Digital Surveying and Highway Design

Digital Building Survey

Building surveys underpin refurbishment, asset management, Building Information Modelling (BIM) and facilities management across the built environment sector (RICS (2014). Traditional tape- and total-station-based methods remain appropriate for many applications, but advances in terrestrial laser scanning (TLS) have transformed surveying practice by enabling rapid capture of highly accurate three-dimensional data (Leica Geosystems Laser Scanners. (2025).
This project was originally intended to survey the Dylan Thomas Centre; adverse weather conditions and associated safety concerns led to relocation to the first floor of the IQ Building. A fault with the primary scanning equipment on the day meant the survey was instead completed using a handheld mobile laser scanner, the Leica BLK2GO, which uses Simultaneous Localisation and Mapping (SLAM) technology to capture a continuous three-dimensional point cloud as the operator moves through the building. (Leica BLK2GO handheld imaging laser scanner. (2024)
This report sets out the planning undertaken prior to fieldwork, covering the survey objectives, methodology, site assessment, equipment selection and risk management, all directed at maximising data quality while complying with professional surveying practice and health and safety legislation.
[image: ]Purpose of the Survey
The principal objective was to produce an accurate digital representation of the internal layout of the first floor communal area of the IQ Building, from which room dimensions, corridor lengths, door openings and ceiling heights could subsequently be extracted without the need for additional visits.
Unlike conventional surveying, where the surveyor must decide in advance which dimensions to record, BLK2GO captures millions of coordinate points, allowing measurements to be extracted retrospectively during post-processing. The survey therefore aimed both to record the building's geometry and to evaluate the benefits of digital surveying over manual measurement. Specific objectives were to:
· produce a complete digital record of the first-floor communal internal layout.
· record internal walls, corridors, doorways and structural openings.
· extract accurate measurements from both the manual measurements and the laser scanner.
· evaluate the effectiveness of laser scanning for measured building surveys. 

Survey Area Definition
[image: ]The survey was confined to the first floor of the IQ Building and included the principal circulation corridor together with the adjoining communal rooms, as illustrated in the survey layout. An initial site inspection identified a complex and irregular floor plan comprising interconnected corridors and rooms, with corridor lengths ranging from approximately 17 to 36 metres and walls intersecting at non-orthogonal angles. In addition, the presence of numerous structural columns distributed throughout the floor increased the complexity of the survey by creating potential obstructions and requiring careful measurement to ensure an accurate representation of the building geometry.
Given this complexity, the operator followed a planned walking route to ensure complete coverage, with particular attention given to corridor intersections and the revisiting of key locations to strengthen the SLAM solution and reduce positional drift. The required level of detail was that appropriate to architectural measurement and internal building documentation, sufficient to extract room, corridor and opening dimensions rather than detailed structural analysis.
Site Assessment
Equipment: the survey was undertaken using a Leica BLK2GO handheld mobile mapping scanner, which integrates LiDAR sensors, high-resolution imaging cameras and an inertial measurement unit (IMU) with SLAM positioning. Unlike tripod-based TLS, which requires the instrument to be repositioned at multiple fixed stations, the BLK2GO collects spatial data continuously as the operator walks, removing the need for fixed scan stations and substantially reducing set-up time, a particular advantage in the confined internal spaces of the first floor. (Del Duca, G. Del, & Machado, C. (2023).
Access: the first floor remained accessible throughout the practical session but was occupied by students and staff, producing regular pedestrian movement within corridors and communal areas. A logical survey route was planned in advance to ensure complete coverage of all internal spaces while maintaining continuous scanning throughout the survey. The operator adjusted their walking pace where necessary to minimise disruption to building occupants and to maintain a consistent scanning trajectory. The survey area was also furnished with desks, chairs, and other fixtures, which introduced potential obstructions and reduced the visibility of some structural elements. These obstacles required careful navigation and scanning from multiple viewpoints to ensure that an accurate and complete representation of the building geometry was captured.
Environmental conditions: the internal environment, clean, dry, and well-lit, was well suited to mobile laser scanning. Two environmental risks were identified prior to undertaking the survey. Firstly, the first floor contained large areas of glazing and other reflective surfaces, which can affect the quality of laser returns and introduce small [image: ]amounts of noise into the point cloud. While the impact is generally limited indoors, these areas required careful consideration during data capture. Secondly, the building was occupied during the survey, meaning that furniture and pedestrian movement had the potential to temporarily obstruct parts of the scan. To minimise the risk of incomplete data, the survey route was planned to maintain clear lines of sight wherever possible, with additional coverage captured where necessary.
Operational considerations: the accuracy of a handheld SLAM survey depends on the operator maintaining a slow, smooth and continuous walking pace, since sudden movements or interruptions reduce registration accuracy. The route was therefore planned to revisit previously scanned areas, allowing the SLAM algorithm to cross-reference newly captured data against existing geometry and reduce cumulative drift. Overall, site conditions were assessed as suitable for the BLK2GO, with only minor operational challenges anticipated.
Risk Assessment Summary
Although the BLK2GO presents a relatively low level of risk compared with tripod-mounted equipment, a formal risk assessment was undertaken to identify hazards and implement control measures prior to the survey. The principal risks related to pedestrian movement, manual handling and situational awareness while operating the equipment.
	Hazard
	Potential Risk
	Control Measure

	Carrying handheld scanner
	Collision with pedestrians or building features
	Maintain awareness of surroundings; keep the scanner close to the body while walking.

	Slips, trips and falls
	Injury to the operator or damage to equipment
	Inspect the survey route beforehand; remove avoidable hazards; walk at a controlled pace.

	Busy corridors
	Interruption to scanning and reduced data quality
	Scan during quieter periods where possible; pause temporarily for large pedestrian flows.

	Operator fatigue
	Reduced concentration and inconsistent scanning
	Limit prolonged scanning sessions; take short breaks if required.

	Emergency evacuation
	Delay in exiting the building
	Cease surveying immediately, secure equipment and follow building evacuation procedures.



The overall level of risk was assessed as low. The lightweight, ergonomic design of the BLK2GO reduces many of the hazards associated with larger, tripod-mounted equipment, and the survey was completed safely without incident by following the control measures identified above.


[image: ]Survey Execution Summary
Each member of the group operated the scanner in turn to gain practical experience of the equipment and to understand the principles of mobile laser scanning. The BLK2GO was connected to an iPad, secured with a shoulder strap to allow hands-free monitoring of the live scan. The iPad displayed the scanner's real-time position via a continuous tracking line, enabling the operator to identify areas requiring additional coverage as the survey progressed.
The scanner was carried at approximately shoulder height with the arm extended in front of the operator throughout the survey. This position provided the scanner with the widest possible field of view, reducing the likelihood of the operator's body obscuring the laser sensors or cameras and allowing more of the surrounding environment to be captured in a single pass. Holding the scanner at shoulder height also improved visibility over furniture and other low-level obstacles, enabling walls, door openings and ceiling features to remain within the scanner's field of view for longer periods. A slow and consistent walking pace was maintained throughout the survey to allow the SLAM algorithm sufficient time to acquire and match features between successive scans. This produced a denser, more stable point cloud, reduced the likelihood of positional drift, and improved the overall accuracy and completeness of the captured data. The survey began at one end of the first-floor corridor and followed a systematic route through the building, ensuring all accessible rooms, corridors and circulation spaces were captured. The entire digital survey was completed in approximately five minutes, demonstrating the efficiency of handheld mobile laser scanning relative to the traditional survey that followed it.
[image: ]Problems Encountered
Two significant deviations from the original plan occurred. First, weather and safety concerns at the Dylan Thomas Centre required relocation to the IQ Building first floor at short notice, which was accommodated by adapting the planned route to the new layout on site, the IQ Building was better suited due to better airflow and air conditioning. Second, a malfunction of the primary tripod-mounted scanner meant the survey was completed using the handheld BLK2GO instead, requiring the team to adjust technique, maintaining continuous walking motion rather than static scan positions without prior rehearsal.
A further practical challenge was maintaining a sufficiently slow and consistent walking pace while the building remained occupied by students and staff; this was managed by pausing briefly when pedestrian density was high and by using the real-time tracking display to confirm coverage rather than relying on estimation. No areas required a return visit, and no significant technical issues were encountered during data collection.
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[image: ]Results of the survey
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	Surveyed element
	Manual measurement
	Scan measurement
	Difference
	% Difference

	Left Corridor
	37.40 m (17.80 m + 19.60 m)
	35.92 m
	1.48m
	4.10%

	 right corridor 
	11.65 m
	11.48 m
	0.17m
	1.50%

	Bridge
	16.7m (9.5m + 7.2m)
	16.41m
	0.29m
	1.74%



The main corridor shows the largest discrepancy, the manual survey recorded this run as two separate tape-measure sections (17.80 m and 19.60 m, totalling 37.40 m) because a single tape could not span the full length, whereas the scanner recorded it as one continuous 35.92 m measurement. This 1.48 m (4.1%) difference is consistent with the cumulative error that typically arises when a long run is broken into multiple manually measured sections, each carrying its own small reading and alignment error. By contrast, the right-hand corridor section, measured as a single run in both surveys, shows much closer agreement (11.65 m manual versus 11.48 m scanned, a difference of only 0.17 m or 1.5%), supporting the conclusion that the corridor discrepancy above is linked to the segmented tape technique rather than to a fundamental error in either survey.
Comparison with Traditional Methods
The two methods differed substantially in time, accuracy and completeness. The digital survey captured the entire first floor in approximately five minutes, compared with a considerably longer period for the manual survey, which required a hand-drawn sketch followed by individual tape and laser-distance-meter readings for every wall and opening, transferred manually to the sketch by a two-person team. This made the manual method both slower and more dependent on coordination between surveyors to avoid recording errors. 
[image: ]In terms of accuracy, the comparison between the two results shows that manual measurement performs well over short, single-span runs but accumulates error over longer or segmented runs, as seen in the 4.1% discrepancy on the main corridor. The scan-derived measurement is not subject to this cumulative error because it is generated from a single continuous point cloud rather than a series of independent manual readings. A further factor affecting the manual survey's reliability was the hand-drawn sketch itself, which formed the basis for recording and interpreting all subsequent measurements; any inaccuracy in its proportions reduced the reliability of the manual survey as a whole, even where individual wall readings were accurate.
In terms of completeness, the point cloud allows measurements to be extracted retrospectively for any element of the building, including dimensions not anticipated during fieldwork, whereas the manual survey only records the specific dimensions the surveyors chose to measure on the day. Overall, the laser scanner provided a more efficient, consistent and complete representation of the building, while the manual survey remains a useful low-cost method for short, simple runs where cumulative error is less of a concern. (Olofsson, M., Holmgren, H., & Persson, K. (2024). 
[image: ]The survey demonstrated that handheld mobile laser scanning is an efficient and reliable method for producing accurate measured building surveys. Despite changes to the original survey location and the failure of the planned equipment, the Leica BLK2GO successfully captured a complete digital representation of the first floor of the IQ Building in a relatively short period. Comparison with traditional measurement showed that manual methods remain suitable for simple measurements but become increasingly susceptible to cumulative error over longer distances. The processed digital results provided a permanent record from which additional measurements could be extracted without revisiting the site, demonstrating significant advantages for refurbishment, Building Information Modelling and facilities management. Overall, the project confirmed that digital surveying offers improved efficiency, completeness and flexibility while maintaining an appropriate level of accuracy for measured building applications.
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