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Restitution of 3D scenery with coherent and structured light

scanner technologies

Abstract

In the paper, there is presented the comparison of the quality of three-
dimensional object measurement by scanning devices using a coherent
light beam and a structured light field. Several selected issues from the
fringe pattern analysis, as well as the characteristics of terrestrial laser
scanning are also presented. The comparative analysis was performed to
scan a crankshaft in order to assess the measurement accuracy of both
scanners. By applying the appropriate software for the resulting point
clouds we created a three-dimensional model of the crankshaft and made
adequate comparative measures.

Keywords: 3D scenery restitution, coherent light scanner, a structured
light scanner, point clouds.

1. Instrduction

Optical methods for measuring the shape are a tool for
describing the surface of 3D objects. On the basis of the
measurement techniques that used, these methods allow for
achievement of high resolution of the scanned scene to provide an
adjustable range of its volume. There are various techniques of
measuring distances as well as research of macro and
microstructure of the tested object (field and point measurement
methods). Point measurement methods where we can distinguish
photogrammetry and laser triangulation have minor flaws, e.g. the
limited number of points which should be processed at the time of
automatic processing of the collected data, and too large amount
of time devoted for their processing. Field measurement methods,
in turn, involve a much larger group of optical shape test methods.
The one of the most important advantages is delivering the
information about the object shape from the whole area of the
image at the same time. The methods of measurement may use,
e.g. the analysis of the intensity of a striped field which is
projected onto the top layer of the tested object.

2. Specialized scanning devices

Scanners are quite a large and diverse group of devices which
can be divided into contact and contactless 3D scanners. Contact
devices are characterized by the measurement which is made with
a measuring head, placed on the precision arm which has
a considerable range of motion. The accuracy of the obtained
measurement is in the range of 0.25 mm to 0.005 mm. The
measurement is limited to the data acquisition which is done by
collecting points in the characteristic areas. The scanners have
certain limitations, as the size of the scanned object and the
inability to use them, e.g. in the field of criminology. However,
a simple construction and lack of complicated software are the
advantages. Measurement with contactless scanners, in turn, is
made by directing a laser beam or structured light to the object,
and next carrying out the analysis of the recorded image or
images. Here a group of optical scanners can be distinguished as
they have a higher measuring accuracy and operating speed.
Lasers and stripe scanners are the most commonly used
measurement devices. The line distortion technique is used in the
form of a beam of light illuminating the scanned object is used in
them. A fundamental difference between the techniques of
scanning the object with a laser beam and with structured light is
that in the case of the former, during one sequence, only one stripe
of data occurs, while in the case of the latter, which uses

structured light, appears a whole set of stripes including the
measurement data.

3. Characteristics of the terrestrial laser
scanning

Laser scanners are built mainly from a source of rays (laser),
which is a data bearer and a movable mirror directing a beam in
a desired direction (Fig. 1).
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Fig. 1. Distance measurement at time ¢

The laser beam that is divergent, and its diameter increases
together with increase in the distance, affects the resolution and
the measurement accuracy. The pole coordinates are converted to
Cartesian, and the point coordinates are calculated according to
the formula:

x = Dcos 0 cos & 8
y = Dcos@ sina ?2)
z = Dcos @ 3)

Next to the coordinates, another value that corresponds to the
signal intensity returning to the scanner is recorded. This intensity
depends on the material (type, color, roughness) from which the
beam is reflected. Laser scanners can have different systems of
distance calculation, the so-called electrical system (pulse or
phase) and optical (triangulation). The phase system, used in the
research phase, involves the measurement of the phase difference
between the sent and received signal (Fig.2). This is possible
thanks to the sinusoidal form of the laser light. The distance can
be described by the relationship:
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where: 1 — wavelength, ¢ — phase shifting, N — multiple wave-
length.

The accuracy in laser scanning systems depends on the precision
of determining distances and angles. It is conditioned by a number
of parameters, among others, atmospheric conditions, surface
roughness of the object, the capacity of particular materials for
reflecting the light, distances between the object and the scanner,
as well as its very quality and functions.
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Fig. 2. Phase shifting of the reflected signal

4. Selected aspects of the fringe pattern
analysis

The analysis of the stripe image is based on encoding the
information about the tested process or object in the intensity
setting I(x, y) and applies to all interferometric methods. In most
measurement systems, we have to deal with changes of the
intensity in the space of sinusoidal character, hence the formula
describing the analysis of the interferogram can be described as
follows:

1(x,)= alx, )+ b(x, yJeos[(p(x, »)] ©)

where: a(x, y) - value of the light in the point, b(x, y) - contrast in
the point, ¢(x, y) - phase setting, /(x, y) - value of the light in the
point.
The analysis of the interferogram consists of two basic stages:
e calculation of the phase function modulating the intensity of an
image,
e overscaling to the search physical magnitude /4(x, y) of phase.
The measured intensity setting /(x, y) does not allow the phase
restoration because the measured phase function is obscured by
two unknown functions: a(x, y) the background lightness and the
interferogram contrast b(x, y), so there is one equation with three
unknown quantities. In contrast, the parity of cosine function
causes the uncertainty of the phase sign cos(go): cos(—(p) , and the

phase function periodicity is determined by mod(2w) causing the
restriction of the result range. In the intensity methods, the value
describing the image is defined as a function of lightness /(x, y),
on the basis of which the detection of axis lines (spine stripes of
line) is performed. The frame of the contour map of the tested
object create minima and maxima of light functions, found in the
image. There are three groups of axial line detection methods.
They are: thinning the edges of stripes, gradient and statistics and
laplacian filters. In the group of phase methods, the essence of
stripe image analysis and the main assumption is that the
information about the object contour map is included in the phase
extracted from the measured lightness function. Based on the
method of a discrete phase change, it can be assumed that:

I(x, y) = a(x, y) + b(x, y)cos[(o(x, y) + 21tf0x] 6)

where: 2nfyx describes the vertical stripes coming from the
diffraction net or generated by a suitable project device, the so
called parasitic bands.

In relation to the presence of three unknowns, it is necessary to
make at least three measurements in a discrete form taking into
account the stepwise phase change in any of the measurements.
The phase setting is calculated by taking the first sine and cosine
of harmonics in the Fourier series. For calculations, the following
relationships are used:

k 2
o (x, y) = EO I, (x, y)cos[ T TJ 7
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where: ,(x, y) - lightness value in the point measured in the n-th
measurement, k£ — number of measurements with phase changes.
The phase function is calculated from:

ol )= amn(%’yﬂ ©)

o\x,y

If you apply the amount of phase shifts determined by the value of
0,5m, for example, the simplified formula is obtained:

Iy-1
¢(x, y)= arctan| ~4—2 (10)
L =13

where: 1), I, L, I, - lightness of the following images after the
change of phase.

5. 3D object measurement and analysis

To compare two different 3D scanning techniques, there was
used an automobile engine crankshaft, whose characteristic
structure and size made it possible to see the essence of scanning
with structured and consistent light beam. Before making
measurements for each of the used devices, the measurement
volumes and the suitable scanning parameters were selected, that
is: the measurement distance was determined, the place of taking
measurement, the measurement resolution, the scanning area. The
scanned object was covered with a matting agent which
significantly eliminated the unsafe effect of appearing the
reflections on the shiny elements of objects.

Using the structured light scanner, a three-dimensional cloud of
points reflecting the scanned model was obtained (Fig. 3).

Fig. 3. 3D model of the object obtained with the use of the structured light scanner

To obtain a 3D model of the object with the use of a laser
scanner (Fig. 4), there were made six measurements from different
positions around the object using the reference points. The cloud
of points was cleared out of redundant elements. The appropriate
color scheme which is the exact reflection of the scanned objects
was applied.

The environments used to connect point clouds have the ability
to develop measurements of length between selected elements. In
order to compare the accuracy of scanning techniques,
measurements of the actual details of the tested object were taken,
and next they were compared with the results obtained during the
scanning process.
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The measurement accuracy of the structured light scanner using
SmartTech ranges from a few to several microns, whereas in the
case of laser scanning the values are calculated to a millimeter.
Hence, the results were rounded to two decimal places. The
characteristic places on the engine shaft measured using the
measurement tool in the Mesh3D and Faro SCENE as well as with
calipers were compared. The results of the obtained measurements
are presented in Table 1. Figs. 5 and 6 show the measured
elements.

Fig. 4. 3D model of the object obtained with the use of the laser light scanner

Fig. 5. Measurement of the crankshaft in the MESH 3D"

Tab. 1. Measurement results of the selected elements of the crankshaft

Measurement results, mm

Caliper Mesh3D"

Measurement -
Faro Scene

Distance between
the main crankpins 71.95 71.87 73.00
(no 1)

Width of the
crankpin surface 30.10 30.24 30.00
(no 2)

Diameter of the
crankpin 54.05 54.16 53.00
(no 3)

Width of the shaft
counterweight 24.65 25.21 21.00
(no 4)

Diameter of the
main crankpin 50.85 50.78 51.00
(no 5)

The light of a laser scanner is designed primarily to measure
large areas, such as structures of buildings or shapes of
construction elements. These scanners are designed for
visualization and documentation of 3D objects for CAD systems.

Measurement Automation Monitoring, Sep. 2015, vol. 61, no. 09

Although appropriate parameters are set in the device settings, the
scanner is not able to provide the mapping of an engine shaft as
precisely as when making measurements with the use of a white
light scanner. Thanks to the possibility of operating in two
different resolution modes, which enables the optimization of the
amount of downloaded data, the white light scanner can accurately
copy a particular object.

Fig. 6. Measurement of the crankshaft in the Faro Scene®
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