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Abstract

The present invention relates to a stone-block analysis device for the
evaluation of stone blocks, in particular, concrete blocks. The stone-block
5 analysis device comprises at least one first scanner unit for scanning at least

one physical characteristic of the stone blocks. In addition to the first scanner
unit, which comprises a point scanner, at least one second scanner unit is
provided, which comprises at least one line scanner, wherein a height of at
least one stone block can be detected by both scanner units. The present

10 invention also relates to a stone-block analysis method for the evaluation of
stone blocks, in particular, concrete blocks.
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Stone-block analysis device and methods for the evaluation of stone blocks

Description

The present invention relates to a stone-block analysis device for the evaluation of stone
blocks, which comprises at least two scanner units for scanning at least one physical prop-
erty of the stone blocks. The present invention also relates to a stone-block analysis method
for the evaluation of stone blocks and determination of a distance of a conveying surface rel-
ative to the upper surface of the stone block located on the conveying surface.

In the production of concrete blocks and other artificially produced stone blocks, or shaped
natural stone blocks, it is necessary to check the properties of the stone blocks after pro-
cessing. In addition to the colouring, the dimensions and surfaces of the stone blocks are of
great importance. The concrete blocks are usually produced on a production plate or are
placed on such a plate after production. This production plate is then transported with the aid
of conveying device systems and guided through a quality monitoring system with the stone
blocks on it, which is usually located close behind the production plant. This ensures direct
production quality feedback.

In the course of this, the physical properties of the stone blocks are analysed. During the
transport of the stone blocks, for example, the height profile of the production plate and the
concrete blocks on it is recorded by means of laser sensors. In the case of a surface analy-
sis, the concrete blocks are examined for undesirable elevations and recesses in the surface.
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These can form during production, for example, if concrete that is too damp gets stuck on the
moulding stamps of the concrete-block moulding machine. Furthermore, the surface struc-
ture can be checked for irregularities, which can arise, for example, due to faulty concrete
mixtures. Edge spalling can also be detected, which can occur, for example, when concrete
blocks deform.

After the production plate has passed through the laser sensor and other sensors, the rec-
orded quality data is evaluated and thus also, for example, the height determination of the
concrete blocks. Until now, the height measurement of the stone blocks has been carried out
with the aid of laser distance sensors. These sensors measure the distance from the meas-
urement object, i.e. the distance of the stone blocks and the production plate away from the
sensor using a laser beam and an integrated light sensor using the triangulation method. For
this purpose, only point lasers are usually used.

The problem is that either only a single row of stone blocks can be measured per point laser
on the production plate, or the reflected beam, meaning the beam to be measured, is cov-
ered in the case of measurement objects that are too high, and therefore cannot be detected
or the distance away from the production plate cannot be measured. This problem can also
occur with line scanners. In addition, the measurement of the surface of the production plate
is particularly difficult if the production plate is uneven, or has damage, for example, in the
form of cracks. Such irregularities are particularly difficult to detect or not detectable using
point and line scanners if the distance of the measurement objects is so small that the meas-
uring laser beam reaches the surface of the production plate, however, the reflected beam to
be detected is covered by measurement objects and thus does not reach the detector. For a
better height measurement of many stone blocks on an uneven production plate, therefore, a
great number of point lasers are required, which have to be matched to each other and thus
incur very high costs. For example, one point laser would have to be used for each row of
measurement objects, which would already require 10 point lasers for 10 rows.

The object of the present invention is therefore to provide a stone-block analysis device,
which allows an exact height measurement of the stone blocks to be performed with a low
level of technical and financial effort at the same time.
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This task is achieved by a device having features described herein, and preferably,
according to which a stone-block analysis device for the evaluation of stone blocks,
in particular, concrete blocks, to be arranged on a conveying device for conveying
the stone blocks with a conveying surface for the stone blocks to be laid on, which
extends in a longitudinal direction and in a transverse direction (which are preferably
perpendicular to each other). The stone-block analysis device furthermore comprises
at least one first scanner unit for scanning at least one physical characteristic of the
stone blocks, an evaluation device for evaluating a signal output by the scanner unit,
a control device, and a display device. The scanner unit is spaced away from the
conveying surface in a vertical direction, perpendicular to the longitudinal direction
and transverse direction.

According to the invention, in addition to the first scanner unit, which comprises a
point scanner, at least one second scanner unit is provided, which comprises at least
one line scanner, wherein a height of at least one stone block can be detected by
both scanner units. Preferably, however, at least two point scanners are provided. By
combining at least two point scanners and at least one line scanner, it is possible to
detect a conveying surface of the production plate and thus measure the exact height
of all stone blocks arranged in a plurality of rows on a production plate.

Preferably, the stone-block analysis device also comprises a frame, on which the
scanner units are arranged. This may be a fully enclosed frame, but it is also possible
for this frame to have one or a plurality of open areas. Ideally, a transverse profile of
the frame extends in the transverse direction and/or is with respect to the vertical
direction above the production plate or conveying surface so that the stone blocks
are arranged between the transverse profile and the conveying surface. In this case,
the transverse profile may also be aligned perpendicularly to the conveying direction
or longitudinal direction. Preferably, the first and/or second scanner unit is arranged
on the transverse profile of the frame, which extends in the transverse direction,
wherein, preferably, the position of the first and/or second scanner unit can be
changed in the transverse direction and/or vertical direction, in particular, manually
and/or automatically. Preferably, the position of the second scanner unit can be
changed in the transverse direction and/or vertical direction and/or longitudinal
direction, in particular, manually and/or automatically.
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Preferably, the first scanner unit is arranged on a carriage, which is movably and/or height-
adjustably arranged on the transverse profile with respect to the vertical direction. Being par-
ticularly preferred, the carriage comprises at least one magnet. It is also conceivable that the
second scanner unit is arranged below a cover plate and/or on another carriage, which is ar-
ranged on the frame in a moveable and/or height-adjustable manner with respect to the verti-
cal direction, in particular, being aligned in paralle! with the conveying surface. The position
changes can preferably be carried out automatically and thus ensure a precise measurement
with different sized stone blocks. The position change is particularly advantageous because it
makes a more accurate focusing of the scanner units possible. By being able to change the
pdsitions of the scanner units, they can be adjusted to meet the requirements for different

production batches.

In a favourable embodiment, the point scanner and/or the line scanner is/are designed as a
laser scanner, wherein it is preferably a solid-state laser. However, it is also possible that the
laser scanner is a gas laser or a dye laser. Thereby, the point scanner preferably operates at
a frequency between 1000 Hz and 15000 Hz, preferably between 2,000 and 10,000 Hz, be-
ing particularly preferred, between 2,500 and 7,500 Hz.

The line of the line scanner is preferably generated by an optical lens, which expands a laser
beam. In this case, the line preferably extends in the transverse direction across the convey-
ing surface and, in particular, perpendicular to the above-mentioned longitudinal direction.

The line scanner preferably operates at a frequency between 1,000 Hz and 50,000 Hz, pref-
erably between 2,000 and 30,000 Hz, being particularly preferred, between 2,500 and 10,000
Hz. A height profile image of the stone blocks is preferably captured by recording image lines
detected by the line scanner. Laser scanners have a particularly high precision in such a way
that the stone blocks can be measured precisely. In addition, the size of the laser beams can
be adjusted very precisely.

It is further advantageous if the first and/or second scanner unit have at least one light sen-
sor. It is furthermore conceivable that the first and/or second scanner unit comprise a light
emitter, which, in particular, is arranged at a measuring angle to a light beam emitted by the
light emitter. In this context, the term light can also be understood as electromagnetic radia-
tion. The light beam is preferably vertically directed onto the production plate so that it hits
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the production plate in a point-shaped or line-shaped manner. The light beam may also be
orthogonally aligned with respect to the transverse direction and/or longitudinal direction to
enable a particularly precise measurement.

The measuring angle is preferably greater than 20°, preferably greater than 30°, preferably
greater than 40° and/or less 80°, preferably smaller than 70°, preferably smaller than 60°,
ideally however smaller 90° so that a triangulation measurement method is possible.
Thereby, the sensor can be adjusted in such a way that it can detect a beam projected
and/or reflected by the light emitter on the conveying surface and/or the stone blocks.

By means of a light sensor, the emitted light or laser beam or the laser beam reflected from
the stone block or the conveying surface can be detected. Preferably, the light sensor of the
point scanner and/or line scanner is formed as A CCD and/or CMOS sensor. Preferably, the
sensor of the line scanner detects between 1,000 and 4,000 points, preferably between
1,000 and 2,000 points, being particularly preferred, between 1,200 and 1,700 points. De-
pending on the height of the stone blocks and/or the distance of the line scanner away from
the stone blocks, a resolution of approx. 1,500 height values per image line can be achieved
for the analysis of the stone blocks.

It is favourable if not only the light sensor or a light detection unit of the line scanner is de-
signed as a 3D line scan camera. It is also conceivable that only the light sensor or a light
detection unit of the line scanner is designed as a 3D line-scan camera. Preferably, the line
scanner is capable of measuring a distance away from a surface of at least one stone block
and/or another surface, for example, the surface of the production plate, by means of a trian-

gulation, runtime, and/or light section method.

Preferably, the point scanner is also capable of measuring a distance away from a surface of
at least one stone block and/or another surface, for example, the surface of the production
plate, by a triangulation, runtime, and/or the Iight‘ section method. Thus, an absolute distance
of the production plate away from at least one scanner unit, as well as the absolute distance
of the surface of at least one stone block away from at least one scanner unit can be de-
tected. In addition, it would also be possible to detect a maximum or minimum distance or to

determine and/or output an average value.
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Preferably, the point scanner is arranged rotated between 40° and 120°, more preferably, ro-
tated between 60 and 100°, being particularly preferred, rotated by 90° with relation to the
line scanner. In this case, the line scanner is aligned in the longitudinal direction and/or the
point scanner in the transverse direction to a conveying direction. Thereby, it is possible that
the light sensors or a viewing direction of the light sensors of the first and second scanner
unit or the point and line scanner are arranged at an angle greater than 40°, preferably
greater than 60°, preferably greater than 70° and/or less than 120°, preferably less than
110°, preferably smaller than 100°, being particularly preferred, by 90° and/or orthogonally
with respect to each other. In this case, the viewing direction of the light sensor of the first
scanner unit or the point scanner can be parallel to the transverse direction and/or perpen-
dicular to the longitudinal direction or conveying direction may be aligned.

The viewing direction of the light sensor of the second scanner unit or the 3D line-scan cam-
era can be parallel to the transverse direction or be aligned at least in the longitudinal direc-
tion and/or orthogonally with respect to the transverse direction. Such a rotated alignment of
the light sensors allows the reflected beam of the point scanner not to be covered by stone
blocks moving in the conveying direction, whereby a more precise height measurement of
the production plate is made possible. However, the measurement accuracy of the measure-
ment of the stone-block surfaces by the line scanner is increased by an orientation of the
light sensor of the line scanner in the conveying direction since the sensor can then detect
the laser line along the transverse direction accordingly.

In a further embodiment, the stone-block analysis device comprises at least one detection
device for detecting a conveying speed of the conveying surface. Preferably, this is a pulse
generator, whereby at least the second scanner unit is controliable. It is conceivable that the

pulse generator is designed as an encoder.

The encoder detects positions of a shaft and/or a drive unit and outputs a trigger signal,
wherein the positions are optically, magnetically or mechanically detectable. Preferably, the
pulse generator triggers the line scanner and/or an image recording device based on the trig-
ger signal. In addition, any acceleration (or deceleration) can also be measured. This has the
advantage that the recording of image lines and/ or brightness values and/or colour values

can be controlled depending on the conveying device.
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It is also conceivable that the surface of the stone block can be analysed by the second
scanner unit. Preferably, by means of the second scanner unit, a brightness distribution of at
least one surface of at least one stone block facing the second scanner unit can be detected.
This brightness distribution can be evaluated by the evaluation unit and converted to a grey-
value image. By analysing this grey-value image, it is possible to identify spots and/or unde-
sirable deformations of the surface of the stone blocks and to make them visible as a defect
by means of the display device and/or to include them in an evaluation of production results.

It is also advantageous if the stone-block analysis device comprises at least one position
sensor, by means of which at least one position of the point scanner can be detected with re-
spect to the frame. Preferably, the position sensor is formed as a linear position sensor
and/or as a measuring rod, wherein the position sensor detects the position of at least one
magnet of a carriage, at which at least one point scanner is arranged. By means of the posi-
tions of the point scanners and/or line scanners opposite the frame, the positions of the point
scanners and line scanners can also be determined in relation to each other. This allows the
positions (or centre points) of the individual stone blocks as well as information about gaps
between the stone blocks to be detected.

Preferably, the scanner units, the position sensor and the evaluation unit are data-technically
connected via a cable or wirelessly so that data can be exchanged. It is conceivable that the
control device is also data-technically connected to the scanner units, the position sensor
and/or the evaluation unit. On the basis of this data, the relative height between a surface of
the production plate, also between the stone blocks, and the surface of all the stone blocks
on the production plate can be detected. Being particularly preferred, the positions of the in-
dividual stone blocks detected in this manner can be stored in a database and a curvature of
the production plate can be detected. This has the advantage that the actual height of the
stone blocks is measurable, wherein the curved surface, caused by the heavy load of stone
blocks, of the production plate is taken into account, and defective stone blocks can be

sorted out after analysis.

In a preferred embodiment, the stone-block analysis device comprising at least one image
recording device, which is suitable and intended for the locally resolved capture of an image.
Preferably, the image recording device is designed as a colour camera or a black-and-white
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camera and/or comprises a CCD sensor, a CMOS sensor and/or another sensor that can de-
tect brightness values and/or colour values. It is conceivable that the image recording device
is designed as a line camera and/or individual image lines are captured, which can be com-
bined into an overall image. A colour camera allows for a colour analysis of at least one sur-
face of at least one stone block facing the colour camera to be performed. The colour analy-
sis allows a verification of compliance with specified shades for monochrome surfaces of the
stone blocks and/or colour distributions on multi-coloured surfaces of the stone blocks.

Preferably, the stone-block analysis device comprises a lighting device. The lighting device
preferably comprises LED lamps, which allow a temporally and colour-constant and uniform
illumination for a defined surface section of the conveying surface extending in the trans-
verse direction and/or longitudinal direction. Preferably, a line that can be captured by the im-
age recording device is illuminated by the lighting device. However, it is also conceivable that
the lighting system comprises other lamps, for example, a light means based on an incan-
descent wire and/or mercury vapour. The use of constant and uniform lighting enables the
detection of colour patterns of different types of stone block under the same conditions. A de-
viation of the determined colour patterns from specified colour patterns can thus be optimally
detected and evaluated. In addition, hair cracks in stone blocks can be detected by using
high-resolution colour cameras and special lighting.

It is advantageous if the stone-block analysis device comprises at least one reading unit,
which is suitable for reading a marking. Ideally, a transponder signal or radio tag, a QR code
and/or a barcode can be read by the reading unit. If the production plates have an appropri-
ate code or radio tag, this radio tag and/or this code may be detected. As a result, the pro-
duction plates can be traced with the stone blocks on them. In this way, defective stone
blocks can be sorted out via sorting robots after the analysis. It is also possible to measure
and/or weigh the production plates once before loading them with stone blocks in order to be
able to use the properties of the unloaded production plates in subsequent evaluations.

In a further embodiment, the stone-block analysis device comprises at least one weight
measurement unit, whereby a weight of one and/or a plurality of stone blocks on the convey-
ing surface is measurable. Preferably, the weight measurement unit is designed as a load
cell. The weight measurement unit can be used to measure the total weight of the production
plate and/or the stone blocks on it. Deviations from specified weights can be identified in this
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way so that incorrectly loaded production plates can be detected at an early stage and/or re-

moved from the conveying device.

It is conceivable that the stone-block analysis device in the standard version comprises at
least two and preferably three point scanners and/or two line scanners. In this case, three
point lasers may be arranged on the transverse profile, wherein, in particular, a point laser
can be arranged as close to one end of the transverse profile with respect to the transverse
direction, another point scanner can be arranged as close to another end of the transverse
profile as possible, and/or another point scanner can be arranged between the two other
point scanners in the middle with respect to the transverse direction and/or the transverse
profile. In this way, height values on the sides of the production plate and a height value in
the middle of the production plate can be recorded, so that a curvature of the production
plate, which is caused by the loading of the stone blocks, can be taken into account in the

determination of the stone block heights.

Furthermore, the frame is preferably made of aluminium, metal, plastic, wood, and/or a com-
posite material. Preferably, the frame comprises a rack made of aluminium profiles and/or

strips.

It is also advantageous if the stone-block analysis device comprises a control cabinet that in-
cludes the control device and/or evaluation device. In this way, the control device and /or
evaluation device are arranged close to each other in such a way that its operation and/or
maintenance is facilitated. Preferably, the control device and evaluation device are data-tech-
nically connected via a cable or radio communication. Ideally, the analysis of the physical
properties of the stone blocks is automated and/or the control device controls the image re-
cording device, the first scanner unit and/or the second scanner unit on the basis of a signal
that the evaluation device outputs. Being particularly preferred, the control device also con-
trols a sorting robot, which sorts out flawed stone blocks based on the stored positions of the
individual stone blocks.

The task is also achieved by means of a stone-block analysis method for the evaluation of
stone blocks, in particular, concrete blocks. The stone-block analysis method is carried out
by a stone-block analysis device for arrangement on a conveying device for conveying the
stone blocks and with a conveying surface for the stone blocks to be laid on, which extends
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in a longitudinal direction and a transverse direction (which are preferably perpendicular to
each other). The stone-block analysis device furthermore comprises at least one first scan-
ner unit for scanning at least one physical characteristic of the stone blocks, an evaluation
device for evaluating a signal output by the scanner unit, a control device, and a display de-
vice. The scanner unit is spaced away from the conveying surface in a vertical direction, per-
pendicular to the longitudinal direction and transverse direction,
comprising the steps:
a. detecting a first distance of the first scanner unit to the conveying surface,
b. detecting a second distance of a second scanner unit to an upper surface of a
stone block located on the conveying surface,
c. determining a third distance of the conveying surface relative to the upper surface
of the stone block located on the conveying surface.

At a first method step, a first distance of the first scanner unit away from the conveying sur-
face is detected, for example, the surface facing the scanner unit of the production plate.
Preferably, the first scanner unit transmits a first measurement signal to the evaluation unit.
As a result, minor irregularities, such as cracks or dirt on the production plate, can be identi-
fied and filtered in the course of later data evaluation and, if necessary, automatically cor-

rected.

A second method step is to detect a second distance of a second scanner unit away from an
upper surface of a stone block located on the conveying surface. Preferably, the second
scanner unit transmits a second measurement signal to the evaluation unit.

At a third method step, a third distance of the conveying surface relative to the upper surface
of the stone block located on the conveying surface is determined. In this way, the exact
height of a stone block located on the production plate can be measured.

It is advantageous if, between step b and ¢, a position of the first scanner unit relative to the
second scanner unit is determined and/or specified. This allows the positions of sensors to
be measured for distance measurement. It is conceivable that the first scanner unit is formed
as a point scanner, which detects the distance of the surfaces of stone blocks to the point
scanner and the distance away from the surface facing the scanner unit of the production
plate. In this way, gaps between stone blocks, and thus the surface of the production plate
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between stone blocks, as well as the position of stone blocks on the production plate can be
detected. Thus, the number of stone blocks that are arranged on the production plate in a
row with respect to the longitudinal direction can also be detected.

Furthermore, it is conceivable that the second scanner unit is formed as a line scanning cam-
era, which, by means of the laser triangulation method, detects an absolute distance of the
surface of the stone blocks away from the second scanner unit.

In an embodiment, a, preferably linear, position sensor determines the position of the first
scanner unit opposite the frame and/or transmits a position signal to the evaluation unit.
Based on the position signal and the first and/or second measurement signal, the evaluation
unit determines the positions of the stone blocks on the production plate, the gaps between
the stone blocks and/or the relative distance of the surface of each stone block to the surface
of the production plate. In this way, the individual height of each stone block on the produc-

tion plate is measurable.

It is also conceivable that, on the basis of the first measurement signal and/or a pulse signal,
which outputs a pulse generator, a measurement of the second scanner unit and/or an image
recording device is controlled.

It is also advantageous if a colour pattern and/or grey-value pattern of the stone blocks is de-
termined via the image recording device, for example, a colour camera, and a colour signal is
sent to the evaluation unit. Preferably, the stone blocks are evaluated automatically and/or
manually on the basis of the colour signal and specified colour limits.

If the evaluation is positive, the determined colour pattern and/or grey-value pattern is stored,
preferably between 100 and 1,000, more preferably between 150 and 800, being particularly
preferred, between 250 and 500 colour patterns and/or grey-value patterns. Preferably,
stored colour patterns and/or grey-value patterns serve as the basis for evaluations of deter-
mined colour patterns and/or grey-value patterns of the stone blocks. As a resuit, the auto-
matic evaluation is continuously taught. Preferably, therefore, the above-mentioned device
comprises a storage device for storing reference data and, in particular, for storing image

data.
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in one embodiment, a height profile image of the production plate and the stone blocks on itis
generated during a transport of the production plate on the basis of the first and/or second
measurement signal. Preferably, this height profile image is sent as a signal to the display
device and/or displayed as a 3D point cloud in the display device. This allows flawed stone
blocks to be made visible and evaluated.

In a further embodiment, a weight of the production plate with stone blocks on it and/or at
least one stone block is detected via a weight measurement unit. Preferably, the weight
measurement unit sends a weight signal to the evaluation unit.

It is advantageous if the stone blocks are evaluated automatically and/or manually on the ba-
sis of the first measurement signal, second measurement signal, position signal, colour pat-
tern, grey-vélue pattern, weight signal and/or stored parameter. Preferably, a stone-block
height is additionally evaluated on the basis of stored parameters, which contain specified
information on a set height of the stone block and/or minimum and/or maximum tolerance
and/or limit values.

Preferably, a stone-block surface is additionally evaluated on the basis of stored parameters,
which contain specified information on tolerance values for a depth and area of a recess
and/or height and area of an elevation. Preferably, a stone-block colour is additionally evalu-
ated on the basis of stored parameters, which contain specified information on tolerance val-
ues for colour deviations, surfaces of the same or similar colours and/or a ratio of individual
colours of a stone block to each other. Preferably, a weight is additionaily evaluated on the
basis of stored parameters, which contain specified information on tolerance values for the
weight of the stone blocks depending on the detected stone block height. Such an evaluation
can identify and sort out flawed stone blocks. It is conceivable that the weight of the stone
blocks is decisive for such an evaluation.

In a further embodiment, the determined weight of the empty production plate, the production
plate with stone blocks on it and/or at least one stone block, the determined stone-block
height, the determined height profile image, the determined colour pattern, the determined
grey-value pattern, a position of a stone block on the production plate and/or a marking of the
production plate are stored in a database. Preferably, a weight of an empty production plate
with a marking of the same production plate coupled is stored in the database. This makes it
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possible to determine an empty weight of a production plate loaded with stone blocks and to
deduct this empty weight from the weight of a production plate loaded with stone blocks and
thus to determine a weight of the stone blocks. However, it is also conceivable that an aver-
age weight of a plurality of empty production plates is stored manually in the database via the

control device.

Other objectives, advantages, features and application possibilities of the present invention
result from the following description of exemplary embodiments based on the figures.
Thereby, all described and/or graphically represented features form the object of the inven-
tion on their own or in any sensible combination, also independently of their summarization in

the claims or their referral.

The figures show:

Fig. 1 a schematic perspective view of a stone-block analysis device

Fig. 2 a schematic front view of a stone-block analysis device

Fig. 3 a 'schematic lateral view of a stone-block analysis device

Fig. 4 schematic presentation of a method for the evaluation of stone blocks

Figure 1 shows a conveying device 3 and a stone-block analysis device 1. The stone-block
analysis device 1 comprises a frame 5 and at least one first scanner unit 10. The stone-block
analysis device 1 is modular so that individual elements, in particular, scanners and/or sen-
sors, are arranged in a moveable manner with respect to the frame 5. It is also possible to
spend additional elements, in particular, scanners and/or sensors, retrospectively on the
frame 5, or to extend the frame with additional frame elements. In this way, the stone-block
analysis device 1 can be adapted to the intended application as desired.

The conveying device 3 comprises a base 6 and at least one chain conveyor, but, preferably,
two chain conveyor 3a, which can be moved in the longitudinal direction L so that a convey-
ing element 4a with a conveying surface 4 can be transported in the longitudinal direction L
by the chain conveyors 3a via the conveying device. A pulse generator 50 and/or a weight
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measurement unit 70 of the stone-block analysis device 1 are arranged on the conveying de-

vice 3.

The chain conveyors 3a extend in the longitudinal direction L from a rear end 3b to a front
end 3c of the conveying device 3. Preferably, the chain conveyors 3a are driven by toothed
gears 3d, which are laterally arranged on the conveying device 3 and parallel to a lateral sur-
face 3f extending in the vertical direction V and the transverse direction Q. At one end 3b, 3c,
the conveying device 3 are arranged at least two toothed gears, which are connected by a
rotatable axis 3e. At least one pulse generator 50 is arranged on a toothed gear and/or the
rotatable axis. The conveying device 3 contacts the base 6 by means of support elements 7.
Preferably, between the base 6 and the support elements 7, at least one weight measure-
ment unit 70 is arranged between the support elements 7 and the conveying device 3 and/or
between the conveying device 3 and the conveying element 4a.

The frame 5 comprises vertical elements 5V, longitudinal elements 5L, transverse elements
5Q and/or a cover plate 8, which extends a longitudinal direction L and transverse direction
Q. Preferably, laterally arranged coverings (not drawn in) are also arranged on the vertical
elements 5V, which extend in the longitudinal L and vertical direction V. Preferably, a front
vertical element 5Va and a rear vertical element 5Vb is arranged at the ends of a longitudinal
element 5L and each two longitudinal elements 5L at ends of each of two transverse ele-
ments 5Q. The cover plate is arranged on at least two longitudinal elements 5L and at least
one transverse element 5Q. The conveying device 3 is arranged between the two front verti-
cal elements 5Va and the two rear vertical elements 5Vb, wherein the front vertical elements
5Va and rear vertical elements 5Vb are each so spaced away from each other in such a way
that a conveying element 4a with a preferred width with respect to the transverse direction Q
between 100 cm and 300 cm, more preferably between 120 cm and 150 cm, can be trans-
ported by the conveying device 3.

Two height adjustment devices 41 are arranged on the two front vertical elements 5Va,
which are opposite to each other, wherein the height adjustment devices 41 are arranged in
the vertical direction V above the conveying device 3 and above the conveying surface 4.
The lighting device 45 extends between the two height adjustment devices 41 and their
height with respect to the vertical direction V can be changed by the height adjustment de-
vices 41. In this case, at least two retaining elements 42 are arranged on the lighting device
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45 and/or a height adjustment devices 41 respectively, at the upper ends 43 of which the im-
age recording device 40 is transported. In this case, the height of image recording device 40
can be changed with respect to the vertical direction V dependent on or independent from
the lighting device 45 by means of the height adjustment devices 41.

The lighting device 45 comprises two illumination elements 45a, which extend in the trans-
verse direction and are distanced away from each other with respect to the longitudinal direc-
tion L. Furthermore, the illumination elements 45a are aligned parallel to the conveying sur-
face 4, wherein the image recording device 40 is aligned in such a way that it captures an im-
age of a section of the conveying surface 4 between the two illumination elements 45a.

Between the two rear vertical elements 5Vb a transverse profile 9 is arranged, which extends
in the transverse direction Q and comprises at least one groove running in the transverse di-
rection Q. On the groove 9a, at least one carriage 11 is arranged, which can be moved in the
transverse direction. The carriage 11 comprises at least one first scanner unit 10 and one
magnet. Paraliel to the transverse profile, a position sensor is arranged, which is preferably
bar-shaped. The position sensor 30 also extends in the transverse direction Q and is moved
between the two rear vertical elements 5Vb and/or above the transverse profile 9 and/or
above the first scanner unit 10. In addition, the position sensor 30 is able to detect the mag-
net of the carriage 11 and, in this way, it able to detect the position of the first scanner unit 10
relative to the frame 5.

Preferably, the stone-block analysis device 1 comprises three first scanner units 10, which
are designed as point scanners 10. The three point scanners 10 are each arranged on a car-
riage with one magnet. Each a point scanner 10 is aligned in such a way that a point scanner
10 with respect to the vertical direction V and transverse direction Q is arranged above each
a chain conveyor 3a and a laser beam 10a perpendicular to the longitudinal direction L and
transverse direction Q hits the conveying surface 4. The third point scanner 10 is aligned in
such a way that the laser beam 10a preferably hits the conveying surface 4 at a centre line M
perpendicularly with respect to the longitudinal direction L and transverse direction Q. Prefer-
ably, the point scanners are arranged between 10 cm and 150 cm above the conveying sur-
face 4, more preferably, between 30 cm and 100 cm above the conveying surface 4, being
particularly preferred arranged between 50 cm and 80 cm above the conveying surface 4,
with respect to the vertical direction V.
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Preferably, the stone-block analysis device 1 comprises two second scanner units 20, which
are designed as line scanners 20, preferably as a laser line scanners. Thereby, the laser
beam 20b emitted by the line scanner extends with respect to the transverse direction Q
and/or spreads out in a fan-like manner and hits the conveying surface 4 and/or the surface
2b of the stone blocks 2. The scan line 20a is aligned parallel to the transverse direction Q
and perpendicular to the longitudinal direction L and vertical direction V. Preferably, the line
scanners 20 are arranged between 20 cm and 200 cm above the conveying surface 4, more
preferably, between 50 cm and 150 cm above the conveying surface 4, being particularly
preferred, arranged between 65 cm and 100 cm above the conveying surface 4 with respect
to the vertical direction V. Ideally, the line scanners 20 are arranged on and/or at least one

transverse element 5Q.

A control cabinet is arranged on a vertical element 5V, a transverse element 5Q and/or a lon-
gitudinal element. The control cabinet 86 comprises an evaluation device 80 and/or a control

device 85.

In Figure 2, the stone-block analysis device 1 is shown in a front view. The three point scan-
ners 10 are arranged at the moveable carriages 11 with the magnets 11a at the groove 9a of
the transverse profile 9. Thereby, with respect to the transverse direction Q, the point scan-
ners 10 are arranged next to one another, being arranged spaced away from one another.
The position sensor 30 is arranged parallel to the transverse profile 9. Regarding the vertical
direction V, the line scanners 20 are arranged at a greater distance away from the conveying
surface 4 than the point scanners 10. The conveying surface with the stone blocks 2 on it is
arranged with respect to the vertical direction V below the point scanner 10, the line scanner
20, the lighting device 45 and/or the image recording device 40. Thus, the height of the stone
blocks 2a can be optimally measured by the point scanners 10 and/or the line scanners 20.

In Figure 3, the stone-block analysis device 1 is shown in a lateral view. The conveying ele-
ment 4a with the stone blocks 2 on it is transported in the conveying direction FR via the con-
veying device 3 and the chain conveyors. With respect to the longitudinal direction L, the
measurement devices are arranged one after the other so that the pulse generator 50 is ar-
ranged at the rear end 3b of the conveying devnce 3. The lighting device 45 and the image
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recording device 40 are arranged closer to the rear end 3b than at the front end 3c. With re-
spect to the longitudinal direction L, the point scanners 10 are arranged closer to the front
end 3c than at the rear end 3b. With respect to the longitudinal direction L, the line scanners
20 are arranged between the point scanners 10 and the image recording device 40. Thereby,
a reading unit is arranged on the conveying device 3 below the conveying element 4a with
respect to the vertical direction V and/or with reference to longitudinal direction L, preferably
between the rear end 3b and the lighting device 45, or between the lighting device 45 and

the line scanner 20 and/or the point scanner 10.

| Figure 4 shows a stone-block analysis method 100 for the evaluation of 210 of stone blocks

2.

At a first method step, a first distance 110 of the first scanner unit 10 to the conveying sur-
face 4 is detected. Preferably, the first scanner unit 10 transmits a first measurement signal
111 to the evaluation unit 80 on the basis of the first distance 110.

A second method step entails detecting a second distance 120 of a second scanner unit 20
away from an upper surface 2b of a stone block 2 located on the conveying surface 4. Pref-
erably, the second scanner unit 20 transmits a second measurement signal 122 to the evalu-
ation unit 80 on the basis of the second distance 120.

An advantageous method step provides that a position 140 of a magnet of a carriage is de-
tected by the position sensor 30, on which the first scanner unit is arranged, meaning detect-
ing a position 140 of the first scanner unit 10 with relation to the frame 5. Preferably, the posi-
tion sensor 30 transmits a position signal 144 to the evaluation unit 80 on the basis of the po-
sition 140.

An advantageous method step provides that, via the image recording device 40, a colour pat-
tern 150 of the stone blocks is determined and, on the basis of which a colour signal 155 is
sent to the evaluation unit 80.

Preferably, a weight 160 of the conveying element 4a with stone blocks 2 on it is also deter-
mined and, on the bases of this, a weight signal 166 is sent by the weight measurement unit
70 to the evaluation unit 80.
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At another method step, the first measurement signal 111, the second measurement sighal
122, the position signal 144, the colour signal 155 and/or weight signal 166 in the evaluation
unit 80 are evaluated. On the basis of the first measurement signal 111, the second meas-
urement signal 122, the position signal 144, the colour signal 155 and/or weight signal 166, a
stone-block height 2a or a third distance 130 of the conveying surface 4 relative to the upper
surface 2b of the stone block 2 located on the conveying surface 4, an height profile image
131, a stone-block surface 170, a stone-block colour 180 and/or a stone-block weight 130

are determined.

After determining the characteristics of the stone blocks 2, stored parameters 200 are used
to evaluate 210 the stone blocks 2. Preferably, the stored parameters have 200 default val-
ues, which, together with the stone-block height 2a, the height profile image 131, the stone-
block surface 170, the stone-block colour 180 and/or the stone-block weight 130 form a basis
for the evaluation 210. Preferably, the default values or stored parameters 200 comprise in-
formation on tolerance values for a depth and area of a recess and/or height and area of an
increase of a stone-block surface, as well as information on tolerance values for colour devi-
ations, surfaces of the same or similar colours and/or a ratio of individual colours of a stone
block to each other, as well as information on tolerance values for a stone-block weight 190
depending on the determined stone-block height 2a.

The applicant reserves the right to claim all the features disclosed in the application docu-
ments as crucial to the invention, provided that they are new with relation to prior art individu-
ally or in combination. It is furthermore noted that, in the individual figures, features were aiso
described, which may be advantageous in themselves. The person skilled in the art immedi-
ately recognizes that a particular feature described in a figure may be advantageous even
without the adoption of further features from that figure. Furthermore, the person skilled in
the art recognizes that advantages may also arise from a combination of a plurality of fea-
tures shown in individual or different figures.
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Reference list

stone-block analysis device
stone block/stone blocks
height of a stone block
surface of a stone block
conveying device

chain conveyors

rear end

front end

toothed gears

rotatable axis

lateral area

conveying surface
conveying element

frame

longitudinal elements
transverse elements
vertical elements

front vertical elements

rear vertical elements

base

support elements

cover plate

transverse profile

groove

first scanner unit/point scanner
laser beam

carriage

magnet

second scanner unit/line scanner
scan line

laser beam of the line scanner
position sensor
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40

41,
42.
43.
45,

45a.

50.
60.
70.
80.
85.
86.

100.
110.
111.
120.
122.
130.
131.
140.
144.
150.
165.
160.
166.
170.
180.
190.
200.
210.

image recording device
height adjustment device
retaining elements
upper end

lighting device
illumination element
pulse generator/encoder
reading unit

weight measurement unit
evaluation device
control device

control cabinet

stone-block analysis method
first distance

first measurement signal
second distance

second measurement signal
third distance

height profile image
positions of the first scanner unit
position signal

colour pattern

colour signal

weight

weight signal

stone-block surface
stone-block colour
stone-block weight

stored parameters
evaluation

longitudinal direction
transverse direction
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V. vertical direction
FR. conveying direction
M. centre line

CA 3087545 2020-07-15



10

15

20

25

30

-22 -

Claims

1. A stone-block analysis device (1) for the evaluation of stone blocks (2) for arrangement
on a conveying device (3) for conveying the stone blocks (2) with a conveying surface (4)
for the stone blocks (2) to be laid on, which extends into a longitudinal direction (L) and into
a transverse direction {Q)}, wherein the stone-block analysis device (1) comprises at least a
first scanner unit (10) for scanning at least one physical characteristic of the stone blocks
(2), an evaluation device (80) for evaluating a signal output by the scanner unit, a control
device (85), and a display device, wherein the scanner unit (10) is spaced away from the
conveying surface in a vertical direction (V), perpendicular to the longitudinal direction (L)
and transverse direction (Q),

wherein

in addition to the first scanner unit (10), which comprises a point scanner, at least one
second scanner unit (20) is provided, which comprises at least one line scanner, wherein a
height (2a) of the at least one stone block (2) is detected by both scanner units (10), (20),
wherein the line of the scanner is generated by an optical lens, which expands a laser
beam, wherein the line extends in the transverse direction across the conveying surface
and perpendicular to the longitudinal direction, wherein the second scanner unit (20) is
confirmed to analyze the surface of the stone block (2b).

2. The stone-block analysis device (1) according to Claim 1,
characterized in that
the point scanner or the line scanner is designed as laser scanning.

3. The stone-block analysis device (1) according to Claim 1 or Claim 2,
characterized in that
the first or second scanner unit (10), (20) comprise at least one light sensor.

4. The stone-block analysis device (1) according to Claim 3,

characterized in that

a viewing direction of the light sensors of the first {10) and second (20) scanner unit at an
angle greater than 40°, greater than 60°, greater than 70° or less than 120°, less than 110°,
smaller than 100°, about 90° or orthogonally arranged with respect to each other.

5. The stone-block analysis device (1) according to Claim 3,

characterized in that

the viewing direction of the light sensor of the first scanner unit (10) is aligned parallel to the
transverse direction (Q) or perpendicular to the longitudinal direction (L).
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6. The stone-block analysis device (1) according to Claim 3,

characterized in that

the viewing direction of the light sensor of the second scanner unit (20) is aligned in the
longitudinal direction (L) or orthogonally with respect o the transverse direction (Q).

7. The stone-block analysis device (1) according to Claim 1,

characterized in that

the stone-block analysis device (1) comprises three point scanners, wherein a point
scanner is arranged between the two other point scanners in the centre with respect to the
transverse direction (Q).

8. The stone-block analysis device (1) according to Claim 1,

characterized in that

the stone-block analysis device (1) comprises at least one speed detection device and at
least one pulse generator (50), whereby at least the second scanner unit (10) is

controllable.

9. The stone-block analysis device according to Claim 1 or 7,

characterized in that

the stone-block analysis device (1) comprises at least one position sensor (30) configurated
to detect a position of the point scanner with respect to a frame (5).

10. The stone-block analysis device according to Claim 1,

characterized in that

the stone-block analysis device (1) comprises at least one image recording device (40),
which is configurated for the locally resolved capture of an image or comprises a lighting
device (45).

11. The stone-block analysis device according to Claim 1,

characterized in that

the stone-block analysis device (1) comprises at least one reading unit (60) configurated for
reading a marking.

12. The stone-block analysis device according to Claim 1,

characterized in that

the stone-block analysis device (1) comprises at least one weight measurement unit (70),
whereby a weight of one or a plurality of stone blocks (2) on the conveying surface (4) is

measured.
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13. A stone-block analysis method (100) for the evaluation of stone blocks (2) by a stone-
block analysis device (1) for arrangement on a conveying device (3) for conveying the stone
blocks (2) with a conveying surface (4) for the stone blocks (2) o be laid on, which extends
into a longitudinal direction (L) and into a transverse device (Q), wherein the stone-block
analysis device (1) comprises at least one first scanner unit (10) for scanning at least one
physical characteristic of the stone blocks (2), an evaluation device (80) for the evaluation
of a signal output by the scanner unit, a control device (85), and a display device, wherein
the scanner unit (10) is spaced away from the conveying surface in a vertical direction (V),
perpendicular to the longitudinal direction (L) and transverse direction (Q), wherein in
addition to the first scanner unit (10), which comprises a point scanner, at least one second
scanner unit {20) is provided, which comprises at least one line scanner, wherein a height
(2a) of the at least one stone block (2) is detected by both scanner units (10), (20), wherein
the line of the scanner is generated by an optical lens, which expands a laser beam,
wherein the line extends in the transverse direction across the conveying surface and
perpendicular to the longitudinal direction, comprising the steps:

a. detecting a first distance (110) of the first scanner unit (10) to the conveying surface (4),

b. detecting a second distance (120) of a second scanner unit (20) to an upper surface (2b)
of a stone block (2) located on the conveying surface (4),

c. determining a third distance (2a) of the conveying surface (4) relative to the upper
surface (2b) of the stone block (2) located on the conveying surface (4).

14. The stone-block analysis methods according to Claim 13

characterized in that

a position of the first scanner unit (10} relative to the second scanner unit (20) is determined
or specified.
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