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Road Paver having Layer Thickness Detecting Device, and Method for Detecting the 

Thickness of an Applied Material Layer

Description

The present invention relates to a road paver (road finisher) according to the preamble of 

claim 1, in particular a road paver having a layer thickness detecting device, as well as to a 

method according to the preamble of claim 10 for detecting the thickness of a material layer 

applied by such a road paver.

In general a road paver on a tracked drive runs on a prepared foundation (road bed) onto 

which a street surface to be produced or road pavement to be produced is to be applied. 

As a rule the road pavement is a bituminous material, wherein however layers with sand or 

stone or concrete layers may also be added in. Provided behind the road paver, in the 

direction of travel, is a height-adjustable screed, and piled on its front side is a supply of the 

road paving material that is supplied and distributed by a conveyor device that makes sure 

that the amount of road paving material kept on the front side of the screed is always ade­

quate but is not too much. The height of the rear edge of the screed relative to the surface 

of the prepared foundation, which may also be formed by an old road pavement covering, 

establishes the thickness of the street surface produced prior to its subsequent further con­

solidation by rollers. The screed is held on a tow arm that is borne rotatably movable about 

a tow point arranged in the center area of the road paver, the height of the screed being 

determined by a hydraulic adjusting device.

Fig. 1 depicts a known road paver as is described for instance in EP 0 542 297 A1. The 

road paver overall is labeled 10 and includes a tracked drive 12 with which the road paver 

10 travels on the prepared foundation 14. Arranged on the back end of the road paver 10, 

as seen in the direction of travel, is a height-adjustable screed 16 that is linked to the road 

paver 10 at a tow point 20 by means of a tow arm 18. Disposed in front of the screed 16 is 

a supply 22 of the asphalt material, this supply being kept constant essentially across the 

entire width of the screed 16 using corresponding control, known per se, of the speed of a 

screw-like conveyor device 24. The screed 16 floats on the asphalt of the road surface to 

be produced. The thickness of the road surface to be produced prior to its final consolidation 

by road rollers is adjusted by adjusting the height of the rear edge 26 of the screed 16. This 

height adjustment is initiated by changing the setting angle of the screed 16, and is typically 
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accomplished by actuating adjusting cylinders that engage at the front ends of the tow arms 

18. The road paver includes three ultrasound sensors 28, 30, 32 that are attached to a 

mount 34. The mount 34 is attached to the tow arm 18. The three ultrasound sensors 28, 

30, 32 scan a reference surface that may be formed for instance by an old path of the road 

cover or by a path of the road cover that has already been produced.

When building a road, it is desirable to measure the produced layer as continuously and in 

real time as possible. Determining the layer thickness is desired for instance to check the 

quality of the newly applied road pavement. If the calculated thickness of, for instance, a 

bituminous layer is too low, there is the risk that the road pavement will break up prema­

turely, which results in expensive repairs to the road pavement. On the other hand, the layer 

thickness must be checked with respect to the quantity of material used so that the quantity 

of material used is not too high, which would lead to increased costs.

Known systems for determining the layer thickness of newly applied road pavement are 

described for instance in EP 2 535 456 A1, EP 2 535 457 A1, or EP 2 535 458 A1. It is a 

drawback of these known systems that they are mechanically complex and complicated in 

terms of signal processing and yet still do not have adequate accuracy when determining 

the layer thickness.

JP 2002 339 314 A describes a road paver having two optical distance sensors mounted 

on the tractor, wherein the first sensor mounted behind the screed in driving direction 

measures the distance to the applied material layer and the second sensor mounted in front 

of the screed in driving direction measures the distance to the foundation, such that the 

thickness of the applied material layer can be calculated from the difference of the distance 

measurements of both sensors.

The object of the present invention is to provide an improved approach for determining the 

layer thickness of a material layer applied by a road paver, which approach is less compli­

cated and permits the layer thickness to be determined with increased accuracy.

This object is attained using a road paver in accordance with claim 1 and using a method 

in accordance with claim 10.

The inventive approach is advantageous because, instead of a common measuring bar for 

attaching the two sensors, separate measuring bars or separate rigid supports are provided 

in order, regardless of the circumstances, to arrange the first sensor and the second sensor 
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at different positions relative to the rear screed edge, for instance at different distances from 

the rear screed edge and/or at different attachment heights.

Moreover, the inventive approach is advantageous since only easily determinable variables 

are used in the calculation, specifically the distance signals detected by the sensors and 

the easily determinable distances between the sensors and the rear screed edge, so that 

the layer thickness is determined accurately, in a simple manner with uncomplicated signal 

processing, relative to the point at which the layer is applied, specifically relative to the rear 

screed edge.

In accordance with embodiments, the distances of the first sensor and of the second sensor 

from the rear screed edge and the attachment heights of the first sensor and of the second 

sensor relative to the rear screed edge are the same, and the signal processing unit is 

configured to detect the layer thickness of the applied material layer based on the sensor 

signals from the first sensor and from the second sensor and from the attachment height of 

the first sensor and of the second sensor relative to the rear screed edge.

The inventive approach in accordance with this embodiment is advantageous because, as­

suming that the distances of the sensors from the rear screed edge are the same, deter­

mining the layer thickness may be significantly simplified, wherein during a first, good ap­

proximation for small angle changes only the sensor attachment heights and the sensor 

signals are added to the calculation.

The layer thickness of the applied material layer may be determined as follows:

hb = s2 + Si — 2B

where:

hB = layer thickness of the applied material layer,

51 = first distance from the applied material layer detected by the first sensor,

52 = second distance from the foundation detected by the second sensor, and

B = attachment height of the first sensor and of the second sensor relative to the

rear screed edge.

In accordance with further embodiments, the attachment heights of the first sensor and of 
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hB = layer thickness of the applied material layer,

51 = first distance from the applied material layer detected by the first sensor,

52 = second distance from the foundation detected by the second sensor,

B = attachment height of the first sensor and of the second sensor relative to the

rear screed edge,

a = distance of the first sensor from the rear screed edge, and

b = distance of the second sensor from the rear screed edge.

The inventive approach in accordance with this embodiment is advantageous because it 

makes it possible to calculate the layer thickness in a simple manner, wherein the sensors 

may also be arranged, depending on circumstances, at different distances from one another 

with respect to the rear screed edge, wherein the calculation is simplified because the sen­

sors are installed at the same height relative to the rear screed edge.

In accordance with further embodiments, the attachment heights of the first sensor and of 

the second sensor relative to the rear screed edge are the same, and the layer thickness of 

the applied material layer may be determined as follows:

hb = s2-c2- sin '( ■ 51 Yla? + la-, — arcsin —

where:

cr = yja2 + B2,

c2 = yjb2 + B2,

B
a-, = arcsin-, .

1 Va2+B2'
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hB = layer thickness of the applied material layer,

51 = first distance from the applied material layer detected by the first sensor,

52 = second distance from the foundation detected by the second sensor,

B = attachment height of the first sensor and of the second sensor relative to the

rear screed edge,

a = distance of the first sensor from the rear screed edge, and

b = distance of the second sensor from the rear screed edge.

The inventive approach in accordance with this embodiment is advantageous because 

highly accurate determination of the layer thickness is made possible, wherein the calcula­

tion algorithm is optimized in that the rotation point of the measuring device is assumed 

exactly on the rear screed edge.

The inventive approach in accordance with this embodiment is advantageous because due 

to the sensors being attached at a height relative to the rear screed edge that is the same 

as the thickness of the screed, the determination of the attachment height is significantly 

simplified; for instance, the known thickness or height of the screed may simply be used for 

the attachment height without other steps for determining the same being necessary.

In accordance with further embodiments, the attachment heights of the first sensor and of 

the second sensor relative to the rear screed edge are the same, and the signal processing 

unit is configured to perform a calibration for determining the attachment height, wherein 

during the calibration the first sensor detects the distance from the foundation.

The inventive approach in accordance with this embodiment is advantageous because dur­

ing a calibration process it is possible in a simple manner to determine the attachment 

heights of the first sensor and of the second sensor, which are the same, in that during the 

calibration the first sensor also determines the distance from the foundation. Thus, in ac­

cordance with the invention it is possible in a simple manner to determine the attachment 

height, which is also possible if the sensors are attached at the height of the upper screed 

edge, in order to determine a most accurate possible attachment height.
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The attachment height of the first sensor and of the second sensor relative to the rear screed 

edge may be determined as follows:

2 ’

where:

51 = first distance from the foundation detected by the first sensor,

52 = second distance from the foundation detected by the second sensor,

B = attachment height of the first sensor and of the second sensor relative to the

rear screed edge.

In accordance with embodiments, the first sensor and the second sensor include ultrasound 

sensors, laser sensors, microwave sensors, or a combination thereof.

Thus, in accordance with the invention an approach is provided that permits continuous 

determination of the layer thickness on a road paver, which determination represents one 

of the most important tasks for determining quality parameters when laying asphalt. Alt­

hough the different measuring methods mentioned above are known in the prior art for de­

termining the layer thickness when laying asphalt, these do not attain an accuracy that is 

within an acceptable range that may reasonably be used for this purpose. Therefore, in 

accordance with the invention an approach is taught in which the layer thickness measure­

ment uses a measuring method that has increased accuracy.

Embodiments are explained in greater detail in the following referring to the figures.

Fig. 1 depicts a known road paver;

Fig. 2 depicts a road paver;

Fig. 3 is a schematic depiction of the screed geometry as it is used for instance in 

a road paver like the one illustrated in Fig. 2;

Fig. 4 depicts the position of the X-Y coordinate system relative to the rear screed 

edge;

Fig. 5 depicts the coordinate system (X-Y coordinate system) explained using Fig. 

4 with variables derived for the layer thickness measurement;



7 DK/EP 3048199 T4

5

10

15

20

25

30

Fig. 6 depicts the screed geometry depicted in Fig. 3, now inclined;

Fig. 7 depicts the derived measured variables explained using Fig. 6 and their ge­

ometric relationships;

Fig. 8 is a schematic depiction of the geometric characteristics that are used deter­

mining the layer thickness with increased accuracy;

Fig. 9 is a schematic depiction of the screed geometry similar to that in Fig. 8, but 

for a screed tilted by the angle Δα relative to the Y axis;

Fig. 10 is a schematic top-view of one possible installation of the layer thickness 

measurement system in accordance with an embodiment; and,

Fig. 11 is an inventive measuring device in which the sensors are attached to the 

screed structure via separate, rigid supports.

The same or equivalent elements are provided with the same reference numbers in the 

following description of embodiments.

Fig. 2 depicts a road paver in accordance with one embodiment. The road paver depicted 

in Fig. 2 is similar to the road paver depicted in Fig. 1, but includes the layer thickness 

detecting device according to the present embodiment. The road paver depicted in Fig. 2 

does not include the ultrasound sensors depicted in Fig. 1 or the depicted mount; instead, 

the thickness detecting device according to the present embodiment is attached to the 

screed 16. Alternatively, the sensors depicted in Fig. 1 may be retained for controlling the 

application of the material layer. In the embodiment depicted in Fig. 2, the inventive layer 

thickness detecting device includes a support 36 that is rigidly and immovably attached to 

the top side of the screed 16 so that the support 36 moves with the screed 16. A first sensor 

38 is arranged at a first end of the support 36 at a distance a from the rear screed edge 26 

behind the screed 16 in the direction of travel. A second sensor 40 is arranged at a second 

end of the support 36 at a distance b from the rear screed edge 26 in front of the screed 16 

in the direction of travel; it is likewise an ultrasound or laser sensor that generates a distance 

signal s2. The first sensor 38 may be an ultrasound sensor, a laser sensor, or a microwave 

sensor, and it generates a distance signal s1 that indicates the distance of the first sensor 

38 from the surface 42a of the applied layer 42. The second sensor 40 may be an ultrasound 

sensor, a laser sensor, or a microwave sensor, and it generates a distance signal s2 that 

indicates the distance of the second sensor 40 from the foundation 14. The layer thickness 
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detecting device furthermore includes a signal processing device 44 that is depicted sche­

matically in in Fig. 2 and that may be for instance part of a control for the road paver 10. 

Alternatively, the signal processing device may also be provided independently of other 

elements of the road paver. In the embodiment depicted, the signal processing device 44 

may be embodied as a microcontroller that receives data from the sensors 38 and 40 via 

schematically depicted connections 46, 48, which data reflect the measured distances s1 

and s2. The signal processing device 44 determines the layer thickness hB of the applied 

layer 42 on the basis of the received distance signals s1 and s2 and on the basis of the 

distances a, b of the sensors 38, 40 from the rear screed edge 26 and on the basis of the 

attachment height B of the sensors 38 and 40 relative to the rear screed edge 26 or above 

the rear screed edge 26. The signal processing device 44 may detect, output, and/or store 

the layer thickness hB continuously or at fixed predetermined time intervals, wherein for this 

purpose the signal processing device may furthermore include a memory and/or a display 

(not shown in greater detail in Fig. 2).

In the embodiment depicted in Fig. 2, the support 36 is depicted schematically and is rigidly 

and immovably attached to an upper screed edge 16b so that the support 36 and thus also 

the sensors 38 and 40 move with the screed such that, as mentioned above, the layer 

thickness hB of the applied layer 42 may be determined in the manner described in greater 

detail in the following by means of a calculation algorithm executed in the processing device 

44. In such a case the attachment height of the sensors 38, 40 above the rear screed edge 

26 is a height that equals the thickness B or the height B of the screed 16.

The approach to measuring the layer thickness when laying asphalt with the road paver 10 

depicted in Fig. 2, is based on the fact that the two height sensors 38, 40 are provided that 

are arranged in a line along the road paver 10 direction of travel and, in accordance with 

one embodiment, are arranged in a distance-symmetrical manner relative to the rear screed 

edge 26 such that the sensor 38 measures the distance s1 from the asphalt surface 42a of 

the applied asphalt layer 42 and such that the sensor 40 measures the distance s2 from the 

foundation 14. The two sensors 38, 40 are rigidly connected, by means of the support 36, 

to the paver screed 16, in particular such that there can be only minor twisting.

In the following the inventive approach for determining the layer thickness in accordance 

with a first embodiment is explained in greater detail using Fig. 3. Fig. 3 is a schematic 

depiction of the screed geometry such as may be used for instance in a road paver as 

depicted in Fig. 2, but also in other road pavers. Fig. 3 depicts the schematic structure for 

the layer thickness measurement using the distance sensors 38 and 40 and using as a 
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basis the associated distance measurements s1 and s2. Fig. 3 depicts a point of symmetry 

S that is disposed directly above the rear screed edge 26 and through which passes the 

line L1 illustrated in Fig. 3. In accordance with the depicted embodiment, as mentioned in 

the foregoing, the sensors 38, 40 are rigidly connected via the support 36 to the paver 

screed 16, and specifically such that no twisting occurs in the direction of the imaginary line 

L1, especially no vertical twisting. The distance B, which the application height of the sen­

sors relative to the rear screed edge 26 provides, is disposed between the point of symmetry 

S and the surface 42a of the applied asphalt layer 42. In the depicted embodiment, the 

distance B represents a nearly constant value, even if the screed 16 is moved over the tow 

point 20 in the longitudinal inclination. The line L1 represents a reference line for the sensors 

38 and 40, and at the same time also the attachment height or mounting height relative to 

the point of symmetry S. In this context, the line L1 may also be called the mounting refer­

ence line. The distances a and b are the distances or the installation distances between the 

sensors 38 and 40 and the rear screed edge 26 or the point of symmetry S. The coordinate 

system for the layer thickness measurement using the sensors 38 and 40 is directly on the 

rear screed edge 26, as is illustrated in Fig. 4, which depicts the position of the X-Y coordi­

nate system relative to the rear screed edge 26. More specifically, the zero point for Y in 

the coordinate system is directly on the rear screed edge 26, the scraper edge determining 

the zero point for X. The coordinate system follows the movement of the rear screed edge 

26 during the application process, wherein the X axis in its negative extension from the zero 

point coincides with the road surface 42a.

In the following, refer to Fig. 5, which extracts the measured variables for the layer thickness 

measurement, for the derivation of the formula used in accordance with the first embodi­

ment for the layer thickness hB. Fig. 5 depicts the coordinate system (X-Y coordinate sys­

tem) explained with Fig. 4, as well as the thickness hB of the applied layer 42 and the meas­

ured distance values s1 and s2 of the sensors, which were explained in Fig. 2, specifically 

the distances from the asphalt surface 42a and from the foundation 14, proceeding from the 

line L1, which is spaced apart from the zero point of the coordinate system in the positive Y 

direction by the installation height B of the sensors. In the embodiment just described it is 

assumed that the sensors 38 and 40 are equidistant from the zero point, that is that they 

are the same distance from the zero point along the X direction. With the geometry de­

scribed using Figures 3 through 5 as the basis, in accordance with the depicted embodiment 

the layer thickness hB may be found as follows:

hB = s2 + Si — 2B (1)
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If the inclination of the reference line L1 (see Fig. 3) changes symmetrically about the Y 

coordinate axis, the equation provided above essentially remains valid, since the sum of the 

signals s1 + s2 remains nearly constant, as will be explained in greater detail hereinafter. 

The derivation of the above equation (1) shall be described in greater detail in the following, 

the following being assumed in accordance with the depicted embodiment:

the distances a, b between the 38, 40 and the rear screed edge 26 (point of sym­

metry S) are equal, i.e. a = b;

the sensors 38 and 40 are disposed on the imaginary line L1 and are rigidly con­

nected to the screed 16, for instance by means of the support 36;

the sensor 38 measures the distance s1 from the asphalt surface 42a;

the sensor 40 measures the distance s2 from the foundation 14;

the distance B is constant and represents the distance between the line L1 and the 

rear edge 26 of the screed 16 in the Y direction; and,

the line L1 initially runs parallel to the foundation 14.

Using the above assumptions as a basis, the layer thickness may be found directly from 

Fig. 5 in accordance with the following equation:

h-B = S2 ~ S1 = S2 ~ B (2)

The line L1 may incline due to a movement of the screed, Fig. 6 depicting a change to the 

inclination of the measurement system. Due to a change in the position or inclination of the 

line L1 to line LT, symmetrically about the point of symmetry S, for instance due to a change 

in the screed setting angle, as is shown in Fig. 6, the measured values s1 and s2 change 

symmetrically by As1 and As2. For the equation (2) to remain true, the line LT must be 

realigned parallel to the foundation 14, which is attained in that the line LT is rotated by the 

value As1 or As2 relative to the point of symmetry S, as is depicted as an example by the 

arrows 50a and 50b in Fig. 6. If the value s2’ is now corrected by As2, s2’ being the meas­

ured value that is detected by the sensor 40 during the change in screed inclination, the 

result is again the original measured value s2, that is, the measured value that would result 

for the imaginary line L1 that runs parallel to the foundation 14 (coordinate axis X). The 

value As2 may not be directly measured, however, and merely represents an auxiliary value 
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that may be solved in the equations. Fig. 7 clarifies derived measured values explained 

using Fig. 6 and their geometric relationships. The relationship mentioned above between 

the measured value s2’ actually measured by the sensor 40 and the measured value s2 

originally detected for the horizontal line L1 is as follows:

S2 = S2 ~ ÅS2 (3)

If one uses equation (3) in equation (2), the result is:

h-B = s2 ~ B = s2 ~ 4s2 — B (4)

The value As2, which as mentioned above is not directly measurable, is now described 

using the measured value sT from the first sensor 38 and the attachment height B, wherein, 

as results from Fig. 7, the following is true for reasons of symmetry:

As2 = As-l = B — si (5)

If equation 5 is used in equation 4, the result is:

hB = s2 — (B — si) - B (6)

Once solved, this provides:

hB = s2 + si - 2B (7)

In equation (7), sT and s2’ are the distances measured by the sensors, wherein equation 1 

results by generalizing the measured values sT and s2’ to the measured values s1 and s2, 

specifically,

= s2 + Si — 2B (8)

In accordance with the invention the layer thickness is thus obtained in accordance with the 

depicted embodiment by adding the measured values obtained by the sensors and sub­

tracting twice the constant B, as is shown above. In accordance with the exemplary embod­

iment, a simple calculation guide is provided that permits a layer thickness to be determined 

with high accuracy, simple mechanical embodiment of the measuring device, and a simple 

calculation algorithm.

In the embodiments described above, for the sake of simplicity it was assumed that the 

distances between the sensors 38, 40 and the rear screed edge 26 are the same, but this 
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is not necessarily required, and indeed may also not be possible, especially depending on 

circumstances that may be imposed by the structure of the road paver. However, the in­

ventive approach also works for a non-symmetrical structure in which the distances a and 

b of the sensors 38 and 40 from the rear screed edge 26 are different. In this case it is 

merely necessary to correct the aforesaid correction variables As2 and As1 according to 

the intercept theorem, and the following relationship results:

Δ£ι _ Asz
ab ' '

It follows from equation (9):

As2 = (10)

If the above derivation of equations 3 through 8 is performed again, this time using equation 

9, the result is:

/rB = s2-Q-[B-S1])-B (11)

from which, after solving, the layer thickness is found as follows: 

ft,=s2+4sl_Bg+1) (12)

In equation 11 the constant B reflects the attachment height for the sensors 38 and 40 

relative to the rear screed edge 26, as was explained above using Figures 3 and 5, the 

constant B being equal to the height of the screed in the preferred embodiments. In other 

embodiments, the support may be attached at a distance from the upper screed edge 16a 

so that in this case the constant B indicates the thickness of the screed and the additional 

distance by which the support is above the screed. In yet other embodiments, the attach­

ment height of the sensors 38 and 40 relative to the rear screed edge 26 may be less than 

the screed thickness.

In accordance with embodiments it may be provided that the system is calibrated prior to 

starting the application in order to reliably determine the constant B for the subsequent 

determination of the layer thickness. Proceeding from equation 1, the constant B may be 

calculated as follows:

s2 + S! - hB

2
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This constant may be determined during a system calibration and remains stored as a con­

stant characteristic value in the layer thickness measuring system. During the system cali­

bration that is performed prior to the actual application of the layer 42, a measurement is 

taken by means of the sensors 38 and 40, now both with reference to the foundation 14, 

because due to the lack of the layer 42 the layer thickness provided in equation 12 is zero 

so that during the system calibration the constant B may be determined as follows:

S2 + Si
B=—
The embodiments described in the above represent a first, good approximation for the layer 

thickness calculation, which provides very good and accurate results, especially at small 

angle changes, as demonstrated in a series of experiments and tests. Furthermore, this 

simplified approach is suitable for determining the constant B during a system calibration. 

Described in the following are embodiments in which an even more accurate calculation of 

the layer thickness is made possible, wherein for further optimization, proceeding from the 

first embodiment described above, the rotation point of the measuring device is assumed 

to be at the rear screed edge 26. Fig. 8 is a schematic depiction of the geometric charac­

teristic values that are used for determining the layer thickness with increased accuracy. In 

Fig. 8, the point of symmetry S, which in the simplified calculation was still assumed to be 

at the upper screed edge, that is, where the support is attached, is now assumed to be at 

the rear screed edge 26. What this leads to is that the sensors 38, 40 execute at type of 

pivot movement that does not lead a symmetrical position change for the sensors 38, 40 

with regard to the screed coordinate system depicted in Fig. 4. As was already explained 

using Fig. 4, the coordinate system for the calculating the layer thickness relates to the rear 

screed edge and the newly laid asphalt layer 42, wherein the high point of the coordinate 

system is at the rear screed edge 26, and the X axis is in the surface 42a of the asphalt 

layer that has already been laid. The coordinate system defined in this manner is called the 

screed coordinate system, and is defined during the application. However, during the appli­

cation itself the screed 16 may change its position in the coordinate system depending on 

the screed setting angle.

Fig. 8 provides various constant characteristic values that are used for a very accurate cal­

culation of the layer thickness in the inventive layer thickness determination in accordance 

with the embodiment. The variables a, b, and B, that is, the distances of the sensors 38 and 

40 from the rear screed edge 26, are defined, as is their attachment height relative to the 

rear screed edge 26. Using these defined variables, it is possible to calculate the variables
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C1, C2, α1, α2 depicted in Fig. 8, as well as the variables aT und α2’, which will be explained 

later, wherein C1 and C2 are found as follows:

c-l = a2 + B2

C2 = yjb2 + B2

The angles a1 und a2 depicted in Fig. 8 are found as follows:

B
ar = arcsin —

ci

B
a7 = arcsin —

c2

Taking into account the known values a, b, and B, the angles are found as follows:

B
a-, = arcsin —

da2 + B2

B
a7 = arcsin —

y/b2 +B2

Fig. 9 depicts the schematic screed geometry similar to Fig. 8, but with a screed that is tilted 

relative to the Y axis by the angle Δα, which results in the angles aT und α2’ already men­

tioned above and depicted in Fig. 9, wherein for any measured value s1 the angle aT is 

calculated as follows:

, ■ S1
ο,λ = arcsin —

ci

The rotation angle Δα may be found from aT and a1 as follows:

Δα = a1 — a(

If B, C1, and C2 are considered position vectors, this rotation angle Δα acts in the same 

manner on these position vectors, so that the following relationship results for a2’:

a2 = a2 + Δα

The following equation may be derived from Fig. 8 for the layer thickness Ιίβ:
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h-B — S2 h-X

where for hx:

hB = s2 — c2 ■ sin a2 = s2 — c2 ■ sin(a2 + Δα)

so that the following basis for calculation results for the layer thickness:

, ■ , ( ■ MlnB = s2 — c2 ■ sin a2 + [a1 — arcsin—
\ c-J.

where:

C-l = yj O2 + B2

C2 = yjb2 + B2

B
α-, = arcsin. —

da2 + B2

B
a7 = arcsin — 

db2+B2

wherein B is known, for instance from the aforesaid calibration.

The aforesaid embodiments for layer thickness detection are advantageous compared to 

conventional approaches because the measurement structure is installed on the screed 16 

(see Figures 2 and 3) in a particularly simple manner, and in accordance with embodiments 

may be integrated for instance into an available leveling system. In accordance with one 

preferred embodiment, the distance of the sensors from the rear screed edge may be equal 

to the thickness of the screed so that no additional structures are needed, but instead the 

measurement structure may simply be attached to the existing screed. Likewise, it may be 

advantageous to set a certain distance between the ultrasound sensors and the surface to 

be detected in order to maintain an optimum measuring distance.

In accordance with preferred embodiments, the sensors are mounted relative to the rear 

screed edge as symmetrically as possible so that when using the calculation guide in ac­

cordance with the first embodiment the results are sufficiently accurate without it being nec­

essary to use the highly accurate calculation algorithm. In accordance with embodiments, 
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it may be provided that the inventive calculation algorithm implements both the first algo­

rithm and the second, more accurate algorithm, wherein for instance, depending on a de­

tected displacement of the screed, for instance if a limiting angle is exceeded, or if extremely 

accurate results are desired, the calculation of the layer thickness may be switched from 

the first algorithm to the second, more accurate algorithm.

Furthermore, with embodiments of the invention it may be provided that the data detected 

by the layer thickness measuring device regarding the layer thickness is used for actively 

controlling the road paver with respect to a position of the screed in order to maintain a pre­

specified layer thickness.

Embodiments are described in the following that indicate how the sensors may be installed. 

Fig. 10 is a schematic top view of one possible installation of the layer thickness measuring 

system. As is depicted in Fig. 10, the system includes two supports or measuring bars 36a, 

36b that are attached to the screed 16 such that first sensors 38a, 38b and second sensors 

40a, 40b are arranged at the ends of the measuring bars 36a, 36b, at distances a, b from 

the rear screed edge 26, either on the upper screed side 16b or spaced above the upper 

screed side. Naturally, in addition to the arrangement depicted in Fig. 10, it is also possible 

to provide only one measuring bar, but it is also possible to provide more than two measur­

ing bars with correspondingly arranged sensors systems, the plurality of sensors increasing 

the scanning range for the layer thickness measurement so that the measurement accuracy 

is higher.

Fig. 11 depicts an inventive measuring device in which the sensors 38 and 40 are attached 

via separate, rigid supports 36a, 36b. As mentioned in the foregoing, it is essential that the 

calculation algorithm includes the attachment heights of the sensors 38 and 40, which may 

also differ from one another, as is depicted in Fig. 11, and includes the distances a and b 

between sensors 38, 40 and rear screed edge 26. Instead of as in the aforesaid embodi­

ments in which the sensors 38,40 are arranged on opposing ends of a support or measuring 

bar, in the embodiment depicted in Fig. 11 it is provided that the sensor 38 is arranged 

higher than the sensor 40, and specifically via a rigid support 36a attached to the upper 

screed edge 16b, wherein the attachment 36a is such that the sensor 38 moves together 

with the screed 16, preferably such that no connections occur. The sensor 40 is attached 

via a second support structure 36b to the tow arm 18, which rotates the screed 16, such 

that both the sensor 38 and the sensor 40 are arranged in a securely determined, well 

defined, and unchanging relationship to the rear screed edge 26 so that the approaches 

described in the foregoing for determining the layer thickness of the applied layer 42 may 
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also be employed in an embodiment in accordance with Fig. 11, wherein in this case the 

different heights of the sensors 38 and 40 must also be taken into account.

The sensors described in the foregoing may be ultrasound sensors, but laser scanners may 

also be used that then provide orthogonal vectors to the foundation or to the layer 42 for 

calculating the layer thickness. Other sensor configurations may include a combination of 

ultrasound sensors and laser scanners, only one simple laser distance measurement at 

both measuring positions also being possible.

Although a number of aspects have been described in the context of a device, it is under­

stood that these aspects also represent a description of the corresponding method so that 

a block or a component of a device shall also be construed as a corresponding method step 

or as a feature of a method step. Analogously, aspects that have been described in the 

context of, or as, a method step also represent a description of a corresponding block or 

detail or feature of a corresponding device.

Depending on specific implementation requirements, embodiments may also be imple­

mented in hardware or in software. Implementation may be accomplished using a digital 

storage medium, for instance a floppy disk, a DVD, a Blu-ray disc, a CD, ROM, PROM, 

EPROM, EEPROM, or FLASH memory, a fixed disk, or some other magnetic or optical 

memory on which electronically readable control signals are stored that may cooperate or 

that cooperate with a programmable computer system such that the specific method is ex­

ecuted. Therefore the digital storage medium may be computer-readable. Some embodi­

ments thus include a data carrier that has electronically readable control signals that are 

able to cooperate with a programmable computer system such that one of the methods 

described herein is executed.

In general embodiments may be implemented as a computer program product having a 

program code, wherein the program code is able to execute the method when the computer 

program product runs on a computer. The program code may be stored for instance on a 

machine-readable carrier.

Other embodiments include the computer program for executing one of the methods de­

scribed herein, the computer program being stored on a machine-readable carrier.

In other words, one embodiment is thus a computer program that has a program code for 

executing one of the methods described herein if the computer program is running on a 

computer. Another embodiment of the method is thus a data carrier (or a digital storage 
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executing one of the method described herein.

Another embodiment of the method is thus a data stream or a sequence of signals that 

represents or represent the computer program for executing one of the methods described 

herein. The data stream or the sequence of signals may for instance be configured such 

that it/they may be transferred via a data communications connection, for instance via the 

internet.

Another embodiment includes a processing device, for instance a computer or a program­

mable logic component, that is configured or adapted to execute one of the methods de­

scribed herein.

Another embodiment includes a computer on which the computer program for executing 

one of the methods described herein is installed.

In some embodiments a programmable logic component (for instance a field-programmable 

gate array, a FPGA) may be used for executing some or all of the functionalities of the 

methods described herein. In some embodiments, a field programmable gate array may 

cooperate with a microprocessor to execute one of the methods described herein. In gen­

eral the methods are executed in a few of the embodiments by a desired hardware device. 

This may be hardware that may be used universally, such as a computer processor (CPU), 

or it may be hardware specific to the method, for instance an ASIC.

The embodiments described in the foregoing merely represent a demonstration of the prin­

ciples of the present invention. It is obvious that modifications and variations of the arrange­

ments and details described herein will be clear to those skilled in the art. Therefore it is 

intended that the invention shall be limited only by the protective scope of the patent claims 

that follow, and not by the specific details that were presented herein in the description and 

explanation of the embodiments.
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PATENTKRAV

1. Vejbelægningsmaskine med

en bom (16) til påføring af et materialelag (42) på en undergrund (14); og

en materialetykkelsesregistreringsindretning til registrering af tykkelsen (hB) af det 

påførte materialelag (42), hvor materialetykkelsesregistreringsindretningen omfatter 

en første sensor (38) i kørselsretning bag bommen (16) til registrering af en første 

afstand til det påførte materialelag (42) og en anden sensor (40) i kørselsretning 

foran bommen (16) til registrering af en anden afstand til undergrunden (14), og 

kendetegnet ved, at

lagtykkelsesregistreringsindretningen omfatter en stiv første bærer (36a), der er 

fastgjort på bommen (16), og en anden stiv bærer (36b), der er fastgjort på en 

trækarm (18), der drejer bommen (16),

den første sensor (38) er fastgjort på den første bærer (36a), således at den første 

sensor (38) bevæger sig sammen med bommen (16), og den anden sensor (40) er 

fastgjort på den anden bærer (36b), således at den første sensor (38) og den anden 

sensor (40) er anbragt i et fast bestemt, defineret og uforanderligt forhold med hen­

syn til bommens bagkant (26), og

lagtykkelsesregistreringsindretningen omfatter en signalbehandlingsenhed (44), der 

er konfigureret til at registrere lagtykkelsen (hB) af det påførte materialelag (42) ba­

seret på sensorsignalerne (si, S2) fra den første sensor (38) og fra den anden sensor 

(40), afstandene (a, b) af den første sensor (38) og den anden sensor (40) fra bom­

mens bagkant (26) og anbringelseshøjderne for den første sensor (38) og den an­

den sensor (40) i forhold til bommens bagkant (26).

2. Vejbelægningsmaskine ifølge krav 1, hvor

afstandene (a, b) af den første sensor (38) og den anden sensor (40) fra bommens bag­

kant (26) er ens,

anbringelseshøjderne for den første sensor (38) og den anden sensor (40) i forhold til 

bommens bagkant (26) er ens, og

signalbehandlingsenheden (44) er konfigureret til at registrere lagtykkelsen (hB) af det på­

førte materialelag (42) baseret på sensorsignalerne (si, S2) fra den første sensor (38) og 

fra den anden sensor (40) og anbringelseshøjden for den første sensor (38) og den anden 
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sensor (40) i forhold til bommens bagkant (26).

3. Vejbelægningsmaskine ifølge krav 2, hvor lagtykkelsen (hB) af det påførte materia­

lelag (42) bestemmes som følger:

hB = s2 + sx - 2B

hvor:

hB = lagtykkelse af det påførte materialelag (42),

51 = af den første sensor (38) registrerede første afstand til det påførte materiale­

lag (42),

52 = af den anden sensor (40) registrerede anden afstand til undergrunden (14) og 

B = anbringelseshøjde for den første sensor (38) og den anden sensor (40) i for­

hold til bommens bagkant (26).

4. Vejbelægningsmaskine ifølge krav 1, hvor anbringelseshøjderne for den første sen­

sor (38) og den anden sensor (40) i forhold til bommens bagkant (26) er ens, og 

lagtykkelsen (hB) af det påførte materialelag (42) bestemmes som følger:

b (b \
fiB = s2 + - B - + 1Cl \Π /

hvor:

hB = lagtykkelse af det påførte materialelag (42),

51 = af den første sensor (38) registrerede første afstand til det påførte materiale­

lag (42),

52 = af den anden sensor (40) registrerede anden afstand til undergrunden (14), 

B = anbringelseshøjde for den første sensor (38) og den anden sensor (40) i for­

hold til bommens bagkant (26),

a = afstand af den første sensor (38) fra bommens bagkant (26) og

b = afstand af den anden sensor (40) fra bommens bagkant (26).

5. Vejbelægningsmaskine ifølge krav 1, hvor 
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35

, ■ \ . i ■ Sl'hB = s2 — c2 ■ sin a2 + I ai ~ arcsin—
L X Q.

hvor
q = ja2 + B2

c2 - ^]b2 + B2

B
a, = arcsin—

Va2 + B2

B
a2 = arcsin— -..--: 

y/b2 + B2

hB = lagtykkelse af det påførte materialelag (42),

51 = af den første sensor (38) registrerede første afstand til det påførte materiale­

lag (42),

52 = af den anden sensor (40) registrerede anden afstand til undergrunden (14),

B = anbringelseshøjde for den første sensor (38) og den anden sensor (40) i for­

hold til bommens bagkant (26),

a = afstand af den første sensor (38) fra bommens bagkant (26) og

b = afstand af den anden sensor (40) fra bommens bagkant (26).

6. Vejbelægningsmaskine ifølge et af kravene 1 til 5, hvor anbringelseshøjden for den 

første sensor (38) og den anden sensor (40) i forhold til bommens bagkant (26) er lig med 

bommens (16) tykkelse.

7. Vejbelægningsmaskine ifølge et af kravene 1 til 6, hvor anbringelseshøjderne for 

den første sensor (38) og den anden sensor (40) i forhold til bommens bagkant (26) er 

ens, og

signalbehandlingsenheden (44) er konfigureret til at gennemføre en kalibrering til bestem­

melse af anbringelseshøjden, hvor den første sensor (38) ved kalibreringen registrerer 

afstanden til undergrunden (14).
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8. Vejbelægningsmaskine ifølge krav 7, hvor signalbehandlingsenheden (44) er konfi­

gureret til at bestemme anbringelseshøjden for den første sensor (38) og den anden sen­

sor (40) i forhold til bommens bagkant (26) som følger:

S2 + S1
B _ -

hvor:

51 = af den første sensor (38) registrerede første afstand til undergrunden (14),

52 = af den anden sensor (40) registrerede anden afstand til undergrunden (14) og 

B = anbringelseshøjde for den første sensor (38) og den anden sensor (40) i for­

hold til bommens bagkant (26).

9. Vejbelægningsmaskine ifølge et af kravene 1 til 8, hvor den første sensor (38) og 

den anden sensor (40) omfatter ultralydssensorer, lasersensorer eller mikrobølgesenso­

rer eller en kombination af disse.

10. Fremgangsmåde til registrering af tykkelsen (hB) af et materialelag (42), der er påført 

med en vejbelægningsmaskine (10) med en bom (16) på en undergrund (14), ved hjælp 

af en lagtykkelsesregistreringsindretning, der omfatter en stiv første bærer (36a), der er 

fastgjort på bommen (16), en anden stiv bærer (36b), der er fastgjort på en trækarm (18), 

der drejer bommen (16), en første sensor (38) i kørselsretning bag bommen (16) til regi­

strering af en første afstand til det påførte materialelag (42), der er fastgjort på den første 

bærer (36a), således at den første sensor (38) bevæger sig sammen med bommen (16), 

og en anden sensor (40) i kørselsretning foran bommen (16) til registrering af en anden 

afstand til undergrunden (14), der er fastgjort på den anden bærer (36b), således at den 

første sensor (38) og den anden sensor (40) er anbragt i et fast bestemt, defineret og 

uforanderligt forhold med hensyn til bommens bagkant (26), hvor fremgangsmåden om­

fatter følgende trin:

at registrere en første afstand til det påførte materialelag (42);

at registrere en anden afstand til undergrunden (14); og

at bestemme lagtykkelsen (hB) af det påførte materialelag (42),

kendetegnet ved, at

lagtykkelsen (hB) bestemmes baseret på de registrerede første og andre afstande, 
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afstandene (a, b) af den første sensor (38) og den anden sensor (40) fra bommens 

bagkant (26) og

anbringelseshøjderne for den første sensor (38) og den anden sensor (40) i forhold 

til bagkanten (26) af vejbelægningsmaskinens (10) bom.
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Fig. 5
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