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1.0 Introduction
Measured building surveys record the dimensions, arrangement and form of existing properties, particularly where reliable as-built drawings are unavailable. Three-dimensional laser scanning can capture large quantities of spatial data as a point cloud, from which plans, sections and measurements can be produced. However, data quality is influenced by scanner position, surface characteristics, incidence angle and the registration of separate scans (Soudarissanane et al., 2011; Skrzypczak et al., 2022).
This report examines a measured survey of the communal areas on one floor of the IQ Building at the University of Wales Trinity Saint David's SA1 Swansea Waterfront campus. The area contained long corridors, angled walls, recesses, stair openings and numerous doorways, making it suitable for comparing manual measurement with laser scanning.
The project involved planning the activity, completing manual and laser-scanning surveys, and comparing measurements taken from the hand sketch and processed scanner layout. The two methods were evaluated in relation to accuracy, time, completeness and practical limitations.
2.0 Part 1 – Planning the Survey
2.1 Purpose of the Survey
The purpose of the survey was to produce a measured record of the communal floor layout, including corridors, wall returns, angled sections, recesses, stair openings and doorways. Its complex geometry provided a suitable basis for comparing manual measurement with three-dimensional laser scanning.
The manual survey produced a two-dimensional sketch showing the principal geometry and dimensions. Measurements were taken along wall faces and written directly against the relevant features so they could later be compared with the laser-scanner plan.
The digital survey aimed to create a more complete spatial record. A terrestrial laser scanner measures distances to surrounding surfaces and records three-dimensional coordinates as a point cloud. This allows measurements to be extracted after the site visit and can capture irregular geometry that may be simplified on a hand sketch. Point-cloud quality nevertheless depends on scan coverage, positioning, surface properties and successful registration (Soudarissanane et al., 2011; Aryan et al., 2021).
The overall objective was to assess how closely the methods agreed and evaluate their accuracy, efficiency, completeness and practical suitability.
2.2 Survey Area Definition
The survey covered accessible communal spaces, including circulation routes, connecting corridors, wall returns, recesses, stair openings and doorways. Private teaching rooms and restricted spaces were excluded unless their openings formed part of the communal layout. This boundary allowed both surveys to focus on the same area.
The required detail was sufficient to reproduce the overall two-dimensional layout. Measurements included principal wall lengths, short returns, angled sections, doorway widths and openings around the stairs. Particular attention was given to changes in direction because omitted dimensions could prevent the plan from closing correctly. Reference letters were later added so corresponding manual and digital dimensions could be compared.
Loose furniture, temporary objects, finishes and minor surface irregularities were outside the scope unless they obstructed measurement or scanner visibility. This was appropriate because the task concerned dimensional comparison rather than a detailed condition or heritage survey.
2.3 Site Assessment and Proposed Scanner Positions
A preliminary site assessment identified access requirements, obstructions and suitable scanner locations. The communal area remained in use by students and staff, so corridors, doorways and stairs had to remain clear throughout the activity.
Scanner positions were selected to cover wall faces, angled sections, recesses and openings. Multiple setups were required because laser scanning operates by line of sight and cannot adequately capture surfaces hidden behind corners, people or furniture. Effective planning should reduce obstruction while maintaining sufficient coverage and point density (Aryan, Bosché and Tang, 2021; Adán et al., 2024).
The scanner was positioned at intervals along the corridors and near changes in direction. Additional setups were planned around the stair opening, recesses and angled walls. Neighbouring scans required sufficient overlap so that they could be aligned during registration.
Artificial lighting was available, but moving users, door positions and temporary obstructions were greater concerns. The tripod was therefore planned on stable surfaces away from door swings and the centre of busy walkways, reducing collision risk and disturbance during scans.
2.4 Risk Assessment Summary
A risk assessment was completed because the equipment was used in an occupied university building. The main hazards were obstruction of circulation routes, carrying and setting up the scanner, doors striking the tripod, movement during scans and equipment failure. The assessment considered the survey team, students and staff. A formal assessment was necessary because even a short-duration survey could introduce temporary hazards into a busy circulation space.
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Table 1: Risk assessment
	Hazard
	Persons at risk
	Potential impact
	Control measures

	Scanner and tripod positioned in a corridor
	Students, staff and survey team
	Collision, trip or damage to equipment
	Position the tripod against the side of the corridor where possible, maintain a clear pedestrian route and supervise the equipment

	Carrying and setting up equipment
	Survey team
	Muscular strain or dropped equipment
	Use the protective case, avoid carrying excessive loads and use suitable lifting and handling techniques

	Movement during an active scan
	Building users and survey output
	Collision with equipment or incomplete point-cloud data
	Monitor the scan position, warn approaching users and repeat the scan where movement affects the results

	Doors opening into the survey area
	Building users and equipment
	Door striking the tripod or obstructing the scan
	Avoid door-swing areas and temporarily control the door position where permitted

	Equipment failure or insufficient battery power
	Survey team and survey data
	Lost time or incomplete coverage
	Inspect the scanner before use, check battery levels and confirm each scan has saved successfully
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The most significant risk was a trip or collision in the corridors. The tripod was positioned against the side where possible, pedestrian routes were maintained and the equipment was supervised. The scanner also had to remain stable and be operated by instructed users.
Controls were reviewed as occupancy changed between positions. The team could relocate the tripod or delay a scan if a setup became unsuitable. Carrying distances and awkward movements were also minimised.
2.5 Planned Survey Procedure and Anticipated Limitations
Before surveying, the scanner, tripod, batteries and control device were checked. The area was then inspected to confirm that planned positions remained suitable. Scans were completed systematically along the corridors with overlap between neighbouring setups. Photographs and notes recorded the equipment, scan locations and changes made on site.
Anticipated limitations included moving people, open doors, wall corners and recesses, all of which could obstruct the scanner. Insufficient overlap could also make registration more difficult. These issues were managed by pausing, adding scan positions and checking coverage before leaving the site (Aryan, Bosché and Tang, 2021).
A final coverage check was planned before the equipment was packed away. This involved reviewing the completed scan positions against the survey boundary and confirming that key corners, doorway edges and stair openings had been observed from more than one viewpoint. This check reduced the likelihood of discovering an avoidable data gap during later processing.
3.0 Part 2 – Practical Survey
3.1 Survey Execution Summary
The practical exercise included manual and laser-scanning surveys of the selected communal areas. Before work began, the survey boundary and access routes were checked, and the principal features requiring capture were identified, including wall returns, angled sections, doors, stairs and corridor changes.
For the manual survey, a basic floor-plan sketch was prepared and dimensions were taken systematically around the area. Values were written directly against the relevant features. Door widths, short returns and changes in direction received particular attention because one omitted dimension could affect the complete layout.
The laser survey used a sequence of tripod positions throughout the communal spaces. Each setup was placed on a stable surface with a clear view of surrounding walls and openings. The scanner was moved progressively through the corridors, with overlapping scans used to support registration and reduce hidden areas (Aryan, Bosché and Tang, 2021).
The planned method was followed successfully and the required layout was captured. The scanner data was processed into a two-dimensional floor plan from which measurements were taken for comparison. The completed layout also allowed dimensions that had not been prioritised during the site visit to be reviewed later, which was a clear advantage over the selective nature of the manual record.
3.2 Changes to the Plan and Problems Encountered
Minor adjustments were required because the building remained occupied. Measurements and scans were occasionally paused until students and staff had passed, preventing people from obscuring surfaces or appearing unnecessarily in the point cloud.
Some scanner positions were moved closer to wall edges to avoid restricting doorways and walkways while preserving visibility. Corners, angled walls and recesses required overlapping viewpoints because they could not be captured fully from one location.
The manual survey presented a different risk; short returns and numerous doors increased the chance of missing or misrecording dimensions. Values were therefore entered directly on the sketch and checked against adjoining measurements before leaving. These adjustments demonstrated the need to respond to occupancy, visibility and complex geometry.
3.3 Survey Outcomes and Evidence
The practical work produced a hand-drawn measured layout and a processed laser-scanner plan of the same area. Both recorded the principal wall lengths, door openings, returns, angled sections and stair-related dimensions.
The manual layout and processed laser-scanner layout are presented as Figures 1 and 2. These provide a clear visual record of the two measurement approaches and show how the same corridor geometry, wall returns, openings and angled sections were represented in different formats. The figures also support the use of matching reference letters in the comparison table. Although the outputs differed in appearance, both were sufficiently complete for comparison.
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Figure 1: Manual measured layout of the surveyed area.
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Figure 2: Processed laser-scanner layout of the surveyed area.
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4.0 Part 3 – Measurement and Analysis
4.1 Comparison of Manual and Laser-Scanner Measurements
Corresponding dimensions were matched using reference letters. Most measurements agreed closely: B, L, M, V, X, Y and Aa were identical, while many others differed by only 0.10m or 0.20m. For example, wall A measured 26.90m manually and 27.00m from the laser layout. Door openings measured 1.70m manually and 1.80m digitally, a difference of 0.10m. The small differences are reasonable because the digital values were taken from a printed 1:200 layout. At this scale, a ruler-reading difference of 0.5mm represents 0.10m in the building, so line thickness, alignment and rounding could influence the comparison.
The largest differences occurred at W and Ab, where the laser values were 2.70m and 2.40m lower. These results probably reflect different start and finish points, rather than scanner failure, and show why consistent reference points are essential when comparing methods. Measurement Z differed by 0.40m, which was larger than most results but still small relative to its total length of more than 20m.
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Table 2: Comparison of manual and laser-scanner measurements
	Ref.
	Manual
	Laser scanner
	Difference

	A
	26.90 m
	27.00 m
	+0.10 m

	B
	2.60 m
	2.60 m
	0.00 m

	C
	4.80 m
	5.00 m
	+0.20 m

	D
	0.37 m
	0.40 m
	+0.03 m

	E
	0.90 m
	1.00 m
	+0.10 m

	F
	2.70 m
	2.60 m
	−0.10 m

	G
	3.90 m
	4.00 m
	+0.10 m

	H
	5.30 m
	5.20 m
	−0.10 m

	I
	0.30 m
	0.40 m
	+0.10 m

	J
	8.10 m
	8.00 m
	−0.10 m

	K
	4.50 m
	4.40 m
	−0.10 m

	L
	1.40 m
	1.40 m
	0.00 m

	M
	5.60 m
	5.60 m
	0.00 m

	N
	0.30 m
	0.40 m
	+0.10 m

	O
	0.50 m
	0.60 m
	+0.10 m

	P
	5.70 m
	5.80 m
	+0.10 m

	Q
	0.40 m
	0.25 m
	−0.15 m

	R
	0.35 m
	0.40 m
	+0.05 m

	S
	16.30 m
	16.20 m
	−0.10 m

	T
	7.80 m
	8.00 m
	+0.20 m

	U
	1.60 m
	1.80 m
	+0.20 m

	V
	2.40 m
	2.40 m
	0.00 m

	W
	16.10 m
	13.40 m
	−2.70 m

	X
	14.40 m
	14.40 m
	0.00 m

	Y
	0.80 m
	0.80 m
	0.00 m

	Z
	22.20 m
	21.80 m
	−0.40 m

	Aa
	1.60 m
	1.60 m
	0.00 m

	Ab
	17.40 m
	15.00 m
	−2.40 m

	Doors
	1.70 m
	1.80 m
	+0.10 m
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4.2 Evaluation of the Two Survey Methods
The manual method required only a tape measure, laser distance measure (DISTO), sketch and recording materials. It was effective for accessible dimensions but became slower where numerous doors, returns and angled sections had to be recorded separately. Its reliability depended on accurate notes, consistent reference points and avoiding omissions; a forgotten dimension could require a return visit.
Laser scanning produced a more complete spatial record because surrounding surfaces were captured as point-cloud data rather than selected dimensions only. Measurements could be extracted after leaving the building, and irregular geometry was represented more clearly. This supports its use for detailed digital records of existing buildings. It also reduced dependence on deciding every required dimension while on site, because the captured dataset could be revisited during later analysis.
Laser scanning was not error-free. Accuracy could be affected by positioning, reflective surfaces, obstructions, registration and the selection of points from the processed output. The W and Ab discrepancies also show that comparisons are unreliable when reference points differ. Overall, laser scanning offered greater completeness, while manual measurement remained useful for rapid checks and validation. Manual checks remain valuable because they can confirm critical dimensions and help identify whether an apparent discrepancy relates to the survey data or to the interpretation of the plotted plan.
The comparison also showed that apparent accuracy depends on how results are extracted. The laser values in this exercise were read from a printed 1:200 layout rather than directly from the point cloud, so ruler placement and print scaling introduced an additional source of uncertainty. Direct digital measurement would normally allow more precise point selection.
5.0 Conclusion
The survey demonstrated how manual and digital methods can be combined to record an existing internal layout. The manual approach provided a straightforward record of selected dimensions, while laser scanning created a more complete digital representation.
Most corresponding values were identical or within 0.10m to 0.20m, showing generally strong agreement. The larger differences at W and Ab were more likely caused by inconsistent reference points than scanner accuracy alone.
Successful scanning depended on suitable positions, line of sight, overlap and safe access within an occupied building. Moving users, doors, corners and recesses required practical adjustments.
Overall, laser scanning provided the greatest completeness and allowed later measurement, while the manual survey offered quick independent checks. Combining both methods therefore provided the most reliable approach. This combination balances digital completeness with simple site verification and reduces the risk of relying entirely on one source of measurement.
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