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range and short-range asset location systems, preferable a GPS-based sys-
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an automobile equipped with both RFID and GPS-based transceivers.
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BESS ASSET TRACKING

[
=

SYSTEM AND METHOD FOR WIR:

L]

TECHNICAL FIELD OF TH:

INVENTION

The present invention is directed, in general, to

systems and methods for wireless asset tracking, and, more

specifically, to asset tracking systems using multiple

tracking means.

(
I

BACKGROUND OF THE INVENTION

Tracking assets, physical inventory, and other objects

in a large-scale enterprise 1s a daunting task.

Traditionally, this requirés a manual, physical inventory

that must be regularly repeated. Further, as assets move

from place to place, or out of the control of the

enterprise, the conventional process requires a time-

intensive paperwork trail to track the movement of thﬂe:

assets.

This already-daunting task is made even more difficult

when the assets being tracked are physically similar, since

in that case every specific serial number must be verified

to conclusively identify the specific item. |

- Recently, for items such as shipping containers, radio-

frequency identification (RFID) tags have been used to

partially automate this process in a real-time location

system (RTLS). In the common case, an asset with an

attached RFID tag transmits a unique identifier, allowing an

RFID tag reader to easily receive the transmitted ID number

and thereby ildentify specific shipping containers.

An entirely different type of asset location is used

for locating stolen vehicles. A commonly known system of
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this type is the "“LoJack” system manufactured by the LoJack

Corporation of Westwood, Ma, and described in United States

Patents 4,818,998, 4,908,629, 5,917,423, and 6,665,613, all

of which are hereby incorporated by reference. In general

terms, this type of system uses a remotely activated system

to track a vehicle in motion, using transceivers installed

in the target vehicle in combination with

transceiver/detectors mounted on other wvehicles.

- Typically, a LoJdack system is wused to track stolen

vehicles. When a target vehicle 1is reported stolén, i1ts

transceiver is remotely activated, and thereafter police

units that are specially equipped with transcei%er/detectors

can detect and locate the target vehicle.

pa—

LoJack 1is a form of an asset location system that

utilizes a special FCC-allocated radio frequency (173.075

MHz), an older technology, very high frequency (VHF)'sigﬁal.

The LoJdack transceiver is passive until activated by police

radio towers, and specially équipped police cruisers with

receivers must work together to triangulate and locate the

target vehicle. Lodack does not utilize GPS for location

yuru

information, and is currently only available in 22 states.

Another type of long-range vehicle-tracking system uses

global positioning satellites (GPS) to identify the current

location of a wvehicle. In this case, a GPS receiver 'is
mounted in the vehicle to determine the vehicle :location,
and a separate transmitter is used to send the location data
to the person or entity tracking the wvehicle. 1In the common

"OnStar” system, cellular telephone technology is used to

activate the GPS receiver and to transmit the location data

to the OnStar service center.
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There is, therefore, a need in the art for a system and

process that allows tracking of vehicles and other assets on

both a long-range and short-range basis.
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SUMMARY OF TH:

L+

INVENTION

The preferred embodiment includes a system and method

P

employing a combination of long-range and short-rahge asset

location systems, preferably a GPS-based system combined

with an RFID-based system. The short-range system.réguiérly

activates itself, or is remotely polled, to determine if the

asset 1s within range of the short-range transceivers, and

;the:long—range system is activated to determine the location

V)

of the asset when it is outside the range of the shortwrangé

Cranscelvers. In at least some embodiments, the asset is an

automobile equipped with both RFID and GPS-based

transceivers.

The:foregoing has outlined rather broadly the features

and technical advantages of the prese‘nt invention so that

those skilled in the art may better understand the detailed

description of the invention that follows. Additional

features and advantages of the invention will be described

g

hereinafter that form the subject of ~the claims of the

inventibn. Those skilled in the art will appreciate that

they may readily wuse the conception and the specéﬁic

embodiment disclosed as a basis for modifying or designing

other st'ructures for carrying out the same purposes of the
present invention. Those skilled in the art will also

realize that such equivalent constructions do not depart

from the spirit and scope of the invention in its broadest

form.

L+
1

Before undertaking the DETAILED DESCRIPTION OF TH

INVENTION below, 1t may be advantageous to set forth

definitions of certain words or phrases used throughout this

patent document: the terms ™“include” and “comprise,” as

r-
pue

well —as derivatives thereof, mean inclusion without
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limitation; the term “or” is inclusive, meaning and/or; the’

phrases “associated with” and “associated therewith,” as

well as derivatives thereof, may mean to include, be
~included within, interconnect with, contain, be contained

within, <connect to or with, couple to or wi:th, be

communicable with, cooperate with, interleave, juxtapose, be

proximate to, be bound to or with, have, have a property of;5

or the 1like; and the term “controller” means any device,

system or part thereof that controls at least one operation,

whether such a device i1s implemented in hardware, firmware,

software or some combination of at least two of the same.

It should be noted that the functionality associated with

any particular controller may be cehtralized o:pdistributed}ﬁ

whether locally or remotely. .Definitions for certain words

and phrases are provided throughout this pa:tént dbcument,__

iy

and those of ordinary skill in the art will understand that

such definitions apply in many, if not most, instances to

Ct

prior as well as future uses of such defined words and

~ phrases.
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BRIEEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present

invention, and the advantages thereof, reference is now made

1%to the following descrip

tions taken in conjunctioh with the

accompanying drawings, wherein like numbers designate like

objects, and in which:

E’igure 1 depicts a

block diagram of an RTLS system in

accordance with a preferred embodiment;

:Figure 2 depilcts a

block diagram of a GPS-based system

in accordance with a pre:

Figure 3 depicts a

"erred embodiment;

block diagram of a combined System,

in accordance with a preferred embodiment, ihcluding both

RFID and GPS-based location systems; and

Figure 4 depicts a

flowchart of a process in accordance

with the preferred embodiment.
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DETAILED DESCRIPTION OF TH

INVENTION

R

FIGURES 1 through 4, discussed below, and the wvarious

—

embodiments used to describe the principles of the present

invention in this patent document are by way of illustration

only and

priiey

scope of

should not be construed in any way to limit --thé-

\
the invention. Those skilled in the art will

understand that the principles of the present invention may

be I1mplemented in any suitably arranged ‘device. - The

numexrous

innovative teachings of the :present application

will be described with particular reference to the presently

preferred embodiment.

The

preferred embodiment includes a system and method

-y

employing a combination of long-range and,short~range.asset

location

systems, preferable a GPS-based system combined

with an RFID-based system. The short-range system regulérly

activates itself, or is remotely polled, td:deterﬁine if the:

asset is

within range of the short-range transceivers, and

the long-range system is activated to determine the location

of the asset when it 1s outside the range of the short-range

transceivers. In at least some embodiments, the asset is an

automobile equipped with  both RFID and - GPS-based

transceivers.

The

following detailed description will be specifically

drawn to automotive-based applications, but the skilled

artisan will recognize that the claimed embodiments are not

limited to automotive applications, but can be used in ‘any

pp—
p—

number of asset tracking systems.

A

preferred embodiment uses multiple -wireless

o

technologies (RTLS/GPS) in single tag to facilitate vehicle

tracking

and locating, and is particularly advantageous in
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such areas as manufacturing plants, during delivery to

dealers (trains, trucks, bailment lots, etc.), and dealer

lots.

In a preferred embodinment, the real-time location

r-

system (RTLS) -does= not require: line—o:wsight

>

(indoor/outdoor), but utilizes RF or RFID tags. Preferably,°

these tags conform to the ANSI 371 / INCITS 371 standards,

known_ to those of skﬂ] in the art, including transponder

tag, antennae, and transceiver with .deco\derJ. - This type of

g
.

system 1s typically capable of XY location accuracy within

3-300 meters. Of course, more readers enable greater

accuracy) .

In some embodiments, the initial RF tag is attached to

P

vehicle chuﬁjm}.beginning of assembly. - Later, RF tag 1is

integrated into the GPS system on vehicle. In this way1=the

vehicle is trackable throughout plant g'reunds (indoo,r and

outdoor), and the system facilitates finding vehieles (plant

lots, proving grounds, etc.) to fix quality and zothef

lssues. Preferably, a handheld PDA can be used to locate

vehicles. The same RTLS infrastructure can be ased for yafdh

‘management, wireless part calls, container management, gate

management, etc.

The RTLS RFID tags can be prograrfuned to emit a signal :

every several hours, as selected by the operator, and when

in the presence of a reader would update the database with

the vehicle’s location.

Figure 1 depicts a block diagram of an RTLS system in

accordance with a preferred embodiment. 1In this figure, an

identifier tag, preferably an RFID/RTLS tag, is installed in

vehicle 104. This tag communicates with antennas 106, which
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are 1in turn connected to communicate with location

application server 108. While three representative antennas

106 are shown, a typical installation will include many

antennas, so that an RTLS tag can be located anywhere within

the covered property. The tags can be set to broadcast a

vehicle identification number, or other asset identifier, at

set intervals (e.g., every 10 minutes, every hour, etc.)

Location appliCatiQn server 108 includes: softﬁare

having a triangulation algorithm, as known to those of skill

in the art, for locating the vehicle 104 within the area

served by antennas 106. Location application server 108

communicates over network 110, which can be the Internet or

another public or private network, with central location

server 112. - Typically, there will also .be one  or :inor’fe

firewalls, not shown, through which the communications are

made. Location information 4is preferably encrypted and

secure at all times during transmission and storage. Central

location server 112 includes a database that stores the last

_

known location of each vehicle.

External system 114 1is connected to communicate with.

“central location server 112, so that the vehicle lbcat=ibh"

information can be used for any appropriate purpose.

Also according to a preferred embgdimeht, a Global

Positioning System (GPS) compliant system is installed in

the wvehicle. GPS 1s a US Govt. Satellite system used to

triangulate location, and typically requires line-of-sight

to satellites, necessitating outdoor use.  Assisted GPS

utilizes cellular network to reduce GPS search time to

seconds vs. minutes. Special software, known to those of

skill in the art, 1is required for both transponder and
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10

b

transceiver/decoder. The GPS system is typically capable o:

XY Locate accuracy within 5-30 meters.

- Figure 2 depicts a block diagram of a GPS-based system

in accordance with a preferred embodiment. In this figure,

a GPS receiver and transceiver unit, typically a cellular-

telephone-based transceiver is installed in vehicle 204.

The GPS receiver receives:location data from satellites 222,

and can thereby determine its current location.

The transcelver communicates with a local base station

226, by which the location in':ormation 18 transmitted to

location application server 228. As is known in GPS-based

systems, the transceiver can be remotely activated, using

base station 226, and the current location information can

be polled::romnthé GPS receilver.

Location épplication serﬁer 228 cdmmunicates;,oVer'
network 210, which can be the Internet=or another public or
private Inetwork,' with central locatziion : éer.-Ver 212. |
-Typiclally, there will also b,e' one or more 'fir‘efwaldls,“ ‘n-nc->t :
shown, .through which the commﬁniCatiOhs aréﬁade; 'LQcatioﬁc

priten

information is preférably encrypted and secure at all times

during transmission and storage. Central location server:212

includes a database that stores' the last known location of

cach vehicle.

External system 214 1s connected to commﬁnig:ate with

central  location “ser’ver 212, so that the vehicle location

information can be used for any appropriate purpose.

In the GPS-based system, vehicle location polling can

be done similarly to what is currently in production at

“OnStar”-type systems today. Unsold vehicles or other

vehicles for which up-to-date location information is needed
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can be polled when their last known location is a selected
number of hours old. Vehicle location polling can be tied

to vehicle event status (build, delivered, sold, etc.)

Figure 3 depicts a block dia-.gra.m of a combihed sys£em,

in accordance with a preferred embodiment, including both

RTLS/RFID and GPS-based location systems.

In this figure, a GPS receiver and transceiver unit,

‘typically a :celﬁlular—teleph‘one—bra,sed: ﬂ_tran:sc‘eiver” .. lS

installed in vehicle 304. The GPS receiver reéeiveé

location data from satellites 322, and can thereby determine

its current location.

" The transceiver communicates with  a local base station

326, by which the location information is transmitted“:; to
location applic_ation server 328 As is known. in Gps;bééé&

systems, the transceiver can be remotely activated, using

base station 326, and the current location information can

be polled from the GPS receiver.

Location application server 328 communicates over

"network 310, whiqh:can»be the'Internet or another pubiic‘or

private network, with central location server 312. ;

Typically, there will also be one or more firewalls, -not

shown, through which the communications are made. ’Locatibn 

information is preferably encrypted and secure at all times

during transmission and storage. Central location server 212

includes a database that stores the last known location : of

each vehicle.

An identifier tag, preferably an RFID/RTLS ta-.g,: 1s
installed also in vehicle 304. This tag communicates with

antennas 306, which are 1in turn connected to communicate

with location application server  308. While  three
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fepresentative antennas 306 are shown, a typiCal

installation will include many antennas, so that an RTLS tag

.can be located anywhere within the covered property. ‘Thé

tags can be set to broadcast a vehicle identification

number, or other asset identifier, at set intervals (e.g.,

every 30 minutes, every hour, etc.)

Location application server 308 -includes software

having a triangulation algorithm, as khown to those of skil]

in the art, for locating the vehicle 304 within thé area

serﬁed by antennas 306. Locatlion application server 308

communicates over network 310, which can be the Internet or

ano;the:r;' public or ;private network,v with central lcication'_ |

| ’sv;:e'rvfer \312,. -Typ:__i_cally, ..there will also be_," oh’é' or ‘more

firewalls, not shown, through which the communications ‘are

made. Location information is preferably éncrypted and

- secure at all times during transmission and storage.

BExternal system 314 1s connected to communicate with

central location server 312, so that the vehicle location

information can be used for any appropriate purpose. .

In the GPS-based system, vehicle locét'inon :poﬁlli‘ng, ‘can

be done similarly to what 1is currently in production at

“OnStar”—-type systems today. Unsold vehlcles or other

vehicles for which up-to-date location information is needed

can be polled when their last known location is a :sel’ecte.d

number of hours old. Vehicle location pollizng c__ah be tied

to vehicle event status (build, delivered, sold,-etc}).

The combination system allows vehicles to be‘ﬁracked:in

transit from the assembly plant to their end destination via

GPS. Vehicles Can then be tracked by GPS on a natiOnal
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scale, or by RF once they reach suitably-equipped locations,

such as dealer locations, rail yards, bailment lots, etc.

. Figure 4 depicts a flowchart of a process in accordance

with the p:eferred embodiment. Here, the central location

i

server will periodically receive updates of the location of

an asset, generated by an automatic signal sent by the RTLS

gy

tag of the asset. In this case as above, the asset is

preferably but not necessarily a vehicle.  When the RF-

generated location information is recelived :(ste'p 405) y the

asset location database is updated to reflect the current

location of the asset (step 410).

If no RF-generated location information is received

=(step 405) after a predetermined delay (step 415), Whibh is L

typically between one hour and one day, thezcentral-locatioﬁ

server will generate a location - request, which is

transmitted over the network to be delive’re'd to the a’zé:s:éjc:

- over a wireless network, typically a wireless telephoné&

network (step 420) .

The asset will receive the request, determine its

current location based on the GPS "System,« and . respond via |

the wireless network. The central location server will -

réceive the GPS-based location information (step 425). ‘When

‘the GPS-based location information is received, the asset

location database is updated to reflect the"curreﬁt:location*

of the asset (step 410).

Some specific advantages of a system as de'sc“:ribedl and

claimed 1include tying GPS and RTLS together to allow for

“smart” connections utilizing the lower cost medium when

available. ‘The tag can augment and leverage GPS systems

such as “OnStar.” RTLS can later be expanded to locate
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parts, racks, assemblies, etc. at assembly plants and/or

test facilities.

In some embodiments, an Active RFID"tagwis used as the

"RFID tag. An active RFID can be ré-written many times.

Uti lization of an active RFID t'ag in a vehicle would allow
it to broadcast wvarious vehicle telematiés - data. For

example, the vehicle may have a "service engine soon" light

:coming on. The applicable trouble code .is stored in the

vehicle's On-board Diagnoétic system and written toﬂgherRFID

tag. :The trouble Qodé can then be broadcast, so that when

the driver pulls into a dealer service bay, the code can be

 received Py an RFLD reader and -pr':e-:popsula{;e the servicé

writer's screen with the relevant data (VIN, trouble code,

mileage, etc.). In essence, the above would do away with

‘the need for dealer's to plug a computer iﬁto:the OBD system

o

On::hé car to pull the trouble code.

gu—

Those skilled in the art will recégnize “that, for-

’ﬁ

simplicity and clarity, the full structureiandﬂoperation,¢d

all data proqessing systems suitable for ‘use with ‘the

present invention is not being depicted or described herein.

Instead, only so much of a data processing system as 1is

unigue to the present 1invention or necessary for an

understanding of the present invention is depicted aﬁa

g

described. The remainder of the construction and operation

'

of data processing system ‘100 may conform to any of thé

various current Iimplementations and practices known in the

art.

It 1is important to note that while the ‘preéent

invention has been described in the context of a fully

functional_sYstem, those skilled in the art will appréciate‘

that at least portions of the mechanism of the present
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invention are capable of being distributed in the form e_f

instructions contained within a machine usable medium in any

-

of a variety of forms, and that the present invention

1nstructlon or s:Lgnal bearlng medium utilized to ac_ually

carry out the distribution. Z-'_,xamples of machine usable
mediums include: nonvolatile, hard-coded type mediums héuch

as read only memories (ROMs) = or ‘erasable,ﬂhelecﬁrieally |

Tl

p‘rogrammable read only memeries‘ (! IE]PROMS) , l'user'?-"-r'edordable

type mediums such as floppy disks, hard disk drives and

cempactt disk read ‘only memories (CD-ROMs) or digital
versatile disks (DVDs), and transmission type mediums such

as digital and analog communication°links.

the present

1t}

Although an (exemplary embod;imen;t O:

inﬁention=hasibeen described in detail: those skllled in the~ﬂ

art will understand that various changes, substltutlons,t

variations, and improvements of the invention disclosed

herein may ‘be made w:l.thout departlng from the spirit and

gr—tum

scope of the invention in its broadest form.

g

None of the deseription in the present appllcatlon

should 4be read as ir'nplying that any partlcular' element

step, or function is an essential elematt - which must be

included in the claim scope: THE SCOPE OF PATENTED SUBJECT

il

MATTER IS DEFIN

D ONLY BY THE ALLOWED CLAIMS. More_over:,

none of these claims are intended to invoke paragraph six of

35 USC §112 unless the exact Words’"means:fer" are followed

.by a participle.



10

L

20

25

CA 02562092 2006-10-04

WO 2006/007041 o PCT/US2005/015443

16

WHAT 15 CLAIM

£

D I5:

A method for locating a physical objedt, comprising:

’

detecting if localized location information

corresponding to the théical'objecthas‘been

received, the localized location information .

corresponding to a location determined from a

signal received from a short-range transmitter;

if the locallzed locatlon 1n_ormation:has been

received, then storlng the localized location

J

in“ormatlon;

if no localized location information has been received

for a predetermined amount of time, then

sending a location request;

receliving secondary lOCcthH 1nformatlon correspond1ng=

to the phy51cal object the secondary location

information correspondlng to a locatlon determlned

from global p081tlonlng satellltes, and

storlng the secondary locatlon information.

The method of claim 1, whereln the locallzed locatlon

information is determlned by a recl tlme locatlon

=éystem.

The method of claim 1, wherein the short-range

transmitter is an RFID transmitter.

The method of claim 1, wherein the location réqﬁést is

sent over a wide-area wireless network.

The method of .claim 1, wherein the sécoﬁdéry'location=

information 1s received over a wide—area wireless

network.
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0. The method of claim 1, wherein the predetermined amount
of time is one day.
7. I'he method of claim 1, wherein the physical dbjéct 1s a
| “vehicle. |
3 . The method of claim 1, wherein the physical object has

both an RFZD_transmitted’and‘a GPS=redeiver,“

9. A compﬁtér prdgram product Langlbly embodled in az_'

machine-readable medium, comprising:

instructions for detecting if localized location

in;ormatlon corresponding to the physical object

has been recelved the locallzed locatlon~

" 1nformation correspondlng to a locatlon determlned

”from.a signal received from a short-range

transmitter;

= 1 p—

‘instructions for, if the localized location information

has been received, then storing the ldcalized

location in*ormatlon,

instructions for, if no locallzed locatlon 1n“ormatlon

has been received for a predetermlned amount of
tlmé, then | o
sending a location request}

recelving secondary lOcatiQn informdtiont
corresponding to the physical‘object, the

secondary location information corresponding to a

location determined from global positioning
satellites; and . |

storing the secondary location information.
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c claim 9, wherein the

The computer program product o:

10.
ormation is determined by a rea

localized location inj

time location system.

m product of claim 9, wherein the

11. The computer progrsa
short-range transmitter:is an RFID transmitter.

5
12. The computer program product' of claim 9, Wheréin=the. ﬁ
location request is seﬁt'éver a wide-area wireless
network.
13. The computer program product ofuclaim:9,:wherein the
10 secondary locatipn informatiqn"is réCeived‘Qvér,a wide-
:area’wirelessznetwork. | - I
14. The computer programfproduct=offclaim_9} whéréin*thef:”
predetermined amount of time is one day.
15. Thé,computer program product of claim 9,'wheréin the.
15 physical object:is a vehicle. |

"The'computer program product o_,élaim.Q, wheréin’the
physical object has both an RFID transmitted and a GPS

16.

;"

receiver.

An asset location system, comprising:

17.
lized locatioh=informétién

20 = means

for detecting if locs

corresponding to the physical object has been
formation

recelved, the localized location in:

corresponding to a location determined from a
short-range transmitter;

-

signal received from a

25 = means for, i1f the localized location in:

“ been received, then storing the localized location

"ormation has

information;
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means for, if no localized location information has

peen received for a predetermined amount of time,

then

_sendlng a location request;

receliving secondary locctlon inf ormatlon correspondlng

to the physical object, the secondary locctlon

information correspondlng.to a location determined

from global p081tlon1ng satellltes, and

:storlng the secondary locatlon information.

18. The system of claim 17, further comprising a"real~time

location system configured to receive a signal ;rom.thea

short range transmltter and thereby determlne the

- location of the physical object.

'19. The system of claim 17, further compr181ng means: for

transmlttlng the location request over a W1reless

telephone network.

20. The system:- of claim 17, further comprising means for

receiving the secondary locatlon 1n'0rmation;over a

wireless telephone network.

21. The system of claim 17, wherein the;short-range

Cransmitter is an RFID transmitter.

22. A locatable vehicle, comprising:

Ppropulsion means;

an RFID transmitter configured to periodically transmit"

a vehicle identifier;

a GPS receiver configured to determine the location of

the wvehicle accordlng to global p051tlon1ng

satellites; and
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a wireless transceiver configured to transmit vehicle

location information over a wireless telephone

network.

23. The vehicle of claim 22, wherein the shortfrange:

transmitter is an RFi5 transmitter.

‘243 The vehicle of claim 22, wherein vehicle Sfatus data 1is

written to and transmitted by the shOrt—raﬁge

::transmitter.
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