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(57) Abstract: A weight measuring device,
especially a device to measure weight from
which further parameters of passing
vehicles such as speed, acceleration, decel-
eration, turning to the right and to the left,
direction of movement, number and type of
axles, condition of individual tires, con-
taining at least two measuring elements
(1,2) which contains at least one group (3)
of measuring elements (1,2) arranged in a
body (4) which is part of the road surface
(11), of which at least one is a (body (4)
deformation) load measuring element (1)
and at least one another measuring element
is arranged in the body (4) in such a man-
ner that it is a measuring element (2) with a
zero deformation load or with a deforma-
tion load different from that of the load
measuring element (1). The measuring
method, especially the method of measur-
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ing various parameters of passing vehicles
according to which at least one (body (4)
deformation) load measuring element (1)
and at least one another measuring element
(2) with a zero deformation load or with a
deformation load different from that of the

load measuring element (1) arranged in at least one group (3) transmit continuously, when the vehicle passes over, parameters of
light passage for further processing in/by at least one evaluation unit where the difference of these parameters is determined.
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Weight Measuring Device and Measuring Method

Technical Field

The invention concerns a device to measure weight and various other
parameters of passing vehicles including the method of such measuring.

State of the Art

At the present time, there exist two basic groups of devices to measure weight
of passing vehicles which facilitate such measuring at the speed of over 50 km per
hour. As for their design, the said devices measure the weight using a deflecting
plate where the deflection caused by the pressure of the wheel is transferred to
tensometric measuring elements. Furthermore, weight measuring devices where the
pressure of the wheel is transferred through deformation of a mechanical profile to
piezoelectric measuring elements are known.

From the European patent application EP 2372322 a system to measure
weight of passing vehicles placed below the road surface is known. The system
consists of multiple rows of measuring sensors connected with a read-out unit. Each
row contains a number of measuring zones separated one from another in the
longitudinal direction. The axial rigidity of the measuring zones in a direction
perpendicular to the carriageway is higher than the axial rigidity of the intermediate
zones. Each measuring zone is equipped with at least one sensor to measure
deformation of this measuring zone in response to a force exerted practically
perpendicularly to the carriageway. A disadvantage of this system, apart from other
things, is the fact that it is placed under the carriageway surface which means a
considerable loss of accuracy due to temperature differences or to natural ageing of
the carriageway surface causing plasticity changes of the material above the sensor.

The system known from the American Patent US 5461924 has similar
disadvantages. The system is installed in the carriageway or runway surface and is
used to detect wheel loads of vehicles or aircrafts and/or their shear components on
the surface during travel. The sensor is constructed as a flanged tube sensor with
pressure sensitive piezo-plates. A disadvantage of this system is its relatively
complicated structure and also the fact that the piezo-plates are not resistant to

electromagnetic interference.
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Another device to weigh a moving vehicle on a roadway is known from patent
document US 2013220709 A1. The device is based on the principle of measuring
deflection of a weighing platform which is measured by a load cell in the vertical
direction provided that horizontal forces are measured also always measured. A
disadvantage of this system is the fact that the weighing platform must be loaded by
the whole track of the wheel to be able to measure something. This, however, is
considerably disadvantageous because it brings the necessity of compensation of
dynamic forces applied by the vehicle wheel to the weighing platform, ie. a
compensation of the horizontal component of the surface load generated by wheel
shear along the device surface. For that reason, the device is provided with a
measuring element to measure the horizontal component of the load applied by the
wheel to the surface. It is obvious from the above that this device is not capable of a
very accurate weight measurement.

It is obvious from the aforementioned state of the art, that the current state of
the art has a whole series of disadvantages. The designs known up to date are
relatively inaccurate which is partly caused by the fact that they are placed under the
roadway surface and the measurement results are biased by changes in plasticity of
the material above the measuring elements. Another great disadvantage is the fact
that most devices use sensors working with low-voltage electric signals which are,
however, highly sensitive to electromagnetic interference. This causes a further
decrease in the measurement accuracy. It can even happen that the interference can
make the measurement entirely impossible. Another great disadvantage of the
designs known is the fact that they are installed in the body of the roadway or
carriageway which means that any maintenance work cannot go without, at least
partial, destruction of the carriageway.

The goal of this invention is the design of such a device to measure the weight
of passing vehicles that will be more accurate, whose design will be simple and, at
the same time, which will be easy to install and to maintain, i.e. without any
unnecessary destruction of the carriageway.
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Principle of the Invention

The aforementioned weaknesses are, to a large extent, eliminated and the
goals of the invention accomplished by the weight measuring device, especially the
device to measure the weight of passing vehicles and to determine (from the weight)
further parameters of the passing vehicles (such as speed, acceleration,
deceleration, turning to the left and to the right, the direction of movement, number
and type of axles, condition of individual tires) containing at least two measuring
elements, especially the weight measuring device according to the invention, the
nature of this weight measuring device which consists in the fact that it comprises at
least one group of measuring elements arranged in its body which is a part of the
road surface, of which at least one is a body load deformation measuring element
and at least one another element is arranged in the body in such a manner that it is
an element with a zero deformation load or with a deformation load different from the
body load deformation measuring element. The body is arranged in the carriageway
surface in such a manner that it is deformed by the load of the wheels of the vehicle
passing over it. An advantage of this arrangement is the fact that the measuring
elements are arranged very close to each other so that the temperature, position,
production and installation errors are minimized when carrying out a mutual
comparative measurement.

it is very advantageous if the (body deformation) load measuring element is
arranged in such a point in the body where the load-induced deformation is the
highest and the element with a zero deformation load or with a deformation load
different from the (body deformation) load measuring element is arranged in such a
point in the body where its load-induced deformation is zero or different from the
point where the (body deformation) load measuring element is arranged. This
arrangement is the most advantageous for reaching the resulting accuracy of
measurement because the measurement is based on the evaluation of change of
relative differences between the values measured by both measuring elements.
Another advantage is the considerably quicker, simpler and cheaper evaluation unit
that works on the basis of comparative measurement.

In an advantageous variant, the (body deformation) load measuring element is
in direct contact with the bottom of the body and at its inner protrusion and the

protrusion is advantageously arranged in the point of the highest body deformation
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caused by the vehicle passing over it. An advantage is that the highest possible
difference between both measured values is ensured in this way, which results in
higher measurement accuracy. |

It is advantageous if the measuring device comprises of at least two groups of
measuring elements arranged along the body. The measuring elements can in this
way be arranged regularly or irregularly with respect to a particular application. An
advantage is not only higher accuracy of the measurement but also the possibility of
determination of further parameters of the passing vehicles such as number and type
of axles, condition of individual tires such as their wrong inflation.

To obtain a high accuracy measurement, it is advantageous for the body to be
arranged in the road surface. The body can be directly embedded in the road surface
so that it gets indirect contact with wheels of the passing vehicles. A certain
disadvantage is the necessity of a destructive intervention into the road surface in
case of a maintenance repair or replacement. The body may also be arranged under
the road surface but this option decreases the measurement accuracy considerably.
The body is embedded in the road surface in such a manner that it is directly, i.e.
without any intermediate layer, exposed to the wheel loads of passing vehicles.

The measuring elements are advantageously arranged in such a manner that
they can measure the vertical component of the load and they are most
advantageously arranged vertically to body surface, i.e. vertically to the road surface.

It is very advantageous if the body width is smaller than the track length of the
vehicle. Thus, the necessity for compensation of dynamic forces of passing vehicles
is eliminated because these forces are held by the neighbourhood of the body or, to
be more precise, they are transmitted and held by the road surface which is still
touched by the larger part of the vehicle wheel.

Furthermore, it is also very advantageous if the body is made as a closed
beam. This facilitates very accurate measurement of the body deformation itself
which leads to the best possible final results.

From the follow-up maintenance point of view, it is most advantageous if the
body is placed in a bed arranged/embedded in the road surface. This facilitates
servicing or repairing the body in case of defects in an easy way without any
destruction of the road surface which is a considerable advantage. The bed facilitates
leading the necessary cables from individual groups of measuring elements out to the
evaluating units in an easy way.

SUBSTITUTE SHEET (RULE 26)
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If we consider the simplicity of the design, it is advantageous if the body is
fixed in the bed with at least one strap connected with the bed with at least one
fastening means.

It is also advantageous if the bed is provided with at least one cable duct to
facilitate installation and servicing.

It is also advantageous if the measuring element contains at least one optical
fibre.

Furthermore, it is advantageous if optical fibres of measuring elements are
connected with the evaluating unit which advantageously contains an opto-electrical
converter with a high sampling rate and a central processor unit. The high sampling
rate makes a high measurement accuracy possible because it facilitates making
the smoothest possible curve of the curse of the load from which the particular load is
then determined. |

The aforementioned weaknesses are, to a large extent, further eliminated and
the goals of the invention accomplished by the measuring method, especially the
method of measuring various parameters of passing vehicles carried out by the
afore-described device according to the invention whose nature lies in the fact that at
least one (body deformation) load measuring element and at least one another
measuring element with a zero deformation load or with a deformation load different
from the (body deformation) load measuring element arranged in at least one group
continuously transmit, when the vehicle passes over, parameters of light passage for
further processing to be carried out by at least one evaluation unit where the
difference between these parameters is determined. The advantage is that the
measurement is carried out in a comparative way and that it is ratio-based which
brings a simplification of the evaluating method.

It is advantageous if the evaluation unit determines (from the time-based
course of the differences) at least one parameter of the passing vehicle.

The main advantage of the invention is the fact that the measurements are
carried out by the measuring device in a comparative (ratio-based) way among
elements of groups of more than one optical measuring element placed in the
measuring points. The measuring elements measure deformation of the measuring
beam in various directions and/or in the cross-sectional direction simultaneously.
Some of the optical measuring elements in the given group measure beam

deformation caused by wheels of passing vehicle while other optical measuring
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elements find out the reference dimensions in the cross-section of the beam that are
not (or very little) affected by the deformation caused by the wheels, where the
optical measuring elements are placed as close to each other as possible. The initial
information about the load comes from the change in length or mutual position of the
optical fibres caused by pressure applied by the vehicle wheel which is gained
through the transversal deformation of the measuring beam embedded in the road
surface. This change is opto-electrically evaluated in the opto-electrical converter
with a high sampling rate, therefore with high measurement accuracy and time
resolution. Also, mechanical changes of the optical fibres of the optical measuring
elements under the load are compared opto-electrically with those optical measuring
elements which are not (or very little) exposed to the load.

Another great advantage is the fact that the optical measuring elements in a
group are exposed to the identical environment/medium so that temperature,
position, production, and installation errors are eliminated.

A great advantage is, compared with the existing state of the art, the fact that
the said weight measuring device is very resistant to interference as it uses light for
measurement which means that it is not affected by e.g. the electromagnetic

radiation of devices located in passing vehicles.

Overview of the Figures

The invention will be explained in more detail in drawings where Fig. 1 shows
(in cross-section) the arrangement of the body with the (body deformation) load
measuring element and with the element with a zero deformation load, where Fig. 2
shows (in cross-section) the arrangement of the body in the bed, where Fig. 3 shows
(in cross-section) the arrangement of the body with the (body deformation) load
measuring element and with the element having a different load in comparison with
the (body deformation) load measuring element, where Fig. 4 shows a 3D view of
one section of the body in which individual groups of measuring elements are placed,
and where Fig. 5 shows the track of a vehicle running over the body of the measuring
device.

SUBSTITUTE SHEET (RULE 26)
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Examples of the Performance of the Invention

The weight measuring device and (at the same time) the device able to
determine further parameters of passing vehicles from the weight measured (such as
speed, acceleration, deceleration, turning to the right and to the left, direction of
movement, number and kind of axles, condition of individual tires) consists of
a body 4 (Fig. 4) in which more groups 3 of measuring elements 1, 2, are arranged
regularly along its whole length. The body 4 (Fig. 1, Fig. 3) which is part of the road
surface 11 of the carriageway contains an abrasive layer 18 exactly level with the
road surface 11. The body 4 is arranged in the road surface 11 in such a manner that
it is deformed when being passed over by a vehicle due to the load of its wheels.

According to the first variant (Fig. 1), each group 3 includes one (body 4
deformation) load measuring element 1 and one measuring element 2 with a zero
deformation load for compensation arranged in a casing (not shown) of a foam
material. The (body deformation) load measuring element 1 is arranged in such a
point 5 of the body 4 where the deformation is the highest. The measuring element 2
with a zero load is arranged in such a point of the body 4 where the load-induced
deformation of the body 4 is zero. In this variant, the (body deformation) load
measuring element 1 is in direct contact with the body 4 in the point 7 of its bottom 8
and in the point 5 of its inner protrusion 9. The measuring element 2 with a zero load
touches the body 4 only in the point 8 of its bottom 8.

According to the second variant (Fig. 3), each group 3 includes one (body 4
deformation) load measuring element 1 and one measuring element 2 with a
deformation load different from the load measuring element 1 for compensation. Both
measuring elements 1, 2 are arranged in a casing (not shown) of a foam material.
The (body deformation) load measuring element 1 is arranged in such a point 5 of the
body 4 where the deformation is the highest. The measuring element 2 with a load
different from the load measuring element 1 is arranged in such a point of the body 4
where the load-induced deformation of the body 4 is different as compared with the
point of the body 4 where the load measuring element 1 is arranged. Also in this
variant, the (body deformation) load measuring element 1 is in direct contact with the
body 4 in the point 7 of its bottom 8 and in the point 5 of its inner protrusion 9. The

measuring element 2 with a load different than that of the load measuring element 1
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touches the body 4 only in the point 6 of its bottom 8 and, in addition to that, it leans
against a flange 15 arranged in the side wall 14 of the body 4.

The body 4 is made as a closed beam.

The body 4 with the groups 3 of measuring elements 1, 2 according to both
the aforementioned variants can be arranged (embedded) directly in the road
surface 11 by laying it in a pre-prepared gap and then filling it up with a material
which, after hardening, anchors the body firmly in the road surface 11.

The measuring elements 1, 2 to measure the vertical component of the load
are arranged vertically to the road surface 11. There is, however, a possibility of
arranging them obliquely to the road surface 11 but the value of the vertical
component of the load must then additionally be calculated.

The width 19 of the body 4 (Fig. 5) is smaller than the length 20 of the track 21
of the vehicle.

According to another, more advantageous variant (Fig. 2), the body 4 is placed
in the bed 10 which is arranged (embedded) in the road surface 11 and anchored in
a similar manner. The body 4 is fixed in the bed 10 using a pair of straps 12
connected with the bed 10 with fastening means 13 (fastening bolts). The bed
contains four cable ducts 17.

Each of the measuring elements 1, 2 contains one optical fibre (not shown).

The optical fibres of the measuring elements 1, 2 are connected with
the evaluation unit (not shown) using an optical cable 16. The evaluation unit
includes an opto-electrical converter with a high sampling rate and a central
processing unit.

The whole carriageway width is usually covered by a set of more individual
bodies 4 with groups 3 of measuring elements 1, 2 placed in one bed or in more
beds 10 which, at the same time, serve for leading optical cables 16 from individual
groups 3 of measuring elements 1, 2. Optical connection between groups 3 of
measuring elements 1, 2 in one body is usually carried out by one optical cable 16.

The measuring device works as follows: The (body 4 deformation) load
measuring element 1 and the measuring element 2 with a zero deformation load or
with a load different from that of the load measuring element 1 arranged in one
group 3 continuously transmit, when the vehicle passes over, parameters of light
passage for further processing to be carried out by at least one evaluation unit where

the difference between these parameters is determined. The difference is then
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converted into a digital or analogue signal and the central processor unit can
determine (from the time-based form of individual differences) parameters of the

passing vehicle, e.g. its weight.

Industrial Application

The Weight Measuring Device and the Measuring Method according to the
_invention can be utilized for measuring various parameters of passing vehicles,

especially for determination of their weight.
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Patent Claims

1. A weight measuring device, especially a device to measure weight from which
further parameters of passing vehicles such as speed, acceleration,
deceleration, turning to the right and to the left, direction of movement, number
and type of axles, condition of individual tires, containing at least two
measuring elements (1,2) characterized in that the said device contains at
least one group (3) of measuring elements (1,2) arranged in a body (4) which
is part of the road surface (11) of which at least one is a body (4) load
deformation measuring element (1) and at least another one is arranged in the
body (4) in such a manner that it is a measuring element (2) with a zero
deformation load or with a deformation load different from that of the load
measuring element (1).

2. The weight measuring device according to Claim 1 characterized in that the
load measuring element (1) is arranged in such a point (5) in the body (4)
where the load-induced deformation of the body (4) is the highest and the
measuring element (2) with a zero load or with a load different from that of the
load measuring element (1) is arranged in such a point in the body (4) where
the load-induced deformation of the body (4) is zero or different from that in
the point in the body (4) where the load measuring element (1) is arranged.

3. The weight measuring device according to some of the previous claims
characterized in that the load measuring element (1) is in direct contact with
the body (4) in the point (7) at its bottom (8) and in the point (5) of its inner
protrusion (9).

4. The weight measuring device according to some of the previous claims
characterized in that it contains at least two groups (3) of measuring
elements (1,2) arranged lengthways of the body (4).

5. The weight measuring device according to some of the previous claims
characterized in that the measuring elements (1,2) are arranged for the
measurement of the vertical component of the load.

6. The weight measuring device according to some of the previous claims
characterized in that the width (19) of the body (4) is smaller than the
length (20) of the track (21) of the vehicle.
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7. The weight measuring device according to some of the previous claims
characterized in that the body (4) is made as a closed beam.

8. The weight measuring device according to some of the previous claims
characterized in that the body (4) is placed in the bed (10) which is arranged
in the road surface (11).

9. The weight measuring device according to Claim 8 characterized in that the
body (4) is fixed in the bed (10) with at least one strap (12) connected with the
bed using at least one fastening means (13).

10.The weight measuring device according to some of Claims 8 and 9
characterized in that the bed (10) contains at least one cable duct (17).

11.The weight measuring device according to some of the previous claims
characterized in that the measuring element (1,2) contains at least one
optical fibre.

12.The weight measuring device according to Claim 11 characterized in that the
optical fibres of the measuring elements (1,2) are connected with an
evaluation unit.

13.The weight measuring device according to Claim 12 characterized in that the
evaluation unit contains an opto-electrical converter with a high sampling rate.

14.A measuring method, especially the method of measuring various parameters
of passing vehicles carried out by the measuring device according to some of
the previous claims characterized in that at least one body (4) load
deformation measuring element (1) and at least one another measuring
element (2) with a zero deformation load or with a load different from that of
the load measuring element (1) arranged in at least one group (3) continuously
transmit, when the vehicle passes over, parameters of light passage for further
processing to at least one evaluation unit where the difference of these
parameters is determined.

15.The measuring method according to Claim 14 characterized in that the
evaluation unit then determines, from the time-based form of the differences,
at least one parameter of the passing vehicle.
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