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• Introduction to scanning

• Division of scanning systems

• Scanning principles

• Parameters of scanning systems

• Influences on scanning and scanning accuracy 

• Lasers - safety at work
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3D scanning systems - introduction

3D scanning:

- Other name: laser scanning.

- Appearing in the late 1990s

- Non-selective determination of the 
object spatial coordinates and their 
storage in memory.

- It is carried out using a scanner, 
automatically according to set 
parameters.

- It is controlled by a computer.

- The result is a so-called point cloud 
containing tens, even hundreds of 
millions of points.
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3D scanning systems - introduction

Main features of the measurement:

- non-selective determination of 3D coordinates,

- large number of determined points (point clouds), in the order of millions,

- high measurement speed, 100 000 points per second or more ( up to 
millions),

- new form of processing required.
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3D scanning systems - introduction

Measured point clouds are usually processed by time, hardware and software 
intensive procedures. 

The output of the processing can be:

• A merged and modified point cloud.

• A 3D model where the point cloud is replaced by geometric primitives 
(CAD model).

• A 3D model where the point cloud is replaced by a Triangular Irregular 
Network (TIN).

• 3D model where the point cloud is replaced by surfaces with variable 
curvature (e.g. B-spline).

Visualization:

Assignment of colors, textures, actual colors, 

creating slideshows, animations, fly-throughs, etc.
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3D scanning systems - introduction

Advantages: 

• fast data collection

• 3D model

• quality information on irregular surfaces

• spatial analysis of the object, calculations of areas, volumes, ...

• large volume of data - detailed information about the object 

Disadvantages: 

• large data volume - hardware and software intensive

• surface reflectivity

• vegetation
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3D scanning systems - dividing

3D scanning systems are numerous, and they are used in a wide
range of fields: engineering, construction, geodesy, medicine,
conservation and archaeology, architecture, forensics, art and
design, and more.

3D scanning systems have adapted to these fields by their
design, measurement principle, measurement accuracy, range,
speed, durability, measurement output, etc.

3D scanning systems can be divided into many categories
according to their characteristics.
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3D scanning systems - dividing

Depending on the situation in the station:

• Static

• Kinematic
– Ground

– Aerial 

According to the principle of measurement:

• Polar

• Triangulation (scanning systems with base)

Instruments used in engineering surveying, construction and similar 
fields are primarily ground-based and static. 

The measurement is based on the principle of spatial polar method.
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3D scanning systems - dividing

According to the principle of measurement:
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3D scanning systems – measuring principle

Polar scanner
Works on the principle of the spatial polar method, similar to a total 
station with a prism less rangefinder
Polar coordinates in the local coordinate system, two angles θ, φ and 
the guide length r are measured.
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3D scanning systems – measuring principle

Polar scanner - measuring distances
• Impulse rangefinder (transit time measurement) - longer range, 

lower speed (currently combines phase measurement, thus 
achieving higher speeds comparable to phase rangefinders).

• Phase range finder - limited range depending on the wavelength 
used, higher speed.
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3D scanning systems – measuring principle

Polar scanner - scanning of the rangefinder beam uses various 
combinations of planar reflecting prism, mirrors and servo motors.
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3D scanning systems – measuring principle

Polar scanner - scanning of the rangefinder beam by two servomotors
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3D scanning systems – measuring principle

Polar scanner - scanning the rangefinder beam using two mirrors
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3D scanning systems – measuring principle

Polar scanner - scanning of the rangefinder beam using a mirror and a 
servomotor: a) step motion of the servomotor b) continuous motion 
of the servomotor. The mirror is often replaced by a prism for its 
better properties (non-blinding, more stable in shape)
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3D scanning systems – measuring principle

Triangulation (scanning systems with base)
• They work on the principle of intersection from angles or 

intersection photogrammetry.
• First example of a single camera system
The position of a point is determined by a servo motor and a mirror. 

The laser sends out a laser beam that hits a plane mirror, from where 
it is reflected onto the object to be measured. The angle α is the angle 
of the laser beam reflected from the mirror with the base. The laser 
beam bounces off the object to be measured and hits the in-line CCD 
sensor. The angle β is the angle of the incident beam with the base. 
The base length d, from which the coordinates of the detail point are 
calculated, is the distance between the center of rotation of the plane 
mirror and the point of incidence of the reflected laser beam on the 
CCD sensor. From the knowledge of the angles α, β and the base 
length d, two coordinates are determined. 
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3D scanning systems – measuring principle

The third coordinate is determined from knowledge of the rotation of 
the plane in which the base and the laser beam reflected from the 
mirror lie. The axis of rotation lies in the base and the rotation is 
realized by a servo motor.

• Example of a single-camera system
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3D scanning systems – measuring principle

• Second example of a single-camera system
The system consists of a fixed base with a length of 1 m. At one end of 
the base a digital camera is mounted, at the other end a turntable with 
a fixed laser module is mounted, which scatters the laser beam in a 
straight line. The image coordinates of the individual pixels of the laser 
beam projected onto the object to be measured, given the known 
parameters of the external and internal orientation of the digital 
camera, define straight lines in space. The turntable parameters (point 
and direction vector of the rotation axis) are known. The spatial point 
is defined as the intersection of the laser plane and the intention line.
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3D scanning systems – measuring principle

• Example of a dual-camera system
The base consists of two converging 

CCD cameras. Between the cameras is 
a light projector projecting a sequence 
of patterns onto the target object: four 
interference patterns (phase shift 
technique) and six grey binary coded 
patterns. The spatial coordinates are 
determined by evaluating a series of 
images from both cameras.

Sequence of four grey binary codes 20



3D scanning systems – measuring principle

• Skenovací systémy používající prostorovou polární metodu se 
vyznačují vysokou přesností určení podrobného bodu v celém svém 
rozsahu měření. Přesnost měření délek klesá se vzrůstající 
vzdáleností lineárně. Své uplatnění nacházejí v geodézii, 
stavebnictví a příbuzných oborech.

• Předností základnových systémů je vysoká přesnost, která ale klesá 
s mocninou vzdálenosti. Používají se pro velmi přesná měření 
menších předmětů (řádově od centimetrů do několika metrů) nebo 
pro měření v interiérech. V geodézii, stavebnictví a příbuzných 
oborech se používají ve výjimečných případech.
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3D scanning systems – technical parameters

The basic technical parameters of the scanning systems are:
• Measurement principle
• Field of view
• Range
• Accuracy
• Resolution, scan density
• Scanning speed
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3D scanning systems – technical parameters

• Field of view - closely related to the principle of measurement. In 
base scanners, the field of view is often limited and is like a 
camera's. With polar scanners, it is possible to scan the entire 
surroundings - a panorama.

Scanning systems a) camera b) panorama
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3D scanning systems – technical parameters

• Range
indicates the maximum range of distances over which the scanner can 
measure. For polar scanners, this parameter is strongly influenced by 
the reflectivity of the surface being targeted. Maximum range values 
are therefore difficult to achieve in practice. Two types of range finders 
are used in scanning systems. Impulse rangefinders have a range 
limited only by the magnitude of the reflected rangefinder signal. 
Phase rangefinders are limited primarily by the wavelength of the 
modulated carrier wave in addition to the reflectivity.
Some base scanners specify the size of the area in which to scan while 
meeting data quality and accuracy requirements. This is a spatial block 
at a certain distance from the scanner.
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3D scanning systems – technical parameters

• Accuracy
The accuracy of a scanner measurement is characterized by several 
values. The most common is the single point accuracy, which is difficult 
to interpret, or the accuracy of length and angle measurements, which 
is characterized by the standard deviation.

Often the parameter 'noise' is also given. This is the random error of 
the rangefinder and not the total error of the rangefinder.

In general, the accuracy of 3D scanning systems is complex and not 
always easy to express.
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3D scanning systems – technical parameters

• Resolution
indicates the smallest detail that can be obtained from the focused 
cloud. The resolving power depends mainly on the minimum angular 
step of the measurement, the size of the rangefinder beam footprint 
(divergence) and the accuracy of the angle and length measurements.
The resolution is never better than the highest value of these 
parameters!

This figure is not always given by the manufacturers, so it is important 
to be able to derive the resolving power from the above parameters.

• Scan density
The size of the angular measurement step / spacing of detailed points 
on the object.

26



3D scanning systems – technical parameters

• Scanning speed
It is indicated by the number of points measured per second. The 
scanning speed is not constant, it depends on the set field of view, 
scan density and potentially other adjustable measurement 
parameters.
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3D scanning systems – technical parameters

Other technical parameters
• Ingress protection (IP code, EN 60529)
• Operating temperature range
• Compensator
• Laser spot size
• Control environment
• Power source
• Laser safety class
• Weight, dimensions
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Influences on scanning and scanning accuracy

• The following description applies primarily to polar scanners
• Internal influences
Internal influences include scanner measurement errors. For polar 
scanners these are errors in the measurement of lengths and both 
angles. The random components of these errors are described by 
standard deviations. In addition, the measurement is affected by a 
number of systematic errors which are based on the principle of the 
scanner. These are the various axial errors and eccentricities, the 
systematic components from the errors in the measurement of lengths 
and angles, and also their synchronization.
In scanning, it is generally not possible to increase the accuracy of a 
measurement by adding measurements or to eliminate instrumental 
defects by measuring in two positions.
Only system calibration can reduce the magnitude of these errors.
Furthermore, internal effects include divergence of the rangefinder 
beam.
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Influences on scanning and scanning accuracy

• External influences - influence of the environment on the beam 
passage - refraction

Many measurements are made at relatively short distances of up to a 
few tens of meters or even in laboratory conditions, so the influence of 
the atmosphere is very small and it is sufficient to introduce the usual 
atmospheric corrections from temperature and pressure to reduce it.

But there are situations where measurements are made under non-
standard conditions with a highly variable atmosphere (measurements 
in industry - melting furnaces). Then the influence of the atmosphere 
has to be modelled and the scanner measurement corrected for it 
(very difficult) or at least considered and reduced by the measurement 
procedure.

The atmosphere also absorbs the emitted radiation.
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Influences on scanning and scanning accuracy

• Influence of the geometry of the measured object

Skener

Multiple reflection

Double reflection Measuring of corners 31



Influences on scanning and scanning accuracy

• Influence of surface on the accuracy of length measurement

For EMG remote sensing 
measurements, the part of the 
emitted radiation that is reflected 
back to the instrument is crucial. 
Among other things, its size 
significantly affects the surface of the 
scanned object and its ability to reflect 
optical radiation. This ability depends 
on the properties of the incident 
radiation (wavelength, polarisation) 
and the material (spectral reflectance, 
transmittance and absorbance) and 
geometric (roughness, angle of 
incidence) properties of the surface.
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Influences on scanning and scanning accuracy

• Influence of surface on the accuracy of length measurement

If the total intensity of the falling radiation is E, intensity of the 
reflected radiation is R, the absorbed radiation is A and the 
permeabled radiation P, then according to the energy conservation 
law:

𝐸 = 𝑅 + 𝐴 + 𝑃

This relationship can be used to express reflectability, absorbability 
and permeability :
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Influences on scanning and scanning accuracy

• Influence of surface on the accuracy of length measurement

• only the part of the radiation that is reflected back to the scanner and 
hits the receiving sensor of the rangefinder is important for 
measuring the length

• there are several basic types of surfaces according to the shape of 
their reflectance diagram

A diffuse surface with high reflectivity is best - a light material with a 
rough surface (relative to the wavelength used)

a) diffuse (chalk..)   b) specular (silver)
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Influences on scanning and scanning accuracy

• Influence of surface on the accuracy of length measurement (It applies 
to the wavelength of 900 nm)
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MATERIAL REFLECTIVITY / %

White paper up to 100%

Dimension lumber (pine, clean, dry) 94%

Snow 80-90%

White masonry 85%

Limestone, clay up to 75%

Newspaper with print 69%

Deciduous trees typ. 60%

Coniferous trees typ. 30%

Beach sands, bare areas in dessert typ. 50%

Concrete, smooth 24%

Asphalt with pebbles 17%

Lava 8%

Black neoprene 5%



Laser classes and  safety

Lasers are classified for safety purposes based on their potential for 
causing injury to humans’ eyes and skin.

Most laser products are required by law to have a label listing the 
Class. It will be listed either in Arabic numerals (1 2, 3R, 3B, 4) or in 
Roman numerals (I, II, IIIa, IIIb, IV).
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Maximum permissible exposure MPE

• The maximum permissible exposure (MPE) is the highest power or 
energy density (in W/cm2 or J/cm2) of a light source that is 
considered safe, i.e. that has a negligible probability for creating 
damage. It is usually about 10% of the dose that has a 50% chance 
of creating damage under worst-case conditions. The MPE is 
measured at the cornea of the human eye or at the skin, for a given 
wavelength and exposure time.
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Maximum permissible exposure MPE

• MPE as power density versus exposure time for various wavelengths
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Regulations
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There are these regulations in Czechia:

• ČSN EN 60825-1 ed. 3
• Nařízení vlády č. 291/2015 Sb. o ochraně zdraví před neionizujícím 

zářením (Government Regulation No. 291/2015 Coll. on health protection 
against non-ionising radiation)



Thank you for your attention!
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