
 

  

3D Laser Scanning 

Accuracy, Precision & Limitations - Professional Standards Statement — Published for Client Reference 

1.  Our Professional Position — Plain English First 

We are professional 3D laser scanning specialists. We invest in industry-leading equipment, apply rigorous field 
methodology, and stay current with best practice in our field. The data we deliver represents the most accurate and 
comprehensive record of a site that current technology can practically produce. 

We do not, however, provide legally binding accuracy guarantees expressed as a single fixed number — and we want to 
be upfront about why. To do so would be misleading. Scan accuracy is not a fixed property of the equipment alone; it is the 
combined result of the scanner, the surfaces being measured, the environment, the scan range, and how dozens or 
hundreds of individual scan positions are combined into one dataset. Every site is different. A single number applied to all 
projects would either be so conservative as to be useless, or so optimistic as to be dishonest. 

What we can offer instead is something more useful: transparent information about what affects accuracy, realistic 
expectations for your site conditions, and — critically — a delivery process that lets you verify the data yourself 
with simple real-world measurements before you commit to using it for any design or construction work. 

Point cloud data is uniquely self-verifiable. Unlike many professional deliverables, you do not need to trust us blindly — you 
can measure a known distance on site, compare it to the same measurement in the point cloud viewer, and make a direct 
go / no-go decision. That check is straightforward, it takes minutes, and we actively encourage it. 

Quick reference — what to expect: 

•  Individual scan accuracy (single position, ideal conditions): typically 2–3.5 mm at 10–25 m on standard surfaces. 

•  Whole-project registered dataset: typically 2–8 mm across a 25 m span under good conditions. 

•  On clean, well-controlled sites with standard surfaces: registered accuracy is frequently significantly better than 
this. 

•  On sites with reflective surfaces, dark materials, extreme range, or difficult environments: tolerances will be higher 
— we will advise you. 

•  Stainless steel and highly polished surfaces are the most challenging material type and require special care — see 
Section 2.5. 

•  The data can be verified by you directly with a tape measure before use. If it passes your check, it is fit for purpose. 

2.  What Affects Accuracy — The Technical Detail 

Laser scanning accuracy is not a single fixed number. It is the combined result of many interacting factors. The sections 
below explain each one in plain terms. 

2.1  Individual Scan Accuracy vs. Registration Accuracy 

There are two distinct types of accuracy in any laser scan project, and they are not the same thing. 

Individual scan station accuracy is how precisely the scanner measures a point from a single position. Under ideal 
conditions at close range, our equipment achieves 2 mm at 10 m and 3.5 mm at 25 m. This is the figure quoted in 
manufacturer specifications and is the best-case baseline. 

Registration accuracy is how well multiple scan positions are aligned and combined into one unified dataset. 
A complete site survey typically involves many dozens of individual positions, each stitched together 
mathematically. Each registration step introduces a small degree of cumulative error. The overall registration 
accuracy of a finished dataset is almost always larger than the individual scan accuracy — and this is 
the figure most relevant to your deliverable. 
In practical terms: a scanner rated at 2 mm individual accuracy may produce a final registered dataset accurate to 5–8 mm 
across a 25 m span, depending on conditions. This is normal, expected, and consistent with industry practice — not a 
deficiency. 
The figures above reflect Terrestrial Laser Scanning (TLS) from fixed tripod positions — the primary 
methodology used on most projects. Where SLAM-based mobile scanning is employed 
(noted in project documentation), overall registration accuracy will typically be wider, and the practical 
guidance in Section 3 applies with greater emphasis on physical verification for precision-critical dimensions. 
 



 

  

2.2  Scan Range 

The further a surface is from the scanner, the less precise the measurement. Surfaces within 10–25 m are captured at or 
near the scanner’s best accuracy specification. At 50 m or beyond, ranging error increases noticeably and compounds 
further at extreme ranges. This is why we favour more scan positions at shorter distances rather than fewer positions at 
maximum range — it produces consistently better data. 

2.3  Surface Colour and Reflectance — General 

The scanner works by emitting a laser beam and measuring the returning light. How much light returns depends entirely on 
the surface. As a general principle: 

• Light, matte surfaces — painted walls, concrete, timber, brick — return strong, clean signals and produce the most 
accurate data. 

• Dark surfaces — black rubber, dark asphalt, dark painted steel — absorb laser light, returning weaker signals with 
greater noise. Some very dark surfaces may return little or no usable data. 

• Transparent materials — glass, perspex, water — are largely transparent to the laser wavelength and will typically 
not be captured, or will produce unreliable data. 

• Highly reflective surfaces — polished metal, mirrors, wet floors — cause beam scatter and multi-path errors. See 
Section 2.5 for a detailed treatment of this. 

2.4  Manufacturer Reference Data — The Numbers Behind the Variables 

The following figures are extracted directly from the FARO Technologies technical specification sheet for the equipment we 
use. They demonstrate, with manufacturer’s own data, how dramatically surface colour and distance affect measurement 
quality even under controlled laboratory conditions — before any real-world factors are introduced. 

 

Range Noise by Surface Type and Distance (single scan, ideal conditions) 

Range noise is the fundamental measurement variation at the sensor level — the finest possible accuracy floor under 
perfect conditions. 

Surface Type Noise @ 10 m Noise @ 25 m 

White / light — 90% reflectivity 0.1 mm 0.2 mm 

Dark grey — 10% reflectivity 0.3 mm 0.4 mm 

Black — 2% reflectivity 0.7 mm 1.2 mm 

 

Maximum Effective Range by Surface Type 

The distance the scanner can reliably reach varies dramatically with surface colour — a factor many clients are not aware 
of. 

Surface Type Max. Effective Range Practical Implication 

White / light — 90% reflectivity 400 m Excellent coverage on light surfaces 

Dark grey — 10% reflectivity 150 m Reduced range on darker surfaces 

Black — 2% reflectivity 50 m Significantly limited — data may be sparse or 
absent beyond this distance 

 

Key takeaway: a black surface at 25 m produces 6× more measurement noise than a white surface at the same 
distance. This is hardware physics, not operator error. These are single-scan figures under lab conditions; 
real-world registered datasets will differ further. They are presented here to demonstrate why a single 
accuracy figure for all projects is not possible. 

Source: FARO Technologies — Focus Laser Scanner Technical Specification Sheet. 

 

 

 



 

  

2.5  Highly Reflective Surfaces — Stainless Steel and Polished Metal 

Important: Highly reflective environments — particularly those with polished stainless steel surfaces — are the most 

challenging material type we encounter and the area where scan accuracy is most significantly affected. This section 
explains what to expect and how to work with the data safely. 

 

Polished stainless steel, mirror-finish aluminium, and similar highly specular surfaces behave very differently to standard 
building materials when hit by a laser beam. Rather than returning a clean, direct signal, the laser reflects at unpredictable 
angles — bouncing off multiple surfaces before returning to the scanner, or not returning at all. 

This causes two specific problems: 

• Beam scatter and multi-path errors. The laser bounces between reflective surfaces and returns to the scanner 
from an unexpected direction. The scanner interprets this as a valid measurement but assigns it to the wrong 
location — sometimes appearing as noise across a surface, sometimes as phantom points appearing to float in 
mid-air. 

• Data voids. On flat, mirror-like stainless panels, the laser may reflect entirely away from the scanner and return no 
data at all, leaving gaps in the point cloud. 

2.5.1  What This Looks Like in Practice 

When reviewing a scan of a stainless steel environment, you may notice: 

• Irregular or “fuzzy” surfaces on polished wall panels, bench tops, or conveyor surfaces — where you would expect 
a clean flat plane. 

• Phantom sprays or clouds of points appearing to float in space near reflective surfaces — these are multi-path 
reflections and should be disregarded. They are usually visually obvious and easy to identify. 

• Gaps or thin areas in the data across large flat stainless panels, particularly where the surface is angled away 
from the scanner. 

• Accurate surrounding structure — concrete, painted steel, pipework, equipment on non-reflective surfaces — 
which will typically scan cleanly even in the same environment. 

2.5.2  How to Work Safely With Reflective Surface Data 

The following guidance applies when using scan data that includes stainless steel or other highly reflective surfaces: 

• Do not take precision measurements directly off polished stainless wall panels, bench tops, or mirror-finish 
surfaces. The surface data in these areas carries higher uncertainty and should not be trusted for fabrication or fit-
out work without physical verification. 

• Phantom points near reflective surfaces should be identified visually and disregarded. They do not represent real 
geometry. If you are unsure whether a cloud of points represents real structure or a reflection artefact, contact us. 

• The surrounding structure — walls, floors, columns, pipework, fixed equipment — in the same scan is typically 
accurate to normal tolerances. The reflective surface problem is localised, not global. 

• Any dimension that connects to, terminates at, or relies on a reflective surface for its reference should be 
physically verified on site before fabrication or installation. 

 

As a general guideline: in environments with significant stainless steel or polished metal surfaces, treat those specific 
areas with a higher tolerance and conduct physical site checks for any precision-fit or fabrication work referencing those 
surfaces. The non-reflective areas of the same scan remain fully reliable. 

We will always advise you at the time of delivery if a project contains significant reflective surface challenges, and we wil l 
note specific areas of concern in the project notes. 

2.6  Surface Type and Geometry — Other Challenging Materials 

Beyond reflective surfaces, other material types that present challenges include: 

• Translucent or transparent materials (glass, perspex, some plastics, water surfaces) 

• Vegetation, grass, and foliage — which scatter the laser across many depths simultaneously 

• Mesh, grilles, chain link fencing, and perforated panels — which allow the laser to pass through 

• Moving objects such as people, vehicles, or machinery — which produce noise or streaking artefacts 

• Very rough or heavily textured surfaces — which scatter the return signal and increase noise 



 

  

2.7  Ambient Conditions and Environment 

Site conditions at the time of scanning affect data quality: 

• Direct sunlight and high ambient light can overwhelm the sensor, reducing accuracy at longer ranges. 

• Rain, fog, dust, and smoke scatter the laser beam, reducing range and introducing noise. 

• Extreme temperatures affect internal calibration — the scanner requires warm-up time to stabilise. 

• Wind can cause subtle vibration in the scanner during capture, reducing data sharpness. 

• Heat shimmer and atmospheric refraction can introduce small positional errors over long outdoor distances. 

2.8  Scan Resolution and Point Spacing 

Point spacing — how densely the cloud is sampled — is set by the scan resolution chosen at the time of capture, and 
increases with distance from the scanner. Point spacing is not the same as measurement accuracy. A dense cloud of poorly 
measured points is less useful than a sparser cloud of well-measured points. 

A point cloud captures only surfaces visible to the scanner. Occluded areas, enclosed spaces, and surfaces hidden from 
all scan positions will not be recorded regardless of resolution. 

2.9  Scan Position Count and Placement 

More scan positions at shorter distances consistently produces better data than fewer positions at maximum range — in 
terms of both point density and registration accuracy. Sufficient overlap between adjacent positions is essential for reliable 
registration. Environments with limited visual features — large empty warehouses, open car parks, featureless corridors — 
make registration more difficult and may reduce overall accuracy. 

3.  What This Means in Practice — A Practical Guide 

The following guidance translates scan accuracy into practical terms for the most common uses of scan data. 

 

General trades — pipework, cabling, ductwork, and services. 

For general trade routing and installation, scan accuracy is rarely a concern. The natural tolerance built into pipework 
fitment, flexible connections, and service routing easily accommodates the accuracy range of a professionally executed 
scan. Data can generally be used with confidence for layout, routing, and coordination without additional physical checks. 

Connections to existing structure — bolt holes, flanges, existing pipework, and fixing points. 

Where new work must connect precisely to existing fixed points — matching bolt hole patterns, aligning to existing flanges, 
or joining to existing pipework — a physical site check of those specific connection points is recommended before 
fabrication. The scan gives excellent context and overall geometry, but critical connection dimensions should always be 
verified directly. This is standard practice in our industry. 

High precision fabrication and precision fit-out. 

For work requiring very tight tolerances — precision-machined components, bespoke cabinetry to exact dimensions, or 
high-tolerance mechanical installations — a dedicated site visit to physically verify critical dimensions prior to fabrication is 
strongly advisable. Scan data provides an excellent starting framework and significantly reduces the number of dimensions 
requiring physical verification, but should not be used as the sole reference for high-precision fabrication without 
independent confirmation of critical dimensions. 

 

The simplest and most effective quality check: measure a known distance on site with a manual measure, then 
measure the same distance in the point cloud viewer. If they agree within your project tolerance, the data is fit for 
your purpose. This check takes minutes and gives you direct, objective confidence in the data before you commit to 
using it. 

 

 



 

  

4.  Accuracy Statement and Limitation of Liability 

 

Important — Please Read 

This section sets out the formal basis on which we provide scanning services and the limitations of any accuracy 
representation we are able to make. 

 

 

We apply professional skill, care, and industry-standard equipment and processes to every project. The accuracy of any 
3D laser scan dataset is subject to the physical and environmental factors described in Section 2 of this document. Many 
of these factors are beyond our direct control and vary from site to site. 

We do not guarantee, warrant, or represent that any scan dataset, point cloud, or derived deliverable will meet any specific 
numerical accuracy threshold unless such a threshold has been explicitly agreed in writing prior to commencement, and 
the scope of works has been designed and priced accordingly. 

In the absence of a specific written accuracy agreement, our scanning services are provided on the basis that the dataset 
will be fit for typical professional use in architecture, construction, engineering, and asset documentation, and will represent 
a materially accurate record of the site as it existed at the time of scanning, subject to the inherent limitations described 
herein. 

Any measurements, dimensions, or quantities derived from a point cloud or 3D model by the client or any third party are 
the responsibility of the party undertaking that extraction. We accept no liability for errors arising from the interpretation, 
use, or misuse of scan data by third parties. 

We strongly recommend that clients advise us in advance of specific accuracy requirements, critical features, reflective 
materials, or unusual site conditions so that methodology and quality assurance measures can be designed accordingly. 

5.  Why Laser Scanning Remains the Best Option 

Despite the limitations described above, 3D laser scanning is by a considerable margin the most accurate and 
comprehensive method available for documenting complex built environments at scale. Manual tape measurement 
accumulates error across a complex site and cannot capture three-dimensional geometry practically. Total station surveying 
captures highly accurate individual points but requires enormous time investment to achieve meaningful site coverage. 
Photogrammetry covers large areas quickly but is heavily dependent on lighting and texture, and generally produces less 
precise point data. 

A professionally executed laser scan — typically accurate to 2–8 mm across a 25 m span — delivers a level of spatial 
accuracy that would be practically unachievable across a complex site by any other means, and that is more than sufficient 
for the vast majority of architecture, engineering, and construction applications. 

The scan captures everything simultaneously — geometry, spatial relationships, hidden complexity — in a single site visit. 
The resulting dataset is a permanent, measurable, and shareable digital record that can be interrogated long after the visit, 
significantly reducing the need for costly return trips. 

 

Have a question about your specific project or site conditions? 

We welcome a conversation before any project commences. Understanding your specific use case, tolerances, and site 
conditions allows us to design the right methodology and set realistic, shared expectations. Please contact us to discuss 
your requirements. 

 

This document is provided for client information purposes and forms part of our standard terms of service. 
It should be read in conjunction with our Client Acknowledgement & Acceptance of Service Terms. 


