Office de la Propriete Canadian CA 2688263 C 2017/05/16

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 688 263
i g oS i R 1 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2008/05/22 (51) Cl.Int./Int.Cl. GO8G 1/16 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2008/12/04 (72) Inventeur/Inventor:
(45) Date de delivrance/lssue Date: 201//05/16 BURNS, CHESTER ALLEN, US
(85) Entree phase nationale/National Entry: 2009/11/25 (73) Proprietaire/Owner:

CIRRUS SYSTEMS, LLC, US
(74) Agent: MARKS & CLERK

(86) N° demande PCT/PCT Application No.: US 2008/064510
(87) N° publication PCT/PCT Publication No.: 2008/14/872
(30) Priorite/Priority: 2007/05/25 (US11/807,103)

(54) Titre : SYSTEME ET PROCEDE D'ALERTE ET D'AVERTISSEMENT
(54) Title: ALERT AND WARNING SYSTEM AND METHOD

10\

15

ALERT NODE ALERT

SATELLITE S‘SQAL

| \

POSITION 16 | WA%% " 3 |
SIG1N6AL | IARNIN |

| /

POSITION
INFO
17
12 122

13

11
VEHICLE INFO
PSR BTl PROCESSING UNIT
VEHICLE
(57) Abrege/Abstract:

The present inventions provide a system and method for providing a warning using at least one wireless communication link
between an approaching object and the location where a warning Is to be given based In part on the location of the object and its
proximity to the warning location. One aspect of the inventions includes recelving a communication from an object, for example a
vehicle, which includes location information, at an alert node, wirelessly communicating alert information to a warning node, ana
causing a warning device to generate a warning. Preferably the alert node communicates with a plurality of vehicles and a plurality
of warning nodes and determines to which of the plurality of warning nodes to communicate alert information based in part on the
location Iinformation recelved from at least one of the vehicles and the location of the warning device.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02688263 2009-11-25

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [~
International Bureau %

(10) International Publication Number

WO 2008/147872 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every

GO6F 17/10 (2006.01) kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(43) International Publication Date
4 December 2008 (04.12.2008)

(21) International Application Number:

ACLAUSARNIBAGS10 EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(22) International Filing Date: 22 May 2008 (22.05.2008) IL., IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ. LA, 1L.C,
. . Iish LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
(25) Filing Language: Englis MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
(26) Publication Language: English PL, PT, RO, RS, RU, SC, SD, SE, S@G, SK, SL., SM, SV,
o SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,

(30) Priority Data: ZA. 7M. ZW.

11/807,103 25 May 2007 (25.05.2007) US

(71) Applicant (for all designated States except US): SPOT (84) Designated States (unless otherwise indicated, for every
DEVICES, INC. [US/US]; 1455 Kleppe Lane, Sparks, NV kind of regional protection available): ARIPO (BW, GH,
89431 (US). GM, KE, LS, MW, MZ., NA, SD, SL., SZ, TZ, UG, ZM,

/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

(72) Inventor; and
(75) Inventor/Applicant (for US only): BURNS, Chester,

=—— 18&9115eln9 [IIJJSS/US]; 2590 Lakeridge Shores West, Reno, NV NO, PL, PT, RO, SE, SL SK, TR), OAPI (BF, BJ, CF, CG,
— (US). CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
—— (74) Agent: HEMMINGER, Steven, D.; Akin, Gump,
8 P
— Strauss, Hauer & Feld LLP, Two Palo Alto Square, 3000 Published:
— El Camino Real, Suite 400, Palo Alto, CA 94306 (US). —  with international search report
=—— (54) Title: ALERT AND WARNING SYSTEM AND METHOD
— 10 e 25
— ~ REE
E— . N\
— 1 20 / =N
= ALERT NODE ALERT /’ WARNiNG NOCDE ’g\
— SATELLITE S‘%"AL ; / *% x\
— 2 / | 36 | \
— L ! | \
— POSITION 16 !' 38— 38 t
— SEG1NéA 5 i WQEETLG ?ﬁ !
I \ 40
——— \ Y s !
m— ST 1798 , WARNING DEVICE | j
— i \o(EE|
— » 12 \ | i /
— = ! Z e ~e—— N I | /
— ] [ A N o
E— 11~ I 90—~ 2] | e
POSITION UNIT VEHICLE INFO
Y VEHICLE I VEHICLE PRocee
< FIG. 1
e\
Py (57) Abstract: The present inventions provide a system and method for providing a warning using at least one wireless communi-
IQ cation link between an approaching object and the location where a warning is to be given based in part on the location of the object

-t and its proximity to the warning location. One aspect of the inventions includes receiving a communication from an object, for
w={ cxample a vehicle, which includes location information, at an alert node, wirelessly communicating alert information to a warning
node, and causing a warning device to generate a warning. Preferably the alert node communicates with a plurality of vehicles and
= a plurality of warning nodes and determines to which of the plurality of warning nodes to communicate alert information based in
& part on the location information received from at least one of the vehicles and the location of the warning device.

8/

WO 2



CA 02688263 2009-11-25
WO 2008/147872 PCT/US2008/064510

ALERT AND WARNING SYSTEM AND METHOD

Field of the Inventions

The present inventions pertain to the field of providing an alert based on the location of a moving
object, including in particular to provide an advance warning of approaching vehicles to

predetermined locations.

Background

When two paths cross, 1t 1s important to be able to provide warnings of the approach of an object,
for example, a vehicle or a person, to the area where the paths cross. This 1s particularly so when
two vehicles or a vehicle and a person approach the same intersection of vehicle paths to give
operators of the vehicles and the pedestrian ample warning about the potentially dangerous
situation. Many warning devices are used to notify people of oncoming vehicles. In case of
railroad crossings, car drivers and pedestrians are usually notified by visual signals, such as
flashing lights or traffic signals, audio signals, crossing gates, etc. In the case of emergency
vehicles approaching an intersection, the public is typically notified of their approach by colored
flashing lights and/or sirens mounted on the emergency vehicle. In the case of watercraft,
warnings of an approaching navigation obstacle include flashing lights and audio signals on the

known obstacle, radar, etc.

These wamning devices are typically either on constantly, as in the case of a buoy, or activated

when the potentially dangerous situation begins to present itself such as physically, usually

visually, detecting an approaching vehicle and causing the warning device to be activated.
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Physical detection can be adversely affected by such parameters as sensitivity to weather
conditions, surrounding terrain, etc. Also, when physical detection is used, the lead time
between the activation of the warning device and the time the vehicle crosses the intersection of
paths, may be affected by the speed of the approaching vehicle such as in situations where there
1S a presence at a set distance from the vehicle path crossing. A good example is the locator
devices at a railroad crossing. The train detectors are generally set a standard fixed distance from
the road crossing. If the detector 1s 1 mile from the crossing, the advance warning when the train
is going 100 miles an hour is 1/10 the time when the train is going 10 MPH. When warning
signals are active all the time, such as ambulance sirens or flashing lights on a buoy, the advance
wamning is limited by how far the light and sound of the warning device travels and how far the

pedestrians and vehicle operators can see.

Another problem with known warning systems today is that they can be very expensive to install
in remote areas. While the advent of use of solar powered batteries has helped to address this,
cost of the units themselves, installation, monitoring and maintenance of these systems can still
be a barrier to putting warning systems everywhere that a potentially dangerous situation exists.
Also, with regard to marine vehicle crossings, it 1s very difficult to use any other system than a
constant warning device because of the difficulty and cost of placing sensors to detect the

approach of a watercraft.

What 1s needed 1s a low-cost but effective and reliable system and method for among other
things, warning pedestrians and vehicle operators of the approach of vehicles at vehicular path

Crossings.



CA 02688263 2009-11-25
WO 2008/147872 PCT/US2008/064510

SUMMARY OF THE INVENTIONS

The present inventions provide a system and method for providing a warning using at least one
wireless communication link between an approaching object and the location where a warning is
to be given based in part on the location of the object and its proximity to the warning location.
One aspect of the inventions includes receiving a communication from an object, for example a
vehicle, which includes location information, at an alert node, wirelessly communicating alert
information to a warning node, and causing a warning device to generate a warning. Preferably
the alert node communicates with a plurality of vehicles and a plurality of warning nodes and
determines to which of the plurality of warning nodes to communicate alert information based in
part on the location information received from at least one of the vehicles and the location of the

warning device.

Another aspect of the inventions includes a scalable warning network. For example there may be
a single alert node associated with a plurality of warning nodes 1n a specific alert node
geographic area and each of the warning nodes can be associated with a plurality of warning
devices in a portion of that geographic area. In some embodiments the warning nodes can be co-
located with associated warning devices while in other embodiments the warning nodes can be
remotely located from the associated warning devices, or a combination of both. In still other
embodiments, there can be a plurality of alert nodes that communicate with each other or with

one or more host alert nodes.

In one embodiment the alert node receives position information from a position information unit,
determines whether the vehicle associated with the position information unit is in one of a

plurality of alert zones based in part on the position information, determines which warning node
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1s associated with the warning device in the alert zone, and generates a wireless alert

transmission. The wireless alert transmission is received by the warning node which causes the

warning device in the alert zone to generate a warning. Preferably, a satellite navigation system

network 1s used to determine the vehicle position.

In other embodiments there is a plurality of alert zones associated with warning devices and a
plurality of vehicles. The alert node is configured to receive position information from all
vehicles within its communication zone and determines whether any or all of the vehicles are in
any of the alert zones. When one or more vehicles are in one or more alert zones, the alert node

communicates alert information to the warning devices in the alert zones in which the vehicles

are located.

One aspect of the various embodiments of the present inventions is to provide an adequate
advance warning to people about to cross the path of an approaching vehicle. One embodiment
notifies people close to the crossing about the approaching vehicle independent of local
conditions, for instance local weather, vehicle speed or surrounding terrain. Advance information
about conditions at the crossing to the operator of the approaching vehicle can also be provided.
More than one way of assessing vehicle location and communication between the warning

network components is preterably employed thereby increasing reliability.

According to an aspect of the present invention there is provided a warning system comprising:
at least one wireless alert trigger node attached to a vehicle, configured to
generate a wireless alert signal based on the position of the vehicle
with respect to a stationary predetermined location;
at least one stationary warning alert response node configured to receive

the wireless alert signal and generate a warning activation signal;

and
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at least one stationary warning device configured to receive said warning
activation signal and generate a warning in response to said warning
activation signal, wherein the stationary warning device is positioned at
the stationary predetermined location such that the warning will reach

an intended audience.

According to another aspect of the present invention there is provided a method of providing a
warning of an approaching vehicle at a stationary predetermined location
comprising:
genecrating a wireless alert signal based on the position of the vehicle, wherein
the wireless alert signal 1s generated by a wireless alert trigger node;

receiving the wireless alert signal with a warning alert response node;

generating a warning activation signal, wherein the warning activation signal
Is generated by the warning alert response node;

receiving the warning activation signal, wherein the warning activation signal
1s received by a stationary warning device; and

generating a warning in response to the warning activation signal, wherein the
warning i1s generated by the stationary warning device,

wherein the stationary warning device is positioned at the stationary

predetermined location such that the warning will reach an intended

audience.

According to a further aspect of the present invention there 1s provided a warning system
comprising:
a position transmitter attached to a vehicle, configured to transmit wireless
vehicle position information;

a host alert node comprising:

4a
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a vehicle position signal receiver configured to receive the wireless
vehicle position information;

an alert information generator; and

an alert information transmitter;

at least one warning alert response node comprising an alert information receiver
and an alert activation signal unit;
a stationary warning device located in an alert zone at a stationary predetermined
location; and
wherein:

the alert information generator is configured to determine whether the
vehicle is within the alert zone based at least in part on the
vehicle position information;

the alert information transmitter is configured to transmit alert
information to the at least one warning alert response node when
the vehicle is in the alert zone;

the alert information receiver is configured to receive the alert
information and communicate the alert information to the alert
activation signal unit;

the alert activation signal unit is configured to output an alert activation
signal; and

the stationary warning device is configured to receive as an input the
alert activation signal and generate a warning in response to
the alert activation signal; the stationary warning device being

positioned to alert interested parties.

4b
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram of a preferred embodiment of a warning network.

FIG. 2 is a diagram of another embodiment of the warning network with a plurality of warning

nodes and a single alert node.

FIG. 3 1s a diagram of another embodiment of the warning network with a plurality of alert node

networks.

FIG. 4 1s a schematic representation of one embodiment of the present inventions.

FIG. 5 1s a schematic representation of a preferred Warning Alert Response Node (WARN).
FIG. 6 is a schematic representation of a preferred Alert Trigger Transmit Node (ATTN).

FIG. 7 is a schematic representation of a preferred railway crossing embodiment of the present

invention .

FIG. 8 is a schematic representation of a preferred roadway intersection embodiment of the

present invention.

FIG. 9 1s a schematic representation of a preferred waterway embodiment of the present

Invention.
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DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a warning network 10 in accordance with one aspect of the present invention. The
waming network 10 preferably comprises a vehicle position unit 11, attached to a vehicle 12.
The vehicle position umit 11 preferably includes a position determiner 13 and a vehicle
transmitter 14. The position determiner 13 may be any known system that 1s capable of
providing location coordinates of the vehicle. Preferably, the position determiner is a GPS
receiver that receives GPS signals 16 from GPS satellites 15. The vehicle transmutter 14
preferably transmits vehicle position information which preterably includes the vehicle’s

coordinates via a position information communication 17 to an alert node 20.

The alert node 20 preferably includes an alert node processing unit 21, an alert node transmitter
22 and alert node storage 23. The alert node processing unit 21 1s configured to receive
information stored in the alert node storage 23 and to generate alert signals under specified
conditions. The alert node 20 receives as an input the position information communication 17
and the alert node processing unit 21 extracts the vehicle coordinates. The alert node processing

unit 21 is configured to determine whether the vehicle 1s 1n an alert zone 25.

An alert zone 25 is preferably a geographically defined location a known distance from a
warning device 40. The warning device 40 is preferably located in near proximity to an
intersection of two paths, for example a train track and road. The warning device 40 includes
wamning device electronics and may include multiple warning signal devices such as flashing

lights, sirens, and/or gates. The warning device 40 1s associated with warning node 30. The

warning node 30 preferably includes a warning node wireless receiver 32 and a warning node
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processing unit 34. The warmning node 30 1s preferably associated with the warning device 40
and 1s preferably co-located with the warning device 40. In a preferred embodiment the warning
node 30 and the warning device electronics 42 are housed in the same electrical housing.
Alternatively the warning node 30 and the warning device 40 are remote from each other. In this
remote location embodiment the warning device 40 preferably also includes a warning device

wireless receiver 46 configured to communicate with the warning node transmitter 36.

The alert node transmitter 22 1s configured to be able to communicate with the warning node
receiver 32. When the alert node processing unit 21 determines that the vehicle 12 is in an alert
zone 25, it generates an alert signal 26 and causes the alert node transmitter 22 to communicate
the alert signal 26 to the wamning node 30 associated with the warning device 40 in the alert zone
25 occupied by the vehicle 12. The warning node receiver 32 receives the alert signal 26 as an
input and, after processing, the warmning node processing unit 34 outputs a warning signal 38 to
the warning device 40. In alternative embodiments there may be a delay between the processing
and the outputting of the warning signal 38. The warning device electronics 42 receives the

warning signal 36 as an input and activates the warning signal or warning signals 44.

In one embodiment the warning system includes a vehicle information processing unit 90
attached to the vehicle 12a. The vehicle information processing unit 90 preferably includes a
vehicle information determiner 13, a vehicle information processor 92, a vehicle storage device
94 and a vehicle transmitter 14. In this embodiment the vehicle information determiner 13
outputs vehicle position information which is made accessible to the vehicle information

processor 92. Preferably alert zone information and alert node information is stored in the

vehicle storage device 94. The vehicle position information and the information stored in the
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vehicle storage device is also accessible to the vehicle information processor 92. The vehicle
information processor 92 based 1n part on the vehicle position information and the alert zone
information determines whether the vehicle 1s in an alert zone. When the vehicle information
processor 92 determines that the vehicle 1s in an alert zone, appropriate signals or commands are
communicated to the vehicle transmitter 14 to cause the vehicle transmitter 14 to transmit
position information to the alert node 20. In this embodiment the alert node 20 uses the position
information 17 as described above. The advantage of this presently preferred embodiment 1s that
the position information 17 is only sent when the vehicle 1s 1n an alert zone thus eliminating

unnecessary communications.

In an alternative embodiment, the vehicle transmitter 14 transmits a vehicle alert signal 98 to the
alert node 20. In this embodiment the vehicle alert signal 98 preferably comprises vehicle
position information, alert zone information and other system maintenance information. In this
embodiment the alert node has the option of operating as described above and/or simply
retransmitting the vehicle aiert signal as an alert signal to the appropriate warning node. In this
embodiment the alert node 20 could also use the information in the vehicle alert signal to

monitor the operation of the vehicle processing unit.

Depending upon the application, the alert zone 25 may be a series of coordinate pairs
surrounding the waming device 40 or a single coordinate pair. In a train crossing embodiment
the alert zone 25 is preferably two coordinate pairs each defining a location a predetermined

distance on the railroad track in each direction away from the road crossing.

A preferred alert node network 1s shown 1n FIG. 2 and, preferably includes a plurality of warning

nodes 30 associated with a single alert node 20. The vehicles are not depicted for clarity. The
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alert node transmitter 22 1s configured to communicate an alert signal 26 to a selected warning
node 30. Also in this embodiment at least one of the warning nodes 30a 1s associated with at
least two wamning devices 40a and 40b, with warning device 40a associated with alert zone 25a
and warning device 40b associated with alert zone 25b. In this embodiment the alert signal 26 1s
preferably directed to a particular warning node 30 and includes warning device 1dentification
information so that the warning node receiving the alert signal 26 knows which of the associated
warning devices to activate. In this embodiment the alert signal 26 may be a broadcast signal
that includes warning node identification information so that the particular warning node
associated with the warning device 40 in the occupied alert zone 25 will be able to determine that
it should generate a warning signal 38. Similarly, the warning signal 38 may be either directed at
a particular warning device 40 or may include warning device 1dentification information in a

broadcast signal.

The position information 17 transmitted from each of the vehicles may include vehicle

identification information so the alert node 20 knows which vehicle 1s in which alert zone.

Preferably the alert network includes a plurality of alert node networks. FIG. 3 depicts a
preferred embodiment comprising at least two alert node networks, alert node network 20a and
alert node network 20b. The vehicles 12 are not shown merely for stmplicity in understanding
the network but would communicate their position in a broadcast signal that would be received
by the appropriate alert node. In this embodiment each of the alert nodes 20a and 20b 1s
configured to communicate with its associated warning nodes which in turn communicate with

their associated warning devices. In this exemplary embodiment, warning signals 38a, ¢ and ¢

are communicated over wire and warning signals 38b and d are communicated wirelessly
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Preferably alert node 20a and alert node 20b are configured to be able to communicate with each
other. This may be accomplished over a wireless communication or preferably through a direct
internet connection. Preferably the alert nodes 20a and 20b will provide status information to the
other node. The status information would preferably include information to allow the other alert
node to determine whether it is operational. In the case that one of the two alert nodes 1s non-
functional, alert node 20a may be configured to communicate with the warning nodes associated

with alert node 20b and vice versa to provide redundancy and reliability.

In an alternative embodiment, the alert nodes 20a and 20b may communicate with a host alert
node 70. Host alert node 70 may have its own alert node network and also be configured to
monitor the status of any other alert nodes. If one or more of the alert nodes failed, the host alert

node 70 could reassign warning nodes to ensure full coverage and avoid overloading any one

alert node.

FIG. 4 depicts a preferred Proximity Alert and Warmning System (PAWS) 110 embodying aspects
of the present inventions. The PAWS preferably comprises an Alert Trigger Transmit Node
(ATTN) 120, a Warning Alert Response Node (WARN) 130, a warning device 190 and an alert
node 150. ATTN 120 is preferably attached to a vehicle of interest 112 and preferably receives a
vehicle position signal from a satellite navigation system, most preferably a GPS satellite 140.
The PAWS 110 preferably includes an ATTN wireless link 126 from the ATTN 120 to an
ATTN network 170. The ATTN wireless link 126 and ATTN network 170 communication path
can be realized by a cellular phone network, PCS network, public internet, any kind of virtual

private network, etc., or may be implemented using satellite links, terrestrial media or any other

10
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suitable media. The alert node is preferably configured to communicate with the ATTN network

over an AN wireless link 156.

The ATTN wireless link 126, ATTN network 170 and AN wireless link 156 communication path
1s configured to allow the ATTN 120 to communicate with the alert nodes 150. Alert node 150
is preferably configured to receive vehicle position information 1n real time, determine whether
the vehicle 1s in an alert zone, determine which WARN 1s 1n the alert zone, log the locations of
vehicles equipped with ATTNs 120, generate time stamps for receipt of information, generate
alert signals to be sent to WARNSs, transmit alert signals to WARNS, log the set of WARNS

notified and other relevant information.

The PAWS 110 preferably includes a WARN wireless link 136 from the WARN 130to a
WARN network 180. The WARN wireless link 136 and network.180 communication path can
be realized by a cellular phone network, PCS network, public internet, any kind of virtual private
network, etc., or may be implemented using satellite links, terrestrial media or any other suitable
media. The WARN wireless link 136 and WARN network 180 communication path 1s
configured to allow the WARN 130 to communicate with the alert node 150. WARN network
180 and ATTN network 170 may be the same or separate networks depending on the application
and in the preferred embodiment are preferably the same network. The alert node is preferably

configured to communicate with the WARN network 180 over an AN wireless link 156a.

Preferably the PAWS 110 includes an administration node 160. The administration node 160 is

configured to receive administrative and overhead information from the ATTN 120, the WARN

130 and the alert node 150 from the WARN wireless link 136, the WARN network 180, the

ATTN wireless link 126, the ATTN network 170, the alert node 150 and the alert node wireless

11
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link 156. Alert node 150 can be configured to allow the administration node 160 to access
current event reporting in real time, examine logged events, monitor operation of the WARN 130
and ATTN 120, copy any logged information, allow third-party access to this information, or
even provide an option of sending messages directly to the WARN 130, ATTN 120 or to the

warning device 190 through the WARN 130.

While FIG. 4 depicts one ATTN 120, WARN 130, warning device 190 and alert node 150, 1t 1s
to be understood that there can be multiple ATTNs, WARNSs and warning devices that
communicate with a single alert node 150. In addition, in a PAWS network there may be

multiple alert nodes 150 that can be configured to communicate with each other.

FIG. 5 depicts a preferred ATTN 120 in more detail. In this embodiment ATTN 120 comprises a
microcontroller 210, a satellite navigation system receiver 220 which 1s configured to wirelessly
connect to a satellite navigation system network 140 to obtain the position of the ATTN 120, and
a cell modem 240. Cell modem 240 enables microcontroller’s 210 connection with cellular
network 242, which facilitates wireless communications between ATTN 120, alert node 150 and
administrative node 160. Alternatively, the ATTN 120 may comprise a satellite modem 250 for
communication between the ATTN 120, alert node 150 and administrative node 160 through
geosynchronous or Low Earth Orbit (LEO) satellites and ground stations 260. If redundancy i1s
desirable from a safety and reliability standpoint, the ATTN 120 may include both a cell modem

240 and a satellite modem 250.

In one embodiment ATTN 120 may also include a local wireless modem 270, allowing the

ATTN to communicate directly with a compatible local wireless modem 360 in the WARN 130.

12
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In operation the GPS receiver 220 obtains the vehicle’s position information and communicates
it to the microcontroller 210. In some embodiments microcontroller 210 accesses information
about locations of the WARNSs from local non-volatile random-access memory (NVRAM) and
calculates the set of WARNS of interest based on this information. Alternatively, the
microcontroller 210 can transmit this information to the alert node 150 via a satellite network or
a cellular network using the appropniate modem. The alert node 150 1s configured to log the
position information with time stamps, access data about WARNS’ locations and formulate a list

of WARN:Ss to be notified of the approaching vehicle.

ATTN 120 is also preferably equipped with an audible warning device 280, such as a siren, a
buzzer or a beeper, and visual warning device 290, for instance, alarm lights, flashing lights, etc.
These warning devices are preferably activated by the microcontroller 210. The system can be
configured to provide visual and audio warning to the operator of the vehicle when the vehicle
approaches a crossing. The ATTN 120 in one embodiment may also include a video display 300
allowing the operator to view the upcoming crossing 1f the WARN 1s equipped with a video

camera 380. In this embodiment the microcontroller also preferably includes a video processor.

In the preferred embodiment the ATTN 120 1s powered by any convenient power source such as

the vehicle's battery.

FIG. 6 depicts a preferred WARN 130 1n more detail. WARN 130 in this embodiment comprises
a microcontroller 320, which can access a storage device 330, preferably a non-volatile random

access memory (NVRAM). WARN 130 preferably includes a cell modem 340 for

communication with a cellular network. As with the ATTN, the WARN may alternatively

include a satellite modem 350 for communication with a satellite network and/or may include

13
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both modems for redundancy and safety. The cell modem 340 is configured to wirelessly
connect WARN 130 to a cellular network 242. If a satellite modem 350 1s used it preferably
provides communication through a geosynchronous or LEO satellite network 260. WARN 130
can also include a local wireless modem 360 wirelessly connecting WARN 130 with a
compatible ATTN wireless modem 270. Additionally, WARN can include local detectors 370,
such as radars or laser speed detection and ranging devices to independently activate the WARN
130 and turm on the warning devices at the crossing ih case of network failure. The WARN 130
may be equipped with a video camera 380, and a video processor, and may be capable of video-
recording the crossing and transmitting video images of the crossing to the ATTN’s video |
display 300 and/or to alert nodes 150 and administrative node 160 of the system. In this
embodiment, the operator of the vehicle and/or operator at the control center can receive
information about the conditions at the crossing. The system may also store these images for
future reference. WARN 130 1s powered by an AC Power supply or preferably a solar power

supply 390, or, most preferably, by both.

In some embodiments WARN 130 1s equipped with a satellite navigation system receiver and
periodically transmits its position information to server nodes. Based on this information, the
system then updates the WARN location database used to calculate the set of WARNs within the

warning zone of the ATTN:s.

FIG. 7 depicts a railway crossing embodiment of the invention. In this example the vehicle
carrying an ATTN 400 i1s a locomotive 405. WARNSs 410 are located next to a railway crossing

420. ATTNs 400 obtain position information of the corresponding locomotive by a satellite link

430.
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For example, when the locomotive 405 has entered a warning zone 440 as determined by
repetitive samplings of GPS position data compared to the warning zone entry position, the
ATTN 400 wirelessly transmits this information to the alert node (not shown). The alert node
then calculates the speed of the locomotive and the consequent time to reach the WARNSs 410,
and hence when the WARN is to activate the warning devices as a function of the current
position of the train, its speed, and the configurable warning period prior the arnval of the train
at the WARN 410. The alert node then repéats this process until the configurable warning period
occurs, and at that point wirelessly transmits the activation command to the WARN. The server
also logs this information in a data base, from which a variety of administrative node-based
applications (not shown) can display, for example, ATTN-specific data, W ARN-specific data, or
route-specific data historically and in real time. Alternatively, ATTNs 400 at the locomotives
405 can generate a local wireless signal 450 by a local wireless link to alert the WARNSs 410 of
the locomotive’s approach, or the WARNSs 410 may be equipbed with local detectors 460 (such

as radars or visual detectors) operating to detect the upcoming locomotives.

In order to deactivate warmning devices, the system can determine when the end-of-train 405 has
passed the WARN 410 by periodically sampling the state of a local WARN-based detector (not
shown) until the detector shows no train present, and then based on the calibrated distance from
the WARN that the detector ceases to detect the train, the worst-case width of the crossiﬁg, and
the speed of the train, the WARN 410 determines when to deactivate the warning devices. When
that time arrives, the WARN 410 deactivates the warning devices, and sends this information to

the alert node (not shown), which logs the information as described above.
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FIG. 8 depicts an embodiment of the invention where ATTN 500 1s located on an emergency
vehicle 510. ATTN 500 obtains position information of the vehicle 510 by a satellite or cell link
520 and transmits it to a network dispatch unit. Based on this information, the system
determines whether the emergency vehicle 510 is within warning radius 530 of an intersection
540 equipped with WARN 550 and signal controller 560. The system generates 1nstructions to
the WARN 550 based on information about location and destination of the vehicle 510 and
transmits them to the WARN 550 by satellite or cell link 570. The WARN 550 generates
instructions to signal controller 560, which in turn switches traffic signals 580 to allow fast and

safe passing of the emergency vehicle 510.

In one of the embodiments, based on the location and the destination of the vehicle 510, the alert
node (not shown) generates the expected route of the vehicle and sends appropnate commands to
the WARNSs along the expected route. In one of the embodiments, the route may be generated

by a mapping service (for example, Mapquest, Yahoo Maps, etc.)

Should the vehicle 510 deviate from its expected route based upon data gathered by its ATTN
500 on an ongoing basis and sent to the alert node, the alert node could adjust what WARNSs to
activate. Similarly, based on the same data stream, the alert node would deactivate WARNSs

when the emergency vehicle had safely passed a given WARN.

FIG. 9 depicts an embodiment of the invention where WARN 600 1s located on a small

watercraft 610. ATTNs 620 are located on navigation obstacles or navigation signaling devices
630 such as buoys, stationary beacons, channel markers, etc. Also ATTNs 620 can be located on

larger watercraft 640. By satellite or cell link 650 the ATTNs 620 and the WARNSs 600 obtain

position information of their respective carriers and transmit this information to the alert node
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(not shown). If the alert node detects any of the ATTN-carrying objects within warning radius
660 of the WARN-carrying small watercraft 610, the alert node sends wireless alert signal to
the WARN 600 which activates warning devices (not shown) on the watercraft 610 and alerts the
crew to the approaching danger. This same data stream can also be used to display the real time
positions of the small watercraft 610, the large watercraft 640, as well as the aids and hazards to

navigation 630 against a mapping service background of the vicinty.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A warning system comprising:

at least one wireless alert trigger node attached to a vehicle, configured to
generate a wireless alert signal based on the position of the vehicle with respect to a
stationary predetermined location and the distance from the vehicle to the stationary
predetermined location;

at least one stationary warning alert response node configured to receive the
wireless alert signal and generate a warning activation signal; and

at least one stationary warning device configured to receive said warning
activation signal and generate a warning in response to said warning activation signal;

wherein the stationary warning device positioned at the stationary predetermined

location such that the warning will be most likely to reach the intended audience.

2. The warning system of claim 1, wherein the wireless alert trigger node includes a
transmitter configured to transmit the wireless alert signal through a network which is a

cellular network, a satellite network or a local wireless network.

3. The warning system of claim 1, wherein the wireless alert trigger node transmits
the wireless alert signal through a combination of at least two networks which is a

cellular network, a satellite network or a local wireless network.

4. The warning system of claim 1 wherein the wireless alert trigger node further
COmprises:

a satellite navigation system receiver configured to receive position information
from a satellite navigation system network and generate a position signal; and

an alert signal generator configured to generate the wireless alert signal based in

part upon the position signal.
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5. The warning system of claim 4, wherein the alert signal generator further
COMPIISES:

a microcontroller and a stationary predetermined location storage medium;

wherein the microcontroller 1s configured to receive the position signal from the
satellite navigation system receiver as an input and to access the stationary predetermined
location storage medium,;

the microcontroller 1s tfurther configured to determine when the vehicle 1s within
an alert zone of the stationary predetermined location based at least in part on the
predetermined locations and the position signal; and

the alert zone comprises all geographic locations less than an alert distance away

from the predetermined location.

6. The warning system of claim 5, wherein the stationary predetermined location

storage medium i1s a Non-Volatile Random Access Memory (NVRAM).

7. The warning system of claim 5, wherein the stationary predetermined location

storage medium 1s a Flash or similar memory.

8. The warning system of claim 5, wherein the stationary predetermined location

storage medium is a Hard drive.

9. The warning system of claim 5, wherein the stationary predetermined location

~ storage medium 1s a DVD.

10.  The warning system of claim 5, wherein the alert distance varies for different

predetermined locations.

11.  The warning system of claim 5, wherein the alert distance varies depending on

current weather conditions at the predetermined locations.
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12.  The warning system of claim 5, wherein the microcontroller determines whether
the vehicle is within the alert zone at least in part by calculating the distance between the

vehicle and the stationary predetermined location.

13. The warning system of claim 4, wherein the satellite navigation system receiver

is a GPS receiver and the satellite navigation system network 1s a GPS network.

14.  The warning system of claim 1, wherein the vehicle 1s a locomotive or a railcar

and the warning device is located at a rail crossing.

15.  The warning system of claim 1, wherein at least one warning device is a beacon,
an audio device, a crossing gate, in-road warning lights, a traffic signal, or a warning

display.

16.  The warning system of claim 1, wherein the vehicle 1s an emergency vehicle, the
at least one wireless alert response node 1s configured to communicate with a traffic
signal and to manipulate said traffic signal based on the position of said emergency
vehicle to halt traffic at an intersection where the traffic signal is located until the

emergency vehicle passes through said intersection.

17.  The warning system of claim 1, wherein the vehicle 1s a small watercraft and the

at least one wireless alert response node is located on a navigation aid or obstacle.

18.  The warning system of claim 17, wherein the navigation aid or obstacle equipped
with the wireless alert response node is a buoy, stationary beacon, channel marker or

large watercraft.

19. A method of providing a warning of an approaching vehicle at a stationary

predetermined location comprising;:
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generating a wireless alert signal based on the position of the vehicle and the
distance from the vehicle to the stationary predetermined location, wherein the alert
signal 1s generated by a wireless alert trigger node;

receiving satd wireless alert signal by a warning alert response node;

generating a warning activation signal, wherein the warning activation signal is
generated by the warning alert response node;

rece1ving said warning activation signal, wherein the warning activation signal is
received by a stationary warning device 100ated at the stationary predetermined location;
and

generating a warning in response to the warning activation signal;

wherein the warning is generated by said stationary warning device, and

the warning device is positioned at the stationary predetermined location such that

the warning will be most likely to reach the intended audience.

20.  The method of claim 19, further comprising:
transmitting said wireless alert signal from the wireless alert trigger node to the
warning alert response node through a network which is a cellular network, a satellite

network or a local wireless network.

21.  The method of claim 19, further comprising:
transmitting said wireless alert signal from the wireless alert trigger node to the
warning alert response node through a combination of at least two networks which is a

cellular network, a satellite network or a local wireless network.

22.  The method of claim 19, further comprising:

recelving position information from a satellite navigation system, wherein the
position information is received by a satellite navigation system receiver of the wireless
alert trigger node;

generating a position signal based on the position information, wherein the
position signal is generated by said receiver;

transmitting said position signal to an alert signal generator;
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receiving said position signal by the alert signal generator; and
generating the wireless alert signal based 1n part upon the position signal, wherein

the wireless alert signal 1s generated by the alert signal generator.

23.  The method of claim 22, wherein the position signal is received by a
microcontroller of the alert signal generator and further comprising:

accessing a stationary predetermined location storage medium;

retrieving the predetermined locations; and

determining when the vehicle is within an alert zone of the stationary
predetermined location based at least in part on the predetermined locations and the
position signal;

wherein the alert zone comprises all geographic locations less than an alert

distance away from the predetermined location.

24.  The method of claim 23, wherein the stationary predetermined location storage

medium 1s a non-volatile random access memory.

25.  The method of claim 23, wherein the stationary predetermined location storage

medium 1s a Flash memory or similar.

26.  The method of claim 23, wherein the stationary predetermined location storage

medium is a Hard drive.

27. The method of claim 23, wherein the stationary predetermined location storage
medium is a DVD.
28. The method of claim 23, wherein the alert distance varies for different

predetermined locations.

29.  The method of claim 23, wherein the alert distance varies depending on current

weather conditions at the predetermined location.
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30.  The method of claim 23, wherein the determining when the vehicle 1s within the
alert zone further comprises calculating the distance between the vehicle and the

stationary predetermined location.

31.  The method of claim 22, wherein the satellite navigation system 1s a Global

Positioning System (GPS).

32. A warning system comprising:
a position transmitter attached to a vehicle, configured to transmit wireless
vehicle position information;
a host alert node comprising
a vehicle position signal receiver configured to receive the wireless
vehicle position information;
an alert information generator and
an alert information transmaitter;
at least one warning alert response node comprising
an alert information receiver and
an alert activation signal unit;
at least one alert zone; and
at least one stationary warning device located at a stationary predetermined
position 1n the at least one alert zone;
wherein the alert information generator is configured to determine whether the
vehicle is within the at least one alert zone based at least in part on the wireless vehicle
position information and wherein the alert information transmitter 1s configured to

transmit alert information to the warning alert response node when the vehicle is in the at

least one alert zone; and

the alert information receiver is configured to receive the alert information and
communicate the alert information to the alert activation signal unit; the alert activation
signal unit is configured to output an alert activation signal; the stationary warning device

1s configured to receive as an input the alert activation signal and generate a warning in
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response to the alert activation signal; the stationary warning device being positioned to

alert interested parties.

33.  The warning system of claim 32, comprising at least two alert zones and at least
one stationary warning device in each alert zone,

wherein the host alert node is configured to determine whether the vehicle is
within either alert zone based on the wireless vehicle position information and wherein
the alert information comprises alert zone information, the alert zone information
including information identifying which alert zone the vehicle 1s in; and

the alert activation signal unit 1s configured to output the alert activation signal to

the stationary warning device located within the alert zone in which the vehicle is

located.

34.  The warning system of claim 32, wherein the wireless vehicle position
information is transmitted to the host alert node through a network which is a cellular

network, a satellite network or a local wireless network.

35.  The warning system of claim 32, wherein the system further comprises a satellite
navigation system receiver configured to receive position information from a satellite
navigation system network and communicate position information to the position

transmatter.

36.  The warning system of claim 35, wherein the satellite navigation system receiver
is a GPS receiver and the satellite navigation system network is the GPS or similar

network.

37.  The warning system of claim 32, wherein the system comprises:
a plurality of alert zones,

a plurality of warning alert response nodes; and

a plurality of stationary warning devices;
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wherein each of the plurality of warning alert response nodes is associated with

one or more stationary warning devices; and
wherein e€ach one of the plurality of stationary warning devices 1s associated with
one of the plurality of alert zones;
wherein the alert information generator further comprises:
a microcontroller and an alert zone location storage medium;
the microcontroller is configured to analyze the wireless vehicle position
information transmitted by the position transmitter and determine, based at least
in part on the wireless vehicle position information whether the vehicle is located
in any of the plurality of alert zones using alert zone location information stored
in the alert zone location storage medium; and
the alert information generator 1s further configured to determine which of
the plurality of warning alert response nodes should receive the alert information
and cause the alert information transmitter to transmit the alert information to the

appropriate warning alert response node.

38.  The warning system of claim 37, wherein the alert zone location storage medium

1s a Non-Volatile Random Access Memory (NVRAM).

39.  The warning system of claim 37, wherein the alert zone location storage medium

1s a Flash or similar memory.

40.  The warning system of claim 37, wherein the alert zone location storage medium

1S a hard drive.

41.  The warning system of claim 37, wherein the alert zone location storage medium
1saDVD.
42.  The warning system of claim 32, wherein the alert information generator

determines whether the vehicle 1s within the at least one alert zone based at least in part

on the distance between the vehicle and the stationary predetermined position.

23



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

[ DI

TVNDIS
ONINYVM

1INN ONISS300¥d 10IH3A
O4NI F10IHIA
Bl g
= [
S
14!

86 Ll

1331V JAON 143V

F10IH3A

LINN NOILISOd

A
J
¢l
Al
O4NI
NOILISOd
9
TWNOIS
ol NOILISOd
J1IT131VS
Gl

1/9



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

\

57—

4
J710IH3A

40IA40

ONINHVM

eQy

J0IAJ0
ONINHVM

¢l
310IH3A

ANOZ
/ ..._.N_m_._&\\

3¢

¢ Dl

F1OIHIA

0y
30IN3C
ONINYYM

0¢
JAON

e

S0 /1 ONINYVM
JaoN | N T ]
ONINYYM
Ll
9¢
¢
0C
JAON
Ll INERL,

2/9
SUBSTITUTE SHEET (RULE 26)



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

¢

3INOZ ™\
IV N\
ooy | |
am |/
~/
PgE

q0¢

JAON 1431V

e ——
\‘ "

3¢

0L

400N
1431V LSOR

9¢

N
\ /
.

p/- —\

NOZ | |
BV
~\- /wp
\\‘ ///
.\P q5¢

e0C

300N 1331V

¢ DId

3/9



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

chl

OFl

F10IH3A

¢

v Old

091

JAON NOILVAE1SINIAQY

991

051
3JAON L¥3V

E9G1

961

0}

NHOMLIN
NLLV

08}

NHOMLIN
NIVM

E991

9t

061

30IA30
ONINIVM

0t}

SNYVYM

/o:

4/9



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

¢ DId

09¢
MYOMLIN SILITIALYS
03730 SNONOYHONASO3O

00€ 0.2

AV'1dSId
O3dIA

052
N3GOW 3LITIELYS

0 F\«

W3AOW SS313dIM VOO

W3AOW
SSI13HIM NdVM OL

he

AHOMLIN
4V INT1130

062
ONINYYM FT8ISIA

T

08¢
ONINYYM 3181aNY

0¥¢

N3AOW 1130

H

J0SS300dd O3AIA H1IM 43 T10d1LNOJ0S0IN

0€C

(INVHAN)
AHOW3W 371LVIOA-NON

0¢¢

d3AIFO3Y SdO

Ovl

5/9



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

9 DId

AVMLVO
MXHOM13N OL

W3AON SS31J4dIM
N1IV Ol

vt

NHOMLIN
dviNT130

09¢

AHOMLIN S3LIT13LVS
03140 SNONOYHONASO4D

0/€
(S)40103130 V20T

09¢
NICOW SSI1FHIM YOO

Ove _ —_
v
NJdOW T130 ol zo.o<mm

Oct d0SS3004dd O3AIA HLIM 43 T104LNOOOHIINW

e

0S€E
WAJOW JLIT131LVS

OEE A
0¢ F\« AJOW3W 3LV TOA-NON

WVHAN)

6/9



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

L Dld

7/9



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

8/9



CA 02688263 2009-11-25

PCT/US2008/064510

WO 2008/147872

9/9



10\

15

SATELLITE

POSITION 16
SIGNAL

16

POSITION
INFO

17
12

14

11

POSITION UNIT
VEHICLE

ALERT NODE ALERT

122

SlggAL

17,98

0

VEHICLE INFO
PROCESSING UNIT

38 38

WARNING
SIGNAL

FIG. 1




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - abstract drawing

