This is the First floors laser scanned layout; this is what the laser scanner produced on the day of the survey via the multiple scans it undertook. 

Appendix 2 – Southwest doors location & width (The initial entrance for the scanner)

[image: ]As the images shows we can see that the width of the southwest door is 1.8m. The laser scanner will have no issue with fitting through these doors as the average height for a laser scanner is 1.2m and 1.8m and the southwests door height being around 2m tall. The reason for the start point being at this location is the fact it creates a straightforward path and provides the scanner with the best starting scan points. 






Appendix 3- First Floors Scan Layout with its gathered dims
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Fig 4. First Floors Scan Layout with its gathered dims























Appendix 4 - First Floors manual-hand lasers results 
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Fig 5. First Floors manual-hand lasers results
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