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Description

[0001] The present invention relates generally to
emergency vehicle warning and coordination systems.
In particular, the present invention is directed to a system
for conveying information among emergency vehicles,
and for preempting control of traffic signals in the range
of certain emergency vehicles.

Background Art

[0002] Emergency vehicles, such as fire-fighting en-
gines, ambulances and police cars, generally have the
need to cross or pass intersections under the control of
traffic signals. This must be accomplished in the least
amount of time possible so that the function of an emer-
gency vehicle can be successfully fulfilled. It is generally
understood that the more quickly an emergency vehicle
can reach the scene of an emergency, the greater are
the chances that the victims involved can be helped or
successfully treated.
[0003] Since the earliest times, emergency vehicles
approaching intersections have depended upon sirens,
horns, bells or other types of audible and/or visible warn-
ing devices to alert other people in the intersection. This
has not always proven to be a successful technique, even
though it is still the standard mode of operation for emer-
gency vehicles today. Unfortunately, accidents involving
emergency vehicles often occur at intersections due to
confusion, impaired hearing, inattention, noise condi-
tions or overly-aggressive drivers seeking to clear the
intersection before the arrival of the emergency vehicle.
Other factors are the speed of the emergency vehicle
and the resulting inability of others to react to it, distrac-
tions affecting the driver of the emergency vehicle, and
the like. Further problems are caused when multiple
emergency vehicles are approaching the same intersec-
tion. This situation is further complicated when the sirens
and other signals from multiple emergency vehicles can
be heard within the same area- a combination confusing
to both pedestrians and other motorists, as well as the
operators of both emergency vehicles. In many cases,
due to siren noise and the intensity of focused driving at
high speeds through congested areas, emergency vehi-
cle operators are often not aware of other such vehicles
in the same area.
[0004] There have been many systems proposed to
address these problems. One such system is disclosed
in Patent US 3,550,078 (re-issue no. 228,100, re-issued
August 6, 1974 to Long). The system disclosed provides
the ability of an emergency vehicle with the ability to re-
motely control traffic light signals so as to provide signals
that will allow the emergency vehicle to easily pass
through intersections without undue delays. Unfortunate-
ly, this system does not properly alert pedestrians or other
drivers at the subject intersection that the traffic light con-
trol has been preempted. Further, there appears to be
no means in this system to reconcile control between

competing emergency vehicles. Consequently, this sys-
tem does not compensate for the inattentiveness of pe-
destrians or other drivers in the intersection. Nor does
this system compensate for the approach of other emer-
gency vehicles to the controlled intersection.
[0005] Part of this problem has been addressed in US
4,704,610 to Smith et al.. This patent discloses a system
in which a display at the intersection indicates that
preemption of the traffic signal has been carried out and
that the emergency vehicle is approaching. This system
also indicates whether the emergency vehicle has al-
ready passed through the intersection. The signal from
the emergency vehicle is transmitted to the controller at
the intersection by means of infrared radiation. Conse-
quently, the range of the system is limited. Further, the
system does not provide for reconciliation by attempts to
control the intersection by two approaching emergency
vehicles. Nor does this system advise the operators of
emergency vehicles that other emergency vehicles may
be in the same area.
[0006] Determining priority between emergency vehi-
cles is carried out in the system disclosed by U.S. Patent
No. 4,914,434 to Morgan et al.. In this system a controller
located at a particular intersection carries out a series of
computations based upon signal analysis of competing,
incoming emergency vehicles, and then selects which
emergency vehicle will be given priority. Accordingly, the
selected emergency vehicle is provided with a green light
while any competing emergency vehicles are advised
that they do not have priority through the intersection.
The system also encompasses the selection of alterna-
tive routes or pathways that an emergency vehicle can
take if it has been pre-empted from control at a particular
intersection. Unfortunately, indication that an emergency
vehicles control of an intersection traffic signal has been
pre-empted often occurs after it is too late to select alter-
native routes. In some cases, such indication may not be
noticed by the vehicle operator until the emergency ve-
hicle is in the intersection, thereby greatly increasing the
risks of accidents between emergency vehicles.
[0007] US-A-5,572,201 relates to a warning system for
alerting a person to an emergency situation which in-
cludes a transmitter responsive to a visual or acoustic
alerting system for transmitting an alarm signal on an RF
carrier and a control signal on a sideband of the carrier.
A tuneable receiver for receiving commercial broadcasts
in a normal operating mode transfers to an emergency
mode upon detection of the control signal and converts
the alarm signal to an acoustic signal. In one embodi-
ment, the visual or acoustic alerting system is a siren and
light system of an emergency vehicle. A transceiver is
included for dedicated communications among emer-
gency vehicles. The range of both the transmitter and
transceiver complement and are substantially the same
as the effective range of the visual or acoustic alerting
system.
[0008] US-A-6,087,961 relates to a system for warning
motorists of the presence of an emergency vehicle. The
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system includes a transmitter adapted to be coupled to
the emergency vehicle for emitting an emergency signal.
The system also includes a direction finding antennae
adapted to be coupled to the vehicle of a motorists vehi-
cle, a receiver coupled to the direction finding antennae
and adapted for receiving the emergency signal and pro-
ducing a directional signal in response thereto, and an
audio system for generating an audio playback signal
which identifies the presence of the emergency vehicle
as well as the relative direction between it and the mo-
torists vehicle.
[0009] Accordingly there is a need in this technology
for a system which advises emergency vehicle operators
of other emergency vehicles in the area. Further, infor-
mation regarding the direction of the other emergency
vehicles is needed so that advanced planning can be
carried out by the emergency vehicle operator to avoid
collisions at intersections, as well as competition for con-
trol of traffic signals at intersections. Proper advanced
warning for emergency vehicle operators would facilitate
greater safety for emergency vehicle operators, pedes-
trians and other vehicle operators.

Summary of the Invention

[0010] It is one object of the present invention to over-
come the drawbacks of the conventional art, and provide
safer operating conditions for emergency vehicles, as
well as other vehicles and pedestrians within the area
traversed by emergency vehicles.
[0011] It is another object of the present invention to
avoid situations in which two emergency vehicles are
competing to control the traffic signals in a single inter-
section.
[0012] It is another object of the present invention to
give adequate advance warning to emergency vehicle
operators so as to avoid conflicts at intersections.
[0013] It is an additional object of the present invention
to alert emergency vehicle operators of the position and
direction of travel of other emergency vehicles.
[0014] It is still another object of the present invention
to provide sufficient information to emergency vehicle op-
erators so that coordination between emergency vehi-
cles can be achieved.
[0015] It is again a further object of the present inven-
tion to provide a system by which emergency vehicles
may safely move through intersections without interfer-
ence of other emergency vehicles.
[0016] It is still a further object of the present invention
to provide a system by which emergency vehicles can
receive only relevant information regarding other emer-
gency vehicles.
[0017] According to a first aspect of the present inven-
tion there is provided an emergency vehicle collision
avoidance system including a plurality of emergency ve-
hicles, each emergency vehicle comprising:

(a) means for determining direction of travel of said

emergency vehicle, wherein the means for determin-
ing direction of travel operates independently of oth-
er emergency vehicles in the system, said means
for determining direction of travel also comprising
means for determining location of said emergency
vehicle,
(b) an emergency vehicle transceiver arranged to
transmit direction signals indicative of said direction
of vehicle travel, and receiving direction signals in-
dicative of direction of travel of other emergency ve-
hicles, wherein said transceiver is also arranged to
transmit emergency vehicle location data;
(c) correlating means comprising a microprocessor
for calculating relative direction vectors based upon
said received direction signals indicative of vehicle
travel of said other emergency vehicles, wherein said
direction vectors provide an indication of direction of
each of said emergency vehicles; and
(d) a graphical display arranged to depict a relative
arrangement of said direction vectors for said plural-
ity of emergency vehicles.

[0018] According to a second aspect of the present
invention there is provided a method of operating an
emergency vehicle collision avoidance system including
a plurality of emergency vehicles, each emergency ve-
hicle operating according to said method comprising the
steps of:

(a) obtaining directional and location data indicative
of a direction of travel and location of said emergency
vehicle;
(b) sending directional and location signals to other
emergency vehicles indicative of said directional and
location data, said directional signals being sent in
a first mode of transmission operating independently
of other emergency vehicles;
(c) correlating with a microprocessor received direc-
tional signals to determine directional vectors based
upon said directional signals received, wherein said
directional vectors provide an indication of direction
of each of said emergency vehicles and deriving rel-
ative relationships between said directional vectors;
and
(d) graphically displaying said directional vectors to
depict relative directions of travel of said plurality of
emergency vehicles.

[0019] These and other goals and objects of the
present invention are facilitated by an emergency vehicle
collision avoidance system including a plurality of emer-
gency vehicles. Each of the emergency vehicles has a
device for determining direction of travel of the emergen-
cy vehicle. The transceivers also are arranged to receive
signals indicative of direction of travel of other emergency
vehicles within range of the transceiver. Also included
with each emergency vehicle is a correlating device for
calculating direction vectors based upon the direction of
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signals of the other emergency vehicles. These direction
vectors are depicted on a display so that the vehicle op-
erator is able to determine sources of possible collisions
with other emergency vehicles.
[0020] Another aspect of the present invention is man-
ifested by a method of operating an emergency vehicle
collision avoidance system. This system includes a plu-
rality of emergency vehicles where each emergency ve-
hicle operates according to a method including a first step
of obtaining directional data indicative of a direction of
travel of the subject emergency vehicle. In the next step
an emergency vehicle sends directional signals to other
emergency vehicles indicative of its directional data.
These directional signals are sent in a first mode of trans-
mission. Each emergency vehicle then correlates the re-
ceived directional signals to determine directional vec-
tors based upon directional signals received. From this,
relative relationships between the directional vectors are
derived. These vectors are then displayed to depict the
relative directions of travel of other emergency vehicles
with respect to the subject emergency vehicle.

Brief Description of the Drawings

[0021]

Figure 1 is a diagram depicting the environment in
which the present invention can operate.
Figure 2 is a diagram depicting the directional orien-
tation adopted for use with the present invention
Figure 3 (a) is a diagram depicting the control and
display panel used for one embodiment the present
invention.
Figure 3 (b) is a diagram depicting the control display
panel used in another embodiment of the present
invention, employing GPS data for the display of ab-
solute direction data.
Figure 4 is a diagram depicting a calculation to de-
termine relative direction of two vehicles using the
present invention.
Figure 5 is a diagram depicting electromagnetic en-
ergy transmission patterns for two vehicles using the
present invention.
Figure 6 is block diagram depicting relative vehicle
locations and base station transmission patterns for
components used as part of the present invention.
Figure 7 is a flow diagram depicting comprehensive
operation of the present invention including a
number of auxiliary functions that can be included
with the present invention.

Detailed Description of the Preferred Embodiments

[0022] The environment in which the present invention
operates is depicted in Figure 1. The present invention
is meant to operate in an environment that includes traffic
signals (4) and their controllers (5). Transmitters (1) in
emergency vehicles (2) are designed to send signals to

traffic signal controllers to preempt control of the traffic
signals. Receiving mechanisms (1) in each of the emer-
gency vehicles are used to provide indication of other,
similarly equipped, emergency vehicles within range of
the emergency vehicle transceivers.
[0023] A key factor is the use of information regarding
other emergency vehicles, in particular direction vectors
that can be displayed in relation to the direction vector
of a particular vehicle receiving the directional informa-
tion. Another key aspect of the present invention is the
use of transceivers to inform emergency vehicles when
control of a particular traffic signal has been preempted
in favor of travel of a selected emergency vehicle. Ac-
cordingly, when the proper indication is displayed (either
graphically or using flashing lights), the emergency ve-
hicle operator knows to take suitable precautions when
approaching the intersection controlled by that particular
traffic signal. The equipment used to constitute the var-
ious elements of the present invention is generally well-
known.
[0024] Examples of systems containing equipment
that can be used to facilitate the present invention are
found in : U.S. Patent No. 4,914,434 to Morgan et al.;
U.S. Patent No. 4,212,085 to Vaillancour et al.; U.S. Pat-
entNo. 4,228,419 to Anderson; U.S. Patent No.
5,083,125 to Brown et al.; LT.S. Patent No. 5,014,052 to
Obeck: U.S. Patent No. 5,235,329 to Jackson: U.S. Pat-
ent No. 5,289,181 to Watanabe et al.: U.S. Patent No.
4,704,610 to Smith et al.; and, U.S. Patent No. 5,620,155
to Michalek.
[0025] These collected patents disclose a number of
components that can be used to facilitate the present
invention. However, facilitation of the present invention
is not limited to the components disclosed in the subject
patents, but can use any and all equivalents, as well as
additional components as specified below, many of these
components have not been previously used in the coor-
dination of emergency vehicles and traffic lights.
[0026] One aspect of the system of the present inven-
tion is constituted by components directed to sending
signals to a traffic signal control device (6) in order to
preempt control of the traffic signal (4). This operation is
carried out to allow swift passage of the emergency ve-
hicle (2) through a particular intersection controlled by
the traffic signal control device. An emergency vehicle
(EV) transceiver (1) is carried onboard emergency vehi-
cles (2) (police, fire, ambulance and the like) and, when
activated, broadcasts directional data preferably using a
forward-directed electromagnetic (EM) beam (3) to the
traffic signal (4) equipped with a traffic signal (TS) trans-
ceiver (5). The directional information is then relayed to
the traffic signal control mechanism (6), which com-
mands the traffic signal (4) to go into a Apreemptive@
mode favoring a particular EV approaching the intersec-
tion. As a result of having the directional information re-
garding the selected emergency vehicle, the traffic signal
control device can control the traffic signal so as to allow
a selected emergency vehicle to pass through the inter-
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section with as little delay as possible.
[0027] Along with the EV transceiver (1) in each EV
(2) is a compass mechanism (not shown) which provides
the direction of travel of the emergency vehicle in which
it is in use. The direction of travel of the emergency ve-
hicle (see Figure 2) is translated into a number between
1-360 (corresponding to the degrees of a circle), accord-
ing to the pattern depicted in Figure 2. For example, if
the emergency vehicle is traveling due north, then the
information which is included in its transmitted signal pat-
tern (3) is the number 360. Likewise, if the vehicle is
traveling due south the data is transmitted as the number
180, as depicted in Figure 2. It should be noted that dis-
play 100 in Figures 3(a) and 3(b) can be provided with
an overlay according to the pattern of Figure 2 so that a
vehicle operator may more easily recognize the direc-
tions at which other emergency vehicles may be ap-
proaching his own.
[0028] The compass mechanism (not shown) can be
any number of different direction finding and indication
devices, and is located with the transceiver (1) in each
emergency vehicle (2). While a simple standard magnetic
compass can be used, there may be some problems with
respect to recognizing and transmitting direction vectors
to other vehicles, as will be described infra. Accordingly
a more comprehensive direction-finding system is pre-
ferred.
[0029] A more expensive but comprehensive alterna-
tive is the use of a global positioning system (GPS). The
non-military version of this system provides sufficiently
accurate location data (within 3.05m (ten feet)) so as to
allow an accurate location of a particular vehicle so
equipped to be determined. Multiple readings of the GPS
can be translated into a direction vector. One advantage
to this system is that precise, location data for a number
of emergency vehicles can be quickly and accurately de-
termined, and circulated among the vehicles for display
to vehicle operators. One aspect of the GPS system that
justifies the cost is that relative locations of other emer-
gency vehicles that can cause potential collisions can be
displayed for each emergency vehicle operator. As a re-
sult, each operator is better able to identify potential trou-
ble much more quickly, and take appropriate measures.
Further, the cost for commercial GPS devices has be-
come substantially modest so that individuals can use
such devices in order to be easily located almost any-
where on the planet. The addition of GPS to the trans-
ceiver (and the controller for the transceiver as described
infra) is relatively easy, and would be apparent to any
individual skilled in the various uses of GPS.
[0030] Another alternative is the use of a solid state
direction indicator module, as installed on a wide variety
of General Motors makes of vehicles. This module is rel-
atively inexpensive, provides an electronic readout that
is easily modified to the direction-numbering system de-
picted in Figure 2, and in the more elaborate embodi-
ments, the direction module can generate signals indic-
ative of vehicle direction or transmission to other emer-

gency vehicles (21), as well as traffic signal control mech-
anisms (6). In the alternative, standard direction signals
can be taken from the directional module, transmitted to
other vehicles, and then converted to the system depict-
ed in Figure 2 for display within each of the receiving
emergency vehicles (2).
[0031] As the emergency vehicle (2) approaches the
traffic signal (4), the TS transceiver (5) receives the in-
formation regarding the direction of travel of the emer-
gency vehicle (2) via its EM transmission (3), broadcast
by the EV transceiver (1). The information received by
the TS transceiver (5) regarding the emergency vehicles
direction of travel is relayed to the traffic signal control
mechanism (6) which then preempts the traffic signal (4)
in the appropriate fashion, to allow the EV to pass quickly
through the intersection controlled by the TS (4).
[0032] In situations where two or more emergency ve-
hicles (2) which are equipped with the inventive system
approach the same traffic signal (4) from different direc-
tions as depicted in Figures 4 and 5, preemptive control
of the traffic signal (4) is relegated in favor of the emer-
gency vehicle that is closest to the traffic signal, as de-
termined by signal strength (or any other appropriate
method). A proper determination can usually be made
since all EV transceivers (1) broadcast with the same
power output. Another collision avoidance feature of the
EV system (as depicted in Figures 3(a) and 3(b)) is ac-
tivated. In particular a display 100 on the face of the EV
control panel will alert the driver of the emergency vehicle
(2) with an arrow pointing in the direction of the impending
collision. Also, an audible collision alarm will sound if not
detected. The manner in which the angle of impending
collision is determined by the inventive system is de-
scribed below in conjunction with Figure 4.
[0033] Figure 4 depicts the relative direction of travel
of three different emergency vehicles, presumed to be
using the system of the present invention. The key at-
tribute of the present invention is to depict (in display 100
of Figures 3 (a) and 3(b)) the relative directions of travel
of multiple emergency vehicles on a potential collision
course. With this information, the angle of an impending
collision can be calculated and displayed as depicted in
Figures 3(a) and 3(b).
[0034] If the value of AY@ (in Figure 4) represent a
number between 1 and 360, the value 45 corresponds
to the direction of travel of the selected emergency ve-
hicle in #1 (at which the reading will be displayed) in Fig-
ure 4. Also, the value of AX@ represents a number be-
tween 1 and 360 that corresponds to the direction of travel
of a second emergency vehicle, #2 having a value of 180.
Accordingly, the angle of impending collision from emer-
gency vehicle #1’s frame reference is calculated and pre-
sented as AZ@ using Equation #1 in Figure 4 : 
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where Z represents the number between 1 and 360 cor-
responding to the direction of the impending collision.
This is shown by arrow (7) in Figure 3(a). When Equation
#1 is operated on the aforementioned values, the result
is a value of 115°. Referring to Figure 2 (which can be
used for an overlay (50) for display 100), the emergency
vehicle operator knows that there is the possibility of im-
pending collision at a 45° angle from the northwest. Vec-
tor 7 in Figure 3 (a) represents the direction that the ve-
hicle operator should look to detect a collision with emer-
gency vehicle #2. This display is used on the assumption
that the receiving emergency vehicle (1) is always ori-
ented to face due 60° north (either 0° or 360°).
[0035] Overlay 50 on display 100 of Figure 3 (a) is used
to always indicate to the emergency vehicle operator the
direction in which his own vehicle is oriented. While this
orientation does not provide the absolute direction of any
of the vehicles, the relative directions of the emergency
vehicles 2 and 3 are displayed with respect to the con-
stant orientation of emergency vehicle #1. Overlay 50
which reminds the vehicle operator of the alignment of
his own vehicle relative to other vehicles can be provided
by the pattern depicted in Figure 2. This embodiment of
the present invention is relatively simple, being confined
to depicting only the relative directions between emer-
gency vehicles.
[0036] Another example of the mathematical calcula-
tion using Equation #1 pertains to the vehicle #3 in Figure
4. In this example emergency vehicle #1 is traveling in a
true northeasterly direction. Accordingly, its EV trans-
ceiver is broadcasting the number 45. To calculate the
value of Z for the impending collision with emergency
vehicle #3, then Y=45 (emergency vehicle #1’s frame of
reference). If emergency vehicle #3 is traveling due west,
then its transceiver sends a signal containing with the
number value 270 so that X= 270 in Equation #1. If X-
Y+180=Z, then (270)-(45)+180=Z, so that Z=405. Since
405 is greater than 360, it is necessary to subtract these
two values to derive a value of 45. The angle of the im-
pending collision between emergency vehicles #1 and
#3 (from emergency vehicle #1’s frame of reference) can
be displayed as a 45° vector from the northeast. The
collision avoidance system (CAS) display 100 would
have a reading of 45 and corresponds to the angle of
impending collision between emergency vehicle #1 and
#3, as seen from #1’s frame of reference or frontally from
the right at a 45-degree angle (Vector 8A in Figure 3(b)).
This is the direction in which the driver of emergency
vehicle #1 should look to see the impending collision and
have ample time to avoid it.
[0037] An alternative arrangement, that uses absolute
directional data from a source such as a GPS and, may
be more convenient for drivers, is found in the display
100 of Figure 3(b). In this display, the two vectors (7),
(8b) represent the direction of vehicle #2, and vehicle #1,
respectively. The two vectors may be designated differ-
ently (such as by different colors, patterns and the like)
so that any emergency vehicle operator can easily iden-

tify his own vehicle on the display. The display provides
the direction at which the receiving emergency vehicle
(#1) is headed and the vector at which a possible collision
may occur with vehicle #2. As an added feature, the cal-
culated angle between the two can be added to the dis-
play, thereby making the pending situation clear to the
emergency vehicle operator in the shortest amount of
time. The orientation of the respective vectors can be
done in any reasonable fashion that facilitates easy rec-
ognition by the emergency vehicle operator. Accordingly,
any variation in the orientation of the respective vehicle
vectors and the angles between them fall within the con-
cept of the present invention.
[0038] However for Equation #1 to work in all possible,
real-world scenarios a final calculation will be required
to bring the numerical value of Z into the acceptable tol-
erance range of a number between 1 and 360 when the
calculated value of Z in the above equation becomes
greater than 360 or less than or equal to zero. In the
instance where Z is greater than 360, the final value of
Z is determined by subtracting 360. In the instance where
Z is less than or equal to zero, the final value of Z is
determined by adding 360.
[0039] To calculate the angle of the impending collision
with emergency vehicle #1 from emergency vehicle #3’s
frame of reference, the value of X now becomes 45 while
the value of Y becomes 270. Therefore it follows if X-
Y+180=Z, then (45)-(270)+180=Z. This yields an initial
value for Z of -45. Since -45≤0, it is necessary to add 360
to determine the final value of Z as (-45)+360=315. This
corresponds to a collision with emergency vehicle #1
from emergency vehicle #3’s frame of reference impend-
ing frontally from the left at a 45-degree angle. Of course,
the display seen in emergency vehicle #3 will differ from
that seen in emergency vehicle #1, as will the display in
emergency vehicle #2. As previously indicated, the ori-
entation of the receiving vehicle (emergency vehicle # 1
for purposes of the aforementioned examples) can have
any orientation that will facilitate quick comprehension
by the emergency vehicle operator. Consequently, the
only required aspect of display 100 is that the relative
angles between the direction vectors (indicative of their
relative headings) be clearly displayed.
[0040] In the overall hypothetical scenario pictured in
Figure 4, three emergency vehicles are approaching the
same intersection. In the case where more than two
emergency vehicles are approaching the same intersec-
tion, the above formula holds true, with a separate cal-
culation being performed independently for each emer-
gency vehicle’s value of AX@. Accordingly, the display
100 in figure 3(b) on board each emergency vehicle can
display multiple impending collision arrows, each corre-
sponding to the direction of approach of the other emer-
gency vehicles from its frame of reference.
[0041] It should be noted that display 100 is configured
to show multiple approaching emergency vehicles using
the present invention. Also, the display can also be con-
figured to depict the direction of travel of the selected
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vehicle, as well, as indicated by arrow 8(b) in Figure 3
(b). If GPS is used, the relative locations of the vehicles
can also be displayed. Using GPS data, the controller
(not shown) for the transceiver in each emergency vehi-
cle can also carry out a calculation of the distances be-
tween various emergency vehicles. This value can also
be indicated on display 100.
[0042] Display 100 need not be a separate display
screen as depicted in Figures 3 (a) and 3(b). Rather, the
display mechanism can be a standard Aheads-up@ dis-
play commonly used in aerodynamics and adopted in
automobiles. The advantages of such displays are al-
ready well-known. In particular, a Aheads-up@ display
allows a vehicle operator to use the present invention
while still concentrating on the traffic in front of his own
vehicle. There is no necessity for looking down at an extra
display screen while driving the emergency vehicle under
intense circumstances. Further, existing Aheads-up@
displays can be used after modification so as to limit the
amount of new equipment to be added to the emergency
vehicle. Further, the use of Aheads-up@ displays would
be particularly efficacious on motorcycles, or in other sit-
uations when Ahands-free@ operation would be consid-
ered desirable.
[0043] It should be further noted that EV transceivers
(22) (of Figure 5) have the capability of varying the width
of transmission patterns (23) and (24). A five-ten degree
forward transmission pattern (23) can be used when in
a crowded city environment. A 180 degree forward trans-
mission pattern (24) is used in a low-density environment.
The wide pattern (24) helps to activate a maximum of
other nearby EV transceivers (22), giving ample collision
avoidance warning to other similarly equipped vehicles
(21) where no traffic signals are present to act as Atrans-
ponders@ to relay the information to them. The trans-
mission patterns can be controlled using control switch
as depicted in Figures 3(a) and 3(b). It should be noted
that the present invention is not restricted to two different
settings but can use a wide variety of different transmis-
sion patterns, as is appropriate for particular environ-
ments.
[0044] A potential problem which may occur during an
emergency call is when an ambulance arrives on the
scene of an accident at or near an intersection that is
equipped with the present invention. It is often imperative
for the operator of the ambulance to exit the vehicle as
quickly as possible to begin rendering medical attention
to victims immediately. If in his or her haste, the operator
of the emergency vehicle neglects to deactivate the traffic
signal control system, any traffic signals nearby will con-
tinue to be preempted. This situation could also preclude
another emergency vehicle from properly preempting the
traffic signal control in its favor as it nears the scene of
the accident.
[0045] Preferably, the control system of the present
invention is connected so that when the emergency light
system is activated, the traffic signal preemption opera-
tion of the present invention is also activated. For safety

reasons, it is customary to leave the emergency lights
running when an ambulance (or other emergency vehi-
cle) stops on an emergency call. However, the status of
the traffic preemption system is generally not foremost
in the mind of the emergency personnel arriving on the
scene. As a result, traffic signal preemption could con-
tinue in favor of the now-halted emergency vehicle, which
has arrived at the scene.
[0046] To allow the operators of said emergency ve-
hicles to not have to Ashut down@ the device before
exiting the vehicle, the EV transceiver (1) can also be
connected to the vehicle’s transmission. When the vehi-
cle’s transmission is in Apark@, the system’s traffic sig-
nal preemption mode is automatically disengaged. The
system is automatically returned to the Aauto@ mode
(11) when the vehicle is put back into gear while the mode
switch itself (10) physically remains in the Aauto@ posi-
tion.
[0047] Similarly, if the system is in the manual mode
(12) upon arrival at the scene, the systems traffic signal
preemption mode is automatically disengaged when the
vehicle’s transmission is in park. The system is automat-
ically returned to the Amanual@ mode (12) when the
vehicle is put back into gear while the mode switch itself
(10) physically remains in the Amanual@ mode.
[0048] The traffic signal transceiver or ATS transceiv-
er@ (labeled (5) in figure 1) is affixed to the traffic signal
(4). When an E.M. transmission (3) from an EV trans-
ceiver (1) carried on board an emergency vehicle (2)
reaches the TS transceiver (5), control of the traffic signal
(4) is preempted in favor of EV (25). Traffic signal trans-
ceiver (5) (depicted as (29) in Figure 6). also acts to om-
nidirectionally rebroadcast via transmission pattern (30)
(of Figure 6) the data received regarding the direction of
travel of the subject emergency vehicle (25) to any other
emergency vehicles (34) approaching the intersection.
[0049] This transmission pattern (30) rebroadcast by
the TS transceiver (29) is either on a different frequency,
different mode of operation or has some other distin-
guishable characteristic to allow other TS transceivers
(31) to recognize it as being discemable from the normal
broadcast pattern (27) of an EV transceiver (26).
[0050] If this were not the case, more than one TS
transceiver (31) might be affected, and the corresponding
traffic signals (32) inappropriately preempted. This oper-
ation could cause a Adomino-like@ chain reaction, with
each TS transceiver (29) relaying the information on to
others close enough to be within range of its broadcast.
Accordingly, a TS transceiver’s (29) broadcast transmis-
sion (30) must only affect other EV transceivers (33) and
not other TS transceivers (31). However an EV transmis-
sion (27) (in Figure 6) will affect both other EV transceiv-
ers (33) and any TS transceivers (29) and (31) within
range.
[0051] Additionally, a strobe (not shown) at the base
of the TS transceiver (5) in Figure 1 is activated by the
receipt of a signal beam (3) from an EV transceiver (1),
thereby alerting nearby traffic of the emergency vehicle’s

11 12 



EP 1 440 425 B1

8

5

10

15

20

25

30

35

40

45

50

55

approach. This also allows the driver of an emergency
vehicle the additional visual confirmation of having ac-
quired control of the traffic signal (4) without having to
visually divert his attention from the road to the display
(100) of the EV transceiver (1) in his vehicle to check the
traffic signal status on the control board of Figure 3.
[0052] A control panel and display for the present in-
vention is depicted in Figure 3. This arrangement is sim-
ply one example of a control and display arrangement
that can be used with the present invention, and the
present invention is not at all limited thereby. Display 100
is shown as having two arrows. Arrow 8 (at 45°) depicts
the original direction of the subject vehicle. Arrow 7 is
shown as being at a 45° angle to arrow 8, and indicates
the travel direction of another EV for a potential collision
with vehicle 1 of Figure 4. Display 100 may be arranged
to show any number of arrows indicative of vehicles using
the system of the present invention within range of a par-
ticular receiving vehicle.
[0053] Also included in the control/display is an L.E.D.
Astatus@ indicator (9), which verifies communication link
with TS transceiver by lighting the L.E.D. green, for ex-
ample. If not in communication with a TS transceiver, the
L.E.D. is lit red. A 3-position mode switch (10) is arranged
with L.E.D. visual confirmation next to each mode posi-
tion of the mode switch (10). Preferably the mode switch
is constituted by a toggle switch. An L.E.D. (11) lights
green when mode switch (10) is in Aauto@ mode. As a
safety precaution the Aauto@ mode of the EV transceiver
automatically engages the traffic light control feature only
when the siren or light bar is activated on the vehicle.
Even when siren and red lights are not activated, the
receiving capability with audio and visual alarms remains
operative.
[0054] L.E.D. (12) lights green when the mode switch
(10) is in the Amanual@ mode. When in the Amanual@
mode, the traffic light control feature is constantly en-
gaged, and both audio and visual collision avoidance fea-
tures are operational. This mode may be used by an un-
marked police car, for example, which desires full use of
the features, but does not wish to use its siren or light bar.
[0055] L.E.D. (13) lights red when in the Aoff@ mode.
In this mode, traffic lights are not affected. Visual and
audible collision alarms still remain operative, unless au-
dio alarm toggle (19) is in the Aoff@ position, then a visual
collision alert only is available.
[0056] Broadcast beam width can be adjusted by two-
position mode switch (14), which is accompanied by
L.E.D. visual confirmation next to each position of the
toggle switch (14). It should be noted that a two-posi-
tioned toggle switch is not necessary for the operation of
the present invention. Rather, the use of this switch to
select between high and low density areas is merely one
variation that can be used in the present invention. A
wide variety of transmission beam patterns can be used
with the present invention. Accordingly, appropriate con-
trols can be used to select any number of transmission
patterns that may be desired.

[0057] The L.E.D. (15) lights green when toggle switch
(14) is in the Acountry@ or wide dispersement position.
The broadcast beam (depicted in Figure 5) radiates in a
180 degree pattern (24). This position is used in rural
areas, for example, where no similarly equipped traffic
signals are within range. This allows for direct Avehicle
to vehicle@ transmission of collision avoidance informa-
tion without an appropriately equipped traffic signal within
a range to rebroadcast the information to other EV trans-
ceivers.
[0058] The L.E.D. (16) lights green when toggle switch
(14) is in the Acity@ or narrow dispersement position.
The broadcast beam (23) of Figure 5 radiates forward at
a 10 degree angle. This position is used when the emer-
gency vehicle is likely to encounter traffic signals
equipped with the present invention. The narrow broad-
cast pattern (23) of between 5-10°, helps to limit the
number of conflicting signals received by each traffic sig-
nal (4) within crowded urban environments.
[0059] The L.E.D. (17) lights green and indicates that
the audio alarm toggle switch (19) is in the Aon@ position.
The L.E.D. (18) lights red and indicates that audio alarm
toggle switch (19) is in the Aoff@ position. An audio
alarm, two-position toggle switch (19) allows the operator
to manually Asilence@ the intrusive audible collision
alarm. The Aon@ and Aoff@ positions of this switch are
visually confirmed by green Aon@ L.E.D. (17) and red
Aoff@ L.E.D. (18).
[0060] Audio alarm volume knob (20) controls a rheo-
stat (or other appropriate electronic control) that allows
the vehicle operator to adjust the volume of the intrusive
audible collision alarm. A press to test button (41) is lo-
cated at the center of the circular portion of the display
100, depicting arrows 7,8.
[0061] Figure 7 is a flow diagram depicting the com-
prehensive operation of a system encompassing a plu-
rality of embodiments of the present invention. However,
other embodiments of the present invention beyond the
scope of the Figure 7 system are also possible. It should
be noted that the system, which operation is depicted in
Figure 7 also extends far beyond the most basic embod-
iment of the present invention, and admits to many var-
iations and alternatives all within the scope of the ap-
pended claims. Some of these are described below.
[0062] At step 200 the basic operation of obtaining di-
rection of travel data is carried out. This can be done in
a number of different ways well known to those skilled in
this technology. A variety of different techniques can be
used, including : gyroscopes; electronic detection of the
position of magnetic compasses; radio triangulation; and,
the use of global positioning systems (GPS). In the most
advanced embodiment of the present invention the use
of GPS is preferred.
[0063] A plurality of emergency vehicles (2) are used
in the system of the invention, and each derives direc-
tional information regarding its movements from one of
the aforementioned methods of obtaining directional da-
ta. This directional information is translated to the orien-
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tation depicted in Figure 2. In this manner, each emer-
gency vehicle throughout the inventive system uses com-
mon orientation so that a common set of directions can
be provided for comparison of the direction of travel of
each of the vehicles. This translation to the orientation
of Figure 2 is easily accomplished by the microprocessor
control of any of the aforementioned directional data sys-
tems. Accordingly, the translation of orientation can be
carried out by the controller or microprocessor that con-
trols the display (100). Such manipulation of display data
is well-known to those in the display technology. Accord-
ingly, further elaboration on the translation of directional
data from standard systems to Figure 2 orientation is not
necessary for an understanding of the present invention.
[0064] While step 200 is absolutely necessary for the
operation of the present invention, step 201 is not. In this
step, each of the traffic signals (4) (in Figure 1) sends
out data regarding its location (as translated to the Figure
2 orientation of the present invention). Along with the
location information, the traffic signal identity data can
also be sent. This later type of information is helpful when
dealing in highly congested areas where the traffic signal
transceivers (5) are arranged to send a variety of different
acknowledgment and informative signals as to be ex-
plained infra.
[0065] The traffic signal for transceivers (5) are pref-
erably controlled by a traffic signal control device 6. This
device can control the operation of a plurality of traffic
signals, for one or a plurality of intersections. The control
device (6) also controls the transceivers to operate in a
manner so that the preprogrammed location data of all
traffic signals under the control device control are trans-
mitted as indicated at step 201. The control device will
also be used to control other operations of the traffic sig-
nal transceivers (5), as is explained infra.
[0066] In step 202 the traffic signal location information
is received by any emergency vehicle (2) within range of
the traffic signal transceiver (5). Preferably, the location
information of the traffic signal location has already been
translated into the orientation of Figure 2 so that the lo-
cation information can be fed directly to display 100 (as
depicted in Figure 3). For the sake of easy recognition,
display 100 can be labeled to reflect the direction orien-
tation of Figure 2. Further, while the basic invention re-
quires only that display 100 depict relative directions of
travel of other emergency vehicles (2), the display can
also be programmed to depict the location of traffic sig-
nals (4), the changing positions of other emergency ve-
hicles (2), and the position as well as direction of travel
of the emergency vehicle in which the particular display
is mounted.
[0067] All of this is facilitated through the use of GPS.
However, use of exact position location for either the traf-
fic signals (4) or all emergency vehicles (2), is not re-
quired for the operation of the present invention. Rather,
only the use of direction vectors (such as 7,8 in Figure
3) is required for the operation of the most basic form of
the present invention. Accordingly, step 201 and 202 are

not necessary for the operation of the basic invention but
merely constitute additional steps in a more complex var-
iation of the present invention.
[0068] Step 204 is a key part of all the variations of the
present invention. Each of the emergency vehicles (2)
transmits its identification code and directional informa-
tion so as to be received by traffic signals (4) that are
within the range (step 206) and by other emergency ve-
hicles (2) that are within range (step 205). Preferably,
transmission of the emergency vehicle (2) identity code
receives that of the directional information so that the
microprocessors controlling other emergency vehicle
transceivers and traffic signal transceivers can take ap-
propriate action in processing this data (at steps 207 and
208, respectlively).
[0069] A single frequency and/or mode of transmission
is preferably used by the emergency vehicles (2) for
transmitting directional and LD. data. Any type of elec-
tromagnetic radiation or any type of wave configuration,
modulation, encoding and/or pulsing can be used to cany
out this aspect of the present invention. Likewise, digital
transmissions of various types, such as those used to
exchange handshake codes in cellular telephone sys-
tems, can also be used. However, because of the limited
amount of information that is to be sent, highly complex
forms of communication (such as cellular digital packet
data) communications will not be necessary to carry out
the operation of the present invention.
[0070] The power level, mode of transmission and fre-
quency will all be constrained by the system configura-
tion, including the number of traffic lights within a partic-
ular area of a particular size, the traffic density, expected
number of emergency vehicles equipped with the present
invention and existing traffic coordination schemes. Ac-
cordingly, much of the transmission techniques available
will be constrained by existing traffic configurations. Fur-
ther, the FCC imposes other constraints, as do munici-
palities that already have electronically controlled traffic
signals. Thus, it is most likely that a simple frequency
modulation (FM) signal containing an emergency vehicle
(2) identity and subsequent direction information will be
preferable for most embodiments of the present inven-
tion. The range (and appropriate power levels) will most
likely be between 0.40 km and 1.60 km (1/4 mile and 1
mile), the same as that for cellular telephones in crowded
municipal areas.
[0071] Further, in crowded municipal areas relatively
narrow transmission patterns (3) (such as shown in Fig-
ure 1) will be used. While a 10° radiation pattern has been
previously suggested, it should be understood that the
transmission pattern may be varied over a wide range,
from approximately 5° to 360°. The transmission pattern
will be determined by the system operator, based upon
existing traffic configurations and density. Likewise the
range of the transmission (and its accompanying power
level) will also be determined to some extent by the den-
sity of traffic and traffic signals, as well as the general
street configuration: As previously stated, the additional
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constraints of FCC rules and municipal ordinance rules
will also be applied. The system of the present invention
is sufficiently flexible to be adapted to almost any traffic
pattern or configuration in a wide range of environments
while still maintaining the basic components that distin-
guish it from the conventional technology.
[0072] A key aspect of the present invention is the re-
ception by other emergency vehicles (2) of the identity
codes and directional data of any emergency vehicle
within range and equipped with the present invention.
This data is processed (step 207) in a manner well-known
in the display art so that a vector (such as 7,8 in Figure
3) is generated on display (100). This is done for every
emergency vehicle in range so that the number of vectors
are generated by display (100) if other emergency vehi-
cles are in range.
[0073] The processing carried out in step 207 can eas-
ily be supplemented by the generation of a vector repre-
senting the travel of the emergency vehicle in which the
display 100 is contained. While this additional feature is
not necessary for the operation of the present invention,
it can greatly help the vehicle operator easily ascertain
where his vehicle is with respect to the vector represent-
ing other vehicles. As part of the process carried out at
step 207 the directional information from each of the other
emergency vehicles (2) is compared to that of the emer-
gency vehicle receiving the data, and the operation of
Equation #1 (in Figure 4) is carried out to provide the
relative angles between direction of movement of the re-
ceiving emergency vehicle and any other emergency ve-
hicles within its range.
[0074] The display of relative directional vectors to that
of the receiving emergency vehicle constitutes the key
component for collision avoidance. This process is sim-
plified through the use of Equation #1 in the system emer-
gency vehicle. The calculations using Equation # 1 are
carried out by any number of system controllers that are
suitably programmed for arithmetic computation. Such
controllers are preferably constituted by the controllers
used to control cellular telephones and similar transceiv-
ers. However, more powerful controllers are generally
used in the control of displays, such as (100). The pro-
gramming necessary to carry out all of the aforemen-
tioned processes are well within the skill of those pro-
gramming microprocessors and similar equipment, and
need no further elaboration for purposes of understand-
ing the present invention.
[0075] Another ancillary feature of the present inven-
tion is the additional programming of the controller that
handles the emergency vehicle display and transceivers
so that the display is immediately cleared of any vehicles
that are behind the path of travel of the emergency vehicle
receiving the data. The automatic reset of the display is
carried out at step 211, and can be facilitated in a number
of different ways. The simplest and least expensive way
is through the use of forward-looking narrow-beam trans-
mission patterns for each of the emergency vehicles.
Once vehicles having such transmission patterns pass

each other, transmissions can no longer be detected by
those vehicles. Accordingly, indications of such vehicles
will be removed from the display. However, narrow-
beamed transmission patterns are not always used in
the operation of the present invention. Accordingly, other
techniques must be used.
[0076] One variation is the use of signal strength cal-
culations. The controller of the display and transceiver in
emergency vehicles can be programmed so that signals
failing to maintain predetermined parameters will cause
the controller to immediately wipe any indication corre-
sponding to these emergency vehicles from display.
More complex programming can be used to carry out
algorithms that allow tracking of emergency vehicles run-
ning parallel to the receiving emergency vehicle, as well
as those that have passed behind the receiving emer-
gency vehicle. Selection of the operating parameters as
well as the algorithms for determining elimination of di-
rectional display vectors includes techniques found in the
cellular telephone systems. Any number of these tech-
niques can be used to effect reset step 211.
[0077] An ancillary, but very useful, component of the
present invention is the preemption of traffic signals to
favor the movement of emergency vehicle 2 through a
particular traffic signal with a minimum of wasted time.
At step 206 the identity and directional information of any
emergency vehicles (2) within range of a particular traffic
signal (4) is received. The signals from all the emergency
vehicles are all presumed to be requests for preemption
of traffic signal control so as to favor a particular emer-
gency vehicle passing quickly through the intersection
controlled by the traffic signal.
[0078] To select from a number of emergency vehicles
(2), a selection process at step 208 is carried out. Pref-
erably this selection is based upon received signal
strength, where the emergency vehicle (2) having the
strongest signal strength as received by the traffic signal
(4), is given priority by the traffic signal control device (6).
This operation, of necessity, must be automatic and rel-
atively simple. In particular, the traffic signal is controlled
to allow the selected emergency vehicle (2) to pass
through the intersection without being stopped or slowed
by a red light.
[0079] In one embodiment of the present invention the
selection process is carried out on the basis of selecting
between signal strengths of a plurality of emergency ve-
hicle (2) signals, choosing the strongest. However, other
parameters can be used to select the most appropriate
emergency vehicle for preemption of traffic signal control.
[0080] Preemption of traffic signal control is carried out
at step 210, overriding the normal traffic light sequence
as controlled by traffic signal control device 6. Once the
normal sequence has been preempted, traffic signal (4)
is controlled so that passage through the intersection
controlled by the traffic signal is facilitated for emergency
vehicle (2) (the selected emergency vehicle). In order to
accomplish proper control of the traffic signal (4) so that
the selected emergency vehicle can move through the

17 18 



EP 1 440 425 B1

11

5

10

15

20

25

30

35

40

45

50

55

subject intersection by virtue of a green light, it is neces-
sary that the traffic signal controller be capable of iden-
tifying the direction of travel of the selected emergency
vehicle. The traffic signal controller can be the normal
control device (6) or an additional controller preferably
included as transceiver (5). In either case the function of
this controller must encompass the identification and
travel vector of the selected emergency vehicle.
[0081] Upon preempting control of the traffic signal (4)
in favor of the selected emergency vehicle (2), the trans-
ceiver (5) at the traffic signal begins to broadcast a signal
indicative of the preemption by the selected emergency
vehicle (step 212). This signal is preferably broadcast in
a 360° radiation pattern, and uses a second frequency
and/or transmission mode from that originally used by
the emergency vehicles when transmitting their identifi-
cation and direction signals at step 204. This second fre-
quency and/or transmission mode is also different from
that used when the locations of the traffic signals are
broadcast at step 201. The broadcast generated at step
212 contains the identification of the selected emergency
vehicle (2). The broadcast signal identifying the selected
emergency vehicle (2) is received by the other emergen-
cy vehicles (step 213).
[0082] At step 215 the data broadcast at step 212 is
processed for display. Preferably, such a display would
modify the existing display vector for the selected E.V.
to indicate that this particular emergency vehicle had pri-
ority, and that the subject traffic signal would be controlled
so as to allow the selected emergency vehicle to move
easily through the intersection controlled by the traffic
signal. The modification to the display can be done in
any appropriate manner, such as changing the color of
the display vector corresponding to the selected emer-
gency vehicle, or by intermittent display (flashing) of the
vector corresponding to the selected emergency vehicle.
[0083] The radical change in display (step 217) would
indicate to the operators of the non-selected emergency
vehicles, as well as the operator of the selected emer-
gency vehicle that a particular emergency vehicle had
preempted the control of the traffic signal so that the light
would be green in favor of the selected emergency ve-
hicle. It is important that a clear indication be given to all
emergency vehicle operators in range that a particular
emergency vehicle has been given priority through the
intersection controlled by the preempted traffic signal.
This can be done, as previously indicated, by a change
in the configuration of display 100 (Figure 3). In the al-
ternative, flashing lights on the control panel (in Figure
3) can also be used to indicate preemption status to emer-
gency vehicle operators, as described supra.
[0084] At step 219, a reset operation is carried out in
each emergency vehicle once it has passed a displayed
indication of a particular traffic signal. As a result, all in-
dication of the passed traffic signal is removed from the
display 100. The benefits of using this technique, while
not absolutely necessary to the operation of the present
invention, are that the display is clear of clutter as quickly

as appropriate, and that the vehicle operator is provided
with only relevant data. The reset operation as step 219
does this. The means for determining that emergency
vehicle vectors or traffic signals are no longer relevant
to a particular emergency vehicle would be contained in
the standard control circuitry normally used for cellular
telephone systems. The decision to delete part of a dis-
play could be handled in the same manner as used by a
cellular equipment when determining which base station
should be selected. While this is normally done on the
basis of received signal strength (at the cellular mobile
unit) there are a number of different techniques and al-
gorithms that can be used to select the most appropriate
base station. These same techniques can be applied to
determine when a traffic signal is no longer relevant or
when the direction vectors of other emergency vehicles
are no longer relevant to a particular emergency vehicle.
As previously indicated, the use of tight directional trans-
mission patterns also facilitates this decision making
process by removing transmission patterns of irrelevant
emergency vehicles from the range of other emergency
vehicles and traffic signals.
[0085] A similar process can be carried out at step 214,
where determination is made at the preempted traffic sig-
nal that the selected emergency vehicle has passed
through the intersection. There are a number of tech-
niques that can be used, including the aforementioned
techniques used in cellular communications. Once pas-
sage of the selected emergency vehicle through the in-
tersection controlled by the preempted traffic signal has
occurred, it is necessary that preemption ends immedi-
ately. At this point, control of the traffic signal reverts back
to the traffic signal control device, and the process is
ready to begin again. The process would begin again at
step 204 or 201, depending upon the features and capa-
bilities programmed into the system. At this point, the
traffic signal would once again be susceptible to preemp-
tion by other approaching emergency vehicles in the
same manner that the first selected emergency vehicle
obtained preemption of the traffic signal.
[0086] An extra feature that can be added to the system
of the present invention is the operation of step 218. At
this point, the traffic signal transceiver 5 broadcasts the
signal indicative that the original preemption by the now
departed selected emergency vehicle has been revoked,
and that the system for that traffic signal has now reverted
to its initial state. This signal can be broadcast on the
same frequency and/or transmission as the broadcast
announcing the original preemption. In contrast to the
identification of the original preempting emergency vehi-
cle, the reversion signal can remain the same for each
reversion. In this manner, the signaling protocols for the
present invention remain as simple as possible. The flex-
ibility in the various signal-handling techniques used to
facilitate the present invention is provided by techniques
currently used in the cellular telephone art. In particular,
the selection of the most appropriate emergency vehicle
to preempt normal traffic signal control can utilize all the
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techniques used in cellular telephone systems for select-
ing between the most appropriate base stations to be
used. Further, various location techniques used by both
cellular telephone systems and in the more-precise glo-
bal positioning systems can be used to provide a display
of not only direction vectors for moving vehicles but also
precise locations of those vehicles with respect to each
other and the various traffic signals equipped with the
present invention. As a result, the present invention is
sufficiently flexible to operate in virtually any type of traffic
environment.
[0087] While a number of embodiments of the present
invention have been described by way of example, the
present invention is not limited thereto. Rather, the
present invention should be construed to include any and
all variations, permutations, modifications, adjustments
and embodiments which would occur to one skilled in
this technology, once having been taught the present in-
vention. Accordingly, the present invention is to be inter-
preted as being limited only by the following claims.

Claims

1. An emergency vehicle collision avoidance system
including a plurality of emergency vehicles (2), each
emergency vehicle (2) comprising:

(a) means for determining direction of travel of
said emergency vehicle (2), wherein the means
for determining direction of travel operates in-
dependently of other emergency vehicles in the
system, said means for determining direction of
travel also comprising means for determining lo-
cation of said emergency vehicle (2);
(b) an emergency vehicle transceiver (1) ar-
ranged to transmit direction signals indicative of
said direction of vehicle travel, and receiving di-
rection signals indicative of direction of travel of
other emergency vehicles, wherein said trans-
ceiver (1) is also arranged to transmit emergen-
cy vehicle location data;
(c) correlating means comprising a microproc-
essor for calculating relative direction vectors
based upon said received direction signals in-
dicative of vehicle travel of said other emergency
vehicles, wherein said direction vectors provide
an indication of direction of each of said emer-
gency vehicles; and
(d) a graphical display (100) arranged to depict
a relative arrangement of said direction vectors
for said plurality of emergency vehicles.

2. The emergency vehicle collision avoidance system
of claim 1, wherein said correlating means comprise
means for calculating a direction vector for said
emergency vehicle (2) relative to said vectors of trav-
el of said other emergency vehicles so that said di-

rection vector of said emergency vehicle (2) is de-
picted by said graphical display (100).

3. The emergency vehicle collision avoidance system
of claim 1, wherein said means for determining di-
rection of travel and said means for determining lo-
cation are constituted by a global positioning system.

4. The emergency vehicle collision system of claim 3,
wherein said transceiver (1) is arranged to operate
in a first mode to transmit and receive said direction
signals indicative of direction of travel of said other
emergency vehicles.

5. The emergency vehicle collision avoidance system
of claim 4, wherein said emergency vehicle trans-
ceiver (1) comprises means to adjust transmission
patterns from 10 degrees to 180 degrees.

6. The emergency vehicle collision system of claim 5,
wherein said emergency vehicle transceiver (1)
comprises means for operating in a second mode of
signal transmission.

7. The emergency vehicle collision avoidance system
of claim 6, further including a traffic signal (4), said
traffic signal (4) comprising:

(i) a traffic signal transceiver (5) arranged to op-
erate in said first and said second modes of op-
eration; and.
(ii) a controller (6) arranged to operate said traffic
signal (4) based upon signals received from said
emergency vehicle (2).

8. The emergency vehicle collision avoidance system
of claim 7, wherein said controller (6) comprises
means for selecting among incoming directional sig-
nals from a plurality of said emergency vehicles (2).

9. The emergency vehicle collision avoidance system
of claim 8, wherein selection among said incoming
directional signals from said emergency vehicles (2)
is made based upon signal strength.

10. The emergency vehicle collision avoidance system
of claim 5, wherein an identity signal indicative of a
selected emergency vehicle is broadcast in said sec-
ond mode of operation by said traffic signal trans-
ceiver (5) responsive to said means for selecting.

11. A method of operating an emergency vehicle colli-
sion avoidance system including a plurality of emer-
gency vehicles (2), each emergency vehicle (2) op-
erating according to said methods comprising the
steps of:

(a) obtaining directional and location data indic-
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ative of a direction of travel and location of said
emergency vehicle (2);
(b) sending directional and location signals to
other emergency vehicles indicative of said di-
rectional and location data, said directional sig-
nals being sent in a first mode of transmission
operating independently of other emergency ve-
hicles;
(c) correlating with a microprocessor received
directional signals to determine directional vec-
tors based upon said directional signals re-
ceived, wherein said directional vectors provide
an indication of direction of each of said emer-
gency vehicles, and deriving relative relation-
ships between said directional vectors; and
(d) graphically displaying said directional vec-
tors to depict relative directions of travel of said
plurality of emergency vehicles.

12. The method of claim 11, wherein step (d) of graph-
ically displaying further comprises graphically dis-
playing a directional vector for a direction of travel
for said emergency vehicle (2) receiving directional
signals from said other emergency vehicles.

13. The method of claim 12, wherein step (d) of graph-
ically displaying a directional vector further compris-
es the substep of: graphically displaying a direction
vector for said emergency vehicles.

14. The method of claim 13, wherein said system in-
cludes at least one traffic signal (4) having a trans-
ceiver (5) and a controller (6), said method further
comprising the step of:

(e) receiving at said traffic signal transceiver (5)
said signals indicative of directional data of said
emergency vehicles, along with identity data of
said emergency vehicles, to select an emergen-
cy vehicle from among a plurality of said emer-
gency vehicles.

15. The method of claim 14, further comprising the step
of:

(f) controlling said traffic signal (4) responsive
to directional data of said selected emergency
vehicle.

16. The method of claim 15, further comprising the step
of:

(g) broadcasting identify information for said se-
lected emergency vehicle in a second mode of
transmission.

17. The method of claim 16, further comprising the step
of:

(h) displaying at each said emergency vehicle
within range of said traffic signal transceiver (5)
an indication of said selected emergency vehi-
cle.

18. The method of claim 17, further comprising the steps
of:

(i) detecting passage of said selected emergen-
cy vehicle at said traffic signal (4);
(j) ending control of said traffic signal (4) based
upon directional data of said selected emergen-
cy vehicle; and
(k) broadcasting an indication to all emergency
vehicles within range of said traffic signal trans-
ceiver (5) that control of said traffic signal (4) is
no longer based upon said selected emergency
vehicle.

Patentansprüche

1. Noteinsatzfahrzeug- Kollisionsvermeidungssystem,
enthaltend eine Pluralität von Noteinsatzfahrzeugen
(2), jedes Noteinsatzfahrzeug (2) umfassend:

(a) Mittel zum Bestimmen der Fahrtrichtung des
Noteinsatzfahrzeugs (2), wobei das Mittel zum
Bestimmen der Fahrtrichtung unabhängig von
anderen Noteinsatzfahrzeugen in dem System
operiert, wobei das Mittel zum Bestimmen der
Fahrtrichtung außerdem Mittel zum Bestimmen
des Standorts des Noteinsatzfahrzeugs (2) um-
fasst;
(b) einen Noteinsatzfahrzeug-Transceiver (1),
angeordnet zum Übertragen von Richtungssi-
gnalen, die die Fahrtrichtung des Fahrzeugs an-
geben, und zum Empfangen von Richtungssi-
gnalen, die die Fahrtrichtung von anderen Note-
insatzfahrzeugen angeben, wobei der Transcei-
ver (1) außerdem zum Übertragen von Notein-
satzfahrzeug-Standortdaten angeordnet ist;
(c) Korrelationsmittel, umfassend einen Mikro-
prozessor zum Berechnen relativer Richtungs-
vektoren basierend auf den empfangenen Rich-
tungssignalen, die die Fahrzeugfahrt der ande-
ren Noteinsatzfahrzeuge angeben, wobei die
Richtungsvektoren eine Angabe der Richtung
von jedem der Noteinsatzfahrzeuge bereitstel-
len; und
(d) eine grafische Anzeige (100), angeordnet
zur Darstellung einer relativen Anordnung der
Richtungsvektoren für die Pluralität von Notein-
satzfahrzeugen.

2. Noteinsatzfahrzeug- Kollisionsvermeidungssystem
nach Anspruch 1, wobei das Korrelationsmittel Mittel
zur Berechnung eines Richtungsvektors für das

23 24 



EP 1 440 425 B1

14

5

10

15

20

25

30

35

40

45

50

55

Noteinsatzfahrzeug (2) relativ zu den Fahrtvektoren
der anderen NoteinsatzFahizeuge umfasst, so dass
der Richtungsvektor des Noteinsatzfahrzeugs (2)
von der grafischen Anzeige (100) dargestellt wird.

3. Noteinsatzfahrzeug- Kollisionsvermeidungssystem
nach Anspruch 1, wobei das Mittel zum Bestimmen
der Fahrtrichtung und das Mittel zum Bestimmen des
Standorts durch ein globales Positionierungssystem
gebildet werden.

4. Noteinsatzfahrzeug-Kollisionssystem nach An-
spruch 3, wobei der Transceiver (1) angeordnet ist,
um in einem ersten Modus zum Übertragen und
Empfangen der Richtungssignale, die die Fahrtrich-
tung der anderen Noteinsatzfahrzeuge angeben, zu
operieren.

5. Noteinsatzfahrzeug- Kollisionsvermeidungssystem
nach Anspruch 4, wobei der Noteirisatzfahrzeug-
Transceiver (1) Mittel zum Anpassen von Übertra-
gungsmustern von 10 Grad bis 180 Grad umfasst.

6. Noteinsatzfahrzeug-Kollisionssystem nach An-
spruch 5, wobei der Noteinsatzfahrzeug-Transcei-
ver (1) Mittel zum Operieren in einem zweiten Modus
der Signalübertragung umfasst.

7. Noteinsatzfahizeug- Kollisionsvermeidungssystem
nach Anspruch 6, weiter enthaltend eine Verkehrs-
ampel (4), die Verkehrsampel (4) umfassend:

(i) einen Verkehrsampel-Transceiver (5), ange-
ordnet zum Operieren in dem ersten und dem
zweiten Operationsmodus; und
(ii) eine Steuerung (6), angeordnet zum Operie-
ren der Verkehrsampel (4) basierend auf Signa-
len, die von dem Noteinsatzfahrzeug (2) emp-
fangen wurden.

8. Noteinsatzfahrzeug- Kollisionsvermeidungssystem
nach Anspruch 7, wobei die Steuerung (6) Mittel zum
Auswählen unter eingehenden Richtungssignalen
von einer Pluralität der Noteinsatzfahrzeuge (2) um-
fasst.

9. Noteinsatzfahrzeug- Kollisionsvermeidungssystem
nach Anspruch 8, wobei Auswahl unter den einge-
henden Richtungssignalen von den Noteinsatzfahr-
zeugen (2) basierend auf Signalstärke erfolgt.

10. Noteinsatzfahrzeug- Kollisionsvermeidungssystem
nach Anspruch 5, wobei ein Identitätssignal, das ein
ausgewähltes Noteinsatzfahrzeug angibt, in dem
zweiten Operationsmodus von dem Verkehrsampel-
Transceiver (5) als Reaktion auf das Mittel zur Aus-
wahl ausgestrahlt wird.

11. Verfahren zur Operation eines Noteinsatzfahrzeug-
Kollisionsvermeidungssystems, enthaltend eine
Pluralität von Noteinsatzfahrzeugen (2), wobei jedes
Noteinsatzfahrzeug (2) nach dem Verfahren ope-
riert, die folgenden Schritte umfassend:

(a) Erhalten von Richtungs- und Standortdaten,
die eine Fahrtrichtung und einen Standort des
Noteinsatzfahrzeugs (2) angeben;
(b) Senden von Richtungs- und Standortsigna-
len an andere Noteinsatzfahrzeuge, die die
Richtungs- und Standortdaten angeben, wobei
die Richtungssignale in einem ersten Übertra-
gungsmodus, der unabhängig von anderen
Noteinsatzfahrzeugen operiert, gesendet wer-
den;
(c) Korrelieren von empfangenen Richtungssi-
gnalen mit einem Mikroprozessor zum Bestim-
men von Richtungsvektoren basierend auf den
empfangenen Richtungssignalen, wobei die
Richtungsvektoren eine Angabe der Richtung
von jedem der Noteinsatzfahrzeuge bereitstel-
len, und Ableiten von relativen Verhältnissen
zwischen den Richtungsvektoren; und
(d) grafische Anzeige der Richtungsvektoren
zur Darstellung relativer Fahrtrichtungen der
Pluralität von Noteinsatzfahrzeugen.

12. Verfahren nach Anspruch 11, wobei Schritt (d) der
grafischen Anzeige weiter umfasst, einen Rich-
tungsvektor für eine Fahrtrichtung für das Notein-
satzfahrzeug (2), das Richtungssignale von den an-
deren Noteinsatzfahrzeugen empfängt, grafisch an-
zuzeigen.

13. Verfahren nach Anspruch 12, wobei Schritt (d) der
grafischen Anzeige eines Richtungsvektors weiter
den Unterschritt umfasst: grafische Anzeige eines
Richtungsvektors für die Noteinsatzfalirzeuge.

14. Verfahren nach Anspruch 13, wobei das System
mindestens eine Verkehrsampel (4) enthält, die ei-
nen Transceiver (5) und eine Steuerung (6) hat, wo-
bei das Verfahren weiter den folgenden Schritt um-
fasst:

(e) Empfangen der Signale, die Richtungsdaten
der Noteinsatzfahrzeuge angeben, zusammen
mit Identitätsdaten der Noteinsatzfahrzeuge an
dem Verkehrsampel-Transceiver (5), um ein
Noteinsatzfahrzeug aus einer Pluralität der
Noteinsatzfahrzeuge auszuwählen.

15. Verfahren nach Anspruch 14, weiter den folgenden
Schritt umfassend:

(f) Steuern der Verkehrsampel (4) als Reaktion
auf Richtungsdaten des ausgewählten Notein-
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satzfahrzeugs.

16. Verfahren nach Anspruch 15, weiter den folgenden
Schritt umfassend:

(g) Ausstrahlen von Identitätsinformationen für
das ausgewählte Noteinsatzfahrzeug in einem
zweiten Übertragungsmodus.

17. Verfahren nach Anspruch 16, weiter den folgenden
Schritt umfassend:

(h) Anzeigen an jedem der Noteinsatzfahrzeuge
innerhalb des Bereichs des Verkehrsampel-
Transceivers (5) einer Angabe des ausgewähl-
ten Noteinsatzfahrzeugs.

18. Verfahren nach Anspruch 17, weiter die folgenden
Schritte umfassend:

(i) Erkennen der Passage des ausgewählten
Noteinsatzfahrzeugs an der Verkehrsampel (4);
(j) Beenden der Steuerung der Verkehrsampel
(4) basierend auf Richtungsdaten des ausge-
wählten Noteinsatzfahrzeugs; und
(k) Ausstrahlen einer Angabe an alle Notein-
satzfahrzeuge innerhalb des Bereichs des Ver-
kehrsampel-Transceivers (5), dass Steuerung
der Verkehrsampel (4) nicht länger auf dem aus-
gewählten Noteinsatzfahrzeug basiert.

Revendications

1. Système anti-collision de véhicule d’urgence com-
prenant une pluralité de véhicules d’urgence (2),
chaque véhicule d’urgence (2) comprenant:

(a) un moyen pour déterminer la direction de
déplacement dudit véhicule d’urgence (2), dans
lequel le moyen pour déterminer la direction de
déplacement fonctionne indépendamment des
autres véhicules d’urgence dans le système, le-
dit moyen pour déterminer la direction de dépla-
cement comprenant aussi un moyen pour dé-
terminer l’emplacement dudit véhicule d’urgen-
ce (2);
(b) un émetteur-récepteur de véhicule d’urgen-
ce (1) disposé pour transmettre des signaux de
direction indicateurs de ladite direction de dé-
placement de véhicule, et pour recevoir des si-
gnaux de direction indicateurs de direction de
déplacement des autres véhicules d’urgence,
dans lequel ledit émetteur-récepteur (1) est aus-
si disposé pour transmettre des données d’em-
placement de véhicule d’urgence;
(c) un moyen de corrélation comprenant un mi-
croprocesseur pour calculer des vecteurs de di-

rection relatifs basés sur lesdits signaux de di-
rection reçus indicateurs du déplacement de vé-
hicule desdits autres véhicules d’urgence, dans
lequel lesdits vecteurs de direction fournissent
une indication de direction de chacun desdits
véhicules d’urgence; et
(d) un affichage graphique (100) disposé pour
décrire une disposition relative desdits vecteurs
de direction pour ladite pluralité de véhicules
d’urgence.

2. Système anti-collision de véhicule d’urgence selon
la revendication 1, dans lequel ledit moyen de cor-
rélation comprend un moyen pour calculer un vec-
teur de direction pour ledit véhicule d’urgence (2) par
rapport auxdits vecteurs de déplacement desdits
autres véhicules d’urgence pour que ledit vecteur de
direction dudit véhicule d’urgence (2) soit décrit par
ledit affichage graphique (100).

3. Système anti-collision de véhicule d’urgence selon
la revendication 1, dans lequel ledit moyen pour dé-
terminer la direction de déplacement et ledit moyen
pour déterminer l’emplacement sont constitués par
un système de positionnement global.

4. Système anti-collision de véhicule d’urgence selon
la revendication 3, dans lequel ledit émetteur-récep-
teur (1) est disposé pour fonctionner dans un premier
mode pour émettre et recevoir lesdits signaux de
direction indicateurs de la direction de déplacement
desdits autres véhicules d’urgence.

5. Système anti-collision de véhicule d’urgence selon
la revendication 4, dans lequel ledit émetteur-récep-
teur de véhicule d’urgence (1) comprend un moyen
pour ajuster des modèles de transmission de 10 de-
grés à 180 degrés.

6. Système anti-collision de véhicule d’urgence selon
la revendication 5, dans lequel ledit émetteur-récep-
teur de véhicule d’urgence (1) comprend un moyen
pour fonctionner dans un second mode de transmis-
sion de signal.

7. Système anti-collision de véhicule d’urgence selon
la revendication 6, comprenant en outre un signal
de trafic (4), ledit signal de trafic (4) comprenant:

(i) un émetteur-récepteur de signal de trafic (5)
disposé pour fonctionner dans ledit premier et
ledit second modes de fonctionnement; et
(ii un dispositif de commande (6) disposé pour
faire fonctionner ledit signal de trafic (4) basé
sur les signaux reçus dudit véhicule d’urgence
(2).

8. Système anti-collision de véhicule d’urgence selon
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la revendication 7, dans lequel ledit dispositif de
commande (6) comprend un moyen pour sélection-
ner parmi des signaux directionnels entrants à partir
d’une pluralité desdits véhicules d’urgence (2).

9. Système anti-collision de véhicule d’urgence selon
la revendication 8, dans lequel la sélection parmi les-
dits signaux directionnels entrants desdits véhicules
d’urgence (2) est faite basée sur la puissance de
signal.

10. Système anti-collision de véhicule d’urgence selon
la revendication 5, dans lequel un signal d’identité
indicateur d’un véhicule d’urgence sélectionné est
diffusé dans ledit second mode de fonctionnement
par ledit émetteur-récepteur de signal de trafic (5)
en réponse audit moyen pour la sélection.

11. Procédé de fonctionnement d’un système anti-colli-
sion de véhicule d’urgence comprenant une pluralité
de véhicules d’urgence (2), chaque véhicule d’ur-
gence (2) fonctionnant selon ledit procédé, compre-
nant les étapes de:

(a) obtention de données directionnelles et
d’emplacement indicatrices d’une direction de
déplacement et d’un emplacement dudit véhi-
cule d’urgence (2);
(b) envoi des signaux directionnels et d’empla-
cement aux autres véhicules d’urgence indica-
teurs desdites données directionnelles et d’em-
placement, lesdits signaux directionnels étant
envoyés dans un premier mode de transmission
fonctionnant indépendamment des autres véhi-
cules d’urgence;
(c) corrélation avec des signaux directionnels
reçus par un microprocesseur pour déterminer
des vecteurs directionnels basés sur lesdits si-
gnaux directionnels reçus, dans lequel lesdits
vecteurs directionnels fournissent une indica-
tion de direction de chacun desdits véhicules
d’urgence, et dérivant des relations relatives en-
tre lesdits vecteurs directionnels; et
(d) affichage graphique desdits vecteurs direc-
tionnels pour décrire des directions relatives de
déplacement de ladite pluralité de véhicules
d’urgence.

12. Procédé selon la revendication 11, dans lequel l’éta-
pe (d) d’affichage graphique comprend en outre l’af-
fichage graphique d’un vecteur directionnel pour une
direction de déplacement pour ledit véhicule d’ur-
gence (2) recevant des signaux directionnels desdits
autres véhicules d’urgence.

13. Procédé selon la revendication 12, dans lequel l’éta-
pe (d) d’affichage graphique d’un vecteur direction-
nel comprend en outre la sous-étape d’affichage gra-

phique d’un vecteur directionnel pour lesdits véhicu-
les d’urgence.

14. Procédé selon la revendication 13, dans lequel ledit
système comprend au moins un signal de trafic (4)
ayant un émetteur-récepteur (5) et un dispositif de
commande (6), ledit procédé comprenant en outre
l’étape de:

(e) réception sur ledit émetteur-récepteur de si-
gnal de trafic (5) desdits signaux indicateurs de
données directionnelles desdits véhicules d’ur-
gence, ainsi que des données d’identité desdits
véhicules d’urgence, pour sélectionner un véhi-
cule d’urgence parmi une pluralité de véhicules
d’urgence.

15. Procédé selon la revendication 14, comprenant en
outre l’étape de:

(f) commande dudit signal de trafic (4) en répon-
se aux données directionnelles dudit véhicule
d’urgence sélectionné.

16. Procédé selon la revendication 15, comprenant en
outre l’étape de:

(g) diffusion des informations d’identité pour le-
dit véhicule d’urgence sélectionné dans un se-
cond mode de transmission.

17. Procédé selon la revendication 16, comprenant en
outre l’étape de:

(h) affichage sur chacun desdits véhicules d’ur-
gence dans une plage dudit émetteur-récepteur
de signal de trafic (5) d’une indication dudit vé-
hicule d’urgence sélectionné.

18. Procédé selon la revendication 17, comprenant en
outre les étapes de:

(i) détection du passage dudit véhicule d’urgen-
ce sélectionné sur ledit signal de trafic (4);
(j) fin de la commande dudit signal de trafic (4)
basée sur des données directionnelles dudit vé-
hicule d’urgence sélectionné; et
(k) diffusion d’une indication à tous les véhicules
d’urgence dans la plage dudit émetteur-récep-
teur de signal de trafic (5) que la commande
dudit signal de trafic (4) n’est plus basée sur ledit
véhicule d’urgence sélectionné.
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