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A device for site-specific traffic analysis includes: a radar
sensor at a traffic space; and an evaluation unit configured to
(1) ascertain object ftrajectories from chronological
sequences of object positions of respective objects detected
by the radar sensor and moving in the traffic space, (ii)
identify the location of at least one traffic path based on a
concentration of object trajectories, and (iii) assign further
detected objects to a respective traffic path whose location
has been identified.
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1
SITE-SPECIFIC TRAFFIC ANALYSIS
INCLUDING IDENTIFICATION OF A
TRAFFIC PATH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a device for site-specific
traffic analysis, including an arrangement of at least one
radar sensor at a traffic space and including an evaluation
unit.

2. Description of the Related Art

Induction loops (also referred to as contact loops) which
are embedded into the roadway are known for the detection
of vehicles in a traffic lane in front of traffic lights, which
allow the presence of the vehicle to be detected by a change
in the inductivity due to a vehicle situated over the induction
loop. However, the necessary installation of the wire loop in
the roadway is complex. Moreover, an induction loop only
allows the detection of a sufficiently large metallic object.

In addition, light barrier measuring devices are known, in
which a light barrier is oriented transversely to the roadway.
A vehicle passing through the light barrier is thus detectable.
A transmitter must be situated on one side of a roadway for
this purpose, while a reflector or a receiver is situated on the
other side of the roadway. If a light barrier extends across a
roadway having multiple traffic lanes, a distinction regard-
ing on which traffic lane a detected object is situated is not
readily possible.

Published German patent document DE 10 2007 032 091
B3 describes a method for monitoring a railroad crossing, in
which initially an image of an object situated on a road
section on one side of a danger zone is recorded with the aid
of cameras directed in a first direction and cameras directed
in the opposite direction, and the object is detected in a road
section situated on the other side of the danger zone by
comparing the image to the image of another camera. In this
way, it should be possible to signal a danger zone-free
railroad crossing.

Published German patent application document DE 10
2006 040 542 A describes a device for monitoring a railroad
crossing using a video camera, whose signal is transmitted
to a train with the aid of radio signals. In this way, a train
operator should be able to detect the area of the railroad
crossing, although no visual contact exists yet.

Published German patent application document DE 196
12 579 Al describes a system for monitoring a danger zone
at full barrier railroad crossings including a rotating radar
distance meter, which horizontally scans the danger zone.
Reference marking points are situated on the boundary of
the danger zone to limit the scanning to the area within these
marking points. As an alternative, sector elements of the
danger zone may be stored according to length and angle,
and the scanning of the danger zone may be limited to the
stored sector elements with the aid of electronic means.

In the known danger zone monitoring with the aid of a
rotating radar range finder, the configuration of the space to
be monitored must be adapted to the existing danger zone in
a complex manner.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to create a device
for site-specific traffic analysis, which allows a more reliable
and more accurate traffic analysis than known systems.

This object is achieved according to the present invention
by a device for site-specific traffic analysis, including an
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arrangement of at least one radar sensor at a traffic space,
and including an evaluation unit which is configured to
ascertain object trajectories from chronological sequences of
object positions of respective objects which are detected by
the radar sensor and moving in the traffic space, to identify
the location of at least one traffic path based on a concen-
tration of object trajectories, and to assign further detected
objects to a particular traffic path whose location has been
identified.

For example, the particular traffic path may be a traffic
path in the form of a traffic lane, a foot path or a track. In the
case of a traffic path for a means of transportation, such as
vehicles or trains, the traffic path is single-lane and then
corresponds to a traffic lane or a track.

A particularly simple installation of the device results
from the device being configured to identify the location of
a traffic path. In this way, the location of a traffic path may
be automatically identified, without requiring an exact ori-
entation or positioning of the radar sensor with respect to the
traffic space to be monitored. By assigning the detected
objects to a thus identified traffic path, objects belonging to
the same traffic path may be evaluated more accurately as a
result of the assignment. For example, objects moving
outside a traffic path may be excluded for the evaluation of
the traffic on the traffic path. By assigning the particular
detected objects to the particular traffic path, a traffic analy-
sis which is related to the traffic path is thus made possible.
For example, if the locations of multiple traffic lanes are
ascertained, a traffic analysis separated according to traffic
lanes may be carried out. It is thus not necessary to predefine
the number of traffic lanes. Rather, the individual traffic
lanes may be detected based on the detected object move-
ments.

An object trajectory is determined from the chronological
progression of the object positions. For example, the ascer-
taining of object trajectories may involve combining chrono-
logical sequences of object positions of respective objects
which are detected by the radar sensor and moving in the
traffic space to form object trajectories.

The object is further achieved by a corresponding method
for traffic analysis using positioning data of at least one
site-specific radar sensor situated at a traffic space, including
the following steps:

ascertaining object trajectories from chronological
sequences of object positions of respective objects which are
detected by the radar sensor and moving in the traffic space;

identifying the location of at least one traffic path based on
a concentration of object trajectories; and

assigning respective objects detected by the at least one
radar sensor to a respective traffic path, whose location has
been identified.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic top view onto a traffic space
having a device for site-specific traffic analysis.

FIG. 2 shows an exemplary illustration to explain the
ascertainment of an object trajectory.

FIG. 3 shows a schematic illustration for the ascertain-
ment of a characteristic trajectory of a concentration of
trajectories.

FIG. 4 shows a schematic illustration of the locations and
types of traffic lanes and foot paths identified by the device.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a schematic illustration of a radar sensor 10
and of an evaluation unit 12 connected to radar sensor 10 or
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integrated therein. Radar sensor 10 is an FMCW radar
sensor having a transceiver device, which includes a patch
antenna array and has a schematically illustrated field of
vision 14, which includes an azimuth angle range of at least
90°. Multiple antenna elements are situated horizontally
offset from each other. Field of vision 14 preferably includes
an azimuth angle range of at least 160°.

Radar sensor 10 is situated at the edge of a traffic space
20, which is captured by field of vision 14.

Traffic space 20 includes a road 22 and may include a
railroad having tracks 24 and/or a footpath 26 (FIG. 2), for
example.

FIG. 1 additionally schematically shows barriers 28 of a
railroad crossing.

FIG. 2 shows, by way of example, a situation with an
object 30 in the form of a vehicle detected by radar sensor
10. Evaluation unit 12 receives data on object positions 32
for detected object 30, several of these object positions being
shown in traffic space 20 in FIG. 2. Evaluation unit 12
moreover receives data for a detected object 30 on the object
speed, in particular the relative speed in relation to stationary
radar sensor 10, in a manner known per se.

Optionally, evaluation unit 12 may receive additional
object data on a detected object 30, for example object
reflection data, such as a backscatter activity, an expansion
in the horizontal direction and/or a height of object 30. The
height information may be determined, for example, from
elevation angle-dependent reflection data of object 30. A
horizontal expansion may be ascertained, for example, by
assigning multiple reflection centers to an object 30.

An object trajectory 34 is determined from the chrono-
logical progression of the ascertained object position data
32.

The determined object trajectories 34 are stored.

FIG. 3 schematically shows concentrations 36 of object
trajectories 34 extending spatially very close to each other.
These concentrations 36 are determined. For this purpose,
for example, groups of similar or approximately spatially
coincident trajectories 34 are formed from object trajectories
34 which are determined for multiple objects 30 based on
their respective similarities. For example, a characteristic
trajectory 38 may be determined in each case for this
purpose. Characteristic trajectory 38 is optionally smoothed
or straightened and is then determined as the location of a
traffic path.

A distinction of the type and/or width of the traffic path
may be made, for example, based on a spatial variance
within a concentration of trajectories 34, ascertained object
expansions and/or further object backscatter properties. Tra-
jectories 34 may optionally be distinguished based on their
movement direction. It is possible to distinguish unidirec-
tional traffic paths, such as traffic lanes and tracks, from
bidirectional traffic paths, such as footpaths.

For example, traffic paths may be ascertained during a
teach-in phase of the device according to the method
described hereafter.

Detected objects 30 are classified and assigned, for
example, in each case to the groups vehicle, person and, if
a railroad 24 is present, train. The classification may be
carried out based on the radar backscatter properties, the
expansion and/or the height of the detected objects.

The object positions of detected objects 30 are determined
over a period of time.

A trajectory 34 of object 30 is ascertained from the
temporal changes of the object positions which are assigned
to an object 30.
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By determining an object trajectory 34 in each case for
multiple objects 30, random errors of an individual trajec-
tory determination may be compensated for.

For example, object properties such as an expansion
and/or a height are determined for each object 30.

Trajectories 38 which are characteristic for a particular
group and optionally characteristic properties are deter-
mined for the particular group of objects. In this way, it is
possible in the case of road 22 shown in FIG. 2 to determine
two characteristic trajectories 38 for the group “vehicle,” for
example, corresponding to the two lanes of road 22. Simi-
larly, it is possible to determine two characteristic trajecto-
ries 38 for the group “person,” which correspond to the
progressions of the respective footpaths 26 on both sides of
road 22.

Traffic lanes 40, 42 and sidewalks 44, 46 are inferred from
ascertained trajectories 34 for the respective groups of
objects.

Since a plurality of trajectories 34 of individual objects 30
are incorporated into the determination of characteristic
trajectories 38, outliers such as a passing vehicle, for
example, do not carry any weight. In this way, the locations
and optionally the spatial expansion of traffic lanes 40, 42
may be reliably determined.

The object speed may also be incorporated into the
classification of the objects into the individual groups, for
example, provided a respective object speed allows a par-
ticular group to be inferred or excludes a group.

After the teach-in phase of the device, the locations of
traffic lanes 40, 42 and sidewalks 44, 46 schematically
shown in FIG. 4 are thus stored in evaluation unit 12. The
teach-in phase may be ended if a sufficient data base exists,
or continuous teaching-in may be allowed, even during the
operation of the device following the initial teach-in phase.

After the ascertainment of the locations of traffic lanes 40,
42 and optionally of sidewalks 44, 46 and railroads 24,
detected objects 30 are assigned to particular traffic paths
I1,...,Ln

Objects located outside the traffic paths are not considered
in the assignment of the detected objects to the traffic paths.

These objects 30 assigned to individual traffic paths are
then classified in the described manner as person, passenger
car, truck or the like, based on the aforementioned properties
such as backscatter activity, expansion and/or height. It is
also possible to combine the classes passenger car and truck
into the class motor vehicles, for example.

For the particular traffic paths, a traffic analysis which is
based on the particular traffic paths is then carried out, i.e.,
an evaluation of the object data of the objects which con-
tinue to be detected. Different examples are described here-
after by way of example based on traffic lanes 40, 42. A
corresponding evaluation may also be carried out for the
other traffic paths.

For the detected objects assigned to a particular traffic
lane 40, 42, average speed vi,avg and minimal speed vi,min
are determined, i indicating the number of the particular
traffic lane.

For example, a minimal distance, an average distance
and/or a maximal distance of objects 30 following the traffic
lane may be determined for the particular traffic lane.

For example, average speed vi,avg may be determined for
the particular traffic lane.

It is possible, for example, to determine the traffic inten-
sity or the traffic flow for the particular traffic lane as Pi=M/t,
M denoting the number of vehicles detected in the lane
during a time period t.
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It is also possible to determine the traffic density for the
particular traffic lane as di=N/s=PiNj. N denotes the number
of vehicles which are simultaneously present on the route
section having length s.

Based on the above-mentioned characteristic variables, an
evaluation of the traffic situation may be carried out as a
function of the evaluation model used, in particular a clas-
sification of the traffic situation into one of the classes
“unobstructed traffic,” “slow-moving traffic” and “conges-
tion.” This evaluation may also be carried out individually
for the particular traffic lane.

An automatic analysis of the traffic in the traffic space
may thus be carried out in the described manner. In particu-
lar, the risk of congestion may be evaluated.

As a result of the lane-specific traffic analysis and the
automatic detection and positioning of the lanes, better and
more accurate information is available for the subsequent
traffic analysis. As described, it is also possible to ascertain
properties of the particular traffic lanes, such as their width.

The described method and the described device are not
limited to the detection of spatially separated traffic lanes.
The described algorithm may also be used to detect inter-
secting traffic lanes, for example, such as an intersection of
railroads 24 with traffic lanes 40, 42 and walkways 44, 46.
However, intersecting traffic paths may also be detected on
road junctions or other intersecting traffic paths, and their
location may be ascertained.

While only one radar sensor 10 was described in the
described example, it is also conceivable for the device to
include multiple radar sensors, whose fields of vision may
optionally overlap. In particular, multiple sensors 10 may be
situated in a stationary manner at different positions. The
ascertained characteristic variables of the monitored traffic
may be used, for example, to automatically determine speed
limits, such as on highways. However, the introduced device
may also be used to control traffic lights at intersections,
where it may replace or supplement conventional contact
loops.

What is claimed is:
1. A device for site-specific traffic analysis, comprising:
at least one radar sensor monitoring a traffic space; and
an evaluation unit configured to: (i) ascertain object
trajectories from respective chronological sequences of
object positions of respective objects detected by the
radar sensor and moving in the traffic space, (ii) iden-
tify the location of at least one traffic path based on a
respective concentration of the object trajectories, and
(iii) assign further detected objects to the at least one
traffic path whose location has been identified,
wherein:
the evaluation unit identifies a first concentration of a
first set of the object trajectories,
the evaluation unit identifies a second concentration of
a second set of the object trajectories,
at least some of the object trajectories of the first
concentration are traveled by the objects correspond-
ing thereto at different times from each other,
at least some of the object trajectories of the second
concentration are traveled by the objects correspond-
ing thereto at different times from each other,
the object trajectories of the first concentration are
closer to one another in location than they are to the
object trajectories of the second concentration,
the object trajectories of the second concentration are
closer to one another in location than they are to the
object trajectories of the first concentration,
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6

the evaluation unit infers a first traffic path from the first
concentration, and

the evaluation unit infers a second traffic path from the
second concentration.

2. The device as recited in claim 1, wherein the type of the
at least one traffic path is selected from a traffic lane, a
walkway, and a track.

3. The device as recited in claim 2, wherein the evaluation
unit is configured to carry out a summarizing evaluation of
data for multiple objects assigned to the same traffic path for
the determination of at least one traffic parameter selected
from an average speed, a minimal speed, a minimal distance
between the objects, an average distance between the
objects, a maximal distance between the objects, a traffic
flow and a traffic density.

4. The device as recited in claim 3, wherein, based on
detected object speeds of multiple objects assigned to the
selected traffic path in the form of a traffic lane, the evalu-
ation unit is configured to evaluate a traffic situation
assigned to the selected traffic lane with respect to a risk of
congestion, and classify the risk of congestion associated
with the traffic situation into one of at least three classes.

5. The device as recited in claim 3, wherein the at least
one radar sensor includes a wide angle radar sensor having
a stationary antenna array, whose field of vision includes an
azimuth angle range of at least 90°.

6. The device as recited in claim 3, wherein the at least
one radar sensor includes an FMCW (frequency modulated
continuous wave) radar sensor configured to determine an
object position and an object speed of a detected object.

7. The device as recited in claim 3, wherein the evaluation
unit is configured to: (i) identify the location of multiple
traffic paths, and (ii) assign further detected objects to a
respective traffic path whose location has been identified.

8. The device as recited in claim 2, wherein the evaluation
unit is configured to classify objects which are detected by
the radar sensor and moving in the traffic space based on
object reflections associated with the respective objects,
wherein the detected objects are classified into object classes
of at least one of different sizes and different types, and
wherein passenger cars and persons are assigned to different
object classes.

9. The device as recited in claim 8, wherein the evaluation
unit is configured to identify the location of the at least one
traffic path based on a concentration of object trajectories
related to objects of a selected object class.

10. The device as recited in claim 1, wherein:

the evaluation unit is configured to: (a) determine object

expansions based on object reflections detected by the
radar sensor and associated with the respective detected
objects, and (b) identify the location and the type of the
at least one traffic path based on the concentration of
the object trajectories and based on the object expan-
sions of the objects assigned to the respective object
trajectories, and

at least one of the object expansions is a horizontal

expansion determined by assigning multiple reflection
centers to an associated one of the objects.

11. A method for traffic analysis using positioning data of
at least one site-specific radar sensor monitoring a traffic
space, comprising:

ascertaining object trajectories from chronological

sequences of object positions of respective objects
detected by the radar sensor and moving in the traffic
space;

identifying the location of at least one traffic path based on

a concentration of the object trajectories;



US 9,978,269 B2

7

assigning respective objects detected by the at least one
radar sensor to a respective traffic path whose location
has been identified;

identifying a first concentration of a first set of the object
trajectories,

identifying a second concentration of a second set of the
object trajectories,

at least some of the object trajectories of the first con-
centration are traveled by the objects corresponding
thereto at different times from each other,

at least some of the object trajectories of the second
concentration are traveled by the objects corresponding
thereto at different times from each other,

the object trajectories of the first concentration are closer
to one another in location than they are to the object
trajectories of the second concentration,

the object trajectories of the second concentration are
closer to one another in location than they are to the
object trajectories of the first concentration,
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inferring a first traffic path from the first concentration,
and

inferring a second traffic path from the second concen-
tration.

12. The method as recited in claim 11, wherein:

the evaluation unit is configured to: (a) determine object
expansions based on object reflections detected by the
radar sensor and associated with the respective detected
objects, and (b) identify the location and the type of the
at least one traffic path based on the concentration of
the object trajectories and based on the object expan-
sions of the objects assigned to the respective object
trajectories, and

at least one of the object expansions is a horizontal
expansion determined by assigning multiple reflection
centers to an associated one of the objects.
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