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NEAR OBJECT DETECTION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation in part of, and claims 
the bene?t of the ?ling date of co-pending US. patent 
application Ser. No. 09/931,631, entitled Near Object Detec 
tion System, ?led Aug. 16, 2001, noW issued Which appli 
cation claims priority under 35 U.S.C. §119(e) from appli 
cation Ser. No. 60/226,160 ?led Aug. 16, 2000. Both of these 
applications are incorporated herein by reference in their 
entirety. 

STATEMENTS REGARDING FEDERALLY 
SPONSORED RESEARCH 

Not applicable. 

BACKGROUND OF THE INVENTION 

In vieW of the dangers associated With automobile travel, 
there is an ongoing need for enhanced driver aWareness. One 
possible area of increased driver aWareness involves detec 
tion of objects around a vehicle. As the vehicle approaches 
objects (eg other cars, pedestrians and obstacles) or as 
objects approach the vehicle, a driver cannot alWays detect 
the object and perform intervention actions necessary to 
avoiding a collision With the object. For eXample a driver of 
a vehicle may not be able to detect an object in the so-called 
“blind spot” of the vehicle. 

To enhance the situational aWareness of trucks, for 
example, sensors or more simply “sensors” for detecting 
objects around a truck have been suggested. Such sensors 
typically include an optical or infrared (IR) detector for 
detecting obstacles in the path of the vehicle. In such an 
application, it is necessary to provide a sensor capable of 
accurately and reliably detecting objects in the path of the 
vehicle. 

Radar is a suitable technology for implementing a sensor 
for use in vehicles such as automobiles and trucks. One type 
of radar suitable for this purpose is Frequency Modulated 
Continuous Wave (FMCW) radar. In typical FMCW radar, 
the frequency of the transmitted CW signal linearly 
increases from a ?rst predetermined frequency to a second 
predetermined frequency. FMCW radar has the advantages 
of high sensitivity, relatively loW transmitter poWer and 
good range resolution. 

Aspects of the sensor Which contribute to its accuracy and 
reliability include its susceptibility to noise and the overall 
precision With Which received radio frequency (RF) signals 
are processed to detect objects Within the ?eld of vieW of the 
sensor. Susceptibility to noise for eXample can cause false 
detections, can cause inaccurate determination of range and 
position of the object and, even more deleteriously, cause an 
object to go undetected. 

Further signi?cant attributes of the sensor are related to its 
physical siZe and form factor. Preferably, the sensor is 
housed in a relatively small enclosure or housing mountable 
behind a surface of the vehicle. For accuracy and reliability, 
it is imperative that the transmit and receive antenna and 
circuitry of the sensor are unaffected by attributes of the 
vehicle (eg the vehicle grill, bumper or the like) and that the 
sensors are mounted to the vehicle in a predictable align 
ment. 

It Would, therefore, be desirable to provide a sensor 
system Which is capable of detecting objects around a 
vehicle. It Would also be desirable to provide a system Which 
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2 
can be adapted to provide detection Zones around vehicles of 
different siZes. It Would be further desirable to provide a 
system Which can be remotely re-programmed. 

SUMMARY OF THE INVENTION 

In accordance With the present invention, a near object 
detection (NOD) system includes a plurality of radio fre 
quency (RF) transmit-receive (TR) sensor modules (or more 
simply “sensors”) disposed about a vehicle such that one or 
more detection Zones are deployed about the vehicle. In a 
preferred embodiment, the sensors are disposed such that 
each sensor detects object in one or more coverage Zones 
Which substantially surround the vehicle. First ones or the 
plurality of sensors can be mounted in rear and/or front 
bumpers of the vehicle While second ones of the sensors can 
be mounted in the side panels of the vehicle. Each of the 
sensors includes a sensor antenna system Which comprises a 
transmit antenna for emitting or transmitting an RF signal 
and a receive antenna for receiving portions of the trans 
mitted RF signal Which are intercepted by one or more 
objects Within a ?eld of vieW of the transmit antenna and 
re?ected back toWard the receive antenna. Alternatively, a 
monostatic antenna can be used. The transmit antenna can be 
provided from a planar array of antenna elements While the 
receive antenna can be provided from a planar array of 
antenna elements or from a single roW of antenna elements. 
That is, the transmit and receive antennas can be provided 
having different numbers and types of antenna elements. The 
NOD system further includes a receiver circuit, coupled to 
the receive antenna, for receiving signals from the receive 
antenna and for detecting the path or track of the one or more 
objects. 
With this particular arrangement, a NOD system Which 

detects objects in any region about a vehicle is provided. If 
one of the sensors determines that the vehicle is approaching 
an object or that an object is approaching the vehicle, then 
the sensor initiates steps Which are carried out in accordance 
With a set of detection rules. 

In one embodiment, the system is provided as a distrib 
uted processor system in Which each of the sensors includes 
a processor. The sensors are each coupled together to alloW 
the sensors to share information. In another embodiment, 
each of the sensors is coupled to a central sensor processor 
Which receives information from each of the sensors and 
processes the information accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of this invention, as Well as the 
invention itself, may be more fully understood from the 
folloWing description of the draWings in Which: 

FIG. 1 is a block diagram of a near object detection 
(NOD) system disposed on a vehicle; 

FIG. 2 is a diagram of vehicle surrounded by a cocoon of 
sensor Zones provided from a NOD system of the type 
shoWn in FIG. 1; 

FIG. 3 is a diagram of a vehicle surrounded by a plurality 
sensor Zones provided from a NOD system of the type 
shoWn in FIG. 1 and traveling a long a road With other 
vehicles in proXimity to it; 

FIG. 4 is a diagram of a vehicle surrounded by a plurality 
of targets With one target appearing in a sensor Zone of tWo 
different sensors; 

FIGS. 4A and 4B are a series of plots corresponding to 
radar reports in respective local coordinate systems of the 
tWo different sensors; 
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FIGS. 4C and 4D are a series of plots corresponding to 
fused radar reports from the tWo different sensors in FIGS. 
4A and 4B shoWn in local coordinate systems corresponding 
to those of FIGS. 4A and 4B; 

FIG. 5 is a block diagram of an near object detection 
(NOD) system having a central tracker/data fusion (CT/DF) 
processor; 

FIG. 6 is a block diagram of a near object detection 
(NOD) system disposed on a vehicle With the vehicle having 
a single sensor processing system; and 

FIG. 7 is a block diagram of an exemplary set of pro 
cessing elements that can be provided by a CT/DF processor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Before describing the NOD system, some introductory 
concepts and terminology are explained. The term “sensor 
system” as used herein, refers to a system disposed on a 
vehicle, that can provide detections of objects, such as other 
vehicles or stationary objects, having a corresponding output 
that can indicate such detections. The term “sensor” Will also 
be used herein to describe a sensor system. The sensor 
system, or the sensor, is distinguished from a near object 
detection (NOD) system that receives data from the variety 
of sensor systems and processes data from the variety of 
sensor systems in combination. 

Referring noW to FIG. 1, a near-object detection (NOD) 
system 10 is disposed on a vehicle 1. The vehicle 11 may be 
provided for example, as an automotive vehicle such as car, 
motorcycle, or truck, or a marine vehicle such as a boat or 
an underWater surface vehicle or as an agricultural vehicle 
such as a harvester. In this particular embodiment, the 
near-object detection system 10 includes a forWard-looking 
sensor (FLS) 12 Which may be of the type described in US. 
Pat. No. 5,929,802 entitled “Automotive ForWard Looking 
Sensor Application,” issued Jul. 27, 1999, assigned to the 
assignee of the present invention, an electro-optic system 
(EOS) sensor 14 Which may be an infrared (IR) sensor, a 
plurality of side-looking sensor (SLS) systems 16—22 (also 
referred to as side object detection (SOD) systems 16—22) 
Which may be of the type described in co-pending US. 
patent application Ser. No. 09/931,636, entitled “Radar 
Transmitter Circuitry and Techniques,” ?led Aug. 16, 2001, 
assigned to the assignee of the present invention and a 
plurality of rear-looking sensor (RLS) systems 24, 26. The 
sensors 12—26 may be coupled to the vehicle using a variety 
of techniques including but not limited to those described in 
co-pending US. patent application Ser. No. 09/930,868, 
entitled “System and Technique for Mounting a Radar 
System on a Vehicle,” ?led Aug. 16, 2001, assigned to the 
assignee of the present invention. The system 10 can also 
include a stop and go (SNG) sensor 27. It should be 
understood that the processing performed by the stop and go 
sensor 27 and detection Zone provided by the sensor 27 can 
also be provided by the FLS 12 and thus sensor 27 can be 
omitted. In deciding Whether to provide the stop and go 
processing function from FLS 12 or through a separate 
sensor (e.g. SNG sensor 27), a trade-off must be made. 
Exemplary trade off considerations include minimum and 
maximum desired detection range, Zone edge tolerances and 
reaction time. 

The FLS, EOS, SLS, RLS and SNG (if included) systems 
12—27 are each coupled to a bus 28 Which provides a 
communication path betWeen each of the sensor systems 
12—27. The bus 28 may be provided, for example, as a local 
area netWork (LAN) 28. In some embodiments, it may be 
desirable to provide the LAN 28 as a Wireless LAN. 
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4 
“Target track data,” “track data,” “target data,” or equiva 

lently “track information,” as used herein, refer to data in a 
“track ?le” associated With an object, also referred to herein 
as a “target,” such as another vehicle or a stationary object, 
that describes the path of the target in a coordinate system. 
The target track data can include past target track data 
corresponding to Where the target has been, neW target track 
data corresponding to Where the target is noW at a present 
data update, and predicted target track data corresponding to 
Where the target is predicted to be at the present, and/or a 
future, target track data update. 

It should be appreciated that system 10 is a real-time 
system and thus information should be exchanged/ 
transferred betWeen each of the sensors 12—27 and the 
processor 30 as rapidly as possible. Thus, bus 28 must be 
capable of supporting relatively high rates of data transfer. 

For example, it may be desirable for bus 28 to have an 
average bus bandWidth of about 157 kbits per second plus 
additional for protocol overhead. This bandWidth is com 
puted assuming that the transmit and receive antennas each 
have seven antenna beams and that each of the seven 
antenna beams has tWo (2) target tracks on average and that 
each track is reported at 14 HZ (min) at 100 bytes per track 
(7><2><14><100><8=157 kbits average bus bandWidth). Thus, 
although it is possible to have the sensors communicate 
through a conventional bus as are presently available on 
vehicles (eg the Car Area NetWork (CAN)), it may be 
desirable to provide bus 28 as a dedicated bus having at least 
if not more than the above noted average bus bandWidth. 

Bus latency as used herein, refers to the difference in time 
betWeen detection of an object by a sensor and reporting to 
the detection upon the bus 28. The bus latency should 
introduce only a relatively small time delay, for example a 
time delay corresponding to less than 0.5 meters of relative 
automobile movement. Relative movement as used herein, 
refers to relative movement in units of distance either 
betWeen an automobile and a stationary object or betWeen 
the automobile and a moving object, for example another 
moving automobile. Relative velocity as used herein is the 
velocity of the relative movement. A bus latency delay 
corresponding to 0.5 meters of automobile relative move 
ment can be determined by selecting a maximum relative 
automobile speed, for example, 200 km/hr=125 mph=55.6 
m/s. Thus, 0.5 meters of automobile relative movement 
divided by 55.6 m/s is approximately 9 ms, Which is the 
corresponding maximum bus latency time delay. Assuming 
a bus clock frequency of 33 kHZ, 9 ms is equivalent to 
approximately 300 clock cycles. In summary, for the 
selected maximum relative vehicle speed of about 200 
km/hr, 0.5 meters of relative automobile movement corre 
sponds to approximately 9 ms or approximately 300 clock 
cycles at a clock frequency of 300 KHZ. 
While particular parameters, including a particular rela 

tive automobile movement, a particular selected maximum 
relative automobile speed, and a particular clock frequency 
are described in the example above, it Will be recogniZed 
that other parameters can be used With this invention. 
HoWever, the parameters that describe the bus time latency 
should be selected in accordance With a variety of factors, 
including but not limited to an overall system response time 
Which Will alloW the system to act upon the vehicle With 
Warnings, braking, arming of airbags, or the like, With 
suf?cient quickness so as to be useful. Other factors to 
consider can include fault tolerance, interference immunity, 
reliability, and cost. 
The sensors are also coupled through the bus 28 to a 

central tracker/data fusion (CT/DF) processor 30 Which Will 
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be described below in conjunction With FIGS. 4, 6 and 7. 
Suf?ce it here to say that CT/DF-processor 30 receives 
information provided thereto from each of the sensors 12—27 
and provides information to each of the sensors 12—27. The 
sensors 12—27 utilize the information provided by the 
CT/DF processor 30 to improve the overall performance of 
the system 10 as Will become apparent. 

Also coupled to CT/DF processor 30 through the bus 28 
is a human interface 32. The purpose of the interface 32 is 
to display or otherWise communicate (eg via audio or other 
signals) information collected by the sensors 12—27 to a 
driver or other occupant of the vehicle 11. The interface 32 
may be provided, for example, as a heads-up display. 

In this particular embodiment, the CT/DF processor 30 is 
shoWn as a single CT/DF processor Which is provided as part 
of the sensor 16 to Which each of the FLS, EOS, SLS, RLS 
and SNG systems 12—27 are coupled via the bus 28 or other 
means. It should be appreciated that in an alternate 
embodiment, one or more of the FLS, EOS, SLS, RLS and 
SNG systems 12—27 may include its oWn CT/DF processors 
to perform the processing required and to directly share 
information (eg transmit and receive information) With 
other ones of the sensors 12—27. In the case Where it is 
desired to have redundancy in the CT/DF processing 
functions, it may be desirable to provide tWo of the sensors 
12—27 With a CT/DF processor 30. In the case Where each 
of the sensors 12—27 includes its oWn CT/DF system, the 
near-object detection system could be provided as a distrib 
uted processor system. The factors to consider When select 
ing betWeen the distributed processor system and the single 
CT/DF processor include but are not limited to reliability, 
bus bandWidth, processing latency, and cost. 

In one embodiment the CT/DF processor 30 provides 
speci?c information to speci?c ones of the sensors 12—27 
and in other embodiments the CT/DF processor 30 provides 
all information to each of the sensors 12—27. 

As shoWn in FIG. 1, at least one sensor 12—27 includes a 
central tracker data fusion (CT/DF) processor 30 and each of 
the sensors 12—27 send data over the bus 28 to the CT/DF 
processor 30. Regardless of Whether the near-object detec 
tion system includes a single or multiple CT/DF processors 
30, the information collected by each of the sensors 12—27 
is shared and the CT/DF processor 30 (or processors in the 
case of a distributed system) implements a decision or rule 
tree. For example, the CT/DF processor 30 can be coupled 
to one or more vehicle safety systems, for eXample the 
airbag system. In response to signals from one or more of the 
FLS, EOS, SLS, and RLS systems, the sensor processor may 
determine that it is appropriate to “pre-arm” the airbag of the 
vehicle. Other eXamples include braking and steering 
systems, transmission control, alarms, horn and/or ?asher 
activation. 

The NOD system 10 may thus be coupled to a number of 
vehicle safety systems functions further described beloW. 
The CT/DF processor 30 receives all information provided 
thereto and optimiZes performance of the NODS system for 
the entire vehicle. 

The pair of RLS systems 24, 26 can utiliZe triangulation 
to detect objects in the rear portion of the vehicle. Location 
(distance and direction) of an object may be determined 
from a distance, or range, reading from each respective one 
of the pair of RLS systems 24, 26 Without the need for any 
direction ?nding from either of the tWo sensors 24, 26 
individually. To provide triangulation, tWo range circles can 
be provided, each respective range circle corresponding to 
the range provided by each respective one of the pair of RLS 
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systems 24, 26, and each respective range circle having a 
radius equal to range. The tWo range circles thus provided 
can intersect at tWo ranges. One of the intersection range 
points corresponds to a range that is not possible since it is 
located inside the host 11. The other range point is selected, 
With location described by a range and a direction. 

To provide the triangulation described above, the spacing 
of the sensors 24, 26 must be or knoWn and must be 
suf?ciently large to alloW for a pre-determined maXimum 
triangulation error in light of a range measurement accuracy 
provided by each of the sensors 24, 26. It Will be recogniZed 
that because the separation of the RLS systems 24, 26 can 
be different on various vehicle types, of Which vehicle 11 is 
but one example, some range calibration is required. 
HoWever, the calibration can be pre-determined based upon 
the knoWn separation. 

It should be appreciated that one or more of the sensors 
12—27 may be removably deployed on the vehicle 11. That 
is, in some embodiments the SL5, RLS, and FLS systems 
may be disposed external to the body of the vehicle (i.e. 
disposed on an eXposed surface of the vehicle body), While 
in other systems one or more of the sensors 12—27 may be 
embedded into bumpers or other portions of vehicle (e.g. 
doors, panels, quarter panels, and vehicle front ends, and 
vehicle rear ends). Its is also possible to provide a system 
Which is both mounted inside the vehicle (e. g., in the bumper 
or other location) and Which is also removable. 

Referring noW to FIG. 2, in Which like elements of FIG. 
1 are provided having like reference designations, the 
vehicle 11 on Which a NOD system is disposed is shoWn 
surrounded by a plurality of detection Zones 32—40 Which 
form a radar cocoon around the vehicle. It should be 
appreciated that different ones of the sensors 12—27 (FIG. 1) 
provide different ones of the detection Zones 32—42. In 
particular, sensor 12 and 14 provide an adaptive cruise 
control and night vision Zone 34, sensor 16 provides a lane 
keeping Zone 36b, sensor 18 provides a road departure Zone 
36a, sensors 20, 22 provide side object detection Zones 38a, 
38b respectively, sensors 24, 26 provide a backup and 
parking aid Zone 40 and sensor 27 provides a stop and go 
Zone 42. In an eXemplary embodiment, the adaptive cruise 
control/night vision Zone 34 has limited angular eXtent and 
is characteriZed by a long range (>50 m), to operate at high 
relative velocities. The road departure and lane keeping 
Zones, 36a, 36b respectively, have shorter range and a Wider 
angular eXtent, to operate at moderate range of relative 
velocities. The stop-and-go and back-up/parking aid Zones 
42, 40 have a Wide angular eXtent but short range, to operate 
over a small range of relative velocities. The back-up/ 
parking aid Zone 40 can also provide rear collision Warning 
information during normal driving conditions. The side 
object detection Zones 38a, 38b have Wide angular eXtent 
and relatively short range, to operate over a Wide range of 
relative velocities. 

It should also be appreciated that the siZe, shape and other 
characteristics of each of the sensor Zones can be statically 
modi?ed. The sensor Zones can be statically modi?ed, 
having pre-determined Zone shapes determined by detection 
characteristics and radar beam angles associated With the 
sensors 12—27 (FIG. 1). There are many reasons for Wanting 
to statically change one or more characteristics of a detec 
tion Zone, including but not limited to the siZe or eXtent of 
the vehicle 11, and operator peripheral vision preference. 
Other possible reasons for Wanting to change the detection 
Zone siZe include toWing a trailer, road lane siZe, and 
personal preference among vehicle operators. 

The sensor Zones can also be dynamically modi?ed. 
Dynamic control can include, but is not limited to, a dWell 
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on certain radar beams as described below in association 
With FIG. 7. Track hand-offs may allow sensors to respond 
quicker or more reliably given cue data by avoiding or 
reducing acquisition veri?cation steps. Dynamic modi?ca 
tion is further described beloW in association With FIG. 7. 

Since the characteristics of a single sensor can be changed 
to alloW the sensor to provide detection Zones of different 
siZes and shapes, the sensor can also be used on a vehicle 
Which is larger or smaller than the vehicle 11. Thus, modi 
?cation of a coverage Zone provided by a particular sensor 
can be accomplished by programming the sensor. 

In one embodiment, the coverage Zone can be modi?ed by 
adjusting the range gates of the sensor as described in 
co-pending US. patent application Ser. No. 09/930,867, 
entitled “Technique for Changing a Range Gate and Radar 
Coverage,” ?led Aug. 16, 2001 assigned to the assignee of 
the present invention and incorporated herein by reference. 
In another embodiment, the coverage Zone is changed by 
using a recon?gurable antenna. In still another embodiment, 
the recon?gurable antenna is provided by using microelec 
tromechanical (MEMs) devices Which are used to change 
beam shape and thus, beam coverage. The MEMS can 
change the aperture shape and thus, the shape of the beam. 

It should be noted that With the particular con?guration of 
sensors 12—27 shoWn in FIG. 1, seven coverage Zones 32—40 
are provided. In one particular embodiment, each of the 
coverage Zones utiliZe radar sensor systems, also referred to 
as sensors and RF sensors herein. The radar sensor can 

utiliZe an antenna and beamforming system that provides 
multiple transmit and multiple receive beams in each of the 
coverage Zones. In this manner, the particular direction in 
Which another object, or target, is approaching the vehicle or 
viceversa can be found. In one particular embodiment, the 
FLS 12 (FIG. 1) can utiliZe an antenna system that includes 
eight separate transmit and receive antenna beams. The RF 
sensor system can operate in a manner similar to that 
described in the above-referenced US. Pat. No. 5,929,802. 
Similarly, the sensors 16—27 can utiliZe an antenna system 
that can include seven separate transmit and receive antenna 
beams. Sensors 16—27 (FIG. 1) can operate in a manner 
similar to that described in the above-reference US. patent 
application Ser. No. 09/931,636, entitled “Radar Transmitter 
Circuitry and Techniques.” It should, hoWever, be appreci 
ated that radar sensor systems having any number of trans 
mit and receive beams can be used With this invention. 

Referring noW to FIG. 3, a vehicle 11 having a NOD 
system disposed thereon travels on a road 41 having three 
lanes 41a, 41b, 41c. Vehicle 11 is in lane 41b and a ?rst 
vehicle 50 is in front of the vehicle 11 and appears in 
detection Zone 34. A second vehicle 52 is to the right of 
vehicle 11 in a ?rst lane 41a and appears in detection Zone 
38a. Athird vehicle 54 is behind vehicle 11 in a second lane 
41b and appears in detection Zone 40. A fourth vehicle 56 is 
behind and to the left of vehicle 11 in a third lane 41c. Since 
the fourth vehicle 56 is relatively far aWay from the ?rst 
vehicle 11, the fourth vehicle 56 does not appear in any 
detection Zone and thus is not sensed by the NOD system 
disposed on the ?rst vehicle 11. 
As shoWn in FIG. 3, the NOD system has identi?ed three 

vehicles or targets 50, 52, 54 in proximity to the ?rst vehicle 
11. The NOD system maintains information on each target 
50—54 and provides such information to a user (eg via 
display 32 in FIG. 1) or performs certain functions (eg 
pre-arm airbag system of the vehicle). 

Furthermore, since the sensors 12—27 (FIG. 1) are in 
communication With CT/DF processor 30 (FIG. 1) and With 
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8 
each other, the sensors can share information about targets. 
For example, assume sensor 18 mounted on the ?rst vehicle 
11 detects the second vehicle 52 and begins to track the 
second vehicle 52. After a period of time the second vehicle 
52 may begin to accelerate past the vehicle 11. If the sensor 
18 is able to detect that second vehicle 52 Will move past the 
?rst vehicle 11 on the right hand side, the sensor 18 can 
provide this information to the FLS 12. The information may 
be in the form of a public track ?le, or similar set of target 
data, that indicates a target, e. g. the second vehicle 52, in the 
vehicle’s 11 global coordinate system. Such a track ?le 
alloWs the FLS 12 to have present and predicted target 
positional information before the FLS 12 can actually 
observe/detect the target, second vehicle 52. 

Thus, the FLS 12 is provided advance track information, 
also referred to as “cue data” herein, about a con?rmed 
target (ie a “real” target) prior to the FLS 12 itself actually 
providing target detection, acquisition, con?rmation and 
tracking. The cue data is discussed further beloW in asso 
ciation With FIG. 5. Target detection, as used herein, refers 
to a process of distinguishing a target signal above an 
interference level based upon a threshold, Where the target 
signal corresponds to back-scattered RF energy from the 
target, and the interference corresponds to noise and/or 
clutter. Target acquisition, as used herein, refers to a process 
of associating neW target detections, and target position 
associated thereWith, With existing target tracks correspond 
ing to “track ?les.” Target con?rmation, as used herein, 
refers to a process of verifying that a detected target is real 
by application of a set rules, such as repeated target asso 
ciations of the same track ?le on successive updates or With 
adjacent beams. Target tracking, as used herein, refers to the 
process of maintaining information about a target, such as 
position and velocity, from update to update, by associating 
neW target detections With previous target detections, and by 
predicting and averaging a position state vector correspond 
ing to the target position. These processes Will be more fully 
understood When described in association With FIG. 7. 

Providing the FLS 12 (FIG. 1) With advance information, 
or cue data, (eg the information that a con?rmed target Will 
be entering its ?eld of vieW from the right hand side of the 
vehicle 11) may alloW the FLS 12 to proceed to a target 
tracking process Without ?rst performing target detection, 
target acquisition, or target con?rmation processes, or at 
least With a minimal amount of processing required to 
perform such processes. Since the FLS 12 can con?rm the 
target and target track via the information from sensor 18 
(FIG. 1) rather than by spending processing time con?rming 
that the vehicle 52 is indeed a real target entering the ?eld 
of vieW of the FLS 12, the FLS is able to perform more 
processing functions, such as tracking of multiple targets 
and other functions to be described beloW. Thus, providing 
advance information to the FLS alloWs the FLS 12 to more 
rapidly track a target and in particular alloWs the FLS 12 to 
more rapidly detect and track so-called “cut-in” targets (i.e. 
targets Which quickly move into lane 41b in front of the 
vehicle 11). 
More importantly perhaps, it is advantageous for the FLS 

12 to have such advance knoWledge since by providing the 
FLS 12 With information related to the path of target 52 prior 
to the target 52 entering the detection Zone of the FLS 12, the 
FLS is able to initiate, or in some cases even to carry out, 
processes related to the engagement of vehicle safety sys 
tems including but not limited to pre-arming of air bags, 
automatic adjustment of automatic cruise control (ACC) 
systems and pre-arming braking systems. Thus the FLS 12 
is able to execute other functions related to operation of the 
vehicle. 
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It should be appreciated that the CT/DF processor 30 
(FIG. 1) is both a “target tracker” Which performs a tracking 
function and a “data fuser” Which performs a fusing func 
tion. The central tracking function of the CT/DF processor 
30 is to receive and maintain all tracks from various sensors 
(e.g. sensors 12—27 in FIG. 1) in the system 10 (FIG. 1) and 
to also to aid other sensors in their performance as described 
above. 

Referring noW to FIGS. 4—4D, in FIG. 4 each of the radial 
sections 57a—g correspond to respective ones of the seven 
beams provided by the sensor 18 and each of the radial 
sections 58a—g correspond to respective ones of the seven 
beams provided by the sensor 20. 

FIGS. 4A, 4C and 4B, 4D are rectangular graphical 
representations of detections provided by sensors 18, 20 
respectively, in Which the roWs correspond to the seven 
beams of each respective sensor 18, 20 and the columns 
correspond to range cells. The dots in FIGS. 4A, 4B repre 
sent target detections in the seven beams of each respective 
sensor 18, 20. The dots in FIGS. 4C, 4D represent fused 
target detections associated With the seven beams of each 
respective sensor 18, 20. Thus, dots 59a and 59b, having ?rst 
crosshatching, correspond to detections of target 52 in 
beams of sensor 18 that correspond to radial sections 57a, 
57b respectively. Dots 59c and 59d, having second 
crosshatching, correspond to detections of target 54 in 
beams of the sensor 18 that correspond to radial sections 57f, 
57g respectively. Dots 60a—60c, having third crosshatching, 
correspond to detections of target 54 in beams of sensor 20 
that correspond to radial sections 58a—58c respectively. Dots 
60d, 606, having fourth crosshatching, correspond to detec 
tions of target 56 in beams of the sensor 20 that correspond 
to radial sections 58f, 58g respectively. Dots 61a, 61b, 
having the ?rst crosshatching, correspond to fused detec 
tions of target 52 in beams of sensor 18 that correspond to 
radial sections 57a, 57b respectively. Dots 61c, 61d, having 
solid ?ll, correspond to fused detections of target 54 in 
beams of sensor 18 that correspond to radial sections 57f, 
57g respectively, and dots 62a—62c, having the solid ?ll 
correspond to fused detections of target 54 in beams of 
sensor 20 that correspond to radial sections 58a—58c respec 
tively and dots 62d, 626, having the third crosshatching, 
correspond to fused detections of target 56 in beams of 
sensor 20 that correspond to radial section 58f, 58g respec 
tively. 
As described above, FIGS. 4A and 4B correspond to 

un-fused target data from sensors 18 and 20, respectively. 
FIGS. 4C and 4D correspond to fused target data from 
sensors 18 and 20, respectively, provided by the fusing 
function of the CT/DF processor 30 (FIG. 1). Each of the 
seven roWs shoWn in FIGS. 4A, 4C correspond to a respec 
tive one of the seven beams associated With sensor 18. 
Similarly, each of the seven roWs shoWn in FIGS. 4B, 4D 
correspond to a respective one of the seven beams associated 
With sensor 20. The fusing function corresponds to an 
association of the detections of a particular target provided 
by sensor 18 With those provided by sensor 20. Thus, data 
corresponding to dots 61c, 61d is associated With, or fused, 
With data corresponding to dots 62a—62c. The dots 61c—61d, 
62a—62c are all shoWn having the solid ?ll to indicate that 
they are associated With the same target 54 and that the 
corresponding data from each of the tWo sensors 18, 20 has 
been fused. The dots 61a, 61b and 62d, 626 are shoWn 
having the same crosshatching as the corresponding 
un-fused dots 59a, 59b and 60d, 606 respectively, to indicate 
that the fusing has provided no target association betWeen 
the respective sensors 18, 20. While FIGS. 4C and 4D are 
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10 
shoWn in the local coordinate systems of the respective 
sensors 18, 20, it Will be apparent from discussions beloW 
that the data corresponding to dots 61a—61a' and 62a—62e 
could also be shoWn in a global coordinate system. It Will be 
recogniZed that a target detection and target track provided 
by tWo or more sensors With data thus fused is a detection 
having a higher probability of accuracy that a detection and 
target track provided by one sensor. 

In operation, multiple ones of the sensors 12—27 (FIG. 1) 
can track the same target. As shoWn in FIG. 4 for eXample, 
the target 54 appears in the ?eld of vieW of the sensor 18 and 
thus the sensor 18 can detect and track the target 54. 
Similarly, the target 54 is detected and tracked by the sensor 
20 (FIG. 4). Therefore, both sensors 18 and 20 can detect 
and track the target 54. The data provided by sensors 18 and 
20 corresponding to target 54 can be fused. The data thus 
fused provides a greater detection and tracking reliability 
than the data from one of the sensors 18,20. 

Since the sensors 18 and 20 are located on different points 
of the vehicle 11, the sensors 18, 20 track the targets from 
tWo different aspect angles. Each of the sensors 18, 20 has 
its oWn unique local coordinate system. Having tWo different 
local coordinate systems, the sensors 18, 20 are unable to 
determine that they are each tracking the same target. To 
coordinate the detection and tracking data form each sensor 
18, 2, each sensor 18, 20 provides its track information to the 
CT/DF processor 30 as a track ?le corresponding to the 
sensor 18, 20. 
The CT/DF processor 30 is provided information Which 

identi?es the physical location on the vehicle 11 of each of 
the sensors 12—27. It Will be recogniZed that the relative 
position of the sensors on a particular vehicle remains ?xed, 
alloWing the CT/DF processor 30 to transform target track 
data provided by each sensor in respective local coordinate 
systems to a vehicle global coordinate system. 

Additionally, the CT/DF processor 30 can provide target 
track data that is transformed into the sensor local coordinate 
system of any particular sensor. The CT/DF processor 30 is 
thus able to transform track data associated With a local 
coordinate system provided thereto from each of the sensors 
18, 20 to its oWn global coordinate system. Thus the CT/DF 
processor 30 vieWs the position of each target detected by 
each of the sensors 18, 20 (and generally by any of the 
sensors 12—27) in a single coordinate system. It Will be 
recogniZed that the radial segments 57a—57g correspond to 
the local coordinate system associated With sensor 18 and 
the radial segment 58a—58g correspond to the local coordi 
nate system associated With sensor 20. 

Since all target information appears in a single coordinate 
system, the CT/DF processor 30 (FIG. 1) can detect targets 
and generate corresponding target tracks With improved 
reliability; improved from those provided by each of the 
multiple sensors. The NOD system and the CT/DF processor 
30 associated thereWith is able to fuse data from each target 
track provided by each sensor (e.g. sensors 18, 20) into a 
common ?lter, or simply select the highest quality data (as 
determined by tracking noise, etc) to assist and improve 
upon the performance provided by an individual sensor. 

The processes performed by the CT/DF processor 30 can 
include fusion of target data provided by a plurality of 
sensors. The fusion of target data can include transforming 
sensor target track data provided by the plurality of sensors 
in respective local coordinate systems, into track data in the 
global coordinate system. This can be accomplished by 
performing one or more coordinate transformations. Then, 
the CTIDF processor 30 associates the track data provided 
by each sensor With prior fused tracks to provide neW fused 
track data. 
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The processes performed by the CT/DF processor 30 can 
also include “data association,” Which, as used herein, refers 
to the process of comparing ‘neW’ track or position data 
having a ?rst assumed quality (expected error statistics) With 
existing track data having a second assumed quality. NeW 
track data Which is deemed likely to be consistent (correlate) 
With a track, ie new track data that has a small position 
difference When compared to the existing target track, is said 
to associate. The neW position data is assumed to be from the 
same physical target as the track. NeW track data Which is 
deemed unlikely to be consistent With a track, i.e., neW data 
that has a large position difference When compared to the 
track, is said to not associate. 

The processes performed by the CT/DF processor 30 can 
further include “recursively updating” positional tracks. In 
one such embodiment, the recursively updating of positional 
tracks is provided by a Kalman ?lter. A Kalman ?lter Will be 
recogniZed to be a ?lter providing a positional state vector 
that describes a target position, that can be applied to an 
existing target track in combination With neW track data. A 
Kalman ?lter can reduce tracking error by averaging asso 
ciated state vector data from update to update. It should also 
be recogniZed that a state vector ?lter other than a Kalman 
?lter can be used With this invention. 

The processes performed by the CT/DF processor 30 can 
yet further include “track initiation” Which, as used herein, 
refers to beginning a track ?le for neW unassociated track 
data that does not associate With any existing track data. The 
unassociated track data is assumed to correspond to a neW 
and previously untracked target. In this process, any detec 
tion not associated With an existing track is initialiZed by 
creating a neW track ?le representing the detection. The neW 
target is tracked on subsequent data updates. Similarly, the 
CT/DF processor 30 can drop, or delete, a track that moves 
out of vieW of a particular sensor. Any target having an 
existing track ?le that is not associated With neW positional 
data at a data update is considered out of the ?eld of vieW, 
and the track ?le is deleted such that it is no longer processed 
in subsequent updates. The processes performed by the 
CT/DF processor 30 Will be further described in association 
With FIG. 7. 

Referring noW to FIG. 5, a radar sensor 66 includes an 
antenna portion 67 having transmit and receive antennas 68, 
69, a microWave portion 70 having both a transmitter 72 and 
a receiver 74, and an electronics portion 78 containing a 
digital signal processor (DSP) 80, a poWer supply 82, 
control circuits 84 and a digital interface unit (DIU) 86. The 
transmitter 72 includes a digital rarnp signal generator for 
generating a control signal for a voltage controlled oscillator 
(VCO), Which may be provided for example as the type 
described in co-pending US. patent application Ser. No. 
09/931,636, entitled “Radar Transmitter Circuitry and 
Techniques,” ?led on Aug. 16, 2001 and assigned to the 
assignee of the present invention. 

The radar sensor 66 detects one or more objects, or 
targets, in the ?eld of vieW of the sensor 66. In the illustra 
tive embodiment, the radar sensor 66 may be a near object 
detection system such as NOD system 10 described above in 
conjunction With FIG. 1. In particular, radar sensor 66 is 
appropriate for use as a side object detection (SOD) module 
or sensor such as one of sensors 16—27 described above in 

conjunction With FIG. 1. As described above, such sensors 
are adapted for mounting on an automobile or other vehicle 
96 for the purpose of detecting objects, including but not 
limited to other vehicles, trees, signs, pedestrians, and other 
objects Which can be located proximate a path on Which the 
vehicle is located. As Will be apparent to those of ordinary 
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12 
skill in the art, the radar sensor 66 is also suitable for use in 
many different types of applications including but not lim 
ited to marine applications in Which radar system 60 can be 
disposed on a boat, ship or other sea vessel. 

In an exemplary embodiment, the transmitter 72 operates 
as a Frequency Modulated Continuous Wave (FMCW) 
radar, in Which the frequency of the transmitted signal 
linearly increases from a ?rst predetermined frequency to a 
second predetermined frequency. FMCW radar has the 
advantages of high sensitivity, relatively loW transmitter 
poWer and good range resolution. HoWever, it Will be 
appreciated that other types of transmitters may be used. 

Control signals are provided by the vehicle 96 to the radar 
system 60 via a control signal bus 92 and may include a yaW 
rate signal corresponding to a yaW rate associated With the 
vehicle 96 and a velocity signal corresponding to the veloc 
ity of the vehicle. The digital signal processor (DSP) 80 
processes these control signals and radar return signals 
received by the radar sensor 66, in order to detect objects 
Within the ?eld of vieW of the radar sensor 66. 

The radar sensor 66 further includes a CT/DF processor 
88, that may be of the type of CT/DF processor 30 described 
in FIG. 1. The DSP 80 is coupled through the CT/DF 
processor 88 to a digital interface unit (DIU) 86. In other 
embodiments of the radar system 60 the CT/DF processor 88 
may be omitted in Which case the DSP 80 is directly coupled 
to the digital interface unit 86. The CT/DF processor 88 may 
be of the type described above in conjunction With FIGS. 
1—3 and to be described further beloW. Thus the CT/DF 
processor 88 receives signals from DSP 80 and also receives 
information through the DIU 86 from other radar systems 66 
disposed about the vehicle 96. The data provided to the 
CT/DF processor 88 by a radar sensor, for example respec 
tive ones of sensors 12—27 (FIG. 1), may be in the form of 
a track ?le, or raW detection data, in the local coordinate 
system of the sensor. The CT/DF processor 88 can also 
provide cue data, (anticipatory data), to the sensor, Where the 
cue data is derived from detection of the target by other 
respective ones of the sensors 12—27 (FIG. 1). The cue data 
can provide the position of a target that is not yet in the ?eld 
of vieW of the sensor but Which is anticipated to be moving 
into the ?eld of vieW. 

The radar sensor 66 provides to the vehicle 96 one or 
more output signals characteriZing an object Within its ?eld 
of vieW via an output signal bus 94 to the vehicle. These 
output signals can include track data having a range signal 
indicative of a range associated With the target, a range rate 
signal indicative of a range rate associated With the target, 
and an aZimuth signal indicative of the aZimuth associated 
With the target relative to the vehicle 96. The output signals 
may be coupled to a control unit (not shoWn) that can be 
further coupled to the safety systems of the vehicle 96, for 
various uses, for example, to provide an intelligent cruise 
control system or a collision Warning system. 
The antenna assembly 67 includes the receive antenna 68 

for receiving RF signals and the transmit antenna 69 for 
transmitting RF signals. In this particular example, the radar 
sensor 66 corresponds to a bistatic radar system since it 
includes separate transmit and receive antennas positioned 
proximate one another. The antennas 68, 69 provide multiple 
transmit and receive beams at steering angles that are 
controlled in parallel as to point a transmit and a receive 
beam in the same direction. Various circuitry for selecting 
the angle of the respective antennas 68, 69 is suitable, 
including a multi-position sWitch. An appropriate antenna 
system may be provided for example as the type described 
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in co-pending US. patent application Ser. No. 09/932,574, 
entitled “Switched Beam Antenna Architecture,” ?led on 
Aug. 16, 2001 and assigned to the assignee of the present 
invention. 

Referring noW to FIG. 6, an illustrative application for the 
radar system 10 of FIG. 1 is shoWn in the form of an 
automotive near object detection (NOD) system 100. The 
NOD system 100 is disposed on a vehicle 120 Which may be 
provided for example, as an automotive vehicle such as car, 
motorcycle, or truck, or a marine vehicle such as a boat or 
an underWater vehicle or as an agricultural vehicle such as 

a harvester. In this particular embodiment, the NOD system 
100 includes a forWard-looking sensor (FLS) system 122, an 
Electro-Optic Sensor (EOS) system 124 that can provide 
image data, a plurality of side-looking sensor (SLS) systems 
128 or equivalently side object detection (SOD) systems 128 
and a plurality of rear-looking sensor (RLS) systems 130. In 
the illustrative embodiment, the radar system 10 of FIG. 1 
Which is shoWn in greater detail in FIG. 3 is a SOD system 
128. 

Each of the FLS, EOS, SLS, and RLS systems is coupled 
to a sensor processor 134. In this particular embodiment, the 
sensor processor 134 is shoWn as a central processor to 

Which each of the FLS, EOS, SLS, and RLS systems is 
coupled via a bus or other means. It should be appreciated 
that in an alternate embodiment, one or more of the FLS, 
EOS, SLS, and RLS systems may include its oWn 
processors, such as the CT/DF processor 88 of FIG. 5, to 
perform the processing described beloW. In this case, the 
NOD system 100 Would be provided as a distributed pro 
cessor system. 

Regardless of Whether the NOD system 100 includes a 
single or multiple processors, the information collected by 
each of the sensors 122, 124, 128, 130 is shared and the 
sensor processor 134 (or processors in the case of a distrib 
uted system) implements a decision or rule tree. The NOD 
system 100 may be used for a number of functions including 
but not limited to blind spot detection, lane change 
detection, pre-arming of vehicle air bags and to perform a 
lane stay function. For example, the sensor processor 134 
may be coupled to the airbag system of the vehicle 132. In 
response to signals from one or more of the FLS, EOS, SLS, 
and RLS systems, the sensor processor may determine that 
it is appropriate to “pre-arm” the airbag of the vehicle. Other 
examples are also possible. 

The EOS system 124 can include an optical or IR sensor 
or any other sensor Which provides relatively high resolution 
in the aZimuth plane of the sensor. The pair of RLS systems 
130 can utiliZe a triangulation scheme to detect objects in the 
rear portion of the vehicle. An exemplary FLS system 122 
is described in the aforementioned US. Pat. No. 5,929,802. 
It should be appreciated that each of the SLS and RLS 
sensors may be provided having the same antenna system. 

Each of the sensors is disposed on the vehicle 120 such 
that a plurality of coverage Zones exist around the vehicle. 
Thus, the vehicle is enclosed in a cocoon-like Web or Wrap 
of sensor Zones. With the particular con?guration shoWn in 
FIG. 6, four coverage Zones 68a—68a' are provided. Each of 
the coverage Zones 68a—68d utiliZes one or more RF detec 
tion systems. The RF detection system utiliZes an antenna 
system Which provides multiple beams in each of the 
coverage Zones 68a—68d. In this manner, the particular 
direction from Which another object approaches the vehicle 
or vice-versa can be found. One particular antenna Which 
can be used is described in US. patent application Ser. No. 
09/931,633, entitled “Slot Antenna Element for an Array 
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14 
Antenna,” ?led Aug. 16, 2001 and the US. patent applica 
tion Ser. No. 09/932,574, entitled “SWitched Beam Antenna 
Architecture,” ?led Aug. 16, 2001 each of Which are 
assigned to the assignee of the present invention. 

It should be appreciated that the SLS, RLS, and the FLS 
systems can be removably deployed on the vehicle. That is, 
in some embodiments the SLS, RLS, and FLS sensors can 
be disposed external to the body of the vehicle (i.e. on an 
exposed surface of the vehicle body), While in other systems 
the SLS, RLS, and FLS systems may be embedded into 
bumpers or other portions of vehicle (e.g. doors, panels, 
quarter panels, vehicle front ends, and vehicle rear ends). It 
is also possible to provide a system Which is both mounted 
inside the vehicle (e.g., in the bumper or other location) and 
Which is also removable. The system for mounting can be of 
a type described in US. patent application Ser. No. 09/930, 
868, entitled “System and Technique for Mounting a Radar 
System on a Vehicle,” ?led Aug. 16, 2001 and assigned to 
the assignee of the present invention, and these applications 
are incorporated by reference herein. 

Referring noW to FIG. 7, an exemplary set of elements 
148 that can be provided by a CT/DF processor, such as 
CT/DF processor 30 (FIG. 1), CT/DF processor 88 (FIG. 4) 
or sensor processor 134 (FIG. 5), include sensor measure 
ment data at block 150. The sensor measurement data 150 
includes imaging measurement data from infrared (IR) sen 
sors and radar data from radar sensors, provided by sensors 
such as the sensors 12—27 described above in conjunction 
With FIG. 1. The sensor data is provided in respective local 
coordinate systems as described above in association With 
FIG. 4. The sensor data is then provided to a Multiple 
Hypothesis Tracker (MHT) 152 for data association of neW 
track data provided by the sensors 170 in the respective local 
coordinate system associated With each track. In the case 
Where a neW target is detected and no track ?le exists for the 
neW target, the MHT initiates a neW track for each neW 
target. Track initiation and data association are described 
above in association With FIG. 4. 

The MHT 152 Will be recogniZed to provide a reduced 
probability of false track determination. The MHT 152 
considers multiple possible hypotheses for data association 
of neW track data provided by the various sensors, e.g. 
sensors 12—27 (FIG. 1), based on multiple measurements. 
The MHT 152 selects the most probable hypothesis, i.e., the 
most probable association of neW track data With each 
existing track. 
An association hypothesis generator 154 generates 

hypotheses about data association, resolution, and data qual 
ity. Furthermore, the association hypotheses are tailored. 
The tailoring process is intended to reduce the total number 
of hypotheses for computational ef?ciency. Tailoring can 
include, but is not limited to, eliminating loW probability 
hypotheses and combining correlated hypotheses. 
The track data is received by a Kalman ?lter 156, or any 

similar state prediction ?lter. Remembering from above that 
track data can be existing, neW, or future predicted track 
data, the output provided by the Kalman ?lter is a state 
vector prediction that provides target track predictions that 
describe likely future track data associated With each target 
track. The state vector predictions can include a variety of 
factors, including but not limited to a target position and a 
target velocity. The state vector predictions provided by the 
Kalman ?lter 156 are then provided back to the MHT 152 to 
be used as one of the multiple hypotheses, i.e., to provide a 
hypothesis associated With neW track data points provided 
by the sensors. The state vector predictions are used both for 
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?lter averaging executed at Kalman ?lter 156 and for 
associating neW track data With existing tracks at the MHT 
152 in order to attain a high probability of successful target 
tracking from update to update. 

Processing then proceeds to public track generator 160 
Where “public tracks,” or “public track ?les,” are formed. 
Public tracks are tracks generated from the track data 
provided by any of the sensors 170, eg sensors 12—27 (FIG. 
1), through the MHT 152 for track associations, and through 
the association hypothesis generator 154 for association 
improvement. Forming the public tracks includes transform 
ing the track data provided in a local coordinate systems by 
the association hypothesis generator 154 to track data in the 
vehicle global coordinate system as described above. Data 
from public tracks can ultimately provide information for 
sensor operation/resource scheduling provided by the sensor 
scheduler 158. The public track generator 160 provides 
target tracks associated With one or more sensors, e.g. 
sensors 12—27 of FIG. 1, for each target, in the vehicle global 
coordinate system. 

The public track data is provided to a data fuser 162. The 
data fuser 162 fuses the public tracks by associating track 
?les provided by the multiple sensors, e.g. sensor 12—27 
(FIG. 1), for the current update and from the previous 
update. Data fusing is described above more fully in asso 
ciation With FIGS. 4—4D. 

The fused public track ?les are then provided to a track 
quality generator 164 The fused public track ?les are com 
pared to determine the highest quality track ?les based on 
factors including, but not limited to, the loWest track data 
variance, track ?le age, and history of missed detections or 
associations. 

The track ?les provided by the track quality generator 164 
are received by a discriminator 166. The discriminator 166 
evaluates the road scene, i.e., all detection tracks, by inter 
preting the data output from the track quality generator 164. 
The discriminator 166 provides processes including, but not 
limited to, discerning target siZe to identify large extended 
targets such as trailers that produce multiple track ?les, 
identifying potential haZards such as blind Zone detection, 
and determining if sensor cueing is applicable. Cue data is 
described above. 

The discriminator 166 also receives the associated public 
tracks sent from the public track generator 160, determines 
if any changes in the radar scheduling are required, and 
provides scheduling and cueing information to the sensor 
scheduler 158. Scheduling information can include a variety 
of factors, including factors that can cause a sensor to 
provide a dWell at certain radar beams if a target is detected 
Within those beams and the target is deemed to represent a 
signi?cant haZard condition. The scheduling information 
provided by the discriminator 166 can also include infor 
mation that can cause a sensor to begin to process data from 
a particular radar beam if cued data from another sensor is 
associated With that radar beam. Cueing information can 
cause adaptation of a particular sensor to point radar beams 
predominantly in a direction from Which a target is predicted 
by another sensor to appear. 

The sensor scheduler 158 receives information from the 
discriminator 166 and noti?es the sensors 170 When the 
sensors should provide track data updates to the MHT 150, 
noti?es the various sensors of beam dWells that should be 
generated and noti?es the sensors of any appropriate cue 
data. 

The data tracks from the track quality generator 164 are 
received by a vehicle control crash management operator 
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168. Based on the evaluation of the road scene provided by 
the discriminator 166 and the best quality tracks provided by 
the track quality generator 164, the vehicle control crash 
management operator 168 can execute a variety of output 
functions associated With safety systems coupled to the 
vehicle as described above. 

While a particular exemplary embodiment has been 
shoWn and described above that provides a fusing of data 
provided by a variety of sensors disposed upon a vehicle, it 
should be understood that other embodiments that fuse the 
sensor data are possible With the present invention. Other 
embodiments include, but are not limited to, ?lters other 
than the Kalman ?lters 156, and other sequences of the 
blocks 150—170. 

Having described the preferred embodiments of the 
invention, it Will noW become apparent to one of ordinary 
skill in the art that other embodiments incorporating their 
concepts may be used. It is felt therefore that these embodi 
ments should not be limited to disclosed embodiments but 
rather should be limited only by the spirit and scope of the 
appended claims. 

All publications and references cited herein are expressly 
incorporated herein by reference in their entirety. 
What is claimed is: 
1. A near object detection system comprising: 
a plurality of target sensors coupled to a vehicle, each of 

the target sensors for providing range cell data having 
local coordinates associated With each respective target 
sensor; and 

a processor coupled to receive the range cell data having 
local coordinates and to process the range cell data in 
a vehicle global coordinate system. 

2. The system of claim 1, Wherein the processor com 
prises: 

a combiner for combining track ?les generated by respec 
tive ones of the plurality of target sensors. 

3. The system of claim 1, Wherein the processor com 
prises: 

a multi-hypothesis tracker (MHT) adapted to receive the 
range cell data provided by the one or more target 
sensors; 

an association hypothesis generator coupled to the MHT; 
a state variable ?lter coupled to the association hypothesis 

generator and further coupled to the MHT; 
a public track generator coupled to the association 

hypothesis generator, Wherein the public track genera 
tor transforms the local coordinates of positional tracks 
associated With targets to a vehicle global coordinate 
system; 

a data fuser coupled to the public track generator, Wherein 
the data fuser combines the data tracks associated With 
each of the plurality of target sensors to provide fused 
public tracks; 

a track quality generator coupled to the data fuser, 
Wherein the track quality generator determines data 
quality values associated With the fused public tracks; 

a discriminator coupled to the public track generator and 
to the track quality generator, Wherein the discriminator 
provides sensor scheduling information; and 

a vehicle crash management operator coupled to the track 
quality generator and to the discriminator, Wherein the 
vehicle crash management operator provides control 
actions to vehicle systems. 

4. The system of claim 3, Wherein the state variable ?lter 
includes a Kalman ?lter. 



US 6,670,910 B2 
17 

5. The system of claim 3, further comprising: 
a sensor scheduler coupled to the discriminator and to at 

least one of the plurality of target sensors, Wherein the 
sensor scheduler provides an update schedule associ 
ated With range cell data updates provided by the 
plurality of target sensors. 

6. The system of claim 5, Wherein the sensor scheduler 
further provides a beam dWell associated With at least a 
respective one of the plurality of sensors. 

7. A near object detection system comprising: 
a plurality of target sensors coupled to a vehicle, each of 

the target sensors for providing target data, Wherein the 
target sensors include at least one of: an infrared (IR) 
sensor and a radar sensor; 

a processor for receiving the target data, processing the 
data and providing a processor output coupled to one or 
more vehicle safety systems; Wherein the processor 
includes a combiner for combining track ?les generated 
by respective ones of the plurality of target sensors. 

8. A near object detection system comprising: 
a plurality of target sensors coupled to a vehicle, each of 

the target sensors for providing target data, Wherein the 
target sensors include at least one of: an infrared (IR) 
sensor and a radar sensor; and 

a processor for receiving the target data, processing the 
data and providing a processor output coupled to one or 
more vehicle safety systems, Wherein the processor 
includes: 
a multi-hypothesis tracker (MHT) adapted to receive 

the target data provided by the one or more target 
sensors; 

an association hypothesis generator coupled to the 
MHT; 

a state variable ?lter coupled to the association hypoth 
esis generator and further coupled to the MHT; 

a public track generator coupled to the association 
hypothesis generator, Wherein the public track gen 
erator transforms the local coordinates of positional 
tracks associated With targets to a vehicle global 
coordinate system; 

a data fuser coupled to the public track generator, 
Wherein the data fuser combines the data tracks 
associated With each of the plurality of target sensors 
to provide fused public tracks; 

a track quality generator coupled to the data fuser, 
Wherein the track quality generator determines data 
quality values associated With the fused public 
tracks; 

a discriminator coupled to the public track generator 
and to the track quality generator, Wherein the dis 
criminator provides sensor scheduling information; 
and 

a vehicle crash management operator coupled to the 
track quality generator and to the discriminator, 
Wherein the vehicle crash management operator pro 
vides control actions to the vehicle safety systems. 

9. The system of claim 8, Wherein the state variable ?lter 
includes a Kalman ?lter. 

10. The system of claim 8, further comprising: 
a sensor scheduler coupled to the discriminator and to at 

least one of the plurality of target sensors, Wherein the 
sensor scheduler provides an update schedule associ 
ated With target data updates provided by the plurality 
of target sensors. 

11. The system of claim 10, Wherein the sensor scheduler 
further provides a beam dWell associated With the radar 
sensor. 
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12. A near object detection method comprising: 
target tracking With a plurality of target sensors coupled 

to a vehicle, Which provide range cell data having local 
coordinates associated With each respective target sen 
sor; and 

sharing the target data provided by each of the plurality of 
target sensors in a processor coupled to receive and 
process the range cell data in a vehicle global coordi 
nate system. 

13. The method of claim 12, Wherein the sharing the target 
data comprises: 

combining track ?les generated by respective ones of the 
plurality of target sensors. 

14. The method of claim 12, Wherein the sharing the target 
data comprises: 

comparing track hypotheses With a multi-hypothesis 
tracker (MHT) adapted to receive the range cell data 
provided by the one or more target sensors; 

testing track hypotheses With an association hypothesis 
generator coupled to the MHT; 

?ltering With a state variable ?lter coupled to the asso 
ciation hypothesis generator and further coupled to the 
MHT; 

generating public tracks With a public track generator 
coupled to the association hypothesis generator, 
Wherein the public track generator transforms the local 
coordinates of positional tracks associated With targets 
to a vehicle global coordinate system; 

data fusing With a data fuser coupled to the public track 
generator, Wherein the data fuser combines the target 
data associated With each of the plurality of target 
sensors to provide fused public tracks; 

generating track quality values With a track quality gen 
erator coupled to the data fuser, Wherein the track 
quality generator determines data quality values asso 
ciated With the fused public tracks; 

discriminating With a discriminator coupled to the public 
track generator and to the track quality generator, 
Wherein the discriminator provides sensor scheduling 
information; and 

controlling actions of safety systems coupled to the 
vehicle With a vehicle crash management operator 
coupled to the track quality generator and to the 
discriminator, Wherein the vehicle crash management 
operator provides control actions to vehicle systems. 

15. The method of claim 14, Wherein the state variable 
?lter is a Kalman ?lter. 

16. The method of claim 14, further comprising: 
scheduling the target sensors With a sensor scheduler 

coupled to the discriminator and to at least one of the 
plurality of target sensors, Wherein the sensor scheduler 
provides an update schedule associated With target data 
updates provided by the plurality of target sensors. 

17. The method of claim 16, further comprising: 
generating With the sensor scheduler, a beam dWell asso 

ciated With the radar sensor. 
18. A near object detection method comprising: 
target tracking With a plurality of target sensors coupled 

to a vehicle, each of the target sensors for providing 
detection coverage in a predetermined coverage Zone, 
and each of Which provides target data, Wherein the 
target tracking includes at least one of: imaging With an 
infrared (IR) sensor; and radar sensing With a radar 
sensor; and 

sharing the target data provided by each of the plurality of 
target sensors in a processor to provide a processor 
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output coupled to one or more vehicle safety systems, 
Wherein the sharing the target data includes combining 
track ?les generated by respective ones of the plurality 
of target sensors. 

output coupled to one or more vehicle safety systems, 
Wherein the sharing the target data includes: 
comparing track hypotheses With a multi-hypothesis 

20 
data associated With each of the plurality of target 
sensors to provide fused public tracks; 

generating track quality values With a track quality 
generator coupled to the data fuser, Wherein the track 

19' Anear 9b]eCt_deteCnOn r_nethod compnsmgz 5 quality generator determines data quality values 
target tracking With a plurality of target sensors coupled associated With the fused public tracks. 

to a v.ehlcle’ each 9f the target se,nsors for provldmg discriminating With a discriminator coupled to the 
detection coverage in apredetermmed coverage Zone, ublic track enerator and to the track Ham 
and each of Which provides target data, Wherein the p h g _ h d, _ _ _d q y 
target tracking includes at least one of: imaging With an 10 generat9r> erem be lscnmmator provl es Sensor 

infrared (IR) sensor; and radar sensing With a radar schedllhng H_1fOrmat1On; and 
Sensor; and controlling actions of safety systems coupled to the 

sharing the target data provided by each of the plurality of Vehicle With a Vehicle cra_sh management Operator 
target sensors in a processor to provide a processor 15 Coupled to the track quahty generator and to the 

discriminator, Wherein the vehicle crash manage 
ment operator provides control actions to the vehicle 
safety systems. 

tracker (MHT) adapted to receive the target data 
provided by the one or more target sensors; 

testing track hypotheses With an association hypothesis 

20. The method of claim 19, Wherein the state variable 
?lter is a Kalman ?lter. 

2O 21. The method of claim 19, further comprising: 
generator coupled to the MHT; 

?ltering With a state variable ?lter coupled to the 
association hypothesis generator and further coupled 
to the MHT; 

generating public tracks With a public track generator 
coupled to the association hypothesis generator, 
Wherein the public track generator transforms the 
local coordinates of positional tracks associated With 
targets to a vehicle global coordinate system; 

data fusing With a data fuser coupled to the public track 
generator, Wherein the data fuser combines the target 
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scheduling the target sensors With a sensor scheduler 
coupled to the discriminator and to at least one of the 
plurality of target sensors, Wherein the sensor scheduler 
provides an update schedule associated With target data 
updates provided by the plurality of target sensors. 

22. The method of claim 21, further comprising: 

generating With the sensor scheduler, a beam dWell asso 
ciated With the radar sensor. 






