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DETECTING ROADWAY TARGETS WITHIN
A MULTIPLE BEAM RADAR SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 14/164,102, entitled “Detecting Roadway Targets
Across Beams”, filed Jan. 24, 2014, which is a continuation
of U.S. patent application Ser. No. 12/710,736, entitled
“Detecting Roadway Targets Across Beams Including Fil-
tering Computed Positions”, filed Feb. 23, 2010, which is
now U.S. Pat. No. 8,665,113 issued Mar. 4, 2014, which is
incorporated by reference herein in its entirety, which claims
the benefit of and priority to U.S. Provisional Application
No. 61/185,005, entitled “Detecting Targets in Roadway
Intersections and Tracking Targets Across Beams”, filed on
Jun. 8, 2009, which is incorporated by reference herein in its
entirety. U.S. patent application Ser. No. 12/710,736,
entitled “Detecting Roadway Targets Across Beams Includ-
ing Filtering Computed Positions”, filed Feb. 23, 2010,
which is now U.S. Pat. No. 8,665,113 issued Mar. 4, 2014,
is also a continuation-in-part of U.S. patent application Ser.
No. 11/614,250, entitled “Detecting Targets in Roadway
Intersections”, filed Dec. 21, 2006, which is now U.S. Pat.
No. 7,889,097 issued Feb. 15, 2011, which is incorporated
by reference herein in its entirety, and also is a continuation-
in-part of U.S. patent application Ser. No. 12/502,965,
entitled “Detecting Targets In Roadway Intersections”, filed
Jul. 14, 2009, which is a continuation-in-part of U.S. patent
application Ser. No. 11/264,339, entitled “Systems and
Methods for Configuring Intersection Detection Zones”,
filed Oct. 31, 2005, which is now U.S. Pat. No. 7,573,400,
issued Aug. 11, 2009, both of which are incorporated by
reference herein in their entirety.

BACKGROUND
Background and Relevant Art

The use of traffic sensors for the actuation of traffic signal
lights located at roadway intersections is quite common.
Generally, such traffic sensors can provide input used to
properly actuate traffic control devices in response to the
detection or lack of detection of vehicles. For example,
traffic sensors can enable a traffic control device to skip
unnecessary signal phases, such as, for example, skipping a
left hand turn phase when no vehicles are detected in a
corresponding left hand turn lane.

Traffic sensors can also enable a traffic signal to increase
green light duration for major arterials by only signaling the
green light in the minor cross streets when vehicles are
detected on the minor cross streets and thus minimizing the
red light for a major arterial. Thus, traffic sensors assist in
properly actuating a signalized intersection to improve traf-
fic flow. In addition to the actuation of signalized intersec-
tions of roadways for automobile traffic, traffic sensors are
also used for the actuation of intersections of a roadway for
automobile traffic with a railway.

Unfortunately, the cost of traffic sensors, the cost of
corresponding installation, and the subsequent maintenances
costs can be relatively high. Thus, traffic sensors and related
costs can become a significant expenditure for municipali-
ties. The high installation costs arise at least in part from the
need to shut down lanes of traffic and cut into the roadway
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surface. High maintenance costs arise from the need to
repair and reconfigure sensors that do not consistently
perform well.

Typically, traffic signal lights have been actuated using
inductive loop detectors embedded in the roadway. Induc-
tive loop detectors are very expensive to install since lane
closures are necessary. The high cost is compounded, espe-
cially for multi-lane roadways, since at least one inductive
loop detector is required for each detection zone (e.g., left
hand turn lane detection zones, through lane detection zones,
and right hand turn lane detection zones). Furthermore,
inductive loop detector technology is often unreliable and
inductive loop detectors require a great deal of calibration.

Similar to inductive loop detectors, magnetometer detec-
tors are embedded in the roadway surface and require lane
closures to install. Furthermore, some of these detectors are
dependent on batteries for operation, bringing into question
the usable life of the sensor. Additionally, the sensors must
be replaced or reinstalled when the roadway is resurfaced.

Video detectors are also used in some traffic signal
actuation systems. To facilitate traffic signal light actuation,
a video camera is placed high above a signal arm such that
the video camera’s view covers one approach to the inter-
section. The video signal from the camera is digitally
processed to create detections in the defined zones. Using
video detectors an intersection can be monitored on a per
approach basis (that is all the lanes of an approach), as
opposed to the per detection zone basis used with inductive
loops. Since a dedicated mounting arm is often necessary the
installation of a video detector system can also be expensive
and time consuming. Furthermore, video detectors require a
great deal of maintenance since the video cameras often fail
and they require cleaning. The performance of video detec-
tion is affected by visibility conditions such as snow, rain,
fog, direct light on the camera at dusk and dawn, and the
lighting of the roadway at night.

Microwave detectors have also been used in intersections
to provide detection coverage over limited areas. At least
one microwave detector has a limited degree of mechanical
and electrical steering. Further, the coverage is typically
over a small portion of the intersection.

Other microwave sensors have included multiple receive
antennas but have included only a single transmit antenna
that has a very broad main beam or even may be an
omni-directional antenna. Systems that employ only one
broad beam or omni-directional transmit antenna typically
cannot achieve an appropriately reduced side lobe power
level. Furthermore, these single transmit antenna systems
typically suffer from widening of the main lobe.

At least one microwave detector, which has been used for
mid-block traffic detection applications near intersections,
has two directional receive antennas and one directional
transmit antenna. The multiple antennas create parallel radar
beams that can be used to make velocity measurements as
vehicles pass through the beams. However, the antennas of
this device cannot cover enough of the intersection to
provide coverage over a large area.

Acoustic sensors have also been used in intersections to
cover limited detection zones. However, these sensors only
monitor a limited area on an intersection approach and are
subject to detection errors arising from ambient noise.

BRIEF SUMMARY

The present invention extends to methods, systems, and
computer program products for detecting roadway targets
across beams. In some embodiments, computed target posi-
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tions of targets detected using a multiple radar system are
filtered. One or more targets are detected in a plurality of
beams of the multiple beam radar system. Positions are
computed for the one or more targets for a first detection
period. Positions are computed for the one or more targets
for a second detection period. The computed positions for
the one or more targets are filtered using a subset of
computed positions from the first detection period and using
a subset of computed positions from the second detection
period.

Targets can be detected in a plurality of beams of the
multiple beam radar system using a variety of different
mechanisms. For example, returns from the multiple beam
radar system can be divided into a grid of range bins.
Dividing returns into a grid of range bins includes dividing
each beam in the plurality of beams into a plurality of range
bins of uniform varied distances from the multiple beam
radar system. Each beam is divided into a plurality of range
bins in accordance with the uniform varied distances

In some embodiments, an energy peak is identified within
a single beam of the multiple beam radar system. The
identified energy peak can indicate a detected target.

In other embodiments, a multi-beam image is identified
from within the returns from the multiple beam radar
system. The multi-beam image can span a sub-plurality of
the plurality of beams and span a plurality of range bins
within the grid. An identified energy peak within the multi-
beam image can indicate a detected target.

In further embodiments, a first comprehensive image is
created from returns for each beam at a first detection period.
A second comprehensive image is created from returns for
each beam at a second subsequent detection period. The first
comprehensive image is compared to the second compre-
hensive image. Differences between the first and second
images are identified. The identified differences can indicate
a detected target.

In some embodiments, the computed target positions are
filtered to remove errors from the computed positions. As
part of this filtering process, track files are created for targets
within a roadway. A target list for the roadway is accessed.
A track file for each target in the roadway is maintained.
Each track file includes target data for a target that is within
the roadway. The target data includes target position data for
a target, the target position data including at least one of: a
last known position for the target and a predicted position for
the target.

Maintaining track files includes accessing a currently
computed position from the target list and accessing a
specified track file for an existing target. If the specified
track file has target position data corresponding to the
currently computed position, then it is determined that the
currently computed position corresponds to a position of the
existing target. The determination can be made by compar-
ing the currently computed position to the target position
data in the accessed track file. The specified track file for the
existing target is updated when the currently computed
position is determined to correspond to the position of the
existing target. On the other hand, a new track file is created
for a new target when the currently computed position is
determined not to correspond to the position of the existing
target.

This summary is provided to introduce a selection of
concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

10

25

30

40

45

55

4

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
be obvious from the description, or may be learned by the
practice of the invention. The features and advantages of the
invention may be realized and obtained by means of the
instruments and combinations particularly pointed out in the
appended claims. These and other features of the present
invention will become more fully apparent from the follow-
ing description and appended claims, or may be learned by
the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the manner in which the above-recited
and other advantages and features of the invention can be
obtained, a more particular description of the invention
briefly described above will be rendered by reference to
specific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not
therefore to be considered to be limiting of its scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompanying
drawings in which:

FIG. 1 illustrates an embodiment of a traffic sensor.

FIG. 2A illustrates the traffic sensor of FIG. 1 in a
roadway intersection.

FIG. 2B illustrates the plurality of beams of the traffic
sensor of FIG. 1 being divided into a grid range bins.

FIG. 2C illustrates a detected target within the plurality of
beams of the traffic sensor of FIG. 1.

FIG. 3 illustrates an example flow chart of a method for
filtering computed target positions across a plurality of
beams of a multiple beam radar system in a roadway.

FIG. 4A illustrates an example flow chart of a method for
detecting targets in a plurality of beams.

FIG. 4B illustrates an example flow chart of another
method for detecting targets in a plurality of beams.

FIG. 4C illustrates an example flow chart of another
method for detecting targets in a plurality of beams.

FIG. 5 illustrates an example flow chart of a method for
performing filtering of computed target positions by main-
taining a track file.

FIG. 6 illustrates a portion of traffic sensor infrastructure
for updating track files for targets within a roadway inter-
section.

FIG. 7A illustrates an example of determining whether or
not a computed target position corresponds to the position of
an existing target in a roadway intersection.

FIG. 7B another example of determining whether or not
a computed target position corresponds to the position of an
existing target in a roadway intersection.

FIG. 8 illustrates an example flow chart of another method
for filtering target positions across a plurality of beams of a
multiple beam radar system in a roadway.

DETAILED DESCRIPTION

The present invention extends to methods, systems, and
computer program products for detecting roadway targets
across beams. In some embodiments, computed target posi-
tions of targets detected using a multiple radar system are
filtered. One or more targets are detected in a plurality of
beams of the multiple beam radar system. Positions are
computed for the one or more targets for a first detection
period. Positions are computed for the one or more targets
for a second detection period. The computed positions for
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the one or more targets are filtered using a subset of
computed positions from the first detection period and using
a subset of computed positions from the second detection
period.

Targets can be detected in a plurality of beams of the
multiple beam radar system using a variety of different
mechanisms. For example, returns from the multiple beam
radar system can be divided into a grid of range bins.
Dividing returns into a grid of range bins includes dividing
each beam in the plurality of beams into a plurality of range
bins of uniform varied distances from the multiple beam
radar system. Each beam is divided into a plurality of range
bins in accordance with the uniform varied distances

In some embodiments, an energy peak is identified within
a single beam of the multiple beam radar system. The
identified energy peak can indicate a detected target.

In other embodiments, a multi-beam image is identified
from within the returns from the multiple beam radar
system. The multi-beam image can span a sub-plurality of
the plurality of beams and span a plurality of range bins
within the grid. An identified energy peak within the multi-
beam image can indicate a detected target.

In further embodiments, a first comprehensive image is
created from returns for each beam at a first detection period.
A second comprehensive image is created from returns for
each beam at a second subsequent detection period. The first
comprehensive image is compared to the second compre-
hensive image. Differences between the first and second
images are identified. The identified differences can indicate
a detected target.

In some embodiments, the computed target positions are
filtered to remove errors from the computed positions. As
part of this filtering process, track files are created for targets
within a roadway. A target list for the roadway is accessed.
A track file for each target in the roadway is maintained.
Each track file includes target data for a target that is within
the roadway. The target data includes target position data for
a target, the target position data including at least one of: a
last known position for the target and a predicted position for
the target.

Maintaining track files includes accessing a currently
computed position from the target list and accessing a
specified track file for an existing target. If the specified
track file has target position data corresponding to the
currently computed position, then it is determined that the
currently computed position corresponds to a position of the
existing target. The determination can be made by compar-
ing the currently computed position to the target position
data in the accessed track file. The specified track file for the
existing target is updated when the currently computed
position is determined to correspond to the position of the
existing target. On the other hand, a new track file is created
for a new target when the currently computed position is
determined not to correspond to the position of the existing
target.

Embodiments of the present invention may comprise or
utilize a special purpose or general-purpose computer
including computer hardware, such as, for example, a pro-
cessor, as discussed in greater detail below. Embodiments
within the scope of the present invention also include
physical and other computer-readable media for carrying or
storing computer-executable instructions and/or data struc-
tures. Such computer-readable media can be any available
media that can be accessed by a general purpose or special
purpose computer system. Computer-readable media that
store computer-executable instructions are physical storage
media. Computer-readable media that carry computer-ex-
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6

ecutable instructions are transmission media. Thus, by way
of example, and not limitation, embodiments of the inven-
tion can comprise at least two distinctly different kinds of
computer-readable media: computer storage media and
transmission media.

Computer storage media includes RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium which can be used to store desired program code
means in the form of computer-executable instructions or
data structures and which can be accessed by a general
purpose or special purpose computer.

A “network” is defined as one or more data links that
enable the transport of electronic data between computer
systems and/or modules and/or other electronic devices.
When information is transferred or provided over a network
or another communications connection (either hardwired
wireless or a combination of hardwired or wireless) to a
computer, the computer properly views the connection as a
transmission medium. Transmissions media can include a
network and/or data links which can be used to carry or
desired program code means in the form of computer-
executable instructions or data structures and which can be
accessed by a general purpose or special purpose computer.
Combinations of the above should also be included within
the scope of computer-readable media.

Further, upon reaching various computer system compo-
nents, program code means in the form of computer-execut-
able instructions or data structures can be transferred auto-
matically from transmission media to computer storage
media (or vice versa). For example, computer-executable
instructions or data structures received over a network or
data link can be buffered in RAM within a network interface
module (e.g., a “NIC”), and then eventually transferred to
computer system RAM and/or to less volatile computer
storage media at a computer system. Thus, it should be
understood that computer storage media can be included in
computer system components that also (or even primarily)
utilize transmission media.

Computer-executable instructions comprise, for example,
instructions and data which cause a general purpose com-
puter, special purpose computer, or special purpose process-
ing device to perform a certain function or group of func-
tions. The computer executable instructions may be, for
example, binaries, intermediate format instructions such as
assembly language, or even source code. Although the
subject matter has been described in language specific to
structural features and/or methodological acts, it is to be
understood that the subject matter defined in the appended
claims is not necessarily limited to the described features or
acts described above. Rather, the described features and acts
are disclosed as example forms of implementing the claims.

Those skilled in the art will appreciate that the invention
may be practiced in network computing environments with
many types of computer system configurations, including,
personal computers, desktop computers, laptop computers,
message processors, hand-held devices, multi-processor sys-
tems, microprocessor-based or programmable consumer
electronics, network PCs, minicomputers, mainframe com-
puters, mobile telephones, PDAs, pagers, routers, switches,
traffic sensors, and the like. The invention may also be
practiced in distributed system environments where local
and remote computer systems, which are linked (either by
hardwired data links, wireless data links, or by a combina-
tion of hardwired and wireless data links) through a network,



US 10,049,569 B2

7

both perform tasks. In a distributed system environment,
program modules may be located in both local and remote
memory storage devices.

Accordingly, in this specification and in the following
claims, a computer system is also defined to include traffic
sensors (e.g., sensor 20 in FIG. 1).

In this specification and in the following claims, the term
“roadway intersection” is defined as the intersection of two
or more roadways for automobile and/or truck traffic includ-
ing the approaches to the intersection and also includes an
intersection of roadways with one or more thoroughfares for
other traffic, including the approaches to the intersection.
Thoroughfares for other traffic may include pedestrian paths
and railways.

Embodiments of the invention include intersection traffic
detection products that: can be mounted above the roadway
surface, monitor a wide portion of the roadway, and are
robust to varying lighting and weather conditions.

FIG. 1 is an example traffic sensor 20. Generally, traffic
sensor 20 can be used to detect objects (e.g., vehicles,
pedestrians, etc.) at a roadway. As depicted, traffic sensor 20
includes antenna array 31, circuitry 11, signal generator 12,
receive channel 13, processor 14, and memory 38.

Generally, antenna array 31 is configured to create
antenna beams over which a transmit signal is propagated
and/or from which received signals are received. In some
embodiments, antenna array 31 creates multiple antenna
beams that are steered so that the antennas overlap at their
3 dB points creating continuous coverage over a 90 degree
area.

Antenna array 31 can include a plurality (and potentially
a large number) of transmit antennas and can include a
plurality (and potentially a large number) of receive anten-
nas. Transmit antennas can be configured to transmit signals
into a roadway. Transmit antennas can be directional anten-
nas used to transmit a signal. Receive antennas can be
configured to receive reflections of signals reflected off of
objects in the roadway. The reflections can correspond to
two dimensional image data for the roadway. Receive anten-
nas can also be directional antennas used to receive (e.g.,
reflected) signals.

Using directional antennas (potentially for both transmit
antennas and receive antennas) has at least two advantages
over the use of other types of antennas, including broad
beam antennas. One advantage is that the sidelobe level in
the two way antenna pattern is reduced. Another advantage
is that the width of the mainlobe in the two way antenna
pattern is also reduced.

Generally, the number of transmit and receive antennas
used in an antenna area can be matched to the size of the area
that is to be covered. For larger areas the number of transmit
and receive antennas can be increased. In some embodi-
ments, the number of transmit and receive antennas is
selected to provide sufficient angular resolution or sufficient
coverage.

In some embodiments, instead of using a number of fixed
beam antennas, an electronically steerable antenna is used to
create beams that are steered to different angles. For
example, the electronically steerable beam may be steered
10 degrees to the left for one detection period and it may be
steered 20 degrees to the left in the next detection period and
SO on.

Still in other embodiments, beam forming is used to create
the antenna beams that are steered to different angles. In a
sensor in which beam forming is used, data is collected from
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a number of antenna elements and is then combined using
digital signal processing to create a beam that is steered to
the desired direction.

Signal generator 12 is configured to generate a radar
signal. Generally, circuitry 11 is configured to provide a
transmitting transmission path between signal generator 12
and antenna array 31. Signals generated at signal generator
12 can pass from signal generator 12, along the transmitting
transmission path, to antenna array 31 for transmission. The
transmitting transmission path can include appropriate
switches that switch the transmission path to each (e.g.,
transmitting) antenna in the antenna array 31 in sequence.

Circuitry 11 is also configured to provide a receiving
transmission path between antenna array 31 and receive
channel 13. Reflected signals received at antenna array 31
can pass from antenna array 31, along the receive transmis-
sion path, to receive channel 13. The receive transmission
path can include a mixer that mixes down received reflected
signals to baseband.

Receive channel 13 is configured to condition received
reflections for compatibility with processor 14. When appro-
priate, receive channel 13 provides one or more of: multi-
plexing, filtering, and amplification before providing
received signals for analog to digital conversion. In some
embodiments, baseband signal lines are multiplexed to a
single signal line.

Processor 14 processes signals corresponding to received
reflections to convert the signals into meaningful digital data
(e.g., digital data 36). In some embodiments, the processing
algorithms combine the data from the plurality of antennas
into one complete (e.g., two dimensional) image before
detecting vehicles. Processor 14 can be a digital signal
processor configured to convert received signals into digital
data and deliver digital data to external components, such as,
for example, communication link 33 (e.g., to a display
device or another computer system), storage 37, and contact
closure 39. Storage 37 can be a computer-readable storage
media, such as, for example, a magnetic disk, an optical
disk, a flash drive, RAM, etc.)

Digital data 36 can include, for example, a sensor con-
figuration, presence indications, vehicle detections, esti-
mated vehicle speed, and traffic statistics. Traffic statistics
can include: vehicle counts per lane; vehicle counts per
direction; vehicle counts per approach; turning counts; aver-
age speeds per lane, direction, or approach; 85th percentile
speeds per lane, direction, or approach; occupancy per lane,
direction, or approach; etc.

Processor 14 can also be configured to control signal
generator 12. For example, processor 14 can send a signal
activation command to signal generator 12 when signal
generator 12 is to generate a signal.

As depicted, sensor 20 includes system memory 38 (e.g.,
RAM and/ROM). Processor 14 can utilize system memory
38 when processing digital data 36. For example, sensor 30
can execute computer-executable instructions stored in
ROM to process digital data 36. During processing of digital
data 36, processor 14 can store values in RAM and retrieve
values from RAM.

Also as depicted, sensor 20 includes storage 32. Storage
32 can include more durable computer storage media, such
as, for example, a flash drive or magnetic hard disk. Thus,
sensor 20 can also execute computer-executable instructions
stored storage 32 and use RAM to store and retrieve values
during execution. In some embodiments, computer-execut-
able instructions stored at sensor 20, when executed at
processor 14, detect energy peaks in two dimensional image
data for a roadway.
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In this specification and in the following claims “track
file” is defined as a collection of data associated with a target
(e.g., vehicle), which is used to monitor the movements of
that target, such as, for example, in a roadway. A track file
can contain information for a target, such as, for example,
current position data that consists of range and azimuth
angle information, starting position, position history, current
vector velocity, vector velocity history, predicated position,
as well as radar return characteristics such as brightness,
scintillation intensity, and signal spread in range. As such,
based on sensor data, processor 14 can also create and store
track files, such as, for example, track files 34A, 34B, etc.,
in memory 38 or storage 32. Stored track files can be
subsequently accessed and updated (e.g., modified and
deleted) as further information related to a target is sensed.
Accordingly, in other embodiments, computer-executable
instructions stored at sensor 20, when executed at processor
14, create and/or update track files for a roadway.

Signal generator 12 can be a radio frequency (“RF”)
generator that generates RF signals. For example, signal
generator 12 can generate a frequency modulated continuous
wave (“FMCW?”) RF signal. The FMCW RF signal can be
generated via direct digital synthesis and frequency multi-
plication. In these embodiments, circuitry 11 includes RF
circuitry having RF switches. The RF switches are used to
switch the transmission path for an RF signal to each (e.g.,
transmitting) antenna in the antenna array 31 in sequence.

In these embodiments, the RF circuitry is also configured
to provide a receiving transmission path for received
reflected RF signals. Receive channel 13 can condition
received reflected RF signals for compatibility with proces-
sor 14. When appropriate, receive channel 13 provides one
or more of: multiplexing, filtering, and amplification before
providing received reflected RF signals for analog to digital
conversion.

Also in these embodiments, the same antenna can be used
to both transmit an RF signal and receive reflected RF
signals. Accordingly, the number of antennas in the antenna
array can be reduced by half relative to embodiments in
which separate transmit and receive antennas are required.
Transmit antennas can be directional antennas used to trans-
mit an RF signal. Similarly, receive antennas can be direc-
tional antennas used to receive reflected RF signals.

Embodiments of the invention include radar vehicular
traffic sensors that use multiple radar beams to cover a
(potentially wide) detection area and create position infor-
mation within that detection area. Using a multiple radar
beam system vehicle movements can be tracked as the
vehicle position moves across the different beams.

FMCW RF radar systems can measure the range to the
targets in the radar beam. Each beam in a multiple beam
system can overlap to some extent with adjacent beams. In
some embodiments, this results in there being no gaps in
coverage. The system can measure the distance to targets in
each of the beams.

Accordingly, in some embodiments, the range to the
targets in each of the antenna beams is determined through
the use of an FMCW RF signal. The angle to targets in a
roadway can be determined through the use of the individual
antennas in the antenna array. As a result, the range and
angle can be determined for targets in a large portion of a
roadway. From this information a two dimensional image of
the roadway intersection can be constructed.

FIG. 2A depicts the traffic sensor 20 of FIG. 1 in a
roadway intersection 41. Sensor 20 utilizes multiple antenna
beams 24A-24P. Circuitry 11 can be configured to switch
radar signal transmission between antenna beams 24A-24P
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on and off in sequence. Switching circuitry can control when
each antenna beam is transmitting. A baseband multiplexer
can control when a received (e.g., reflected) signal is pro-
cessed for an antenna.

Processor 14 can measure the range to targets in each of
the antenna beams 24A-24P. The range is the distance
between sensor 20 and any targets, such as, for example,
vehicle 26. Further, by using each of the antenna beams
24A-24P, sensor 20 can receive a radar return (e.g., a
reflection off of vehicle 26) from multiple azimuth angles
and can measure the range to the targets at each of the
azimuth angles. The multiple azimuth angles can be mea-
sured in the horizontal plane. In this way, processor 14 can
create a two dimensional image showing the location of the
targets (e.g., vehicle 26) in and/or approaching intersection
41. Processor 14 can create an image using a two dimen-
sional orthogonal coordinate system, such as, for example,
a Cartesian coordinate system, a polar coordinate system,
etc.

The plurality of beams in a multiple beam radar system
can be divided in a grid of range bins. For example, FIG. 2B
depicts the plurality of beams of sensor 20 within intersec-
tion 41. (However, the vehicles, intersection markings, and
boundaries from FIG. 2A are removed for clarity). As
depicted, beams 24A-24P are divided into a grid of range
bins 42. Range bins in grid 42 are of uniform varied distance
ranges from sensor 20. Each beam is divided into a plurality
of'range bins in accordance with the uniform varied distance
ranges. The uniform varied distance ranges are identified as
range 1 through range 10.

Within the description and following claims, a particular
range bin in grid 42 can be identified by a combination of
beam letter and range number so as to differentiate the
particular range bin from other ranges bins in grid 42. As
such, adjacent range bins in the same range can be differ-
entiated by beam letter. For example, beam 24C and range
9 identify range bin C9 and beam 24D and range 9 identify
bin D9. On the other hand, adjacent range bins in the same
beam can be differentiated by range number. For example,
beam 24N and range 6 identify range bin N6 and beam 24N
and range 7 identify bin N7. Although not expressly depicted
in the Figures, other range bins may be referred to using
similar notations throughout this specification. For example,
the range bin corresponding to beam 24G and range 2 can be
referred to as range bin G2. Similarly, the range bin corre-
sponding to beam 241, and range 6 can be referred to as
range bin 6. However, other range bin notations are also
possible.

Based on grid 42, sensor 20 can detect multi-beam images
within returns (reflections) from targets in intersection 41.
Multi-beam images can span a plurality of the beams
24A-24P. Multi-beam images can also span a plurality of
range bins within gird 42. The magnitude of the energy
reflected from a particular range bin can correspond to the
amount of reflective area in the particular range bin. That is,
when there is more reflective area in a range bin, the
magnitude of energy detected in the range bin is likely to be
greater. On the other hand, when there is less reflective area
in a range bin, the magnitude of energy detected in the range
bin is likely to be lower.

Thus, it may be that a larger portion of a vehicle is with
the boundaries of a specified range bin of grid 42. As such,
other smaller portions of the vehicle may be within the
boundaries of one or more other range bins of 42. Thus,
since a larger portion of the vehicle is in the specified range
bin, the reflective area in the specified range bin is likely
greater than the reflective area in any of the one or more
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other range bins. Accordingly, the magnitude of the identi-
fied energy from the specified range bin is also likely to be
greater than the magnitude of the identified energy from the
one or more other range bins.

Sensor 20 can use a magnitude threshold to determine
when identified energy indicates a potential target. When the
magnitude of identified energy from a range bin is greater
than (or equal to) the magnitude threshold, sensor 20 can
consider the identified energy as a potential target. On the
other hand, when the magnitude of identified energy from a
range bin is less than the magnitude threshold, sensor 20
does not consider the identified energy as a potential target.

When the magnitude of identified energy from a specified
range bin indicates a potential target, sensor 20 can then
determine whether or not the magnitude of identified energy
from the specified range bin is an energy peak. That is,
whether or not the magnitude of the specified range bin is
greater than the magnitude of the identified energy in any
surrounding adjacent range bins. In some embodiments, a
target or at least a larger portion (or largest portion of) a
target is assumed to be located in a range bin that is an
energy peak.

Thus, when the magnitude of identified energy from the
specified range is an energy peak, sensor 20 detects there to
be a target present in the specified range bin. For example,
a larger portion of a vehicle may be present within the
boundaries of the specified range bin. On the other hand,
when the magnitude of identified energy from the specified
range bin is not an energy peak, sensor 20 considers there
not to be a target present in the specified range bin. For
example, a smaller portion of a vehicle may be present
within the boundaries of the specified range bin (and thus a
larger portion of the vehicle is likely present in one or more
of the surrounding adjacent range bins).

When a target is detected (i.e., when the magnitude of
identified energy in a specified range bin is greater than a
threshold and greater than any surrounding adjacent range
bins), sensor 20 can use the magnitude of the identified
energy in the specified range bin and the magnitude of the
energy in any surrounding adjacent range bins to compute
the position of the target. In some embodiments, a two-
dimensional Cartesian coordinate system is used to more
precisely represent positions on a roadway. For example, a
Cartesian coordinate system can be used to represent posi-
tions in intersection 41. As such, identified energy magni-
tudes from grid 42 can be used to calculate the position (e.g.,
X and Y coordinates) of targets in intersection 41.

Turning to FIG. 2C, FIG. 2C depicts a detected target
within the plurality of beams of the traffic sensor 20. FIG. 3
illustrates an example flow chart of a method 300 for
filtering computed target positions across a plurality of
beams of a multiple beam radar system in a roadway. The
method 300 will be described primarily with respect to the
data and components in FIGS. 2A-2C.

Method 300 includes an act of detecting one or more
targets in a plurality of beams of a multiple beam radar
system (act 301). For example, targets can be detecting in
the plurality of beams of 24 A-24P of sensor 20. Targets can
be detected using a variety of different mechanisms. FIGS.
4A, 4B, and 4C illustrate example flow charts of methods for
detecting targets in a plurality of beams of the multiple beam
radar system. Any of the methods depicted in FIG. 4A, 4B,
or 4C can be used to implement act 301. FIGS. 4A, 4B, and
4C will now be described after which the remaining acts of
method 300 will be described.

More specifically, FIG. 4A illustrates an example flow
chart of a method 400 for detecting targets in a plurality of
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beams. Method 400 will be described with respect to the
elements depicted in FIGS. 2A-2C.

Method 400 includes an act of dividing returns from the
multiple beam radar system into a grid of range bins,
dividing returns into a grid of range bins including dividing
each beam in the plurality of beams into a plurality of range
bins of uniform varied distances from the multiple beam
radar system, each beam divided into a plurality of range
bins in accordance with the uniform varied distances (act
401). For example, as depicted in FIG. 2B, the returns
(reflections) corresponding to beams of sensor 20 can be
divided into grid 42.

Method 400 includes an act of identifying a multi-beam
image within the returns from the multiple beam radar
system, the multi-beam image representing a target within
the roadway, the multi-beam image spanning a sub-plurality
of the plurality of beams, the multi-beam image also span-
ning a plurality of range bins within the grid of range bins
(act 402). For example, turning now to FIG. 2C, sensor 20
can detect an image that spans range bins E5, D5, E6, D6,
and C6 (as indicted by the hatching within these range bins).

Method 400 includes an act of identifying an energy peak
within the multi-beam image (act 403). For example, sensor
20 can identify an energy peak in range bin D6 (as indicated
by cross-hatching in range bin D6). Identifying an energy
peak can include for a specified range bin in one of the
beams of the sub-plurality of beams, an act of determining
that the magnitude of the identified energy in the specified
range bin is above a specified threshold (act 404). Identify-
ing an energy peak can also include for the specified range
bin, an act of determining that the magnitude of the identi-
fied energy in the specified range bin is greater than the
magnitude of the identified energy in any of the surrounding
adjacent range bins within the grid of range bin (act 405).

For example, sensor 20 can measure the magnitude of
identified energy in each range bin in grid 42 at specified
intervals. For the identified energy magnitudes, sensor 20
can determine if any of the identified magnitudes are greater
than (or equal to) a magnitude threshold. For example, as
depicted in FIG. 2C, sensor 20 can determine that the
magnitude of identified energy received from range bins D6
and ES5 is greater than magnitude threshold 271. For each of
range bins D6 and ES5, sensor 20 compares the identified
energy magnitude to the identified energy magnitude
received from any surrounding adjacent range bins. For
example, sensor 20 can compare the identified energy mag-
nitude received form range bin D6 to the identified energy
magnitudes received from range bins ES, D5, C5, E6, C6,
E7, D7, and C7. Similarly, sensor 20 can compare the
identified energy magnitude received from range bin ES to
the identified energy magnitudes receive from range bins F4,
E4, C4, F5, C5, F6, E6, and D6.

From the comparison, sensor 20 can determine that the
identified energy magnitude received from D6 is greater
than identified energy magnitude received from any of its
surrounding adjacent range bins. Sensor 20 can also deter-
mine that the identified energy magnitude received from ES
is not greater than identified energy magnitude received
from any of its surrounding adjacent range bins. That is, the
identified energy magnitude received from range bin D6 is
greater than the identified energy magnitude received from
range bin E5. As such, range bin D6 is identified as an
energy peak. However, range bin E5 is not identified as an
energy peak. Since range bins D6 and E5 are adjacent range
bins, sensor 20 determines that the identified energy mag-
nitude received from ranges bins D6 and E5 is likely from
the same target (e.g., vehicle 26). Further, since identified
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energy magnitude received from range bin D6 is greater,
sensor 20 determines that a larger portion of the target is in
range bin D6. Thus, it is also likely that a smaller portion of
the same target (e.g., vehicle 26) is in range bin ES5.

Method 400 can be repeated as appropriate to identify
other targets in intersection 41, as well as identifying new
positions of existing targets in intersection 41. Thus, in some
embodiments, an energy peak is identified within a multi-
beam image to detect a target.

In other embodiments, detecting targets in a plurality of
beams includes identifying an energy peak within a single
beam of a multiple beam radar system to detect a target. For
example, turning now to FIG. 4B, FIG. 4B illustrates an
example flow chart of another method 420 for detecting
targets in a plurality of beams. Method 420 will be described
with respect to the elements depicted in FIGS. 2A-2C.

Method 420 includes an act of dividing returns from the
multiple beam radar system into a grid of range bins,
dividing returns into a grid of range bins including dividing
each beam in the plurality of beams into a plurality of range
bins of uniform varied distances from the multiple beam
radar system, each beam divided into a plurality of range
bins in accordance with the uniform varied distances (act
421). Act 421 can be performed similarly or even identical
to act 401 from method 400.

Method 420 includes an act of identifying an energy peak
within a single beam of the multiple beam radar system (act
422). For example, turning now to FIG. 2C, sensor 20 can
detect an energy peak in beams 24C, 24D, and 24E.

Identifying an energy peak within a single beam can
include for a specified range bin in one of the beams of the
sub-plurality of beams, an act of determining that the
magnitude of the identified energy in the specified range bin
is above a specified threshold (act 423). Identifying an
energy peak can also include for the specified range bin, an
act of determining that the magnitude of the identified
energy in the specified range bin is greater than the magni-
tude of the identified energy in both of the adjacent range
bins (act 424). For example, in FIG. 2C range bin D6 is
compared to range bin D5 and to range bin D7 and if the
energy in D6 is greater than the energy in these bins then it
is a peak.

Act 422 can be repeated for different beams within the
multiple beam radar system and can be repeated at different
points in time so that while each individual target is only
detected in a single beam, the targets collectively are
detected in a plurality of beams.

In further embodiments, detecting targets within a plural-
ity of beams includes comparing differences between cre-
ated comprehensive images. For example, turning now to
FIG. 4C, FIG. 4C illustrates an example flow chart of
another method 440 for detecting targets in a plurality of
beams. Method 440 will be described with respect to the
elements depicted in FIGS. 2A-2C.

Method 440 includes an act of dividing returns from the
multiple beam radar system into a grid of range bins,
dividing returns into a grid of range bins including dividing
each beam in the plurality of beams into a plurality of range
bins of uniform varied distances from the multiple beam
radar system, each beam divided into a plurality of range
bins in accordance with the uniform varied distances (act
441). Act 441 can be performed similarly or even identical
to act 401 from method 400 or to act 421 from method 420.

Method 440 includes an act of creating a first compre-
hensive image from the returns for each beam at a first
detection period (act 442). In some embodiments, creating a
comprehensive image includes organizing divided returns
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for each of the beams of the multiple beam radar system into
a block of memory. For example, sensor 20 can create a first
comprehensive image by organizing divided returns for each
of beams 24A-24P into a block of memory. The first
comprehensive image can be created at a first detection
period for sensor 20.

Method 440 includes an act of creating a second com-
prehensive image from the returns for each beam at a second
detection period, the second detection period occurring
subsequent to the first detected period (act 443). For
example, sensor 20 can also create a second comprehensive
image by organizing divided returns for each of beams
24A-24P into a block of memory. The second comprehen-
sive image can be created at a second detection period for
sensor 20. The second detection period for sensor 20 can
occur after the first detection period for sensor 20.

Method 440 includes an act of comparing the first com-
prehensive image from the first detection period to the
second comprehensive image from the second detection
period (act 444). In some embodiments, the comparison
includes subtracting the radar return for each range bin in
each beam in the first comprehensive image from the radar
return for each range bin in each beam in the second
comprehensive image. For example, the radar return in each
bin in grid 42 at a first time can be subtracted from the radar
return in each bin of grid 42 at a second subsequent time to
compare comprehensive images created by sensor 20.

Method 440 includes an act of identifying differences
between the first and second comprehensive images (act
445). For example, sensor 20 can identify differences in
returns in the bins of grid 42 over time. These differences
can represent target detections. Act 445 can be repeated a
number of times until targets in a comprehensive image are
identified.

Thus as described, a variety of different mechanisms can
be used to detect targets in a plurality of beams (e.g., in grid
42). Upon detecting targets in a plurality of beams, a variety
of different computations can be performed based on the
detected targets.

Referring now back to FIG. 3, Method 300 includes an act
of computing positions for the one or more targets for a first
detection period (act 302). For example, sensor 20 can detect
the position of one or more targets (e.g., vehicle 26) in
intersection 41 for a first detection period. Method 300
includes an act of computing positions for the one or more
targets for a second detection period (act 303). For example,
sensor 20 can detect the position of one or more targets (e.g.,
vehicle 26) in intersection 41 for a second (subsequent)
detection period.

In some embodiments, target positions are computed
based on the magnitude of the identified energy in the
specified range bin and the magnitude of the identified
energy in any of the surrounding adjacent range bins. For
example, sensor 20 can compute target position 202 (of
vehicle 26) from the identified energy magnitudes received
from range bins ES, D5, C5, E6, D6, C6, E7, D7, and C7.
Computed target position 202 can include coordinates 203
(e.g., x and y coordinates) indicating a two-dimensional
position of vehicle 26 in intersection 41.

In some embodiments, centroid x and y coordinates are
calculated in accordance with the following equation:

N

D G ) My
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(Keentroid> Yeentroid) =
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n=1
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where N=the number of range bins used in the centroid
calculation. For range bins that are not on the edge of grid
42, N=9, the range bin of interest (a range bin having an
energy peak) and the eight surrounding bins. (x,,y,,) repre-
sents the x and y coordinates of the center of the range bin.
For side or corner range bins the value of N can differ. M,
represents the identified energy magnitude received from the
range bin.

A plurality of different positions for a target can poten-
tially be computed. For example, for a target with spatial
extent along a lane, the position of the foremost point along
a lane and the position of the back most point along a lane
could be computed.

Method 300 includes an act of filtering the computed
positions for the one or more using a subset of computed
positions from the first detection period and using a subset
of computed positions from the second detection period (act
304). In some embodiments, filtering the computed posi-
tions includes both spatial and temporal filtering in which
the computed target position is filtered in both position and
in time. For example, sensor 20 can spatially and temporally
filter computed target positions detected within grid 42.

Computed target positions will have errors that can be at
least partially removed by filtering. For example, vehicles
travel along paths dictated by the principles of velocity and
acceleration. The computed positions, however, may have
errors that could represent movements that would be impos-
sible for a vehicle. These errors can be filtered out using a
number of different methods.

One mechanism for spatially and temporally filtering is
facilitated through the use of a track file. When maintaining
a track file using a computed position from one detection
period, the target may be detected in one beam of the
multiple beam radar system as previously described. When
the track file is maintained in another detection period,
however, the target may be detected in a different beam of
the multiple beam radar system. Thus, the track file has been
maintained using the computed positions of targets in a
plurality of beams even though in a single detection period
the track file was maintained using computed positions of a
target in a single beam.

In some embodiments, a target list is used to update track
files for a roadway. When multiple targets are detected and
multiple positions are computed in a single detection period,
then the computed target positions are added to a target list.

Turning now to FIG. 6, FIG. 6 illustrates a portion of
traffic sensor 20 for updating track files 34 for targets within
roadway intersection 41. As depicted, sensor 20 includes
track file maintenance module 401. Track file maintenance
module 401 is configured to access a target list and track
files. From the target list and track files, track file mainte-
nance module 401 determines if a computed target position
in the target list corresponds to the position of a new target
or to a new position of an existing target. For example, track
file maintenance module 401 can access target list 201 and
track files 34 and determine if computed target position 202
is the position of a new target in intersection 41 or computed
target position 202 is a new position of an existing target in
intersection 41.

Turning back to FIG. 5, FIG. 5 illustrates an example flow
chart 500 of a method for performing filtering by maintain-
ing a track file. The method 500 will be described primarily
with respect to the data and components in FIG. 6.

Method 500 includes an act of accessing a currently
computed position from the target list (act 501). For
example, track file maintenance module 401 can access
computed position 202, including coordinates 203, from
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target list 201. Computed position 202 can indicate the
position of a target in intersection 41

Method 500 includes an act of accessing a specified track
file for an existing target, the specified track file having
target position data that may correspond to the currently
computed position (act 502). For example, track file main-
tenance module 401 can access one of track files 34. Each
track file can include target data for a target that is within
intersection 41. Target data can include target positioning
data including at least one of: a last known position for the
target and a predicted position for the target. For example,
track file 34B can include target data 35B, including last
known position 601 and predicted future position 604 for a
target in intersection 41. Depending on an amount of time
sensor 20 has been tracking a target, a predicted position
may not be available, or may be more or less precise. For
example, it may be difficult to predict a position for a target
when sensor 20 has not tracked the target long enough to
formulate a reasonable estimate of speed and/or direction for
the target. Thus, as more information for a target is obtained,
predictions of future positions can also become more pre-
cise.

For example, track file maintenance module 401 can
access track file 34B for a target in intersection 41. Track file
34B can be selected due to having location data with a last
known position and/or predicted location that is closer to
computed position 202 than location data in other track files.
Alternately, track file maintenance module 401 can access
each track file 34 individually for comparison to computed
position 202.

Method 500 includes an act of determining if the currently
computed position is a position of the existing target by
comparing the currently computed position to the position
data in the accessed track file (act 503). For example, track
file maintenance module 401 can determine if computed
position 202 is a position of an existing target in roadway
intersection 41 by comparing coordinates 203 to location
data 35B.

In some embodiments, a computed position in a target list
is compared to a last known position from a target. If the
computed position in the target list is within a specified
distance of a last known position, track file maintenance
module 401 determines that the computed position from the
target list is a new position for an existing target. For
example, referring to FIG. 7A, FIG. 7A illustrates an
example of determining whether or not a computed target
position is the position of an existing target in a roadway.

As depicted in FIG. 7A, last known position 601 and
computed position 202 are depicted some distance apart.
Track file maintenance module 401 can calculate calculated
distance 776 between last known position 601 and computed
position 202 from coordinates 602 and coordinates 203 (e.g.,
both 602 and 203 being two-dimensional Cartesian coordi-
nates). Track file maintenance module 401 can compare
calculated distance 776 to a specified radius 713 to deter-
mine whether or not computed position 202 is a new position
for the target previously detected at last known position 601.
The specified radius 713 defines a circle (e.g., specified
circle 723) that is centered at the last known position 601
and has the specified radius 713.

Thus, if the specified distance radius is specified radius
713, track file maintenance module 401 determines that
computed position 202 is a new position for a target previ-
ously detected at last known position 601 in intersection 41
(i.e., calculated distance 776 is less than specified radius 713
and computed position 202 is within specified circle 723).
On the other hand, if the specified distance is specified



US 10,049,569 B2

17

radius 712, track file maintenance module 401 determines
that computed position 202 is the position of a new target in
intersection 41 (i.e., calculated distance 776 is greater than
specified radius 712 and computed position 202 is outside of
specified circle 722).

In some embodiments, a computed position in a target list
is compared to a predicted location for a target. If the
computed position in the target list is within a specified
distance radius of the predicted location, track file mainte-
nance module 401 determines that the computed position
from the target list corresponds to a new position for an
existing target. For example, referring to FIG. 7B, FIG. 7B
illustrates an example of determining whether or not a
computed target position is the position of an existing target
in a roadway intersection.

As depicted in FIG. 7B, predicted position 604 and
computed position 202 are depicted some distance apart.
Predicted position 604 is derived from last known position
601 and predicted travel path 707 (e.g., the speed and
direction of a target in intersection 41). Track file mainte-
nance module 401 can calculate calculated distance 777
between predicted position 604 and computed position 202
from coordinates 606 and coordinates 203 (e.g., both 606
and 203 being two-dimensional Cartesian coordinates).
Track file maintenance module 401 can compare calculated
distance 777 to a specified distance radius to determine
whether or not computed position 202 corresponds to a new
position for the target previously detected at last known
position 601.

Thus, if the specified distance radius is specified distance
radius 716, track file maintenance module 401 determines
that computed position 202 corresponds to a new position
for the target previously detected at last known position 601
in intersection 41 (i.e., calculated distance 777 is less than
specified radius 716 and computed position 202 is within
specified circle 726). On the other hand, if the specified
distance radius is specified radius 714, track file mainte-
nance module 401 determines that computed position 202
corresponds to the position of a new target in intersection 41
(i.e., calculated distance 777 is greater than specified radius
714 and computed position 202 is outside of specified circle
724).

Turning back to FIG. 5, method 500 includes an act of
updating the specified track file for the existing target when
the currently computed position is determined to correspond
to the position of the existing target (act 504). For example,
track file maintenance module 401 can update location data
35B of track file 34B by filtering computed position 202
using either last known position 601 or predicted position
604 to result in a new last known position to be used in the
next detection period. Method 500 also includes an act of
creating a new track file for a new target when the currently
computed position is determined not to correspond to the
position of the existing target (act 505). For example, track
file maintenance module 401 can create track file 34C
(including computed position 202) for a new target in
intersection 41.

Using track files to filter computed positions, which aids
in the reduction of errors, can be done in many different
ways. In some embodiments, a leaky integrator, also referred
to as a single pole infinite impulse response (IIR) filter, is
used to filter the computed positions. For example, when a
position is computed that corresponds to a target with an
existing track file, this computed position is combined with
the last known position stored in the track file by weighting
each of the values by the predetermined filter coefficients
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and then summing the two values. The result is used as the
last known position for the next detection period as shown
in the following equation:

PlLast Known =a, 'P,, 1Last Know"+b0'P1 Computed

wherein
P Last Known
1
is the value stored as the last known position for use in the
next detection period,
P Last Known
. -1 .. . .
is the last known position that was stored during the previous
detection period, and
PlComputed
is the newly computed target position. a;, and b, are the
predetermined filter coefficients.

In some embodiments, the computed position is filtered
using the predicted position instead of the last known
position. In these embodiments, the last known position is
used to calculate the predicted position before the filtering is
performed as shown in the following equations:

PPrEdidEdi:\/XAl+PLaSt Knowniil

PlLast Known =a, P lPredicted+b0_Pl Computed

wherein
PlPredicted

is the predicted position that is calculated from the
velocity of the target, v, and the time between detection
periods, At. The velocity of the target can be estimated by
calculating the change in position over time. Errors in this
calculation can be reduced by averaging several measure-
ments. For example, one method of calculating the velocity
consists of averaging a predetermined number of calculated
positions to create a first average position and then averag-
ing a predetermined number of subsequent calculated posi-
tions to create a second average position. The velocity of the
target can then be calculated by dividing the difference
between the first and second average positions by the time
required to create an average position.

FIG. 8 illustrates an example flow chart of a method 800
for filtering target positions across a plurality of beams of a
multiple beam radar system in a roadway.

Method 800 includes an act of dividing returns from a
multiple beam radar system from a first detection period into
a grid of range bins, dividing returns into a grid of ranges
bins including dividing each beam in the plurality of beams
in to a plurality of range bins of uniform varied distance
ranges from the multiple beam radar system, each beam
divided into a plurality of range bins in accordance with the
uniform varied distance ranges (act 801). Act 801 can be
performed similarly or even identical to act 401 from
method 400, to act 421 from method 420, or act 441 from
method 440 for a first detection period.

Method 800 includes an act of creating a comprehensive
image from the returns for each beam from the first detection
period (act 802). Act 802 can be performed similarly or even
identical to acts 442 of method 440. For example, in some
embodiments, creating a comprehensive image includes
organizing the divided returns for each of the beams of the
multiple beam radar system into a block of memory.

Method 800 includes an act of dividing returns from the
multiple beam radar system for a second detection period
into the grid of range bins (act 803). Act 803 can be
performed similarly or even identical to act 401 from
method 400, to act 421 from method 420, or act 441 from
method 440 for a second detection period.
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Method 800 includes an act of creating a comprehensive
image from the returns for each beam from the second
detection period (act 804). Act 804 can be performed simi-
larly or even identical to acts 443 of method 440.

Method 800 includes an act of filtering the comprehensive
image from the second detection period using a comprehen-
sive image from the first detection period (act 805). In some
embodiments, filtering is performed by filtering the radar
return in each range bin and beam with the radar return in the
corresponding range bin and beam from another compre-
hensive image. Method 800 includes an act of detecting
targets using the filtered comprehensive image (act 806).
Targets can be detected similarly or even identical to the
detection mechanisms described in methods 400, 420, and
440.

The present invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope
of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed:
1. A traffic sensor for monitoring a roadway, the traffic
sensor comprising:
a radar system including a plurality of beams and con-
figured to transmit signals into a roadway and to
receive reflections of signals reflected off of objects in
the roadway using the plurality of beams; and
a computer system coupled with the radar system and
configured to:
detect one or more targets in the plurality of beams of
the radar system;

compute a first position for one or more detected targets
for a first detection period;

compute a second position for one or more detected
targets for a second detection period;

derive at least one filtered computed position for at
least one of the one or more detected targets using
the first computed position from the first detection
period and the second computed position from the
second detection period.

2. The traffic sensor of claim 1, wherein deriving a filtered
computed position for the one or more detected targets
further comprises using an additional subset of computed
positions from the first detection period.

3. The traffic sensor of claim 1, wherein deriving a filtered
computed position for the one or more detected targets
further comprises using an additional subset of computed
positions from the second detection period.

4. The traffic sensor of claim 1, wherein deriving a filtered
computed position for the one or more targets further
comprises using a subset of both the first computed position
from the first detection period and the second computed
positions from the second detection period.

5. The traffic sensor of claim 1, wherein the radar system
comprises:

transmit antennas including a plurality of beams and
configured to transmit signals into the roadway using
the plurality of beams, the signals being frequency
modulated continuous wave radio frequency signals;
and

receive antennas configured to receive the reflections of
signals off of objects in the roadway using the plurality
of beams.
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6. The traffic sensor of claim 1, wherein the computer
system comprises:

system memory,

one or more processors electronically coupled to the

system memory;

at least one computer-readable storage device electroni-

cally coupled to the one or more processors, the at least
one computer-readable storage device having stored
thereon instructions that when executed by the one or
more processors cause the computer system to detect
the one or more targets, compute the first positions for
the first detection period, compute the second positions
for the second detection period, and derive the filtered
computed positions.

7. The traffic sensor of claim 1, wherein detecting one or
more targets in the plurality of beams of the radar system
comprises identifying at least one energy peak within a
multi-beam image generated using the radar system’s plu-
rality of beams.

8. The traffic sensor of claim 1, wherein the first and
second computed positions are stored in a target list.

9. The traffic sensor of claim 8, wherein if the computed
positions stored in the target list are within a specified
distance of a last known position for at least one of the one
or more detected targets, the computer system determines
that the computed positions from the target list represent
new positions for an existing target.

10. A traffic control system comprising:

a traffic sensor for monitoring a roadway, the traffic sensor

comprising:
a radar system including a plurality of beams and
configured to transmit a signal into the roadway and
to receive reflections of the signal off of objects in
the roadway using the plurality of beams; and
a computer system coupled to the radar system and
configured to:
detect one or more targets in the plurality of beams
of the radar system;

compute first positions for the one or more targets for
a first detection period;

compute second positions for the one or more targets
for a second detection period; and

filter the computed position of at least one of the one
or more detected targets using one or more first
computed positions from the first detection period
and one or more second computed positions from
the second detection period.

11. The traffic control system recited in claim 10, wherein
the computer system is further configured to filter the
computed position through both spatial and temporal filter-
ing.

12. The traffic control system recited in claim 10, wherein
the traffic control system further comprises a traffic control
device configured to actuate a traffic signal based on the at
least one filtered computed position for the one or more
targets.

13. The traffic control system recited in claim 10, wherein
the computer system is further configured to send a signal to
a traffic control device configured to actuate a traffic signal
based on the filtered position for the one or more targets.

14. The traffic control system recited in claim 10, further
comprising a second traffic sensor for monitoring a second
roadway.

15. The traffic control system recited in claim 14, further
comprising:
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a second traffic control device configured to actuate a
second traffic signal based on input from the second
traffic sensor; and

a data network that links the sensor and traffic control
device with the second sensor and second traffic control
device.

16. A method for deriving filtered positions for targets
detected in a roadway across a plurality of beams of a radar
system, the method comprising:

detecting one or more targets in the plurality of beams of
the radar system;

computing a first position for one or more detected targets
for a first detection period;

computing a second position for one or more detected
targets for a second detection period;

deriving at least one filtered computed position for at least
one of the one or more detected targets using the first
computed position from the first detection period and
the second computed position from the second detec-
tion period.

17. The method of claim 16, wherein target positions for

the one or more detected targets are computed based on a
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magnitude of identified energy in a specified area of the
roadway that is covered by the plurality of beams of the
radar system.

18. The method of claim 17, wherein the target positions
for the one or more detected targets are further based on a
specified range bin and a magnitude of identified energy in
one or more surrounding adjacent range bins.

19. The method of claim 17, wherein at least one of the
computed target positions includes coordinates indicating a
two-dimensional position of a vehicle in the roadway.

20. The method of claim 19, wherein centroid coordinates
are calculated using the following equation:

N
D G ) My
=1

e
(Keentroid> Yeentroid) = ,

M=

M,

n=1

’ where N equals a number of range bins implemented by the

radar system.



