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(57) ABSTRACT

A vehicle monitoring system includes an electronic control-
ler and a wireless communicator. The electronic controller is
configured to receive data representing points of interest on
a vehicle and on a trailer towed by the vehicle, determine
geometric relationships between the points of interest based
on the data, and calculate an area surrounding the vehicle
and the trailer based on the geometric relationships. The
wireless communicator is operatively connected to the elec-
tronic controller and is configured to receive or transmit one
of the data representing the points of interest, and the area
based on the geometric relationships.
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SYSTEM AND METHOD FOR MONITORING
AN AREA SURROUNDING A VEHICLE AND
VEHICLE TRAILER

BACKGROUND

Field of the Invention

[0001] The present invention generally relates to a vehicle
monitoring system and method for calculating an area of
interest surrounding a vehicle and a vehicle trailer being
towed by the vehicle. More specifically, the present inven-
tion relates to a vehicle monitoring system and method for
calculating the area of interest surrounding the vehicle and
the towed vehicle trailer, and a location of a host vehicle
with respect to the area of interest.

Background Information

[0002] Recently, vehicles are being equipped with a vari-
ety of informational systems such as navigation systems,
satellite radio systems, two-way satellite services, built-in
cell phones, DVD players and the like. Various informa-
tional vehicle-to-vehicle systems have been proposed that
use wireless communications between vehicles, and further
between vehicle and infrastructures such as roadside units.
These wireless communications have a wide range of appli-
cations ranging from safety applications to entertainment
applications. Also vehicles are sometimes equipped with
various types of systems, such as global positioning systems
(GPS), which are capable of determining the location of the
vehicle and identifying the location of the vehicle on a map
for reference by the driver. The type of wireless communi-
cations to be used depends on the particular application.
Some examples of wireless technologies that are currently
available include digital cellular systems, Bluetooth sys-
tems, wireless LAN systems and dedicated short range
communications (DSRC) systems. In addition, vehicle-to-
vehicle systems are known to detect a remote vehicle pulling
a trailer, and warn a host vehicle about the remote vehicle
length.

SUMMARY

[0003] As can be appreciated from the above, it is desir-
able to determine more details about the remote vehicle and
the trailer being pulled by the remote vehicle.

[0004] Inaccordance with one aspect of the present inven-
tion, a vehicle monitoring system is provided and includes
an electronic controller and a wireless communicator. The
electronic controller is configured to receive data represent-
ing points of interest on a vehicle and on a trailer towed by
the vehicle, determine geometric relationships between the
points of interest based on the data, and calculate an area
surrounding the vehicle and the trailer based on the geo-
metric relationships. The wireless communicator is opera-
tively connected to the electronic controller and is config-
ured to receive or transmit one of the data representing the
points of interest, and the area based on the geometric
relationships.

[0005] In accordance with another aspect of the present
invention, a vehicle monitoring method is provided and
includes determining, by an electronic controller, geometric
relationships between points of interest on a vehicle and on
a trailer towed by the vehicle based on data representing the
points of interest on the vehicle and on the trailer, calculat-
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ing, by the controller, an area surrounding the vehicle and
the trailer based on the geometric relationships, and moni-
toring, by the controller, a location of a host vehicle,
different from the vehicle, in relation to the area.

[0006] These and other objects, features, aspects and
advantages of the present invention will become apparent to
those skilled in the art from the following detailed descrip-
tion, which, taken in conjunction with the annexed draw-
ings, discloses a preferred embodiment of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Referring now to the attached drawings which form
a part of this original disclosure:

[0008] FIG. 1 is a schematic diagram illustrating an
example of a host vehicle equipped with a vehicle monitor-
ing system for monitoring an area surrounding a remote
vehicle having a trailer being towed by the vehicle according
to embodiments disclosed herein and components of a
global positioning system (GPS);

[0009] FIG. 2 is a block diagram of exemplary compo-
nents of the host vehicle and the remote vehicles that are
equipped with the vehicle monitoring system according to
embodiments disclosed herein;

[0010] FIG. 3 is a flowchart showing examples of opera-
tions performed by the controller of the vehicle monitoring
system and associated components as described herein;
[0011] FIG. 4 is a diagrammatic view illustrating an
example of the remote vehicle towing the trailer as shown in
FIG. 1,

[0012] FIG. 5 is a geometric representation of an example
of a steering model pertaining to the remote vehicle;
[0013] FIG. 6 is a geometric representation of an example
of a curve radius which relates the steering angle of the
remote vehicle to the vehicle heading angle;

[0014] FIGS. 7 through 14 are diagrammatic views illus-
trating eight different examples of the relationship between
the heading angle of the remote vehicle and the heading
angle of the trailer being towed by the remote vehicle;
[0015] FIG. 15 is a diagrammatic view illustrating an
example of an area of interest, such as an area surrounding
the remote vehicle and the trailer being towed by the remote
vehicle, that represents a relationship between a plurality of
vehicle-related parameters and a vehicle condition, and
which is evaluated according to the embodiments described
herein;

[0016] FIG. 16 is another diagrammatic view illustrating
an example of an area of interest, such as an area surround-
ing the remote vehicle and the trailer being towed by the
remote vehicle, that represents a relationship between a
plurality of vehicle-related parameters and a vehicle condi-
tion, and which is evaluated according to the embodiments
described herein; and

[0017] FIGS. 17-29 are diagrammatic views illustrating
examples of the relationships between the determined values
and boundary points defining the area of interest as used in
accordance with the process shown in the flowchart of FIG.
3.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Selected embodiments of the present invention will
now be explained with reference to the drawings. It will be
apparent to those skilled in the art from this disclosure that
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the following descriptions of the embodiments of the present
invention are provided for illustration only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

[0019] Referring initially to FIG. 1, a two-way wireless
communications network is illustrated that includes vehicle
to vehicle communication and vehicle to base station com-
munication. In FIG. 1, a host vehicle (HV) 10 is illustrated
that is equipped with a vehicle monitoring system 12 accord-
ing to a disclosed embodiment, and two remote vehicles
(RV) 14 that also include the vehicle monitoring system 12.
As discussed herein, the host vehicle 10 can also be referred
to as a subject vehicle (SV). The remote vehicle 14 can also
be referred to as a target or threat vehicle (TV). While the
host vehicle 10 and the remote vehicles 14 are illustrated as
having the same vehicle monitoring system 12, it will be
apparent from this disclosure that each of the remote
vehicles 14 can include another type of vehicle monitoring
system that is capable of communicating information about
at least the location and speed of the remote vehicle 14 to the
host vehicle 10. Furthermore, as discussed herein, at least
one of the remote vehicles 14 is towing a trailer 15, that is
connected to the remote vehicle 14 by a trailer hitch 15-1. In
the examples described herein, the trailer 15 is a single-axle
trailer. However, as can be appreciated by one skilled in the
art, the vehicle monitoring system 12 can be configured to
monitor a remote vehicle 14 towing a trailer 15 having
multiple axles.

[0020] The vehicle monitoring systems 12 of the host
vehicle 10 and the remote vehicle 14 communicate with the
two-way wireless communications network. As seen in FIG.
1, for example, the two-way wireless communications net-
work can include one or more global positioning satellites
16 (only one shown), and one or more roadside (terrestrial)
units 18 (only one shown), and a base station or external
server 20. The global positioning satellites 16 and the
roadside units 18 send and receive signals to and from the
vehicle monitoring systems 12 of the host vehicle 10 and the
remote vehicles 14. The base station 20 sends and receives
signals to and from the vehicle monitoring systems 12 of the
host vehicle 10 and the remote vehicles 14 via a network of
the roadside units 18, or any other suitable two-way wireless
communications network.

[0021] As shown in more detail in FIG. 2, each of the
vehicle monitoring systems 12 includes an electronic con-
troller 22 that will herein after be referred to simply as the
controller 22. The controller 22 preferably includes a micro-
computer having one or more processors with a vehicle
monitoring control program that controls the components of
the vehicle monitoring system 12 as discussed below. The
controller 22 includes other conventional components such
as an input interface circuit, an output interface circuit, and
storage devices such as a ROM (Read Only Memory) device
and a RAM (Random Access Memory) device. The micro-
computer of the controller 22 is at least programmed to carry
out vehicle monitoring in accordance with the flow chart of
FIG. 3 as discussed below. It will be apparent to those skilled
in the art from this disclosure that the precise structure and
algorithms for the controller 22 can be any combination of
hardware and software that will carry out the functions of the
present invention. Furthermore, the controller 22 can com-
municate with the other components of the vehicle moni-
toring system 12 discussed herein via, for example, a
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controller area network (CAN) bus or in any other suitable
manner as understood in the art.

[0022] As shown in more detail in FIG. 2, the vehicle
monitoring system 12 can further include a two-way wire-
less communication system 24, a global positioning system
(GPS) 26, a data storage device 28, a plurality of in-vehicle
sensors 30 and a human-machine interface unit 32. The
human-machine interface unit 32 includes a screen display
32A, an audio speaker 32B and various manual input
controls 32C that are operatively coupled to the controller
22. The screen display 32A and the audio speaker 32B are
examples of interior warning devices that are used to alert a
driver. Of course, it will be apparent to those skilled in the
art from this disclosure that interior warning devices include
anyone of or a combination of visual, audio and/or tactile
warnings as understood in the art that can be perceived
inside the host vehicle 10. The host vehicle 10 also includes
a pair of front headlights 34 and rear brake lights 36, which
constitutes examples of exterior warning devices of the
vehicle monitoring system 12. These components can com-
municate with each other and, in particular, with the con-
troller 22 in any suitable manner, such as wirelessly or via
a vehicle bus 38.

[0023] The two-way wireless communications system 24
includes a wireless communicator 24 A and an antenna 24B.
The wireless communicator 24A is a two-way wireless
communicator that is configured to transmit and receive
wireless signals for caning out vehicle-to-vehicle (V2V)
communications. The term “wireless communicator” as
used herein includes a transceiver, a transmitter-receiver,
and contemplates any device or devices, separate or com-
bined, capable of transmitting and/or receiving wireless
communication signals. The antenna 24B can be any suit-
able antenna capable of transmitting and/or receiving wire-
less communication signals between vehicles. In the illus-
trated embodiment, the wireless communications system 24
is configured and arranged to conduct direct two way
communications between the host and remote vehicles 10
and 14 (vehicle-to-vehicle communications) and the road-
side units 18 (roadside-to-vehicle communications). More-
over, in the illustrated embodiment, the wireless communi-
cations system 24 is configured to periodically broadcast a
signal in the broadcast area. The wireless communication
system 24 can be any suitable type of two-way communi-
cation device that is capable of communicating with the
remote vehicles 14 and the two-way wireless communica-
tions network. In this example, the wireless communication
system 24 can include or be coupled to a dedicated short
range communications (DSRC) antenna to receive, for
example, 5.9 GHz DSRC signals from the two-way wireless
communications network. These DSRC signals can include
basic safety messages (BSM) defined by current industry
recognized standards that include information which, under
certain circumstances, can be analyzed to warn drivers of a
potential problem situation or threat in time for the driver of
the host vehicle 10 to take appropriate action to avoid the
situation. For instance, the DSRC signals can also include
information pertaining to weather conditions, adverse driv-
ing conditions and so on. In the disclosed embodiments, a
BSM includes information in accordance with SAE Stan-
dard J2735 as can be appreciated by one skilled in the art.
Also, the wireless communication system 24 and the GPS 26
can be configured as a dual frequency DSRC and GPS
devices as understood in the art.
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[0024] The GPS 26 can be a conventional global position-
ing system that is configured and arranged to receive global
positioning information of the host vehicle 10 in a conven-
tional manner. Basically, the GPS 26 receives GPS signals
via an antenna 26A from the global positioning satellite 16
at regular intervals (e.g. one second) to detect the present
position of the host vehicle 10 or the remote vehicle 14 that
the GPS 26 is provided on. The GPS 26 has an accuracy in
accordance with industry standards, and thus, can indicate
the actual vehicle position of the host vehicle 10 within a
few meters or less (e.g., 10 meters less). The data represent-
ing the present position of the host vehicle 10 is provided to
the controller 22 for processing as discussed herein. For
example, the controller 22 can include or be coupled to
navigation system components that are configured and
arranged to process the GPS information in a conventional
manner as understood in the art.

[0025] The data storage device 28 is a computer memory
device (i.e., a nonvolatile memory device) can store road
map data as well as other data that can be associated with the
road map data such as various landmark data, fueling station
locations, restaurants, weather data, traffic information and
so on. Furthermore, the data storage device 28 can store
other types of data, such as data pertaining to vehicle-related
parameters and vehicle conditions. For example, the vehicle-
related parameters can include predetermined data indicat-
ing relationships between vehicle speed, vehicle accelera-
tion, yaw, steering angle, etc. when a vehicle is preparing to
make a turn. In this event, the data storage device 28 can
further store data pertaining to vehicle conditions, which can
represent a determined vehicle condition of a vehicle of
interest, such as the host vehicle 10, the remote vehicle 14,
or both. This determined vehicle condition can represent, for
example, a vehicle speed and acceleration that is determined
for the vehicle of interest at a moment in time. Accordingly,
the embodiments disclosed herein can evaluate whether the
vehicle condition lies within the area of interest, as repre-
sented by the vehicle-related parameters, to determine, for
example, whether the vehicle of interest is preparing to make
a turn. The data storage device 28 can include, for example,
a large-capacity storage medium such as a CD-ROM (Com-
pact Disk-Read Only Memory) or IC (Integrated Circuit)
card. The data storage device 28 permits a read-out opera-
tion of reading out data held in the large-capacity storage
medium in response to an instruction from the controller 22
to, for example, acquire the map information and/or the
vehicle condition information as needed or desired for use in
representing the location of the host vehicle 10, the remote
vehicle 14 and other location information and/or vehicle
condition information as discussed herein for route guiding,
map display, turning indication, and so on as understood in
the art. For instance, the map information can include at least
road links indicating connecting states of nodes, locations of
branch points (road nodes), names of roads branching from
the branch points, place names of the branch destinations,
and so on. The information in the data storage device 28 can
also be updated by the controller 22 or in any suitable
manner as discussed herein and as understood in the art.

[0026] The in-vehicle sensors 30 are configured to monitor
various devices, mechanisms and systems within the host
vehicle 10 and provide information relating to the status of
those devices, mechanisms and systems to the controller 22.
For example, the in-vehicle sensors 30 can be connected to
a traction control system, a windshield wiper motor or wiper
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motor controller, a headlight controller, a steering system, a
speedometer, a braking system and so on as understood in
the art.

[0027] As will now be discussed, the vehicle monitoring
system 12 on-board the host vehicle 10 is configured to use
vehicle-to-vehicle messaging to calculate the footprint of the
remote vehicle 14, the trailer 15 and a potential contact zone
surrounding the remote vehicle 14 and the trailer 15. Once
the potential contact zone is known, the vehicle monitoring
system 12 on-board the host vehicle 10 calculates the nearest
distance to the potential contact zone, calculates if the host
vehicle 10 is in the potential contact zone and warns the
driver of the host vehicle 10 if the host vehicle 10 is in the
potential contact zone. Although in this example, the opera-
tions discussed below are performed by the vehicle moni-
toring system on-board the host vehicle 10, such operations
could be performed by the vehicle monitoring system 12
on-board the remote vehicle 14 and then the results can be
provided to the host vehicle 10 via, for example, vehicle-
to-vehicle communication as discussed herein, and to any
other entity via wireless communication as understood in the
art. Also, the operations discussed below can be performed
by the vehicle monitoring system 12 which can be at a
location remote from the host vehicle 10 and the remote
vehicle 14, and the results can be provided to the host
vehicle 10, the remote vehicle 14 and to any other entity via
wireless communication as discussed herein.

[0028] For purposes of this example, it is assumed that two
vehicles, namely, the host vehicle 10 and the remote vehicle
14, are travelling in the same direction as shown in FIG. 1.
The preceding vehicle, which in this example is the remote
vehicle 14 (also referred to as RV), is pulling the trailer 15
and the host vehicle 10 (also referred to as HV) is receiving
information from the remote vehicle 14 via vehicle-to-
vehicle communication as discussed herein.

[0029] As shown in the flowchart of FIG. 3, the controller
22 of the vehicle monitoring system 12 on the host vehicle
10 receives data provided by, for example, the global posi-
tioning system (GPS) 26 of the host vehicle 10 in Step S1.
Then, the controller 22 using the GPS data determines a
current vehicle location of the host vehicle 10 in Step S2.
Next, the controller 22 using the GPS data and map data
determines the current vehicle heading of the host vehicle 10
in Step S3. The controller 22 of the vehicle monitoring
system 12, for example, receives and decodes BSM data
from the remote vehicle 14 via vehicle-to-vehicle commu-
nication as discussed herein in Step S4. The controller 22
uses the BSM data, along with any other data described
herein, to calculate a warning box surrounding the remote
vehicle 14 and the trailer 15 in Step S5 as discussed below.
The controller 22 of the vehicle monitoring system 12, for
example, also uses the BSM data and any other data
described herein to calculate a path of the remote vehicle 14
and the trailer 15 in Step S5.

[0030] The motion of the trailer 15 depends on several
factors defined in Table 1 below.

TABLE 1

Trailer Motion Factors

Curve Radius I
Wheel Base A
Track Width t,
Steering Angle o,
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TABLE 1-continued

Trailer Motion Factors

Wheel Rotations

n
Wheel Diameter T
Vehicle Heading n
Trailer Length 1
Trailer Axle to Hitch b
Trailer Heading Angle 0,
Trailer Track Width t,
RV Reference Point (RP) to end of trailer T,
Distance from HV Reference Point (RP)to Hitch Vg,

[0031] If the host vehicle 10 encroaches upon the space
where the trailer 15 of the remote vehicle 14 is or will be
present, the potential for contact between the host vehicle 10
and the trailer 15 exists. Under these circumstance, it is
desirable to warn the driver of the host vehicle 10. To
accomplish this warning, data from the remote vehicle 14,
regarding the trailer dimensions, steering angle, heading,
and dimensions of the remote vehicle 14, along with several
other variables as described below, are provided to the
controller, generally disposed on the host vehicle 10. In this
embodiment such communication is performed by wireless
transmission via vehicle-to-vehicle communication as dis-
cussed herein. The vehicle monitoring system 12 of the host
vehicle 10 will use this information to calculate a potential
contact zone defined below. The vehicle monitoring system
12 can also use this information to predict the path of the
tractor-trailer system including the remote vehicle 14 and
the trailer 15, and thus provide a warning to the driver of the
host vehicle 10 when appropriate.

[0032] The parameters defined above are used to relate
steering angle to the vehicle heading angle through the
following process, which will be described with reference to
FIGS. 4 through 14. The first step is to define a curve radius
r; as shown in FIG. 5.

w

rd:m+tv

[0033]

HT=1 M)

The radius r,; can be defined by realizing that

and solving for r, yields:

[0034] The first and third equations are substituted for r,
to obtain:

nrw w
— = —— 45
7 tan(d)

which is solved in terms of the heading angle to obtain:

nratan(ds)

n= w + r,tan(d)
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[0035] As discussed above with regard to FIGS. 1 and 2,
the remote vehicle 14 is equipped with a GPS antenna 26A.
From the location of the GPS antenna 26A, the Reference
Point (RP) of the remote vehicle 14 can be obtained. The
location of the trailer hitch 15-1 based on this point can thus
be determined by

dy=RP-1 sin(n)f—l cos(n)}'

[0036] Assuming that the RP of the remote vehicle 14 is
displaced by an infinitesimally small distance, a, the angle,
¢ subtended by a can then be derived as follows.

¢ = Jsin~t (%)

d

[0037] The trailer hitch 15-1 is not located at the RP of the
remote vehicle 14, thus indicating that the turning radius of
the trailer hitch 15-1 is different than the turning radius of
the RP of the remote vehicle 14. The turning radius of the
trailer hitch 15-1 can therefore be calculated as

ry= 12+(%+1‘v)

[0038] The angle 6 is the same for both RP of the remote
vehicle 14 and trailer hitch 15-1, but the distance traveled by
the trailer hitch 15-1, a,, will be different and can be derived
as follows.

@ Y
an = Zrhsm(sm (—)) ora,=—a
2r4 rq

[0039] From this equation, the trailer heading angle 0, of
the trailer 15 is calculated where

a=180-6

h= \/aﬁ + 2 —2xay xlcos(a)

W yai-P
J = Arcos| —————
24 h2xal
180
0, =Jx—
ks
[0040] The X distance from the remote vehicle 14 refer-

ence point RP to the center of the rear of the trailer 15 is
calculated as follows

X=V,;sin(n)+(b+T;)sin(0,)

and similarly, Y can be obtained by:

Y=V, cosm)+[(b+T)cos(014)]
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[0041]
aries of the trailer 15 are found. This can be accomplished
by first finding the four corners of the trailer 15. To find the
X and Y distances to the passenger side corner of the remote

To portray the position of the trailer 15, the bound-

vehicle 14, the following calculations are considered:
$=07,-90-0,,
Prx=HV gpxH(X+(¥2t, cos(O 1))
Pry=HV gpy+(Y+(Y2t, sin(0 7))

[0042] Similarly, the X and yY distances to driver side
corner of the remote vehicle 14 is obtained by:

Pry=HV ppxt(X+(Y5t, cos(0 24)))
Pry=HV ppy+(Y+(Y21, sin(0 1))

[0043] To further portray the position of the trailer 15, two
more points are established to create a line that is parallel to
line Ti, and the same length as line TL. These lines will start
at (Pzy, Pry) and (Dgy, D). The lines will end nearer to the
remote vehicle 14 at designated points (Py, P-y) and (D4,
D¢y with

Pox=Prx-X
Pey=Pry-((T+T7)c0s(0ry))
Dex=Dpx-X
Dey=Dry—((To+T5)cosO )

[0044] The X and Y distances from the RP of the remote
vehicle 14 to the center of the front edge of the remote
vehicle 14 are calculated. The calculations from the center of
the front bumper to the driver side corner of the remote
vehicle 14 as are follows:

Xerp=HVy sin(6zy)

Yi=HVy cosOpp)

[0045] These distances can then be used to calculate the X
and Y distances to the front corners of the remote vehicle 14
as follows:

Cpx=Xp—(V2HV x c08(0 1)) 0<07<90
Cpy=Xpgp+(Y2HVy sin(@py,)) 0<6,<90

Cpa= X (VHV g sin(0177)) 90<0,,<180
Cpy=Xugp+(YHV y 008(0;17)) 90<0,,<180
Cox= X (VHV g sin(01775)) 180<0,,,<270
Cpy=Xi—(YHV y 008(0;173)) 180<0,,,<270
Copx= X (VHV g sin(0 1772)) 270<0,,<360
Cpy =Xy (VHV y cos(8754)) 270<6,,,<360

[0046] The following equations represent the calculations
for the passenger side corner of the front of the remote
vehicle 14 and are opposite to those of the driver side corner:
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Crx=Xgp(V2HV x sin(0py1)) 0090
Cpy=Xpr(Y2HVy cos(0 1)) 0<05<90
Cox=Xpgi—(V2HV y sin(0577)) 90<0;,,<180
Coy=Xp—(VHVy c08(Ozz75)) 90<6,,<180
Cpx=Xpr(VoHV 5 5in(6y75)) 180<0,7,<270
Cpy=XpH(VaHVy c08(0777)) 180<6,,,<270
Cpx=Xpry V2RV 5in(6y74)) 270<0,7,<360
Cpy=XpH(VaHVy c08(Oz774)) 270<6,7,<360

[0047] The two rear corners of the remote vehicle 14 are
obtained from the following expressions:

Crxr=Xpry—(Y2HV x sin(0z1)) 0<0,<90
Cprr=Xpp+(¥2HV p; c08(0731)) 0<07,<90
Cpsn=Xpr(VSHV  $in(0577)) 90<0,7,<180
Cryr=Xgpt(V2HV y; ©05(0 7)) 90<6,<180
Cpap=Xuy(SHV ¢ sin(07773)) 180<6,,,<270
Cpim=Xe—(VoHV 15 c08(Bz773)) 180<673<270
Cpap=Xuzy~(VSHV ¢ sin(0zz74)) 270<6,7,<360
Cpm=Xin—(VHV 5 c08@ 7)) 270<0,7<360

[0048] Similarly, the calculations for the driver side of the
remote vehicle 14 are as follows:

Cpxz=XgpH(Y2HV ¢ sin(077)) 0<0,,<90
Cpyr=Xg—(Y2HVy, cos(0z)) 0<01<90
Crxr=Xm—(V2HV x sin(077-)) 90<0,,,<180
Cpyr=Xg—(Y2HVy, c08(0z5)) 90<0z,<180
Crxr=Xm—(V2HV y sin(07713)) 180<0,,<270
Copyr=Xart(V2HV, cos(0y3)) 180<65,<270
Cpxr=Xerp+(VaHV i 8in(0774)) 270<0 <360
Coyr=Xet(V2HV yy c08(0574)) 270<0<360

[0049] When defining the warning box, the front two
corners of the remote vehicle 14 and the rear two corners of
the trailer 15 are used. To warn of encroachment into the
pocket of the trailer 15, the passenger side front corner and
the passenger side rear corner of the trailer 15 are used to
define the boundaries of the box when a is less than 180. For
the driver side, the driver side rear corner of the remote
vehicle 14 and the rear corner of the trailer 15 are connected
in a line. The front driver corner of the remote vehicle 14 and
the rear driver side corner of the remote vehicle 14 are also
connected in a line.

[0050] For this methodology, the a angle, which is the
angle between the remote vehicle 14 and the trailer 15, is
defined as follows:

a=180+n-0,
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[0051] As can be appreciated from the following descrip-
tion with reference to FIGS. 7 through 14, there are eight use
cases in this example. These eight use cases include two
cases for each ninety degree increment of the vehicle head-
ing, and one case for a<180° and a>180°.

[0052] First Case 1<90°, a<180°

[0053] FIG. 7 provides an exemplary illustration of the
first case. The front edge is calculated as

Cpy — Cpy

7(){- Cpx) + Cpy from Cpx = Cpx
Cpx — Cpx

the rear edge is calculated as

Dy —P
Y Y ( Dex) + Doy from Pry = Dy
Dcx — Pry

the passenger side is calculated as

Cpy - P
u(x— Cpx) + Cpy from Cpx = Prx
Cpx — Prx

and the driver side is calculated as

Cpy - C,
DY PR (o — Cpyx) + Cey from T, < Cpy
Cpx — Cpxr

Cpy — Cpy

———————(x—Dgx) + Dpy from Tp < Dpx
Cpx — Cpx

[0054] T, is defined where

Cpy — Cpy Cpy — Cpyr

(X =Dpx)+ Dpy = (x—Cpx) + Cpy

CPX - CDX CDX - CDXR

[0055] Second Case n<90°, a>180°

[0056] FIG. 8 provides an exemplary illustration of the
second case. The front edge is calculated as

Cpy — Cpy

(x = Cpx) + Cpy from Cpx = Cpy
Cpx — Cpx

the rear edge is calculated as

Dey -P
u(x—Dcx)+Dcy from Ppy = Dpy
Dex — Pry

the passenger side is calculated as

Cry -C
ST PR~ Cpy) + Cpy from T, < Cpy
Cpx = Cpxr
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-continued
Cpy — Cpy

m(x — Ppx) + Ppy from Tp < Ppx

[0057] T, is defined where

Cpy = Cpy

ooy Crr = Crre
Cpx — Cpx

(x = Prx)+ Ppy = (x—Cpx) + Cpy

Cpx — Cpxr
and the driver side is calculated as

Cpy — Pry

————(x—Cpx) + Cpy from Cpx = Ppyx
Cpx — Prx

[0058] Third Case 90°<n<180°, a<180°

[0059] FIG. 9 provides an exemplary illustration of the
third case. The front edge is calculated as

Cpy = C,
P oy (x — Cpx) + Cpy from Cpx = Cpyx
Cpx — Cpx

the rear edge is calculated as

Dey —P
S Y Dex) + Doy from Py = Dy
Dey = Pry

the passenger side is calculated as

Cpy — Pry

————(x— Cpx) + Cpy from Cpx = Ppyx
Cpx — Prx

and the driver side is calculated as

Coy - C
DY T DR (e Cpy) + Cpy from T, < Cpy
Cpx — Cpxr

Cpy = Cpy

————— (= Drx) + Dpy from Tp < Dpx
Cpx = Cpx

[0060] T, is defined where

Cpy — Cpy

Cpy = Cpyr
Cpx — Cpx

(X =Dpx)+ Dy = (x—Cpx) + Cpy

Cpx — Cpxr

[0061] Fourth Case 90°<n<180°, a>180°

[0062] FIG. 10 provides an exemplary illustration of the
fourth case. The front edge is calculated as

Cpy — Cpy

———————(x—Cpx) + Cpy from Cpx = Cpyx
Cpx — Cpx



US 2019/0092233 Al

the rear edge is calculated as

Dey -P
u(x—Dcx)+Dcy from Ppy = Dpy
Dex — Pry

the passenger side is calculated as

Cry -C
ST PR~ Cpy) + Cpy from T, < Cpy
Cpx = Cpxr

Cpy - C
R DY Ppx) + Py from Tp < Py
Cpx — Cpx

[0063] T, is de fined where
Cpy — Cpy Cpy = Cpyr
R Y P+ Py = L PR O+ C
Crr —Cox (x = Prx) + Ppy Crx —Cror (x = Cpx) + Cpy

and the driver side is calculated as

Cpy — P,
u(x— Cpx) + Cpy from Cpx = Prx
Cpx — Prx

[0064]

[0065] FIG. 11 provides an exemplary illustration of the
fifth case. The front edge is calculated as

Fifth Case 180°<n<270°, a<180°

Cpy — Cpy
Cpx — Cpx

(x— Cpx) + Cpy from Cpx = Cpx

the rear edge is calculated as

Dey - P,
S g (x=Dcx)+ D¢y from Ppy = Dpy
Dex — Pry

the passenger side is calculated as

Cpy - P
u(x— Cpx) + Cpy from Cpx = Prx
Cpx — Prx

and the driver side is calculated as

Cpy — C,

u(x—CDx)+CDy from Tp =< Cpx
Cpx — Cpxr

Cpy — C;

S DY Dix)+ Dy from T, < Dy
Cpx — Cpx
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[0066] T, is defined where

Cpy — Cpy
Cpx — Cpx

Cpy — Cpyr

(X =Dpx)+ Dy = (x—Cpx) + Cpy

Cpx — Cpxr

[0067] Sixth Case 180°<n<270°, a>180°
[0068] FIG. 12 provides an exemplary illustration of the
sixth case. The front edge is calculated as

Cpy — Cpy

———————(x—Cpx) + Cpy from Cpx = Cpyx
Cpx — Cpx

the rear edge is calculated as

Dcy = Pry

m(x — Dcx)+ Dey from Pex = Dpx

the passenger side is calculated as

Cpy - C

P T PR (x— Cpy) + Cpy from T, < Cpy
Cpx — Cpxr

Cpy - C

u(x - PF)() + Pry from Tp < Ppx
Cpx — Cpx

[0069] T, is defined where
Cpy — Cpy Cpy — Cpyr
————— X —Ppx)+ Pry = —————(x— Cpx) + C,
Crx —Cox (x = Prx) + Ppy Cox —Crer (x=Cpx) + Cpy

and the driver side is calculated as

Cpy = C,
Y Y Cpx) + Cpy from Cpy = Pry
Cpx — Prx

[0070] Seventh Case 270°<r,<360°, a<180°
[0071] FIG. 13 provides an exemplary illustration of the
seventh case. The front edge is calculated as

Cpy = Cpy

7(){- Cpx) + Cpy from Cpx = Cpx
Cpx — Cpx

the rear edge is calculated as

Dcy - Pry

————(x—Dcx)+ D¢y from Ppx = Dpyx
Dex — Pry

the passenger side is calculated as

Cpy — Pry

———(x— Cpx) + Cpy from Cpx = Ppyx
Cpx — Prx
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and the driver side is calculated as

Cpy — Cpyr
m(x —Cpx)+ Cpy from T, < Cpy
Cpy — C
ﬁ(x —Dpy) + Dpy from T, < Dpy
[0072] T, is de fined where
Cpy — Cpy Cpy — Cpyr
———x-D Dpy=——"-(x-C, C
Crx = Cor (X —Dpx) + Dy Cox —Coxr (x—Cpx) + Cpy
[0073] Eighth Case 270°<m<360°, a>180°

[0074] FIG. 14 provides an exemplary illustration of the
eighth case. The front edge is calculated as

Cpy — Cpy

7(){- Cpx) + Cpy from Cpx = Cpx
Cpx — Cpx

the rear edge is calculated as

Dy —P
O T ( Dex) + Doy from Pey = Dpy
Dcx — Pry

the passenger side is calculated as

Cpy = C,
ST PR~ Cpy) + Cpy from T, < Cpy
Cpx = Cpxr

Cpy = C,

YT BY (% — Ppx) + Pry from T, < Ppy
Cpx — Cpx

[0075] T, is defined where
Cpy — Cpy Cpy = Cpyr
R Y P+ Py = L PR O+ C
Crr —Cox (x = Prx) + Ppy Crx —Cror (x = Cpx) + Cpy

and the driver side is calculated as

Cpy — Ppy

————(x—Cpx) + Cpy from Cpx = Ppyx
Cpx — Prx

[0076] With the warning box now defined as described
above, following calculations can be performed to determine
if the host vehicle 10 will encroach upon the defined warning
box.

[0077] As now will be described with regard to FIGS. 15
through 29, the perimeter of any two-dimensional area,
regardless of shape, describes a 360-degree path where the
start and end points are the same. This principle is the basis
of a method described here to determine whether some
point, k will fall inside the area encompassed by the path P.
Any path P that encircles a two-dimensional area can be
defined by a series of points along the path P as shown in
FIG. 15. The number of points used to define the path P is
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immaterial, and as many points as needed to accurately
define the path P can be used for purposes of this example,
the direction taken along the path P is clockwise. However,
the direction could also be taken counterclockwise.

[0078] As can be appreciated by one skilled in the art, the
line segment between two consecutive points on a path, such
as path P, can be characterized in one of eight ways as
shown, for example, in FIG. 16. For purposes of this
example, FIG. 16 illustrates an area of interest 100 that is
defined by a plurality of boundary points 102. For instance,
the area of interest 100 can be a particularly complex area
defined by scattered boundary points that define a complex
boundary that can vary in an irregular, non-symmetrical
manner as defined by the boundary points 102. The bound-
ary points 102 can be represented by, for example, a series
of experimental and/or historical data points. The boundary
points 102 can be represented by, for example, data sets
(e.g., X, y coordinates) that represent a relationship between
vehicle-related parameters, such as those discussed herein.
The data sets are stored in the database of the data storage
device 28 or otherwise provided to the vehicle monitoring
system 12 via the wireless communications network in any
suitable manner. In another example, the boundary points
102 can be represented by, for example, longitude and
latitude data sets (e.g., X, y coordinates) that are stored in the
database of the data storage device 28 or otherwise provided
to the vehicle monitoring system 12 via the wireless com-
munications network 16 or in any suitable manner. Also, the
area of interest 100 can be either a dynamic area that
changes or a static area that remains stationary as shown in
FIG. 7. The number of boundary points 102 and the distance
between the boundary points 102 for any given one of the
areas of interest 100 can vary as needed and/or desired to
accomplish the desired result of the application in which the
system is being used.

[0079] As can be appreciated from FIG. 16 and the fol-
lowing description, a line segment between two adjacent
boundary points 102 can be characterized by an angle flu
between the line segment and a predetermined direction.
Mathematically, the angle flu can be expressed as follows:

Xm — Xmyl + O
ﬁlzﬂ(%ﬂ)_
[%m = X1 | + 0

Ym+1 = Ym ]( X = Xyl + O )

cos™! | I+
X — X, a
VGt =5+ Gt =y ) P =t

[0080] The length of the line 1, between two consecutive
points is a straight line defined as follows:

5=V G 1=+ G 1Y)

[0081] For purposes of this description, the position of the
host vehicle 10 can be defined by a variable, k. It is desirable
to know whether k, and thus, the host vehicle 10 itself, will
encroach within the boundary defined by the warning box
surrounding the remote vehicle 14 and the trailer 15 which
has been defined as described above. This determination can
be made by according to the following steps:

[0082] The controller 22 of the vehicle monitoring system
12, for example, on the host vehicle 10 can determine the
point, p,, (with coordinates x,, and y,,) on the path that is
closest to k (with coordinates x,, and y,) by calculating the
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straight-line distance between each point on the path and k
then choosing the shortest line. This distance, 1,,,, ; is defined
as follows:

bii=V X + 0=V

[0083] After the point on the path P that is closest to k has
been identified, the processing generates via the controller
22 geometric data representing a geometric relationship
between the first boundary peint p,,, k and a second bound-
ary point of the boundary points as will now be described.
That is, the next consecutive point p,,,; in the predetermined
direction along the path is chosen and a triangle is defined
as shown in FIG. 17, where:

L=V Frs 1 %)+ Ve 1Y)
L=V Fonr1=¥) + P11
1=V Fn %1+ P2

and from the Law of Cosines

L+Bn -k
T
R+l -1,
O
BB L
COSUpyy = T
[0084] Different Cases 1 through 4 will now be described

with reference to FIGS. 18 through 21 which indicate
different possible relationships between the lines 1, 1,, and
1,,, identified in FIG. 17.

[0085] Case 1: 1241, >-1 220

[0086] Referring to FIG. 18, if 1,%+1,,,,>-1 *=0, cos o, is
greater than 0 and the coordinates x,, and y, are calculated as
follows:

[0087] The value of x,, is determined follows:
[0088] First:
, BB -G _B+B, -0
L = bne1€0SQy, = iy T 2

Now:
T
XX, =1 sin By

where

Xmtl — Xm

sinf) = 7
«

and substitutions are made to obtain:

2.2 2
b+ Lt — by (X1 — Xm
Xg—Xpy = ——

24 A
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-continued
1,2,,+1 —1,2,, Xm+l — Xm
Xg = Xm :(1 + T (T)
 Emet = Fm (ot = B Yt — %m
5=y = L ( e
Kot ¥ X (L) = B\ Xt = Fom
=T +( [ (=)
[0089] which are expanded to obtain:
Xmel + Xm
Xg = —s

((Xm = 3% + = 3% = Gomet = 3% = Gt = 30 ](xm+1 —xm)
(Xmr1 — xm)z + (Yme1 — ym)2 2

The value of y_ is determined as follows:

Yg=Ym=l c0s By

[0090] where:

Ym+l = Ym

cosfy = T

and substitutions are made to obtain:

B+ By =B (Ymi1 = m
e = et = et =)

20 A

2

lrzn 1_172n Ym+1 — Ym
e

J’q—J’m=(

_ Jmil = Vm A
s = 2t [k f

_ Yme1 + Im + B -1, (ym+l —ym)
) 2 2

which are expanded to obtain:

Ymtl + Ym
Y=g

((xm = 3% + O = 3107 = Gomet = 3% = et = 30 ](ym+1 - ym)
(Xmr1 _xm)z + V1 — ym)2 2

[0091] Case 2: 1,2+1, . >~1 220, and 1,2+1,_>-1 *=0
[0092] Referring to FIG. 19, if 1,%+1,,,%-1 %<0 (i.e. cos
a,,,<0) but 1,2+1,_ -1 220 (ie. cos a,,,>0), p,, becomes
D1 @nd p,,_, becomes p,, and x, and y,, are calculated in the
same way as previously.

Thus:
[0093]

R

" 2
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-continued
(on = %)+ (O = 910" = Gt = %) = et = 30"
(X1 — xm)z + (Yme1 — ym)2

[

And
[0094]

_ Ymil t Vm
Yq = B

G = %)%+ U = 317 = @opet = %)% = et — Ye)°
(Xme1 — xm)z + (Yme1 — ym)2

]( ym+12— Im )

[0095] Case 3: 1,2+],,,,%-1 %<0 and 1,2+1,,_,>-1 2<0

[0096] Referring to FIG. 20, it is possible that 1,2+l ,_ >~
1,220 and 1,>+1 -1 220 (i.e. cos a,,, and cos a.,,,<0). In
this case, p,, becomes p,

Thus:

[0097]

X=Xy,

And
Yg™Vm

[0098] Case 4: 1,2+],,_,*+1 %20 and 1,%+1,_,>-1 2=0

[0099] Referring to FIG. 21, it is possible that 1,2+ %+
1,220 and 1>+l %+l *=0 (i.e. cos a,,, and cos a.,,=0). In
this case, Case 1 applies.

[0100] Referring back to FIG. 16, expressions to deter-
mine if k, and thus the host vehicle 10 itself, is inside or
outside the area defined by the warning box (e.g., as repre-
sented by the circumferential path P or the area of interest
100) can be determined for each of the eight characteristic
configurations shown. With the coordinates of p, (x,, y,)
known, the controller 22 of the vehicle monitoring system
12 on the host vehicle 10 can perform the following calcu-
lations to determine whether the point k lies within or
outside the boundary defined by the warning box (e.g., as
represented by the circumferential path P or the area of
interest 100).

[0101]

[0102] For the case where the angle f§; is equal to or
greater than zero and less than 7/2 as illustrated in FIG. 22,
it can be seen that as long as x, is greater than or equal to x,,
and y, is less than or equal to y,, the point k falls within the
defined boundary. The following expressions can be used to
define this case mathematically where:

Angle 3, greater than or equal to 0 and less than 7/2

2-p

! l=1if0=p <2
fl(ﬁl)_Z(m+ )— 1 —ﬁ1<5

otherwise f,(§,)=0.

10
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And
[0103]

X —Xg+ O Vg =Y+

|yq_yk|+0'

B 1
fily) = 4_1(

+1]( +1]=1

if the point k lies below and to the right of the reference point
p, otherwise f,(x,y)=0.

[0104] Angle 3, equal to /2

[0105] For the case where the angle/A is equal to 7/2 as
illustrated in FIG. 23, it can be seen that as long as y, is less
than or equal to 'y, point k falls within the defined boundary.
The following expressions can be used to define this case
mathematically where:

| — x4l + 0

PL—-nl2+0
|B1 =72+

al2—-p+o
|72 =B+ 0o

_ 1
f(B1) = 4_1(

1]( +1]:1

T
fh=5
otherwise f,(,)=0. And

Vg~ Vet O
|yq_yk|+0—

+1]:1

if the point k lies below the reference point p,

B 1
fxy) = 5(

[0106] otherwise f, (x,y)=0.
[0107] Angle 3, greater than or equal to /2 and less than
T
[0108] For the case where the angle flu is equal to or

greater than /2 and less than = as illustrated in FIG. 24, it
can be seen that as long as x, is less than or equal to x, and
Vi is less than or equal to y,, the point k falls within the
defined boundary. The following expressions can be used to
define this case mathematically where:

I pi—nl2+c n—p
=- 1 1]=1
B 4(|ﬁ1—7r/2|+0'+ ](In—ﬁ'1|+0'+ )
g 7
i 55ﬁ1<7r
(1) =0.
otherwise
And
[0109]
_1 Xg =X+ O Yg— i+ O B
f3("’”‘Z(|xq—xk|+o—”](|yq—yk|+o—”]‘1

if point k lies below and to the left of reference point p,
otherwise f5(x,y)=0.

[0110] Angle 8, Equal to =

[0111] For the case where the angle 8, is equal to gas
illustrated in FIG. 25, it can be seen that as long as x, is less
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than or equal to x,, the point k falls within the defined
boundary. The following expressions can be used to define
this case mathematically where:

L pi- -8
f4(ﬁ1)=z(|ﬁi_:|:_og—— 1)(|7r7_rﬁ1|1+o— ):1

when 3,=mn otherwise it equals 0. And

f4(x,y)=%(xq_x,(+o— ]:1

—_
g — x| + o

if the point k lies to the left of the reference point p,
otherwise f, (x,y)=0.

[0112] Angle §, Greater than or Equal to @ and Less than
3m/2
[0113] For the case where the angle fit is equal to or

greater than m and less than 37/2 as illustrated in FIG. 26, it
can be seen that as long as x, is less than or equal to x, and
¥y 1s greater than or equal to y_, the point k falls within the
defined boundary. The following expressions can be used to
define this case mathematically where:

1/ pi-n+0 37/2 - P
1L 1 1l=1
S8 4(|ﬁ1 —nl+o )(|3ﬂ/2—ﬁ1|+0— * ]

3
ifnsﬁ1<§7r

otherwise f5(f8;)=0.

And

[0114]

1 Xg =X+ O ](yk—yq+o' ]
X, y) =~ +1 +1|=1
ey 4(|xq—xk|+o— D= ygl+ o

if the point k lies above and to the left of the reference point
p, otherwise f,(x,y)=0.

[0115] Angle 3, equal to 37/2

[0116] For the case where the angle 3, is equal to 37/2 as
illustrated in FIG. 27, it can be seen that as long as y, is
greater than or equal to y,, the point k falls within the
defined boundary. The following expressions can be used to
define this case mathematically where:

1 p1=-3=2+0 3r2-p1 +0
JsB) =7 +1 +1]|=1
4B =322+ |37/2 = Byl + o
3
when 8] = =7

2
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otherwise
Js(B1)=0.
And
I y—yg+o ]
V= —————+1|=1
st =5 Syt

if the point k lies above the reference point p, otherwise

£ (x,y)=0.
[0117] Angle 8, greater than or equal to 3n/2 and less than
2

[0118] For the case where the angle {3, is equal to or
greater than 37/2 and less than 2x as illustrated in FIG. 28,
it can be seen that as long as x; is greater than or equal to x,
and y, is greater than or equal to y,, the point k falls within
the defined boundary. The following expressions can be used
to define this case mathematically where:

f(ﬁ)—l ﬁ1—37r/2+0'+1( 27— B +1]_1
R (P ey A i
3

1f§7r5ﬁ1<27r

otherwise £,(f3,)=0.

And
[0119]

X —Xg + 0 ](yk—yq+o— 1] )
+1]=
|xk _xq|+U ka _yq|+a

1
flx, )= 4_1(

if the point k lies above and to the right of the reference point
p, otherwise £;(x,y)=0.

[0120] Angle , equal to O

[0121] For the case where the angle 3, is equal to zero as
illustrated in FIG. 29, it can be seen that as long as x, is
greater than or equal to x,, the point k falls within the
defined boundary. The following expressions can be used to
define this case mathematically where:

_1 PL-0+0 0-B1+0 _
b= Z(|ﬁ1—0|+o—”)(|0—ﬁl|+o—+ ]‘1

when f,=0 otherwise f,(f,)=0. And

X —Xg+ O ]

1
fsx, y) = 5(

| = xgl + 0

if the point k lies to the right of the reference point p,
otherwise fy(x,y)=0.

[0122] Using the above information, the controller 22 of
the vehicle monitoring system 12 on the host vehicle 10
determines whether the vehicle condition lies within the
waring box (e.g., the area of interest based on a comparison
between coordinates of the condition point p, and the coor-
dinate condition data). In particular, the controller 22 deter-
mines the following:
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if 28: 0 =1 where:
i1
o1 = AP % filx,
02 = LB X folx,
05 = L(BX f(x,
Q4 = (B X filx,
s = (B% fs(x,
Q6 = fs(B1) % fo(x,
07 = F(BDX filx,
Os = KB X fix,

»
»

y)

[0123] then the point k lies, and thus the host vehicle 10,
within the warning box (e.g., as represented by the circum-
ferential path P or the area of interest 100), otherwise the
point k, and thus the host vehicle 10, falls outside of the
warning box.

[0124] Thus, referring back to the flowchart in FIG. 3, the
controller 22 of the vehicle monitoring system 12 can
compare the path of the host vehicle 10 with the predicted
path of the remote vehicle 14 in Step S7. If the controller 22
determines in Step S8 that the proposed acceleration of the
host vehicle 10 is greater than a predetermined threshold, the
controller 22 can therefore determine that the host vehicle 10
may enter the warning box in the manner described above.
In this case, the controller 22 can control the host vehicle 10
in Step S9 to issue a warning message that can be perceived
by the driver of the host vehicle 10. This warning message
can be any type of haptic, visual, audio or audiovisual
message as understood in the art. The controller 22 can also
control the host vehicle 10 to perform, for example, any
suitable vehicle control process, such as a braking process
and so on, upon determining that the host vehicle 10 may
enter the warning box. However, if the controller 22 deter-
mines in Step S8 that the host vehicle 10 will not enter the
warning box, the processing returns to Step S5 and repeats
as described above.

[0125] While only selected embodiments have been cho-
sen to illustrate the present invention, it will be apparent to
those skilled in the art from this disclosure that various
changes and modifications can be made herein without
departing from the scope of the invention as defined in the
appended claims. The functions of one element can be
performed by two, and vice versa. The structures and
functions of one embodiment can be adopted in another
embodiment. It is not necessary for all advantages to be
present in a particular embodiment at the same time. Every
feature which is unique from the prior art, alone or in
combination with other features, also should be considered
a separate description of further inventions by the applicant,
including the structural and/or functional concepts embod-
ied by such feature(s). Thus, the foregoing descriptions of
the embodiments according to the present invention are
provided for illustration only, and not for the purpose of
limiting the invention as defined by the appended claims and
their equivalents.

1. A vehicle monitoring system, comprising:
an electronic controller configured to receive data repre-
senting points of interest on a vehicle and on a trailer
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being towed by the vehicle, determine geometric rela-
tionships between the points of interest based on the
data, and calculate a path defined by a two-dimensional
area encircling the vehicle and the trailer based on the
geometric relationships; and
a wireless communicator operatively connected to the
electronic controller configured to receive or transmit
one of the data representing the points of interest, and
the area based on the geometric relationships.
2. The vehicle monitoring system according to claim 1,
wherein
the electronic controller is configured to determine the
geometric relationships between the points of interest
based on a heading of the trailer in relation to a heading
of the vehicle.
3. The vehicle monitoring system according to claim 2,
wherein
the electronic controller is configured to determine that
the area changes as the heading of the trailer in relation
to the heading of the vehicle changes.
4. The vehicle monitoring system according to claim 1,
wherein
the electronic controller is configured to determine the
geometric relationships between the points of interest
based on a steering angle and heading of the vehicle.
5. The vehicle monitoring system according to claim 1,
wherein
the electronic controller is configured to determine geo-
metric relationships between the points of interest
based on a relationship between the trailer and a hitch
that couples the trailer to the vehicle.
6. The vehicle monitoring system according to claim 1,
wherein
the electronic controller is configured to determine
whether a path of a host vehicle, that is different from
the vehicle, indicates entry of the host vehicle into the
area.
7. The vehicle monitoring system according to claim 6,
wherein
the electronic controller is configured to control the host
vehicle to issue a warning upon determining that the
path of the host vehicle indicates entry of the host
vehicle into the area.
8. The vehicle monitoring system according to claim 1,
wherein
the electronic controller is disposed on a host vehicle that
is different from the vehicle, and the wireless commu-
nicator is configured to receive the data from the
vehicle by wireless communication between the host
vehicle and the vehicle.
9. The vehicle monitoring system according to claim 1,
wherein
the points of interest include front corners of the vehicle
and rear corners of the trailer.
10. The vehicle monitoring system according to claim 1,
wherein
the data includes reference point data representing a
location of a global positioning system antenna on the
vehicle.
11. The vehicle monitoring system according to claim 10,
wherein
the electronic controller is configured to determine the
geometric relationships based on a relationship
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between the location of the global positioning system
antenna and the points of interest on the vehicle.

12. The vehicle monitoring system according to claim 10,
wherein

the electronic controller is configured to determine the
geometric relationships based on a relationship
between the location of the global positioning system
antenna and the points of interest on the trailer.

13. The vehicle monitoring system according to claim 10,
wherein

the electronic controller is configured to determine the
geometric relationships based on a relationship
between the location of the global positioning system
antenna and an end of the trailer furthest from the
location of the global positioning system antenna.

14. The vehicle monitoring system according to claim 1,
wherein

the electronic controller is configured to determine geo-
metric relationships between the points of interest
based on a relationship between a single wheel axle of
the trailer and a hitch that couples the trailer to the
vehicle.
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15. A vehicle monitoring method comprising:

determining, by an electronic controller, geometric rela-
tionships between points of interest on a vehicle and on
a trailer towed by the vehicle based on data represent-
ing the points of interest on the vehicle and on the
trailer;

calculating, by the electronic controller, a path defined by
a two-dimensional area encircling the vehicle and the
trailer based on the geometric relationships; and

monitoring, by the electronic controller, a location of a
host vehicle, different from the vehicle, in relation to
the area.

16. The vehicle monitoring method according to claim 15,

wherein

the determining includes determining, by the electronic
controller the geometric relationships between the
points of interest based on a heading of the trailer in
relation to a heading of the vehicle.

17. The vehicle monitoring method according to claim 1,

wherein

the data includes at least one of latitude, longitude, speed,
steering angle, vehicle size, trailer width and trailer
length.



