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Abstract

A method of measuring the speed of a vehicle wherein the speed and the distance E of the
vehicle from the radar system 1 and/or the measuring angle y of the vehicle relative to the radar
axis is determined by means of a radar measurement so as to characterize or determine the
vehicle lane of the vehicle by means of the distance E and/or the measuring angle y. Knowledge
of the vehicle lane makes it possible to identify the detected vehicle in a group of vehicles

unequivocally.
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COMPLETE SPECIFICATION
STANDARD PATENT

Application Number:

Lodged:

Invention Title: Method of verifiably detecting the speed of a vehicle

The following statement is a full description of this invention, including the best method of
performing it known to us:
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METHOD OF VERIFIABLY DETECTING THE SPEED OF A VEHICLE

The present invention relates to a method of detecting the speed of a
vehicle and of verifiably linking the speed measured to the detected vehicle, as
generically disclosed in the European Patent Publication No EP 1 610 279 A1.

Doppler radar systems are the principal measuring instruments used to
control and enforce legal speed limits for vehicles.

For such instruments to be approved for the intended use, it must be
ensured and demonstrated that the speed measured is correct, on the one hand,
and it must be possible to link the speed measured beyond doubt to the detected
vehicle, on the other hand.

The present invention relates to a method which solves, in particular, the
problem of establishing such a link beyond doubt but which, in this context, also
makes the speed measured plausible.

The fact that there are measuring situations in which it is not possible to
link, beyond doubt, the speed measured to the detected vehicle is, in particular,
attributable to the principle of radar technology. The radar beam generally forms a
radar cone which spreads at an angle of approximately 5-10° and increases in
width as the distance increases, which means that when the instrument is used
on a multiple lane road, several vehicles may be within the radar cone (measuring
range) at the same time.

To identify a detected vehicle, i.e., a vehicle that reflects the radar beam,
beyond doubt, i.e., to recognize the detected vehicle in a group of vehicles, EP 1
610 279 A1 proposes to detect, simultaneously with the speed, the distance as
well and to link the vehicle by way of the detected distance to a traffic lane.

EP 1 610 279 A1 also discloses a method for measuring the speed of a
vehicle for which an image is created with a camera if a derived speed is higher
than a maximum permissible speed. To identify the related vehicle, measured
values of the distance are used to characterize the traffic lane on which the
vehicle is travelling. The related traffic lane is marked in the image.

To measure the distance by means of radar technology, pulse radar
systems and radar systems with frequency-modulated continucus wave radar
signals can be used. In both cases, the distance is not actually measured but
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derived from other measured variables. Thus, in the following description, any
reference to measured values and to a measured speed is meant to be
understood as a derived speed. This also applies to the distance and the angle.

Pulse radar systems determine the distance by way of measuring the
travel time and require an extremely accurate time measurement in order to be
able to measure the distance, i.e., the radial distance from the reflecting vehicle
parts to the radar antenna. The resolution of a distance of, e.g., one meter
requires a time resolution of 3.33 nsec. For high resolutions, a sequence control
of the measuring process therefore entails a high degree of technical complexity.

Continuous wave radar systems determine the distance by way of the
phase difference of reflected radar signals of different frequencies.

A continuous wave radar system transmits a continuous wave radar beam
of constant amplitude and frequency. When reflected by a moving object, i.e., a
vehicle, this radar beam undergoes a frequency shift as a function of the speed of
the vehicle. The beam portion that is reflected back into the radar system or to the
radar antenna is compared to the emitted radar beam, and a frequency
difference, the so-called Doppler frequency, is calculated, which is proportional to
the speed of the vehicle.

With the emission of a radar beam in different frequencies, frequency-
shifted reflection beams are obtained, from the phase difference of which the
distance is derived. The speed and the distance are thus determined in a single
measuring step, which links the measured values unequivocally to each other.

In contrast to the measurement of the speed which can be measured
extremely accurately with the Doppler radar principle, the range of variation of the
measured distances is very large. The point reflections that come from a vehicle
and arrive at the radar antenna extend to the entire vehicle contour on which the
radar cross section is projected. The radar cross section that is projected onto a
vehicle which moves through the radar cone changes as a function of the specific
geometry of the vehicle as well as of its position in the radar cone, beginning from
the moment the vehicle enters until it exits the cone. At each measuring moment,
the receiver detects a sum of measured values (group of measured values) from
partial reflections. Statistically, this sum, together with other parasitic reflectors,

such as guard rails or metal fences, is as a rule treated as a Rayleigh distribution.
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Distances which scatter on the order of the width of the traffic lane and the
vehicle dimensions are measured,

An unequivocal identification of a vehicle in a group of vehicles solely on
the basis of individual distances measured which are linked to a traffic lane is not
possible because of the potential ambiguities due to different reflection properties
of the vehicles and potential multiple reftections.

Even if at each measuring moment a mean value is generated from the
sum of the measured values, this mean value cannot always be unequivocally
linked to a traffic lane.

This is also the case if measured values outside a specified range of
tolerance are ignored and the mean value is generated solely from the remaining
values measured. Although this measure excludes the risk of falsifying the
average distance measured due to partial reflections from parasitic reflectors, an
identification based on the mean distance measured and its link to a road is not
possible for each measuring situation,

The radar system would necessarily have to be oriented at such an acute
angle relative to the road so that all conceivable distances measured can be
unequivocally linked only to one traffic lane. Since due to the width of the radar
cone, the vehicles necessarily move through a specific distance range, these
distance ranges for two vehicles that are to be distinguished from each other,
must not overlap each other. However, the distance ranges shift if the vehicles do
not drive exactly in the centre of the traffic lane and will overlap every time a
vehicle within the measuring range changes traffic lanes.

This leads to measuring situations in which a wvehicle cannot be
unequivocally linked to a traffic lane, which means that the traffic lane is not a
reliable characteristic for identifying a vehicle in a group of vehicles.

Thus, it would be desirable to make available a method by means of which
a detected vehicle in a group of vehicles can be identified regardless of features
of the road or other environmental features.

In accordance with the present invention there is provided a method of
measuring the speed of a vehicle, the method comprising steps of:
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) directing a radar beam from a radar system at a road such that several
vehicles at the same time can drive through the measuring range defined by the
radar beam, and so that part of the radar beam is reflected by the vehicles;

(i) comparing a portion of the reflected beam portion to the radar beam
directed at the road;

(i)  deriving, from said comparison, measured values of speed and at least
one of distance and angle for the vehicles relative to the radar system;

(iv)  continuously performing steps (i) to (iii) throughout the duration of the
passage of the vehicles through the measuring range;

(v)  assessing the plausibility of previously measured values by means of

subsequently derived measured values;

(vi)  comparing the derived speeds to a maximum permissible speed to thereby
detect excessive speed of an infringing vehicle;

(vii) creating an image, using a camera, of the infringing vehicle for which the

excessive speed is detected;

(viii) using the measured values for the distances to characterize the vehicle

track of the infringing vehicle, as determined via the radar beam; and

(ix)  marking, in the image, the vehicle track of the infringing vehicle.

The invention will be explained in greater detail using an example and
referring to the drawings.

As can be seen:

Figure 1 shows a measuring situation in which a radar system is positioned
on the side of the road.

Figure 2 shows a measuring situation in which a radar system is positioned
above the road.

To describe a first practical example based on Figure 1, it will be assumed
that a radar system 1 which emits a radar beam with an aperture angle a is
positioned on the side of the road at an acute horizontal positioning angle 3 of the
radar axis relative to the direction of the road with multiple traffic lanes. The
positioning angle 3 can also be formed by an angle of squint of the radar
antenna.
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According to a second practical example, the radar system 1 could also be
positioned above the road, e.g., on a bridge, as illustrated in Figure 2, in which
case, from a horizontal point of view, the radar axis coincides with the direction of
the road.

These two fundamentally different configurations of the radar system 1
have hardly any effect on the measurement of the speed by means of the Doppler
principle but differ considerably with respect to the possibility of identifying a
vehicle based on its radial distance E from the radar system 1.

In the case in which the system is positioned on the side of the road as
shown in Figure 1, vehicles which do not describe an identical traffic lane pass
through different distance ranges. The distance ranges can overlap one another,
which does not make an unequivocal identification based on only one distance
measured possible in all cases. Only by recording a series of distance values
which describes the entire distance range, through which the vehicle passes, is
an unequivocal identification possible.

When the radar system 1 is positioned above the road as shown in Figure
2, all vehicles essentially pass through the same distance range. In this case,
neither individual distance values nor a series of distances which describe the
entire distance range can be a distinguishing criterion.

Only by means of also recording the measuring angle y that is enclosed by
a beam portion reflected by the vehicle and the radar axis is a distinction in the
second case possible at all in that by means of the angle and the distance, a
position is determined in the radar cone and the position serves as the
distinguishing criterion.

Although EP 1 610 279 A1 speaks of the derivation of position, what is
actually meant here is the derivation of distance.

As explained above, the knowledge of the distance does not suffice to
define a position in the radar cone since the distance is the same for all
measuring points that are jointly located on a circular arc in the aperture angle of
the radar cone.

According to the first practical example, the radar axis of the radar system
1 is oriented relative to the road direction at an acute positioning angle R, for
example, of 20° relative to the road direction. At a normal aperture angle a of the
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radar cone of 5°-10° — e.g., in the case in which the radar system is built into the
vehicle, at the distance of 2 m between the radar system 1 and the side of the
road and a normal width of a traffic lane of 3 m, — for example, a first vehicle,
which enters and exists the radar cone in the centre of a first traffic lane, passes
through a distance range of approximately 5 m to 30 m, and a second vehicle,
which enters and exits the radar cone in the centre of a second traffic lane,
passes through a distance range of approximately 25 m to 50 m. As the vehicles
enter into the radar cone (measuring range), which as a rule takes place at
different times, here t1 and t3, the speed v and the radial distance (distance E) of
the vehicies and their angle relative to the radar axis are determined by way of
the continuous measurement of the reflection signals generated on the separate
vehicles.

As already described earlier, the continuous measurement of the speed
and distance is carried out by using the Doppler radar effect and frequency shift
keying (FSK) in the evaluation of the phase difference of reflected radar signals of
different frequencies.

As illustrated in Figure 1, a first vehicle which, driving on a first traffic lane
relative to the radar system 1, enters the radar cone at time t1 and leaves it at
time t2. The distances E1 and E2 measured at the two times t1, {2 define the
distance range E2-E1 over which the first vehicle passes through the radar cone.
By analogy, the distances values E3 and E4 define the distance range (E4-E3)
through which a second vehicle passes on a second traffic lane. It can be very
clearly seen that the distance ranges overiap each other, i.e., distances in the
overlapping region by themselves are unsuitable for unequivocally linking them to
one of the two vehicles. By linking the distance values to the measuring angle y
determined for this purpose, the distance is linked to a specific position which
only one vehicle can occupy. Although the vehicles pass through the same
measuring angle range, identical measuring angles y will never be linked to
identical distances of different vehicles.

The angle is measured, e.g., by means of two receiving antennas by way
of a triangulation measurement. To this end, a planar antenna like the one
described in DE 10 2004 040 015 B4 can be used.



03 Nov 2011

2008202015

10

15

20

25

30

7

The angle measurement is of greater significance for the second practical
example.

As illustrated in Figure 2, two vehicles driving side by side pass through a
substantially identical distance range E1-E3 and E2-E4; however, they pass
through different angle ranges which do not overlap each other. The angle ranges
are defined by the measuring angle —y1 and +y2 as the vehicles enter into the
radar cone at time t1 and t2 and by the measuring angle —y3 and +y4 as they exit
the radar cone at time t3 and t4. Here, y is a function of the distance E and is
detected with a minus or plus sign.

Since the speed, the distance and the angle are derived from one
measurement, the measured values can be unequivocally linked to one another.

Thus, during each measuring step, a value triple consisting of speed,
distance and angle (E(t); V(t); y(t) is obtained for each vehicle within the radar
cone, with the individual values being generated, e.g., by mean value generation,
from a groUp of measured values of partial reflections according to a Rayleigh
distribution, such as they are obtained, in particular, for the distance and the
angle.

By continuously repeating the measuring process (tracking algorithm), the
value triples are continuously tested for plausibility by comparing the actual
values with the desired values. The desired values result from the assumption
that a vehicle at a constant speed drives without changing the direction of travel
and from the knowledge of the time interval of the measuring steps. Individual
measured values which appear implausible, i.e., speeds, distances or angles
which cannot be linked to the detected vehicle at the next measuring moment,
e.g., produced by multiple reflections or reflections from stationary objects, are
fitered out, i.e.,, they are not included in the mean value generation. By
continuously adjusting the desired values to the actual values, a series of value
triples are obtained for the individual vehicles, which value triples represent the
track which the vehicle concerned describes.

The series of value triples, however, does not only represent the location
of a track relative to the radar system 1 but also the speed of the vehicle at each
point on the track.
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The measurements are made over a period of approximately 100 msec up
to several seconds, depending on the speed of the vehicle between the time it
enters into and the time it exits from radar cone, e.g., at intervals of 20 msec,
which allows the vehicle tracks to be identified with high accuracy.

The series of value triples determined by the radar sensor, linked to a
vehicle number (this is not the license plate), to an entry time and an exit time,
are fed into a computer. If during the measurement a speed is detected which
exceeds the specified speed limit, the computer identifies the track of the
infringing vehicle and transmits a signal to a camera to take a shot of the traffic
scene. The camera is disposed at a known stationary distance from the radar
system 1 so that the optical axis is oriented at a stationary angle with respect to
the radar axis.

Since the field of view of the camera extends across all traffic lanes,
across which the radar cone is directed, all vehicles that are located within the
radar cone can be recorded at the time the camera (camera direction) is
triggered.

To be able to identify the infringing vehicle in the photo beyond doubt, the
vehicle track of the infringing vehicle is inserted into the photo. The insertion is
preferably carried out in such a manner that a marking that represents the vehicle
track is inserted over the pixels in the image, which pixels are to be linked to the
positions in the field of view of the camera which define the distance and the
angle and which jointly form the vehicle track.

This means that the identification is made solely based on the vehicle track
measured relative to the radar system 1, without absolute reference to the
individual traffic lanes of the road.

Generating an absolute reference to the environment for identification is
useless anyway since it assumes that only one vehicle in the measuring range at
a time can be linked to the identifying feature. As already mentioned, the
individual traffic lanes cannot always be used as an identifying feature in each
measuring situation since a vehicle cannot always be linked unequivocally to one
traffic lane and since only a single vehicle cannot always be linked to one traffic
lane, e.g., if a truck is following a motorcycle.
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The identification of the vehicles by way of their position relative to the
radar system 1 of by way of their position relative to one another could be an
unequivocal distinguishing criterion if these positions were determined accurately
by way of a point-by-point measurement, e.g., by means of a laser. Since such an
accurate measurement is not possible with radar technology, the present
invention proposed that the vehicle traffic lane, i.e., the chronological sequence of
positions detected one after the other be used as a distinguishing criterion.

For the identification, it is not necessary to insert the vehicle track into the
image. The infringing vehicle in a group of vehicles can be accurately identified
during the evaluation of the image taken and the image data together with the
recorded radar data. Based on the location of the recorded vehicle tracks relative
to one another, on which the vehicles according to the first practical example are
driving on a first and a second traffic lane, and based on the knowledge of the
orientation of the radar axis relative to the optical axis of the camera, it can be
accurately concluded which vehicle track is to be linked to which recorded
vehicle. Thus, in conformity with the image in which the radar system 1 is
positioned on the right side of the oncoming traffic, the vehicle with the lowest
distance values is beyond doubt the vehicle that is seen on the right side of the
image. ‘

Applying the method to the second practical example in which the radar
system 1 is mounted above the road, the vehicle for which a continuously larger
absolute angle is measured is the vehicle that is seen closer to the edge of the
image. Vehicles for which a positive measuring angle y is determined are located
in the right half of the image while those with a negative measuring angle y
appear in the left half of the image.

In practice, however, visually visible evidence in the image itself is more
relevant, which is the reason why inserting the vehicle track into the image is
useful.

This will be more closely considered at the end of the description of a third
practical example.

In a third practical example, a simpler variation of a radar system 1 will be

used, which makes it possible to record during the measurements the distance E,
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in addition to the speed v, but not the measuring angle v, i.e., in contrast to the
first practical example, the step of measuring the angle is absent.

Even without recording the angle is it possible to obtain data for limited
applications solely by measuring the distance over the duration of the passage of
the vehicle through the radar cone, which data make it possible to distinguish a
plurality of vehicles by their position relative to one another and relative to the
radar system.

As already explained earlier, at each measuring time, a group of measured
distances is detected, which distances, depending on the projection of the radar
beam onto a vehicle and the contour of the vehicle, have a range of variations
which also changes over the duration of the passage because of the change of
the position of the vehicle relative to the radar system 1. Consequently, neither
individual measured values of the group of measured values nor a mean value
generated therefrom are suitable to make an accurate distinction.

According to the invention, from the values measured at successive
measuring times, the measured values for individual vehicle tracks are correlated,
e.g., by means of regression analysis or curve fitting to the trajectories, and
measured values which cannot be unequivocally linked to a vehicle track are
eliminated. The quality of the approximation of the curves which describe the
vehicle tracks increases with the number of the measurements, which also
increases the reliability of the measuring results although the measured values
from the continuous measurements according to the present invention are
obviously as widely scattered as the values from a single measurement.

l.e., compared to a distance that is recorded only once, the distances
recorded several times while the vehicle is passing through the measuring range
are more reliable.

A method according to the third practical example is limited to measuring
situation in which the radar system 1 is oriented at an acute positioning angle
relative to the road or in which the antenna has an angle of squint .

In addition to the distance values E that are recorded during the passage
of the vehicle, especially the distances E measured as the vehicle enters and
exits the radar cone are relevant in making an identification. At these two times,
not only the distance but also the measuring angle y is known, which measuring
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angle here as the positioning angle [ +/- corresponds to half the aperture angle o
of the radar cone.

According to a fourth practical example, the vehicle track is to be identified
based solely on the values measured for the measuring angle vy, i.e., instead of
the distances used in the third practical example, the measuring angles are used
to determine the vehicle track,

This is possible only if the radar system 1 is positioned above the road,
with the radar axis (main axis) being oriented in the direction of the road.
Depending on the distance of the vehicle track perpendicular to the radar axis,
the vehicles enter the radar cone at a measuring angle y with a different absolute
value. As to the sign, the measuring angles y differ depending on whether in the
beam direction, they are located to the right or to the left of the radar axis.

For oncoming traffic, the measuring angle y increases only insignificantly.
In any case, each measuring angle range which is defined by a measuring angle
y as the vehicles enter into and exit from the measuring range can be linked to
one vehicle only.

In contrast to the method used in the first practical example, the method
according to the third or fourth practical example does not compute all data which
characterize the vehicle track in its position relative to the radar system 1. Only
data that characterize the vehicle track sufficiently so as to be able to use it as an
identifying feature are computed. In this manner, it is easier and less costly to
implement a device for carrying out the method.

By following the vehicle throughout its travel through the measuring range,
it is possible not only to record data that characterize the vehicle track but also to
make the measurement of the speed, the measurement of the distance and
optionally the measurement of the angle more plausible.

Next, several possibilities will be discussed, by means of which the values
measured can be shown on the camera image (evidentiary image).

The recorded values measured which jointly characterize the vehicle track
of the infringing vehicle can be inserted in the form of pixels, e.g., in the form of
points, crosses, triangles of the like or in the form of a line, a tube, a plane or the

like. The insertion can be implemented by means of the use of colours or by
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making the relevant image areas lighter or darker. In addition, a range of
tolerance can be added to the actual values measured.

The infringing vehicle can also be marked, e.g., by inserting a mask, a
marker or by making the image areas surrounding the infringing vehicle darker.

In addition, the angle range through which the infringing vehicle has
passed can be given, which is especially effective in cases in which the vehicles
essentially pass through the measuring range in identical distance ranges. The
distance range through which the infringing vehicle has passed can also be
indicated by inserting a circular ring segment.

In addition to the conventional data that can be insgrted for evidentiary
purposes of the image, such as date, place, time of day, speed measured, speed
allowance (equals the speed measured minus a tolerance), difference between
the speed allowance and the permissible maximum speed, and data that identify
the measuring instrument, an extracted and possibly enlarged image component
of the driver and/or the license plate of the infringing vehicle can be
superimposed on an unimportant part of the image.

It is also possible to insert a vehicle length and/or vehicle width computed
from the values measured, which can be used as additional evidence if at the
measuring location, different speed limits apply to different vehicles, e.g.,
passenger cars, on the one hand, and trucks and buses, on the other hand).

During the passage of the infringing vehicle, one or several images for
evidentiary purposes can be taken.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of measuring the speed of a vehicle, the method comprising
steps of:

(i) directing a radar beam from a radar system at a road such that several
vehicles at the same time can drive through the measuring range defined by the
radar beam, and so that part of the radar beam is reflected by the vehicles;

() ~ comparing a portion of the reflected beam portion to the radar beam
directed at the road;

(i)  deriving, from said comparison, measured values of speed and distance
for the vehicles relative to the radar system;

(iv)  continuously performing steps (i) to (iii) throughout the duration of the
passage of the vehicles through the measuring range;

(v)  assessing the plausibility of previously measured values by means of
subsequently derived measured values;

(vi)  comparing the derived speeds to a maximum permissible speed to thereby
detect excessive speed of an infringing vehicle;

(vii) creating an image, using a camera, of the infringing vehicle for which the

excessive speed is detected;

(viii) using the measured values for the distances to characterize the vehicle
track of the infringing vehicle, as determined via the radar beam; and

(ix)  marking, in the image, the vehicle track of the infringing vehicle.

2. A method as claimed in claim 1, further comprising a step of deriving, from
said comparison, measured values of angles relative to the radar system, wherein
the measured angles together with the measured speeds and distances,
simultaneously derived, form a value triple by means of which the vehicle track is
determined relative to the radar system.

3. A method as claimed in claim 2, further comprising receiving the reflected
beam portion using two radar antennas, wherein the measured angle is
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determined using distances derived from the two radar antennas using a
triangulation method.

4, A method as claimed in claim 1, wherein measured values which are
assessed as not plausible are eliminated and are not used to characterize or
determine the vehicle track.

5. A method as claimed in claim 1, wherein the infringing vehicle is marked in
the image so that a line representing the vehicle track is shown in the image.

6. A method as claimed in claim 1, wherein the infringing vehicle is marked in
the image so that a circular segment representing a distance range is shown in
the image.

7. A method of measuring the speed of a vehicle comprising:

(i) directing a radar beam from a radar system at a road such that several
vehicles at the same time can drive through the measuring range defined by the
radar beam, and so that part of the radar beam is reflected by the vehicles;

(i)  comparing a portion of the reflected beam to the radar beam directed at
the road;

(i) ~ deriving from said comparison measured values for the speed and angle
for the vehicles relative to the radar system;

(iv)  continuously performing steps (i) to (iii) throughout the duration of the
passage of the vehicles through the measuring range;

(v}  assessing the plausibility of previously measured values by means of
subsequently derived measured values;

(vi)  comparing the derived speeds to a maximum permissible speed to thereby
detect excessive speed of an infringing vehicle;

(vii) creating an image, using a camera, of the infringing vehicle for which
excessive speed is detected;
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(vili) using the measured values for the measuring angles to characterize the
vehicle track of the infringing vehicle, as determined via the radar beam; and

(ix)  marking, in the image, the vehicle track of the infringing vehicle.

8. A method as claimed in claim 7, further comprising a step of deriving, from
said comparison, measured values of distances from the radar system, wherein
the measured distances together with the measured speeds and angles,
simultaneously derived, form a value triple by means of which the vehicle track is
determined relative to the radar system.

9. A method as claimed in claim 7, further comprising receiving the reflected
beam portion using two radar antennas, wherein the measured angle is
determined using distances derived from the two radar antennas using a
triangulation method.

10. A method as claimed in claim 7, wherein measured values which are
assessed as not plausible are eliminated and are not used to characterise or
determine the vehicle track.

11. A method as claimed in claim 7, wherein the infringing vehicle is marked in
the image so that an area representing an angle range is shown to the image.

12. A method as claimed in claim 7, wherein the infringing vehicle is marked in
the image such that a circular segment representing a distance range is shown in
the image.
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13. A method of measuring the speed of a vehicle, the method substantially in
accordance with any one of the embodiments of the invention described herein
with reference to the accompanying drawings.

JENOPTIK ROBOT GMBH

WATERMARK PATENT & TRADEMARK ATTORNEYS

P30338AU00
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