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RADAR COLLISON WARNING SYSTEM FOR
ROOFTOP MOUNTED CARGO

FIELD OF THE INVENTION

The invention relates to sensor systems and, in particular to
sensor systems employed in vehicles for collision avoidance.

BACKGROUND OF THE INVENTION

Rooftop cargo racks, otherwise simply known as roof-
racks, provide a structure onto which cargo can be securely
fastened above a vehicle. An advantage of a roof-rack is that
it provides an option for transporting cargo that does not use
space inside a vehicle. This is particularly useful for large
items, such as for example, but not limited to, recreational
equipment (e.g. bicycles, skies, etc.), cargo-boxes and build-
ing materials.

Despite the usefulness of roof-racks, once cargo is secured
to a roof-rack on a vehicle there is the added potential for a
collision between the cargo and some overhead obstruction—
such as, for example only, a garage door, public parking
structure, over-hanging sign and tree branch. Collisions
between rooftop mounted cargo and an overhead obstruction
may in turn lead to damage of the cargo, the vehicle and/or to
the overhead obstruction. Unfortunately, such collisions are
not simple to avoid since it is often difficult for a driver to
visually assess the amount of clearance there may be, if any,
between the top of rooftop mounted cargo and an overhead
obstruction. Moreover, the risk of a collision may increase if
adriver forgets, as a result of fatigue or routine, that cargo has
been mounted to the top of the vehicle.

Most presently available collision avoidance systems are
designed to detect people and/or objects in the direct forward
or reverse paths of a vehicle. Only a few collision avoidance
systems have been designed for detecting the presence of
overhead obstructions, and in turn warning a driver of a poten-
tial collision between rooftop mounted cargo and a detected
overhead obstruction. The previous systems available each
have a number of drawbacks that have prevented their adop-
tion and/or rendered the systems inadequate for their intended
purpose. For example, many of the presently available colli-
sion avoidance systems employ either ultrasonic acoustic
systems or Doppler-based radar systems, which are both
poorly suited to the task of detecting the potential for a col-
lision between rooftop mounted cargo and an overhead
obstruction.

Ultrasonic acoustic systems often suffer from poor perfor-
mance resulting from low signal directivity and a severely
limited ability to filter out noise and spurious signals from
vehicle vibrations and environmental factors (e.g. snow, rain,
wind). Moreover, the effective volume of space through
which ultrasonic acoustic signals propagate to provide usable
information is quasi-spherical since ultrasonic acoustic
waves have an inherent radial propagation pattern that is not
easily altered. The lack of a directive signal means that ultra-
sonic acoustic devices cannot be focused on a specifically
shaped volume of space (i.e. a 3-D zone) to the exclusion of
other spaces outside the desired space. In turn, the effective
volume of space from which information can be gleaned is
often either too large or too small to effectively provide an
accurate assessment of dangers to a vehicle, cargo and/or
surrounding objects. U.S. Patent Application No. 2004/
0183661 to Bowman discloses an example of a sensing sys-
tem exclusively employing ultrasonic acoustic waves.
Depending on the power output of the ultrasonic acoustic
transmitter the system provided by Bowman can be expected

10

15

20

25

30

35

40

45

50

55

60

65

2

to produce either too many false-positives (i.e. an indication
of'a possible collision that is not a real risk) or too many errors
(i.e. not providing a suitable indication of an actual collision
risk).

Doppler-based radar systems require relative motion in the
radial direction between a radar transmitter and a target. Sta-
tionary targets or targets having a slow relative speed may not
be detected at all or at least not until the vehicle is moving
towards the target at a sufficiently fast speed, at which time it
may betoo lateto avoid a collision. As a result, Doppler-based
radar is not a good option for collision avoidance systems that
are to be employed for determining the risk of a collision
between rooftop mounted cargo and an overhead obstruction
because of the poor performance of Doppler-based radar at
low speeds at which most collisions of this type occur, and
thus, where the collision avoidance system would be useful.

SUMMARY OF THE INVENTION

According to an aspect of an embodiment of the invention
there is provided a radar-based collision warning system for
determining when there is a risk of a potential collision
between an overhead obstruction and cargo mounted on a
roof of a vehicle, the system comprising: a radar-based detec-
tor including a forward radar sensor, mountable on a front
portion of a vehicle, the forward radar sensor operable to emit
electromagnetic pulses and receive subsequent pulse reflec-
tions in a specifically shaped first antenna beam pattern so as
to gather information about the presence or absence of objects
within the space covered by the first antenna beam pattern, the
first antenna beam pattern is defined as a portion of the space
above a plane approximately coplanar with the roof of the
vehicle; and a user interface unit connectable to the radar-
based detector for receiving at least some of the information
gathered by the radar-based detector, the user interface unit
including an alarm unit and a computer program product
including computer usable program code for determining the
risk of collision between an object and cargo mounted on the
roof of the vehicle, the computer usable program code includ-
ing program instructions for: processing the information
gathered by the radar-based detector to determine if an object
is within the space covered by the first antenna beam pattern;
and warning a user that a risk of'a potential collision is present
when an object is determined to be in the space covered by the
first antenna beam pattern.

In some embodiments, the user interface further comprises
an alternate display for providing another link between a user
and the system. In some embodiments, the computer program
product further comprises a portion of memory.

In some embodiments, the computer program product
includes the operability to perform the functions of a local
modem providing connectivity between the user interface
unitand at least one component of the radar-based detector. In
some more specific embodiments, the local modem includes
at least one of a simple wire connection, an optical fibre
modem, a wireless modem, a Universal Serial Bus (USB)
port, an Ethernet modem, in order to establish a data link with
at least one component of the radar-based detector.

In some embodiments, the user interface unit further com-
prises a drive/engine sensor for providing a signal indicative
as to whether or not the engine of the vehicle is running, and
wherein the computer usable program code also includes
program instructions for: processing the signal from the
drive/engine sensor to determine whether or not the vehicle is
not running; and placing the collision avoidance system in a
stand-by mode in order to save power when it is determined
that the vehicle is not running.
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In some embodiments, the user interface unit further com-
prises a magnetron sensor for providing a signal indicative as
to whether or not the vehicle is moving, and wherein the
computer usable program code also includes program
instructions for: processing the signal from the magnetron
sensor to determine whether or not the vehicle is moving; and
placing the collision avoidance system in a stand-by mode in
order to save power when it is determined that the vehicle is
not moving.

In some embodiments, the forward radar sensor is further
operable to emit electromagnetic pulses and receive subse-
quent pulse reflections in a specifically shaped second
antenna beam pattern so as to gather information about the
presence or absence of objects within the space covered by
the second antenna beam pattern, where the second antenna
beam patternis defined as a portion of the space below aplane
approximately coplanar with the roof of the vehicle and any
object in said space is in a driver’s forward line of sight; and
wherein the computer usable program code also includes
program instructions for: processing the information gath-
ered by the radar-based detector to determine if an object is
within the space covered by the second antenna beam pattern;
and not warning a user that a risk of a potential collision is
present when an object is determined to be in the space
covered by the second antenna beam pattern, irrespective of
whether or not the object is also in the space covered by the
first antenna beam pattern.

In some embodiments, the radar-based detector further
comprises: a cargo radar sensor operable to emit electromag-
netic pulses and receive subsequent pulse reflections in a
specifically shaped second antenna beam pattern so as to
gather information about the presence or absence of objects
within the space covered by the second antenna beam pattern,
where the second antenna beam pattern is defined as a portion
of the space above a plane approximately coplanar with the
roof of the vehicle where cargo may be mounted; and wherein
the computer usable program code also includes program
instructions for: processing the information gathered by the
radar-based detector to determine if cargo is mounted on the
roof of the vehicle; and placing the collision avoidance sys-
tem in a stand-by mode in order to save power when it is
determined that cargo has not been mounted on the roof of the
vehicle.

In some embodiments, the radar-based detector further
comprises: a rear radar sensor operable to emit electromag-
netic pulses and receive subsequent pulse reflections in a
specifically shaped second antenna beam pattern so as to
gather information about the presence or absence of objects
within the space covered by the second antenna beam pattern,
where the second antenna beam pattern is defined as a rear
portion of the space above a plane approximately coplanar
with the roof of the vehicle; and wherein the computer usable
program code also includes program instructions for: pro-
cessing the information gathered by the radar-based detector
to determine if an object is within the space covered by the
second antenna beam pattern; and warning a user that arisk of
apotential collision is present when an object is determined to
be in the space covered by the second antenna beam pattern.

In some embodiments, the rear radar sensor is further oper-
able to emit electromagnetic pulses and receive subsequent
pulse reflections in a specifically shaped third antenna beam
pattern so as to gather information about the presence or
absence of objects within the space covered by the third
antenna beam pattern, where the third antenna beam pattern is
defined as a portion of the space below a plane approximately
coplanar with the roof of the vehicle and any object in said
space is in a driver’s rear line of sight; and wherein the
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computer usable program code also includes program
instructions for: processing the information gathered by the
radar-based detector to determine if an object is within the
space covered by the third antenna beam pattern; and not
warning a user that a risk of a potential collision is present
when an object is determined to be in the space covered by the
third antenna beam pattern, irrespective of whether or not the
objectis also in the space covered by the second antenna beam
pattern.

According to another aspect of the invention there is pro-
vided a method for determining a risk of a potential collision
between an object and cargo mounted on the roof of the
vehicle, the method comprising: transmitting electromag-
netic pulses using a specifically shaped first antenna beam
pattern, wherein the first antenna beam pattern is defined as a
portion of the space above a plane approximately coplanar
with the roof of the vehicle; receiving reflections of the trans-
mitted electromagnetic pulses from the space covered by the
first antenna beam pattern; processing the reflections to deter-
mine if an object is within the space covered by the first
antenna beam pattern; and warning a user that a risk of a
potential collision is present when an object is determined to
be in the space covered by the first antenna beam pattern.

According to another aspect of the invention, the method
further comprises: transmitting electromagnetic pulses using
a specifically shaped second antenna beam pattern, wherein
the second antenna beam pattern is defined as a portion of the
space below a plane approximately coplanar with the roof of
the vehicle and any object in said spaceis in a driver’s forward
line of sight; receiving reflections of the transmitted electro-
magnetic pulses from the space covered by the second
antenna beam pattern; processing the information gathered
by the radar-based detector to determine if an object is within
the space covered by the second antenna beam pattern; and
not warning a user that a risk of a potential collision is present
when an object is determined to be in the space covered by the
second antenna beam pattern, irrespective of whether or not
the object is also in the space covered by the first antenna
beam pattern.

According to another aspect of the invention, the method
further comprises: transmitting electromagnetic pulses using
a specifically shaped second antenna beam pattern, wherein
the second antenna beam pattern is defined as a portion of the
space above a plane approximately coplanar with the roof of
the vehicle where cargo may be mounted; receiving reflec-
tions of the transmitted electromagnetic pulses from the space
covered by the second antenna beam pattern; processing the
information gathered by the radar-based detector to deter-
mine if cargo is mounted on the roof of the vehicle; and
placing the collision avoidance system in a stand-by mode in
order to save power when it is determined that cargo has not
been mounted on the roof of the vehicle.

According to another aspect of the invention, the method
further comprises: transmitting electromagnetic pulses using
a specifically shaped second antenna beam pattern, wherein
the second antenna beam pattern is defined as a rear portion of
the space above a plane approximately coplanar with the roof
of the vehicle; receiving reflections of the transmitted elec-
tromagnetic pulses from the space covered by the second
antenna beam pattern; processing the information gathered
by the radar-based detector to determine if an object is within
the space covered by the second antenna beam pattern; and
warning a user that a risk of a potential collision is present
when an object is determined to be in the space covered by the
second antenna beam pattern.

According to another aspect of the invention, the method
further comprises: transmitting electromagnetic pulses using
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The invention claimed is:
1. A method for processing received radar returns (u(t)) of
a radiated wide-band arbitrary waveform received by a radar
receiver in a wide-band radar processing system using spec-
tral processing, the method comprising:
undersampling said received wide-band radar returns (u(t))
by using a first sampling rate causing a wide frequency
band of the received wide-band radar returns (u(t)) to be
folded back into a baseband of a undersampling analog-
to-digital converter to obtain an undersampled digital
wide-band radar waveform (u,[n]);

performing spectral processing in a processor on the power
spectrum of said undersampled digital wide-band radar
waveform (IU,, (w)I?) in order to obtain a discrete
ripple frequency power spectrum of said undersampled
digital wide-band radar waveform (F ;(,)); and

locating, in said discrete ripple frequency power spectrum
of'said undersampled digital wide-band radar waveform
(F 5(2,)), ripple frequencies indicating radar targets
using the processor.

2. The method according to claim 1, further comprising:

extracting at least a first radar target information based on

said located ripple frequencies in said discrete ripple
frequency power spectrum of said undersampled digital
wide-band radar waveform (F ;(Q,)), wherein said first
radar target information is distances to said radar targets.

3. The method according to claim 1, wherein said first
sampling rate is selected such that it is below a second sam-
pling rate, wherein said second sampling rate is the sampling
rate required by the wide-band radar returns in order to fulfill
a Nyquist criteria, and such that a folding factor present in
said discrete ripple frequency power spectrum of said under-
sampled digital wide-band radar waveform (F_,(€2,)) is
stable, so that said ripple frequencies may be located in said
discrete ripple frequency power spectrum of said under-
sampled digital wide-band radar waveform (F ,(€2,)).

4. The method according to claim 1, further comprising:

transforming said discrete ripple frequency power spec-

trum (F ,(Q,)) into a velocity domain (3(Q,, v,)) using
the Fourier transform; and

extracting a second radar target information from said dis-

crete ripple frequency power spectrum (F,,(£2,)) in the
velocity domain (3(€2,, v,)).

5. The method according to claim 4, wherein said second
radar target information is the velocity (v,) of said radar
targets.

6. The method according to claim 1, wherein the radiated
wide-band arbitrary waveform has a flat frequency spectrum.

7. A radar receiver for processing radar returns in a wide-
band radar processing system using spectral processing, the
radar receiver comprising:

a receiver arranged to receive radar returns (u(t)) of wide-

band arbitrary waveforms radiated by a transmitter;

at least one analog to digital converter operating at a first

sampling rate arranged to undersample received wide-
band radar returns (u(t)) thereby causing a wide fre-
quency band of the received wide-band radar returns
(u(t)) to be folded back into a baseband of the analog-
to-digital converter to obtain an undersampled digital
waveform (u,[n]); and

a processor arranged to

perform spectral processing on the power spectrum of said

undersampled digital wide-band radar waveform (1U ;,
Q1) in order to obtain a discrete ripple frequency
power spectrum of said undersampled digital wide-band
radar waveform (F ,(€2,)), and
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locate, in said discrete ripple frequency power spectrum of
said undersampled digital wide-band radar waveform
(F ;(,)), ripple frequencies indicating radar targets.
8. The radar receiver according to claim 7, wherein the
radar receiver is arranged to extract at least a first radar target
information based on said located ripple frequencies in said
discrete ripple frequency power spectrum of said under-
sampled digital wide-band radar waveform (F,(€2,)),
wherein said first radar target information is distances to said
radar targets.
9. The radar receiver according to claim 7, wherein said
first sampling rate of said at least one analog to digital con-
verter is selected such that it is below a second sampling rate,
wherein said second sampling rate is the sampling rate
required by the wide-band radar returns in order to fulfill the
Nyquist criteria, and such that a folding factor present in said
discrete ripple frequency power spectrum of said under-
sampled digital wide-band radar waveform (F_,(€2,)) is
stable, so that said ripple frequencies remain may be located
in said discrete ripple frequency power spectrum of said
undersampled digital wide-band radar waveform (F(£€2,)).
10. The radar receiver according to claim 7, wherein said
processor is further arranged to:
transform said discrete ripple frequency power spectrum
(F () into a velocity domain (3(€2,, v,)) using the
Fourier transform; and

extract at least a second radar target information from said
discrete ripple frequency power spectrum (F (Q,)) in
the velocity domain (3(€2,, v,)).

11. The radar receiver according to claim 10, wherein said
second radar target information is the velocity (v,) of said
radar targets.

12. A digital wide-band radar processing system, compris-
ing:

a radar receiver comprising

a receiver arranged to receive radar returns (u(t)) of wide-

band arbitrary waveforms radiated by a transmitter,

at least one analog to digital converter operating at a first

sampling rate arranged to undersample received wide-
band radar returns (u(t)) thereby causing a wide fre-
quency band of the received wide-band radar returns
(u(t)) to be folded back into a baseband of the analog-
to-digital converter to obtain an undersampled digital
waveform (u,[n]), and

a processor arranged to

perform spectral processing on the power spectrum of said

undersampled digital wide-band radar waveform (1U;,
()% in order to obtain a discrete ripple frequency
power spectrum of said undersampled digital wide-band
radar waveform (F ,(€2,)), and

locate, in said discrete ripple frequency power spectrum of

said undersampled digital wide-band radar waveform
(F (82, ripple frequencies indicating radar targets.

13. A computer program product for use in a radar receiver,
said computer program product comprising:

a computer readable medium; and

computer readable code recorded on the computer readable

medium and executable by a processor which when run
in the radar receiver causes said radar receiver to per-
form the steps of:

undersampling received wide-band radar returns (u(t)) by

using a first sampling rate causing a wide frequency
band of'the received wide-band radar returns (u(t)) to be
folded back into a baseband of a undersampling analog-
to-digital converter to obtain an undersampled digital
wide-band radar waveform (u,[n]);
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and some overhead obstruction—such as, for example only, a
garage door, over-hanging sign, public parking structure and
tree branch, etc.

Previous collision avoidance systems that employ either
ultrasonic acoustic or Doppler-based radar systems are
poorly suited for detecting the potential of a collision between
rooftop mounted cargo and an overhead obstruction in situa-
tions where it would be most useful. On the one hand, ultra-
sonic acoustic systems often suffer from poor performance
resulting from low signal directivity and a severely limited
ability to filter out ambient noise, the combination of which
leads to either too many false-positives (i.e. an indicationof a
possible collision that is not a real risk) or too many errors (i.e.
not providing a suitable indication of an actual collision risk).
On the other hand, Doppler-based radar systems perform
poorly at low vehicle speeds and/or when the vehicle is sta-
tionary, which are common circumstances around which col-
lisions between rooftop mounted cargo and an overhead
obstruction occur.

By contrast, aspects of the present invention provide sys-
tems and methods for reducing the risk of a collision between
rooftop mounted cargo and overhead obstructions by provid-
ing sub-systems for detecting overhead obstructions and
warning drivers and, if present, passengers in vehicles when
there is a risk of a collision. In accordance with some aspects
of'the invention methods are provided for detecting and evalu-
ating the radar measurements to determine the risk of a col-
lision between rooftop mounted cargo and overhead obstruc-
tions. Rooftop mounted cargo includes a range of items
including, but not limited to, recreational equipment (e.g.
bicycles, skies, snowboards, canoes, kayaks, surfboards,
etc.), cargo boxes, building materials, appliances, luggage,
animal cages and anything else that someone may want to
transport on the roof of a vehicle.

Generally, a system provided in accordance with aspects of
the invention includes a radar-based detector and a user inter-
face unit that co-operate to detect and signal drivers (and
passengers if present) of the risk of a collision between roof-
top mounted cargo and an overhead obstruction. More spe-
cifically, the radar-based detector is provided to detect the
presence of overhead obstructions that pose a collision risk to
rooftop mounted cargo. The user interface unit is connected to
the radar-based detector for receiving detection information
from the radar-based detector and subsequently warning driv-
ers and, if present, passenger(s) in the vehicle when there is a
risk of a collision between rooftop mounted cargo and a
detected overhead obstruction.

Some embodiments in accordance with aspects of the
invention includes a radar-based detector having a forward or
rear radar sensor that includes at least one antenna with a
specifically shaped beam pattern (i.e. having a specifically
shaped lobe) generally conforming to a very specific space
proximate to the vehicle in which the potential for a collision
exists. In more specific embodiments, the radar-based detec-
tor includes multiple sensors with corresponding multiple
antennas, each with a specifically shaped beam pattern (i.e.
having a specifically shaped lobe) generally conforming to a
respective very specific space proximate to the vehicle in
which the potential for a collision exists. In some other
embodiments, the radar-based detector also includes a cargo
radar sensor for detecting the presence or absence of rooftop
mounted cargo above a vehicle. In some other embodiments,
the radar-based detector also includes a forward radar sensor
for detecting an object that is in a driver’s forward line of
sight, so that no alarm signal is provided when the object is in
the driver’s forward line of sight. In some embodiments the
radar-based detector is configured to periodically measure the
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distance between a point on a vehicle and an overhead
obstruction located in the path of travel of the rooftop
mounted cargo, while in other embodiments simply the pres-
ence of overhead obstructions is determined. Additionally, as
will be described below, similar features may also be option-
ally provided for the rear of a vehicle.

Additionally and/or alternatively, aspects of the invention
can be embodied in the from of a computer program product
that is accessible from a computer-usable or computer-read-
able medium providing program code for use by or in con-
nection with a computer or any instruction execution system.
From the purpose of this description, a computer-usable or
computer readable medium can be any non-transitory, tan-
gible medium that can contain, store, communicate, propa-
gate, or transport the program for use by, or in connection
with, the instruction execution system, apparatus, or device.

Examples of a computer-readable medium include a semi-
conductor and/or solid-state memory, magnetic tape, a
removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a rigid magnetic disk
and an optical disk. Current examples of optical disks include,
without limitation, compact disk-read only memory (CD-
ROM), compact disk-read/write(CD-R/W) and DVD.

A computer-readable medium can be an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system (or apparatus or device) or a propagation medium.
Examples of a computer-readable medium include a semi-
conductor and/or solid-state memory, magnetic tape, a
removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a rigid magnetic disk
and an optical disk. Current examples of optical disks include,
without limitation, compact disk-read only memory (CD-
ROM), compact disk-read/write (CD-R/W) and DVD.

In accordance with aspects of the invention, a data process-
ing system suitable for storing and/or executing program code
will include at least one processor coupled directly or indi-
rectly to memory elements through a system bus. The
memory elements can include local memory employed dur-
ing actual execution of the program code, bulk storage, and
cache memories which provide temporary storage of at least
some program code in order to reduce the number of times
code must be retrieved from bulk storage during execution.
Additionally and/or alternatively, in accordance with aspects
of'the invention, a data processing system suitable for storing
and/or executing program code will include at least one pro-
cessor integrated with memory elements through a system
bus.

Input/output (i.e. /O devices)—including but not limited
to keyboards, touch-pads, displays, pointing devices, etc.—
can be coupled to the system either directly or through inter-
vening 1/O controllers.

Network adapters may also be coupled to the system to
enable communication between multiple data processing sys-
tems, remote printers, or storage devices through intervening
private or public networks. Modems, cable modems and Eth-
ernet cards are just a few of the currently available types of
network adapters.

Referring to FIGS. 1A and 1B, shown are schematic draw-
ings of a collision avoidance system 20 for a vehicle 10 and a
number of associated zones and corresponding antenna beam
patterns around the vehicle 10 in accordance with aspects of
the invention. More specifically, the vehicle 10 includes a
roof-rack 12 onto which rooftop mounted cargo can be
secured. For the sake of an illustrative example only, a bicycle
11 is shown secured to the roof-rack 12 in FIG. 1A. Moreover,
those skilled in the art will appreciate that other devices (e.g.
bungee cords, ropes, chains, clamps, bolts, etc.) may be used
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to secure cargo above a vehicle and that the scope of the
claims is in no way limited to the structure provided by
roof-racks.

With specific reference to FIG. 1A, in order to provide a
clear description of the invention the space around the vehicle
10 has been divided into two primary zones. The first is an
Elevated Vehicle Zone (EVZ) and the second is a Driver
Line-Of-Sight Zone (DLOSZ). The EVZ is defined as the
space above a plane defined by the roof of the vehicle, while
the DLOSZ is defined as the space below the plane defined by
the roof of the vehicle.

With reference to both FIGS. 1A and 1B, the collision
avoidance system 20 includes a forward radar sensor 21 and
an optional cargo radar sensor 23 that are collocated and
mounted at the front end of the roof of the vehicle 10. More
specifically, in this particular embodiment the forward radar
sensor 21 and the cargo senor 23 are housed in a single
forward unit 20a that is securely fixed to a front rail 12a of the
roof-rack 12. As shown in FIG. 1B, in this particular embodi-
ment, the forward unit 20a is located approximately in the
middle of the front rail 12a. The collision avoidance system
20 also includes an optional rear radar sensor 25 that is
located at the rear end of the roof of the vehicle 10. More
specifically, in this particular embodiment the rear radar sen-
sor 25 is housed in a rear unit 205 that is securely fixed to a
back rail 126 of the roof-rack 12. As shown in FIG. 1B, in this
particular embodiment, the rear unit 205 is located approxi-
mately in the middle of the back rail 1256. Although the for-
ward and rear units 20a and 205 are mounted so that they are
approximately centered on the roof of the vehicle 10, in other
embodiments the locations of such units may be different. As
such, it would be understood by those skilled in the art that the
antenna beam radiation patterns might also be different from
those that are described in more detail below.

Additionally and/or alternatively, the sensors 21,23 and 25
may be mounted directly to the roof of a vehicle using one or
more magnetic coupling devices strong enough to secure the
sensors 21, 23 and 25 in place.

With reference to the more general description above, the
forward radar sensor 21, the cargo radar sensor 23 and the rear
radar sensor 25 are included in the radar-based detector for
the collision avoidance system 20. The collision avoidance
system 20 also includes a user interface unit (not shown in
FIGS. 1A and 1B, but shown in FIG. 5) that is preferably
mounted within the vehicle 10 and is communicatively con-
nected to the detection system as noted previously. Moreover,
those skilled in the art will appreciate that the collision avoid-
ance system 20 may be supported by a combination of hard-
ware, software and firmware, in addition to mechanical struc-
tures for securing elements of the collision avoidance system
in place. However, only those elements required to describe
specific aspects of the invention have been illustrated in FIGS.
1A and 1B.

The forward radar sensor 21, being a radar system, includes
at least one antenna that transmit electromagnetic pulses into
two separate specifically shaped beam patterns 22a and 225.
The first beam pattern 22a is radiated into the space in front of
the vehicle in the EVZ to sense overhead obstructions that
pose a collision risk to the rooftop mounted cargo. Accord-
ingly, the first beam pattern 224 has a maximum height that is
approximately the same as the maximum height of the cargo
(e.g. bicycle 11) mounted above the vehicle 10; and, as will be
described below in some embodiments the maximum height
of'the beam pattern 224 can either be fixed or adjustable. The
second beam pattern 224 is optional and is radiated into the
space in front of the vehicle in the DLOSZ. The beam patterns
22a and 22b are preferably wide beams conforming to the
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approximate width of the vehicle 10, so as not to detect
obstructions that are not in the forward path of the vehicle 10,
thereby limiting the number of false positives that may be
produced. The beam patterns 22a and 225 can be created
using a planar patch antenna array or another suitable antenna
type known to those skilled in the art. In some embodiments,
the precise location of an object is not required and at most
only range and/or presence information may be required. The
use of the forward radar sensor 21 is described in detail below
with reference to FIGS. 4A and 4B.

The optional cargo radar sensor 23, being a radar system,
includes at least one antenna that transmits electromagnetic
pulses into a specifically shaped beam pattern 24. The cargo
radar sensor 23 is used to at least detect the presence or
absence of rooftop mounted cargo. Accordingly, the beam
pattern 24 is a wide beam lobe having a maximum height that
is approximately the same as the maximum expected height
of cargo (e.g. bicycle 11) mounted above the vehicle 10, a
width that is approximately the same as the width of the
vehicle and a depth that does not extend beyond the rear of the
roof of vehicle 10. The use of the cargo radar sensor 23 is
described in detail below with reference to FIG. 3.

Additionally and/or alternatively, in some embodiments
the maximum height of the beam pattern 24 can either be
fixed or adjustable. Additionally and/or alternatively, the
cargo radar sensor 23 can be adapted to detect the approxi-
mate height of rooftop mounted cargo and subsequently
adjust the maximum height of the beam pattern 24. In such
embodiments, the cargo radar sensor may also include a low-
power “pencil-beam” radar (not shown) that scans cargo,
initially detected using the beam 24, to provide an estimate of
the dimensions of the rooftop mounted cargo, that in turn may
be used to adjust the beam pattern 24.

The optional rear radar sensor 25, being a radar system,
includes at least one antenna that transmit electromagnetic
pulses into two separate specifically shaped beam patterns
26a and 265. The first beam pattern 26aq is radiated into the
space behind the vehicle in the EVZ to sense overhead
obstructions that pose a collision risk to the rooftop mounted
cargo, when the vehicle 10 moves in the reverse direction.
Accordingly, the first beam pattern 26¢ has a maximum
height that is approximately the same as the maximum height
of the cargo (e.g. bicycle 11) mounted above the vehicle 10;
and, as similar to that described above in some embodiments
the maximum height of the beam pattern 26a can either be
fixed or adjustable. The second beam pattern 265 is optional
and is radiated into the space behind the vehicle in the
DLOSZ. The beam patterns 26a and 265 are preferably wide
beams conforming to the approximate width of the vehicle
10, so as not to detect obstructions that are not in the reverse
path of the vehicle 10, thereby limiting the number of false
positives that may be produced. The beam patterns 26a and
265 can be created using a planar patch antenna array or
another suitable antenna type known to those skilled in the art.

FIG. 2 is a flow chart illustrating a method of calibrating a
radar sensor in accordance with aspects of the invention.
Calibration of a radar sensor is preferable after a collision
avoidance system in accordance with aspects of the invention
has been installed. Calibration may help to reduce errors
made by the collision avoidance system during normal use.
The method described with reference to FIG. 2 is specific to
an example method that may be employed for the cargo radar
sensor 25. However, those skilled in the art will appreciate
that such a method may be adapted and employed for any one
of'the radar systems included in a collision avoidance system
in accordance with aspects of the invention.
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The calibration steps may also be routinely repeated in
between uses to ensure optimal performance of the collision
avoidance system. During the calibration steps it is assumed
that there are no targets (e.g. cargo such as recreational equip-
ment or cargo boxes, building materials) in the space to be
monitored. However, the space to be monitored by the cargo
radar sensor 25 (e.g. above a vehicle in the vicinity of the
roof-rack 12) should contain within it the major features that
are always going to be present, such as the roof-rack 12 or
other structures that are normally present, including without
limitation features of the roof. Those skilled in the art will also
appreciate that the calibration steps should be performed
every time there is a significant change affecting the layout of
the major features in the space.

Starting at step 2-1, the method includes transmitting elec-
tromagnetic pulses into the empty space to be monitored. At
step 2-2, the method includes receiving, measuring, digitizing
and storing return echoes (i.e. reflections of the electromag-
netic pulses) stored as “nominal return data”. That is, the
nominal return data includes the return echoes from the
empty space, which represent the clutter return inherent to the
space.

Once the nominal return data is known, the cargo radar
sensor 25 can be used for normal intended operations. As
noted above, the role of the cargo radar sensor 25 is to detect
the presence or absence of cargo above the vehicle 10. FIG. 3
is a flow chart illustrating a method of detecting the presence
of rooftop mounted cargo and providing an activation signal
in accordance with aspects of the invention. The activation
signal can be used to control the mode of operation for the
collision avoidance system 20. If the cargo radar sensor 25
does not detect cargo above the vehicle 10, the activation
signal is cleared and the collision avoidance system 20 may
enter a stand-by or power-saving mode. On the other and, if
the cargo radar sensor 25 detects the presence of cargo, the
activation signal is set and the collision avoidance system 20
is activated. In other words, the activation signal as set and/or
cleared by the cargo radar sensor 25 serves as an on/off switch
for the collision avoidance system.

Starting at step 3-1, the method includes clearing the acti-
vation signal. At step 3-2, the method includes transmitting
electromagnetic pulses into the space to be monitored, which
at this point may or may not be empty. At step 3-3, the method
includes receiving, measuring, digitizing and storing return
echoes (i.e. reflections of the electromagnetic pulses) stored
as “test return data”. That is, the test return data includes the
return echoes from the space, which may or may not be
empty.

Step 3-4 of the method includes correcting the test return
data with the nominal return data. In some embodiments
correcting the test return data with the nominal return data
includes subtracting the nominal return data from the test
return data or dividing the test return data by the nominal
return data. At steps 3-5, the method includes integrating the
corrected test return data. In effect, the integration can be
simplified to a straight-forward addition of the corrected test
return data. Alternatively, a weighted average can also be
calculated. The thermal and ambient noise in the corrected
signals is substantially uncorrelated with respect to that in
other corrected signals, while the reflection components will
be strongly correlated. There will thus be an improvement
seen in the received signal-to-noise ratio (SNR) by adding the
signals together (i.e. integrating).

At step 3-6, the method includes processing the integrated
test inverse filters to create corresponding conditioned return
data. The inverse filters may be designed as either Finite
Impulse Response (FIR) or Infinite Impulse Response (IIR)
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filters. Subsequently, at step 3-7, the method includes calcu-
lating a magnitude value set from the conditioned test return
data.

At step 3-8, the method includes using signal samples of
the magnitude value set, to make a comparison to an energy
threshold to identify potential targets (i.e. in this case cargo).
Samples above the energy threshold indicate that targets are
present in the space being monitored. That is cargo is present
above the vehicle 10. The samples that are above the energy
threshold are termed target indicators.

It is possible that there are no targets in the space and thus
there should not be any samples above the energy threshold.
Accordingly, at step 3-9 of the method includes determining
whether or not there are any target indicators in the magnitude
value set. If there are no target indicators (no path, step 3-9)
then the method proceeds to step 3-11 in which the activation
signal is cleared. If target indicators are present (yes path, step
3-9) the activation signal is set in step 3-10.

In accordance with some aspects of the invention, when the
activation signal is set, meaning that cargo is present above
the vehicle, the collision avoidance system 20 will enter a
nominal mode of operation. FIGS. 4A and 4B provide flow
charts for first and second methods of determining the risk of
a collision between rooftop mounted cargo and an overhead
obstruction in accordance with aspects of the invention. The
difference between the first and second methods is that the
first method (illustrated using the flow chart shown in FIG.
4A) only determines the presence or absence of overhead
obstructions in very specific portions of the EVZ, while the
second method (illustrated using the flow chart shown in FIG.
4B) includes steps for determining if overhead obstruction(s)
detected in the EVZ extend down into the DLOSZ. In accor-
dance with the second method no alarm signal is provided if
the overhead obstruction(s) extend down into the DLOSZ,
since it is assumed that a driver would be able to see such
obstructions and in turn not wish to drive into them.

Referring first to FIG. 4A, starting at step 4A-1, the first
method includes transmitting electromagnetic pulses into the
space to be monitored. In accordance with this particular
embodiment the space to be monitored includes a specific
portion of the EVZ (e.g. with reference to FIGS. 1A and 1B,
either directly in front or directly behind the vehicle 10 via
beams 224 or 26a). At step 4A-2, the method includes receiv-
ing, measuring, digitizing and storing return echoes (i.e.
reflections of the electromagnetic pulses) stored as “test
return data”. That is, the test return data includes the return
echoes from the space, which may or may not be empty.

Step 4A-3 of the method includes correcting the test return
data with the nominal return data. In some embodiments
correcting the test return data with the nominal return data
includes subtracting the nominal return data from the test
return data or dividing the test return data by the nominal
return data. At steps 4A-4, the method includes integrating
and filtering the test return data as described above with
reference to FIG. 3. Subsequently, at step 4A-5, the method
includes calculating a magnitude value set from the condi-
tioned test return data.

At step 4A-6, the method includes using signal samples of
the magnitude value set, to make a comparison to an energy
threshold to identify potential targets (i.e. in this case cargo).
Samples above the energy threshold indicate that targets are
present in the space being monitored.

It is quite possible that there are no targets in the space and
thus there should not be any samples above the energy thresh-
old. Accordingly, at step 4A-7 of the method includes deter-
mining whether or not there are any target indicators in the
magnitude value set. [f there are no target indicators (no path,
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step 4A-7) then the method proceeds to step 4A-8 in which a
delay in enforced before electromagnetic pulses are transmit-
ted again starting at step 4A-1. On the other hand, if target
indicators are present in the magnitude value set (yes path,
step 4A-7) the method proceeds to step 4A-9.

At step 4A-9, the method includes providing an alarm
signal to the driver and, if present, passenger(s) of the vehicle.
Additionally and optionally, the method also includes steps
4A-10 and 4A-11 in which multiple targets are individually
identified and an approximate distance to each target is cal-
culated from the test return data, respectively.

Turning to FIG. 4B, shown is a flow chart illustrating
method steps for the second method. As noted above, the
second method includes steps for determining if overhead
obstruction(s) detected in the EVZ extend down into the
DLOSZ. In accordance with the second method no alarm
signal is provided if the overhead obstruction(s) extend down
into the DLOSZ, since it is assumed that a driver would be
able to see such obstructions and in turn not wish to drive into
them.

In this particular embodiment, the second method includes
radar sweeps of specific portions of the EVZ and correspond-
ing lower portions in DLOSZ. For example, as shown in
FIGS. 1A and 1B the forward radar sensor 21 is configured to
provide first and second beam patterns 22a and 225 for the
corresponding spaces directly in front of the vehicle 10 in the
EVZ and the DLOSZ, respectively. As such, the method of
performing the radar sweeps can be identical in some
embodiments of the invention. To that end, the second
method, as shown in FIG. 4B, includes two parallel branches
for sweeping the EVZ and DLOSZ simultaneously. The first
branch includes steps 4B-1a to 4B-54, and the second branch
includes steps 4B-1b to 4B-5b, and the five steps in each
branch are identical to the steps 4A-1to 4A-5 described above
with reference to FIG. 4A. Accordingly, for the sake of brev-
ity, a description for the steps 4B-1a to 4B-54 and 4B-15 to
4B-5b will not be repeated.

At step 4B-6, the method, having been performed to obtain
test return data for the spaces in the EVZ and DLOSZ, further
includes determining whether or not there are overhead
obstructions in the space within the EVZ. If there are no target
indicators (no path, step 4B-6) then the method proceeds to
step 4B-7 in which a delay in enforced before electromag-
netic pulses are transmitted again starting at steps 4B-1a and
4B-1b. On the other hand, if target indicators are present in
the magnitude value set (yes path, step 4B-6) the method
proceeds to step 4B-8.

At step 4B-8, the method includes determining whether or
not there are overhead obstructions in the space within the
EVZ extending into the DLOZ. If there are target indicators
(yes path, step 4B-8) then the method proceeds to step 4B-7 in
which a delay in enforced before electromagnetic pulses are
transmitted again starting at steps 4B-1a and 4B-156. On the
other hand, if no target indicators are present in the magnitude
value set (no path, step 4B-8) the method proceeds to step
4B-9. At step 4B-9, the method includes providing an alarm
signal to the driver and, if present, passengers of the vehicle.

FIG. 5 is a functional block diagram of components
included in the collision avoidance system 20 partially illus-
trated in FIGS. 1A and 1B, in accordance with one particular
embodiment of the invention. More specifically, FIG. 5§
includes the forward unit 20a and a user interface unit 60,
which is preferably located within the vehicle where it is
accessible to the driver and a passenger if present in the
vehicle.

Those skilled in the art will appreciate that the user inter-
face unit 60 includes a suitable combination of structural

10

15

20

25

30

35

40

45

50

55

60

65

14

elements, mechanical systems, hardware, firmware and soft-
ware arranged to support the function and operation of the
user interface unit 60, and, for the sake of simplicity, portions
of'the user interface unit 60 have been divided into functional
units in order to conveniently describe aspects of this specific
embodiment. To that end, the user interface unit 60 includes a
processor (or controller) 64, a user interface control 61, an
alarmunit 62, an alternate display unit 63, alocal modem 315,
a memory 65 and drive/engine sensor 66.

In some embodiments, the processor 64, interface control
61, local modem 315 and memory 63 are included as a com-
puter program product including computer usable program
code for determining a risk of a potential collision between an
object and cargo mounted on the roof of the vehicle. The
computer usable program code including program instruc-
tions for: processing the information gathered by the radar-
based detector to determine if an object is within the space
covered by the first antenna beam pattern; and warning a user,
by way of the alarm unit 62 or alternate display 63, that a risk
of'apotential collision is present when an object is determined
to be in the space covered by the first antenna beam pattern.

Each of the user interface control 61, the alarm unit 62, the
alternate display unit 63, the local modem 315, the memory
65 and the drive/engine sensor 66 are communicatively con-
nected to the processor 64. The processor 64 is configured to
manage the operations of the aforementioned components as
well as other supporting features that have not been specifi-
cally illustrated.

The memory 65 is provided to store computer readable
instructions that the processor 64 may use during operation
and intermediate data produced and/or employed by the pro-
cessor 64 and/or other elements of the user interface unit 60.
The local modem 315 is used to connect the user interface unit
60 with the senor units (e.g. forward radar sensor unit 20a). In
some embodiments, the local modem 315 includes without
limitation, simple wire connections, respective optical fiber
modems, wireless modems, Universal Serial Bus (USB)
ports, Ethernet modems or the like, in order to establish a data
link with any one of the sensor units.

The drive/engine sensor 66 is provided to optionally detect
whether or not the engine of the vehicle is running. In some
embodiments, when the vehicle is not running, the processor
64 disables the collision avoidance system 20 and places the
collision avoidance system in a stand-by mode in order to
save power.

Additionally and/or alternatively, the user interface unit 61
includes a magnetron sensor (not shown) for providing a
signal indicative as to whether or not the vehicle is moving,
and in which direction. In some embodiments, when the
vehicle is not moving, the processor 64 disables the collision
avoidance system 20 and places the collision avoidance sys-
tem in a stand-by mode in order to save power. In some
embodiments, when the vehicle is moving forward, the pro-
cessor 64 enables the forward sensor 21 and disables the rear
sensor 25 in order to conserve power. A magnetron is known
to those skilled in the art to be a motion sensor that is designed
to detect displacement of the sensor relative to a static state.

The user interface control 61, alarm unit 62 and alternate
display unit 63 provide the interface between a user and the
collision avoidance system 20. The user interface control 61
is provided to allow a user to manipulate the collision avoid-
ance system (e.g. turn the collision avoidance system on/off,
program special features, etc.). The alarm unit 62 is provided
to produce an audible and/or visible alarm signal to warn a
user of the risk of a collision. The alternative display unit 63
is optionally provided as another link between a user and the
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collision avoidance system 20 on which information includ-
ing, but not limited to, the status of the collision avoidance
system 20 can be displayed.

As noted above the forward unit 204 includes the forward
radar sensor 21 and the cargo radar sensor 23. However, those
skilled in the art will appreciate that the forward unit 20a also
includes a suitable combination of structural elements,
mechanical systems, hardware, firmware and software
arranged to support the function and operation of the forward
unit 20q, and, for the sake of simplicity, portions of the
forward unit 204 have been divided into functional units in
order to conveniently describe aspects of this specific
embodiment. Thus, in addition to the forward radar sensor 21
and the cargo radar sensor 23, the forward unit includes a
control unit 27, a memory 29 and a local modem 31a.

With the forward unit 20a the forward radar sensor 21
includes an upper forward radar unit 21a and a lower forward
radar unit 215. Similarly, the cargo radar sensor 23 includes a
cargo radar unit 23a. The radar units 21qa, 215 and 234 are all
similarly configured. Accordingly, for the sake of brevity
components common to each of the radar units 21q, 215 and
23a share common reference indicia and only one of the radar
units 21a will be described in detail below. Each of the radar
units 21a, 215 and 23a are coupled to a corresponding
antenna (or antenna array) 41a, 416 and 24, respectively, and
to the control unit 27 as shown in FIG. 5. The control unit 27
is functionally coupled to the memory 29 and the local
modem 31a. The local modem 31a is provided to enable
communication with the user interface unit 60 as described
above.

The upper forward radar 21a (and similarly as do the lower
radar unit 21a and the cargo radar unit 23a) includes a Radio-
Frequency (RF)/Microwave front-end 42, and Analog-to-
Digital Converter 44 and a Receive Digital Signal Processor
(Rx DSP) 46, which are connected in series between the
antenna 41q and the control unit 27.

FIG. 6 is a schematic drawing of a radar transceiver (i.e.
RF/Microwave front end) 42 suitable for use within a colli-
sion avoidance system in accordance with aspects of the
invention. The radar transceiver 42 includes a transmit signal
chain 110 and a receive signal chain 120. Both the transmit
signal chain 110 and the receive signal chain 120 are coupled
through a circulator 100 to an antenna 41la. Again, in the
present embodiment the antenna 41aq is a patch antenna array
designed to provide a wide bean pattern similar to that of wide
beam pattern 224 shown in FIGS. 1A and 1B.

The transmit signal chain 110 includes an RF/microwave
oscillator 114. An output of the oscillator 114 is coupled to a
mixer/modulator 116. The mixer/modulator 116 is also
coupled to receive an input from a divide-by-N pulse genera-
tor 112, which is itself coupled to receive a clock signal from
aclock generator 115. The output of the mixer/modulator 116
is couple into a pre-transmission power amplifier 118 before
being sent to the circulator 100.

In operation, the transmit signal chain 110 generates elec-
tromagnetic pulses to be transmitted by the antenna 41a. In
one embodiment, each pulse would have a duration of about
5-20 ns and there would be 3-5 pulses transmitted per second.
The pulse signal provided by the pulse generator 112 would
typically have a period of about 200 ns. Thus, the duty cycle
of the electromagnetic pulses in relation to the pulse repeti-
tion interval would be on the order of 1-5%. However, in
alternative embodiments the duty cycle could be substantially
larger or smaller. A short pulse is advantageous because it
allows reflections from relatively close targets to be detected.
Ifthe pulse were too long, the reflections from relatively close
targets would arrive before the pulse duration is over and
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consequently they would not be detected. The pulse repetition
interval is chosen such that reflections due to one pulse will be
received before transmission of the next pulse, while trans-
mitting as many pulses as possible in order to maximize the
amount of information and noise reduction available.

Accordingly, the role of the divide by N pulse generator
112 is to use the clock signal provided by the clock generator
115 to produce a pulse signal with an appropriate duty cycle
and frequency. This signal is delivered to the mixer/modula-
tor 116 to modulate an RF/microwave tone from the oscillator
114 with the pulse signal.

The receive signal chain 120 is coupled to receive an input
from the antenna 414 via the circulator 100, and an input from
the oscillator 114 of the transmit signal chain 110. The input
from the circulator 110 is passed through a band pass filter
122. The output of the band pass filter 122 is in turn coupled
in series to a low noise amplifier 124 and receive-side pre-
amplifier 126. The output of the receive-side pre-amplifier 46
is coupled to a down-converter 128.

In series, after the down-converter 128, the receive signal
chain 120 includes a filter 130, a post-amplifier 132, which is
then coupled to the Analog-to-Digital Converter (A/D) 44, as
originally shown in FIG. 5. The output of the A/D 44 is
coupled into the receive DSP 46. The down-converter 128,
also receives the input from the oscillator 114.

Additionally and/or alternatively, the output of the receive-
side pre-amplifier 126 can be split into I and Q (i.e. in-phase
and quadrature branches respectively) branches. The [ and Q
branches can be substantially identical to the remainder of the
receive signal chain 110 described above. I-Q detection per-
mits the subtraction of clutter from the raw return more effec-
tively than other methods such as envelope detection. How-
ever, [-Q detection requires more complex hardware on the
radar transceiver.

In operation the receive signal chain 110 receives and
delivers the down-converted channels from the reflections
received by the antenna 411a so that the reflections can be
processed as described above.

While the above description provides example embodi-
ments, it will be appreciated that the present invention is
susceptible to modification and change without departing
from the fair meaning and scope of the accompanying claims.
Accordingly, what has been described is merely illustrative of
the application of aspects of embodiments of the invention
and numerous modifications and variations of the present
invention are possible in light of the above disclosure.

We claim:

1. A non-Doppler radar-based collision warning system for
determining when there is a risk of a potential collision
between an overhead obstruction and cargo mounted on a
roof of a vehicle, the system comprising:

a non-Doppler radar-based detector including a forward
radar sensor, mountable on a front portion of a vehicle,
the forward radar sensor operable to emit electromag-
netic pulses and receive subsequent pulse reflections ina
specifically shaped first antenna beam pattern covering a
first antenna beam pattern space so as to gather informa-
tion about the presence of absence of objects within said
first antenna beam pattern space covered by the first
antenna beam pattern, said first antenna beam pattern
space defined as a portion of the space above a plane
approximately coplanar with the roof of the vehicle; and

a user interface unit connectable to the radar-based detector
for receiving at least some of the information gathered
by the radar-based detector, the user interface unit
including an alarm unit and a computer program product
comprising a portion of a memory including computer
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usable program code for determining the risk of colli-

sion between an object and cargo mounted on the roof of

the vehicle, the computer usable program code including

program instructions for:

processing the information gathered by the radar-based
detector to determine if said object is within said first
antenna beam pattern space; and

warning a user that a risk of a potential collision is
present when said object is determined to be in said
first antenna beam pattern space;
wherein the user interface unit further comprises a drive/
engine sensor for providing a signal indicative as to
whether or not the engine of the vehicle is running, and
wherein the computer usable program code also
includes program instructions for:
processing the signal from the drive/engine sensor to
determine whether or not the vehicle is running; and

placing the collision avoidance system in a stand-by
mode in order to save power when it is determined that
the vehicle is not running.

2. A system according to claim 1 wherein the user interface
further comprises an alternate display for providing another
link between a user and the system.

3. A system according to claim 1 wherein the computer
program product includes the operability to perform the func-
tions of a local modem providing connectivity between the
user interface unit and at least one component of the radar-
based detector.

4. A system according to claim 3, wherein the local modem
includes at least one of a simple wire connection, an optical
fibre modem, a wireless modem, a Universal Serial Bus
(USB) port, an Ethernet modem, in order to establish a data
link with at least one component of the radar-based detector.

5. A computer program product comprising:

a computer program product comprising a portion of a
memory including computer usable program code for
determining the risk of collision between an object and
cargo mounted on the roof of the vehicle using a non-
Doppler radar-based detector, the computer usable pro-
gram code including program instructions for:

using said non-Doppler radar-based detector, transmitting
electromagnetic pulses using a specifically shaped first
forward antenna beam pattern covering a first forward
antenna beam pattern space, wherein said first forward
antenna beam pattern space is defined as a portion of the
space above a plane approximately coplanar with the
roof of the vehicle;

receiving reflections of the transmitted electromagnetic
pulses from said first forward antenna beam pattern
space;

processing the information gathered by the radar-based
detector to determine if said object is within said first
forward antenna beam pattern space; and

warning a user that a risk of potential collision is present
when said object is determined to be in said first forward
antenna beam pattern space;

wherein the computer usable program code further
includes program instructions for:
transmitting electromagnetic pulses using a specifically

shaped second forward antenna beam pattern cover-
ing a second forward antenna beam pattern space,
wherein said second forward antenna beam pattern
space is defined as a portion of the space below a plane
approximately coplanar with the roof of the vehicle
and in a driver’s forward line of sight;
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receiving reflections of the transmitted electromagnetic
pulses from said second forward antenna beam pat-
tern space covered,

processing the information gathered by said non-Dop-
pler radar-based detector to determine if said object is
within said second forward antenna beam pattern
space; and

not warning a user that a risk of a potential collision is
present when said object is determined to be in said
second forward antenna beam pattern space, irrespec-
tive of whether or not said object is also in said first
forward antenna beam pattern space.

6. A computer program product comprising:
a computer program product comprising a portion of a

memory including a computer usable program code for

using a non-Doppler radar-based detector for determin-

ing the risk of collision between an object and cargo

mounted on the roof of the vehicle, the computer usable

program code including program instructions for:

using said non-Doppler radar-based detector, transmit-
ting electromagnetic pulses using a specifically
shaped first forward antenna beam pattern covering a
first forward antenna beam space, wherein said first
forward antenna beam pattern space is defined as a
portion of the space above a plane approximately
coplanar with the roof of the vehicle;

receiving reflections of the transmitted electromagnetic

pulses from said first forward antenna beam pattern
space covered;

processing the information gathered by the radar-based

detector to determine if an object is within said first

forward antenna beam pattern space; and

warning a user that a risk of potential collision is present
when an object is determined to be in said first for-
ward antenna bema pattern space;

wherein the computer usable program code further

includes program instructions for:

transmitting electromagnetic pulses using a specifically
shaped cargo antenna beam pattern covering a cargo
antenna beam pattern space, wherein said cargo
antenna beam pattern space is defined as a portion of
the space above a plane approximately coplanar with
the roof of the vehicle where cargo may be mounted;

receiving reflections of the transmitted electromagnetic
pulses from said cargo antenna beam pattern space;

processing the information gathered by said non-Dop-
pler radar-based detector to determine if cargo is
mounted on the roof of the vehicle; and

placing the collision avoidance system in a stand-by
mode in order to save power when it is determined that
cargo has not been mounted on the roof of the vehicle.

7. A computer program product, comprising:
a computer program product comprising a portion of a

memory including computer usable program code for

determining the risk of collision between an object and

cargo mounted on the roof of a vehicle using a non-

Doppler radar-based detector, the computer usable pro-

gram code including program instructions for:

using said non-Doppler radar-based detector, transmit-
ting electromagnetic pulses using a specifically
shaped first forward antenna beam pattern covering a
first forward antenna beam pattern space, wherein
said first forward antenna beam pattern space is
defined as a portion of the space above a plane
approximately coplanar with the roof of the vehicle;



US 7,877,209 B2

19

receiving reflections of the transmitted electromagnetic
pulses from said first forward antenna beam pattern
space;

processing the information gathered by the radar-based
detector to determine if said object is within said first
forward antenna beam pattern space; and

warning a user that a risk of potential collision is present
when said object is determined to be in said first
forward antenna beam pattern space;
wherein the computer usable program code further
includes program instructions for:
transmitting electromagnetic pulses using a specifically
shaped first rear antenna beam pattern covering a first
rear antenna beam pattern space, wherein said first
rear antenna beam pattern space is defined as a rear
portion of the space above a plane approximately
coplanar with the roof of the vehicle;

receiving reflections of the transmitted electromagnetic
pulses from said first rear antenna beam pattern space;

processing the information gathered by the radar-based
detector to determine if an object located at the rear of
said vehicle is within said first rear antenna beam
pattern space; and

warning a user that a risk of a potential collision is
present when said object located at the rear of said
vehicle is determined to be in said first rear antenna
beam pattern space;
wherein the computer usable program code further
includes program instructions for:
transmitting electromagnetic pulses using a specifically
shaped second rear antenna beam pattern covering a
second rear antenna beam pattern space, wherein said
second rear antenna beam pattern space is defined as
a rear portion of the space below a plane approxi-
mately coplanar with the roof of the vehicle;

receiving reflections of the transmitted electromagnetic
pulses from said second rear antenna beam pattern
space;

processing the information gathered by said non-Dop-
pler radar-based detector to determine if said object
located at the rear of said vehicle is within said second
rear antenna beam pattern space; and

not warning a user that a risk of potential collision is
present when said object located at the rear of said
vehicle is determined to be in said second rear antenna
beam pattern space, irrespective of whether of not
said object located at the rear of said vehicle is also in
said first rear antenna beam pattern space.

8. A non-Doppler radar-based collision warning system for
determining when there is a risk of a potential collision
between an overhead obstruction and cargo mounted on a
roof of a vehicle, the system comprising:

a non-Doppler radar-based detector including a forward
radar sensor, mountable on a front portion of a vehicle,
the forward radar sensor operable to emit electromag-
netic pulses and receive subsequent pulse reflectionsina
specifically shaped first antenna beam pattern covering a
first antenna beam pattern space so as to gather informa-
tion about the presence or absence of objects within said
first antenna beam pattern space, said first antenna beam
pattern space defined as a portion of the space above a
plane approximately coplanar with the roof of the
vehicle; and

a user interfaces unit connectable to said non-Doppler
radar-based detector for receiving at least some of the
information gathered by said non-Doppler radar-based
detector, the user interface unit including an alarm unit
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and a computer program product including computer
usable program code for determining the risk of colli-
sion between an object and cargo mounted on the roof of
the vehicle, the computer usable program code including
program instructions for:
processing the information gathered by said non-Dop-
pler radar-based detector to determine if said object is
within said first antenna beam pattern space; and
warning a user that a risk of a potential collision is
present when said object is determined to be in said
first antenna beam pattern space;
wherein the forward radar sensor is further operable to emit
electromagnetic pulses and receive subsequent pulse
reflections in a specifically shaped second antenna beam
pattern covering a second antenna beam pattern space so
as to gather information about the presence or absence of
objects within said second antenna beam pattern space
covered by the second antenna beam pattern, where said
second antenna beam pattern space is defined as a por-
tion of the space below a plane approximately coplanar
with the roof of the vehicle and in a driver’s forward line
of sight; and
wherein the computer usable program code also includes
program instructions for:
processing the information gathered by said non-Dop-
pler radar-based detector to determine if said object is
within said second antenna beam pattern space; and

not warning a user that a risk of potential collision is
present when said object is determined to be in said
second antenna beam pattern space, irrespective of
whether or not said object is also in said first antenna
beam pattern space.
9. A non-Doppler radar-based collision warning system for
determining when there is a risk of a potential collision
between an overhead obstruction and cargo mounted on a
roof of a vehicle, the system comprising:
a non-Doppler radar-based detector including a forward
radar sensor, mountable on a front portion of a vehicle,
the forward radar sensor operable to emit electromag-
netic pulses and receive subsequent pulse reflections ina
specifically shaped first antenna beam pattern covering a
first antenna beam pattern space so as to gather informa-
tion about the presence or absence of objects within said
first antenna beam pattern space, said first antenna beam
pattern space defined as a portion of the space above a
plane approximately coplanar with the roof of the
vehicle; and
auser interface unit connectable to said non-Doppler radar-
based detector for receiving at least some of the infor-
mation gathered by said non-Doppler radar-based detec-
tor, the user interface unit including an alarm unit and a
computer program product including computer usable
program code for determining the risk of collision
between an object and cargo mounted on the roof of the
vehicle, the computer usable program code including
program instructions for:
processing the information gathered by said non-Dop-
pler radar-based detector to determine if an object is
within said first antenna beam pattern space; and

warning a user that a risk of a potential collision is
present when an object is determined to be in said first
antenna beam pattern space;

wherein said non-Doppler radar-based detector further
comprises:

a cargo radar sensor operable to emit electromagnetic
pulses and receive subsequent pulse reflections in a
specifically shaped second antenna beam pattern so as
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to gather information about the presence or absence of
objects within a second antenna beam pattern space
covered by the second antenna beam pattern, where
said second antenna beam pattern space is defined as
a portion of the space above a plane approximately
coplanar with the roof of the vehicle where cargo may
be mounted; and
wherein the computer usable program code also includes
program instructions for:
processing the information gathered by the radar-based
detector to determine if cargo is mounted on the roof
of the vehicle; and

placing the collision avoidance system in a stand-by
mode in order to save power when it is determined that
cargo has not been mounted on the roof of the vehicle.

10. A non-Doppler radar-based collision warning system
for determining when there is a risk of a potential collision
between an overhead obstruction and cargo mounted on a
roof of a vehicle, the system comprising:

a non-Doppler radar-based detector including a forward
radar sensor, mountable on a front portion of a vehicle,
the forward radar sensor operable to emit electromag-
netic pulses and receive subsequent pulse reflectionsina
specifically shaped first antenna beam pattern so as to
gather information about the presence or absence of
objects within the space covered by the first antenna
beam pattern, the first antenna beam pattern is defined as
a portion of the space above a plane approximately
coplanar with the roof of the vehicle; and

auser interface unit connectable to said non-Doppler radar-
based detector for receiving at least some of the infor-
mation gathered by said non-Doppler radar-based detec-
tor, the user interface unit including an alarm unit an a
computer program product including computer usable
program code for determining the risk of collision
between an object and cargo mounted on the roof of the
vehicle, the computer usable program code including
program instructions for:
processing the information gathered by said non-Dop-

pler radar-based detector to determine if an object is
within the space covered by the first antenna beam
pattern; and
warning a user that a risk of a potential collision is
present when an object is determined to be in the
space covered by the first antenna beam pattern;
wherein the user interface unit further comprises a magne-
tron sensor for providing a signal indicative as to
whether or not the vehicle is moving, and wherein the
computer usable program code also includes program
instructions for:
processing the signal from the magnetron sensor to
determine whether or not the vehicle is moving; and
placing the collision avoidance system in a stand-by
mode in order to save power when it is determined that
the vehicle is not moving.

11. A non-Doppler radar-based collision warning system
for determining when there is a risk of a potential collision
between an overhead obstruction and cargo mounted on a
roof of a vehicle, the system comprising:

a non-Doppler radar-based detector including a forward

radar sensor and a rear radar sensor,

wherein said forward radar sensor is mountable on a front
portion of a vehicle, said forward radar sensor operable
to emit electromagnetic pulses and receive subsequent
pulse reflections in a specifically shaped first forward
antenna beam pattern so as to gather information about
the presence or absence of objects within a first forward
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antenna beam pattern space covered by the first forward
antenna beam pattern, said first forward antenna beam
pattern space defined as a portion of the space above a
plane approximately coplanar with the roof of the
vehicle;

wherein said rear radar sensor is operable to emit electro-

magnetic pulses and receive subsequent pulse reflec-
tions in a specifically shaped first rear antenna beam
pattern covering a first rear antenna beam pattern space
so as to gather information about the presence or absence
of objects within said first rear antenna beam pattern
space, wherein said first rear antenna beam pattern space
is defined as a portion of the space above a plane
approximately coplanar with the roof of the vehicle and
in a driver’s rear line of sight;

wherein said rear radar sensor is further operable to emit

electromagnetic pulses and receive subsequent pulse
reflections in a specifically shaped second rear antenna
beam pattern covering a second rear antenna beam pat-
tern space so as to gather information about the presence
or absence of objects within said second rear antenna
beam pattern space, wherein said second rear antenna
beam pattern space is defined as a portion of the space
below a plane approximately coplanar with the roof of
the vehicle and in a driver’s rear line of sight; and

auser interface unit connectable to said non-Doppler radar-

based detector for receiving at least some of the infor-
mation gathered by said non-Doppler radar-based detec-
tor, the user interface unit including an alarm unit and a
computer program product comprising a portion of a
memory including computer usable program code for
determining the risk of collision between an object and
cargo mounted on the roof of the vehicle, the computer
usable program code including program instructions
for:
processing the information gathered by said non-Dop-
pler radar-based detector to determine if said object is
within said first forward antenna beam pattern space;
and
warning a user that a risk of a potential collision is
present when said object is determined to be in said
first forward antenna beam pattern space; and

wherein the computer usable program code also includes

program instructions for:

processing the information gathered by the radar-based
detector to determine if an object located at the rear of
said vehicle is within said first rear antenna beam
pattern space; and

not warning a user that a risk of potential collision is

present when said object located at the rear of said
vehicle is determined to be in said second rear antenna
beam pattern space, irrespective of whether or not the
object is also in said first rear antenna beam pattern
space.

12. A method of determining a risk of potential collision
between an object and cargo mounted on the roof of the
vehicle, using a non-Doppler radar-based detector, the
method comprising:

transmitting electromagnetic pulses using a specifically

shaped first forward antenna beam pattern covering a
first forward antenna beam pattern space, wherein said
first forward antenna beam pattern space is defined as a
portion of the space above a plane approximately copla-
nar with the roof of the vehicle;

receiving reflections of the transmitted electromagnetic

pulses from said first forward antenna beam pattern
space;
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processing the reflections to determine if said object is
within said first forward antenna beam pattern space;
and
warning a user that a risk of a potential collision is present
when said object is determined to be in said first forward
antenna beam pattern space;
said method further comprising:
transmitting electromagnetic pulses using a specifically
shaped second forward antenna beam pattern cover-
ing a second forward antenna beam pattern space,
wherein said second forward antenna beam pattern
space is defined as a portion of the space below a plane
approximately coplanar with the roof of the vehicle
and in a driver’s forward line of sight;
receiving reflections of the transmitted electromagnetic
pulses from said second forward antenna beam pat-
tern space;
processing information gathered by the radar-based
detector to determine if said object is within said
second forward antenna beam pattern space; and
not warning a user that a risk of a potential collision is
present when said object is determined to be in said
second forward antenna beam pattern space whether
or not said object is also in said first forward antenna
beam pattern space.
13. A method according to claim 12 further comprising:
transmitting electromagnetic pulses using a specifically
shaped cargo antenna beam pattern covering a cargo
antenna beam pattern space, wherein said cargo antenna
beam pattern space is defined as a portion of the space
above a plane approximately coplanar with the roof of
the vehicle where cargo may be mounted;
receiving reflections of the transmitted electromagnetic
pulses from said cargo antenna beam pattern space;
processing information gathered by the radar-based detec-
tor to determine if cargo is mounted on the roof of the
vehicle; and
placing the collision avoidance system in a stand-by mode
in order to save power when it is determined that cargo
has not been mounted on the roof of the vehicle.

10

15

20

25

30

35

24
14. A method according to claim 12 further comprising:

transmitting electromagnetic pulses using a specifically
shaped first rear antenna beam pattern covering a first
rear antenna beam pattern space, wherein said first rear
antenna beam pattern space is defined as a rear portion of
the space above a plane approximately coplanar with the
roof of the vehicle;

receiving reflections of the transmitted electromagnetic
pulses from said first rear antenna beam pattern space;

processing information gathered by the radar-based detec-
tor to determine if an object located at the rear of said
vehicle is within said first rear antenna beam pattern
space; and

warning a user that a risk of potential collision is present
when said object located at the rear of said vehicle is
determined to be in the space covered by said first rear
antenna beam pattern.

15. A method according to claim 14 further comprising:

transmitting electromagnetic pulses using a specifically
shaped second rear antenna beam pattern covering a
second rear antenna beam pattern space, wherein said
second rear antenna beam pattern space is defined as a
rear portion of the space below a plane approximately
coplanar with the roof of the vehicle;

receiving reflections of the transmitted electromagnetic
pulses from said second rear antenna beam pattern
space;

processing information gathered by the radar-based detec-
tor to determine if said object located at the rear of said
vehicle is within said second rear antenna beam pattern
space; and p1 not warning a user that a risk of potential
collision is present when said object located at the rear of
said vehicle is determined to be in said second rear
antenna beam pattern space, irrespective of whether or
not said object is also in said first rear antenna beam
pattern space.
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