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(57) Claim
1. In a global positioning system (GPS) including satellites orbiting the earth and

transmitting positional information signals, a system for locating a lost article comprising:

a mobile encoder transmitter/receiver device for transmitting a coded identification
signal specifically corresponding to an identification number associated with a particular lost
article,

a decoder transmitter/receiver device aftixed to said parucular tost article. said
decoder transmitter/receiver device being activated in response to said coded identification
signal from said mobile encoder transmitter/receiver device to receive positional information
signals from said GPS and to re-transmit said positional information signal as alternate,
frequency shifted GPS positional information signals.

wherein said mobile encoder transmitter/receiver device receives said alternate.
frequency shifted” GPS positional information signals re-transmitted trom said decoder
transmitter, receiver device and said positional intormation signals from said GPS to determine
the position of said particular lost article.

I5. A method for locating a lost article. comprising the steps of:

transmitting a coded signal from a local encoder transmitter. to a decoder receiver,
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said coded signal representing an identification number designating said decoder receiver to
actuate said decoder receiver, said decoder receiver being located in the proximiry of said lost
article;
translating a GPS positional information signal into a shitted frequency; and
determining a location of saia decoder receiver by comparing said shifted signal in

said decoder receiver ta a direct GPS signal.
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(54) Title: STOCK LOCATOR SYSTEM USING GPS TRANSLATOR

7777 TIPIITTITT TR

(87) Abstruct

A device which is useful in locating lost articles including & GPS translator (20), located in close ptoxumty of said lost article (12)
The GPS transistor is capable of translating a frequency transmitted from a GPS transmitter (18) to & GPS receiver (14), the GPS recciver
is capable of receiving & first signal directly from the GPS transmitter, and 8 second signal transmitted from the GPS transmitter, through
said GPS translator, to the GPS receiver. Since the transiator typically uses considerably energy during continual usage, there is a power

management portion
attemnpting to locate the lost article.

jon included which actuates the transiator only during those times that a coded signal is transmitted by the user who is
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STOCK LOCATOR SYSTEM USING GPS TRANSLATOR

IECHNICAL FIELD

YThe present invention relates to locator systems,
and more particularly to a system to be used to locate
articles within a group of similar articles (such as
specific tractor trailers in a truck yard or specific
rail cars in a stockyard) using a £SPS transmitter-

receiver system.
BACKGROUND ART

In recent years, the control of shipped goods from
one location to another has become more sophisticated
and complex with increases in the number of consumers,
and the distances between the consumers and most
manufacturers. In addition, there has been an
associated increase in the speed in which many goods
need to be delivered. Also, the concept of "just in
time" manufacturing and supply concepts have been
developed which have necessitated the rapid supply of

goods.

One major problem with the above shipping situation
is that occasionally goods, or even loads of goods,
become lost. Considering the amount of cargo traffic
which traverses rail yards, cargo ships, truck depots,
etc., one realizes the magnitude of the challenge to
maintain effective shipping techniques without the
associated losses. Even though most lost goods are
eventually found, the searching process itself is
inefficient and can severely impact manufacturing and
supply schedules. Additionally, the searching process
may take place under less than desirable or even
hazardous conditions (in the winter, in the desert,

ete.) .
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The present invention provides for a system by
which the lost item (tractor trailers, rail cars,
shipping containers, etc.) can be easily and gquickly
located. This system uses the known global positioning
system (hereafter GPS) to assist in finding the 1lost
object. The use of GPS to define the position of
objects; by itself, is not new and has been used in the
navigational positioning of airplanes, ships, etc.
However, such GPS systems have used a relatively large
amount of energy. Alternately, the use of individual
GPS receivers located on each shipped item would make a
system for locating a lost item from many similar items
prohibitively expensive. Therefore, the present
invention provides a technique by which a single GPS
receiver can be used adjacent to a single stock area (or
any location where there are likely t¢ be lost articles)
to reliably locate those lost articles. This is
accomplished by positioning a translator in close
proximity to the 1lost article, which alters the
frequency of the GPS signal. The altered GPS signal and
the GPS original signal are received by an interrogation
unit, which compares'thé original and the translated
signal to determine the relative position of the

translator.

Prior systems for locating lost articles, where
each article continually transmits a continuous GPS
signal, not only produce a lot of needless congestion
over the transmission networks, but also reguire each
lost article to have a significant energy source. When
the transmission to a distant satellite is required, as
is the case in €PS systems, a large amount of energy is
expended by the transmitters. Such a system would
require either large generators or expensive batteries
necessitating large expenses, frequent replacements, or
recharging. Since none of the above options are
attractive or practical, it is desirable to produce a
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power management portion which limits the energy expended by such transmissions, which

forms one of the major aspects of the present invention.

DISCLOSURE OF INVENTION

The present invention relates to a device useful in loeating lost articles which includes
a GPS translator that is located in close proximity to each lost article. The GPS translator is

capable of translating a frequency transmitted from a GPS transmitter to a ditferent

elee
;:;:': frequency.
2t 10
w.s:: More particularly the invention provides in a global positioning system (GPS)
sgeved including satellites orbiting the earth and transmitting positional information signals, a system

for locating a lost article comprising:

:;f;;: a mobile encoder transmitter/receiver device for transmitting a coded identification
L. f 15 signal specifically corresponding to an identification number associated with a particular lost
M article,
KT a decoder transmitter/receiver device affixed to said particular lost article, said
::":g decoder transmitter/receiver device being activated in response to said coded identification
e

signal from said mobile encoder transmitter/receiver device to receive positional information
20 signals from said GPS and to re-transmit said positional information signal as alternate,

frequency shifted GPS positional information signals,
wherein said mobile encoder transmitter/receiver device receives said alternate,

frequency shifted GPS. positional information signals re-transmitted from said decoder

transmitter/receiver device and said positional information signals from said GPS to determine

25 the position of said particular lost article.

The invention also provides a method for locating a lost article, comprising the steps

of:
transmitting a coded signal from a local encoder transmitter, to a decoder receiver,

30 said coded signal representing an identification number designating said decoder receiver to
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actuate said decoder receiver, said decoder receiver being located in the proximity ot said lost

article;
translating a GPS positional information signal into a shifted frequency; and

determining a location of said decoder receiver by comparing said shifted signal in

5 said decoder receiver to a direct GPS signal.

The invention also provides a method using a global positioning system (GPS)

including satellites orbiting the earth and transmitting positional information signals for

.
(121 ]
...:
LI Y . ’ N t el X o
s locating a lost article comprising the steps of:
:OOEQ: 10
.o » - - . . . .
3.0 Step 1, transmitting from a mobile encoder transmitter/receiver devices a coded
fatees identification signal specifically corresponding to an identification number
associated with a particular lost article;
'O‘OC.
..:'.l
e &
ot 15 Step 2, recetving said coded identification signal in a decoder transmitter/recetver
) device affixed to said particular lost article;
L X3 '3
HER
eodd Step 3, activating said decoder transmitter/receiver device in response to said eoded
.

identification signal from said mobile encoder transmitter/receiver device;

20
Step 4, recejving positional information signals from said GPS;
Step 3, re-transmitting said positional information as alternate, frequency shifted GPS
positional information signals; and
25
Step 6, determining the position of said particular lost article by receiving said

alternate, frequency shified GPS positional information signals re-transmitted

from said decoder transmitter/receiver device and said positional information

signals from said GPS.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a perspective view illustrating one embodiment of the basic elements
of the present invention including an interrogation unit (14), a remote module (10), and a

plurality of GPS satellites (18), the communication links to only one of the GPS satellites (18)
are illustrated to simplity the illustration;

10
Fig. 2 illustrates a schematic view of one embodiment of a remote module (10) of the

present invention, which is typically located in close proximity to a potentially lost article;

Fig. 3 illustrates a schematic view to one embodiment of an interrogation unit (14) of

15 the present invention;

Fig. 4 illustrates a similar view of Fig. 3 of an alternate embodiment of interrogation

unit (14) of the present invention; and

20 Fig. 5 illustrates a similar view to Fig. 3 of yet
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another alternate embodiment of interrogation unit (14)
of the present invention.

R G O E

In the disclosure, elements which perform identical
functions in the different embodiments will be provided
with similar reference characters.

The present invention is intended to facilitate in
the locating of lost items. The primary application of
the present invention is to locate one item within a
large number of comparable items (a truck in a truck
yard, a shipping container in a shipping region, or one
or a set of rail cars in a railway yard, etc.). The
general operation of the invention is as follows:

1. The interrogation unit is positioned in the
general area where the lost article is potentially
located. The interrogation unit may be mobile,
hand held, affixed to a vehicle, located in a
tower, or positioned in any desired location based
on the specific application.

2. A code which represents a serial number
corresponding to the lost article is entered into
the interrogation unit.

3. The interrogation unit transmits the code by
radie frequency (or some other 1low power
electromagnetic radiation).

4. A remote module, affixed to the lost article,
receives and decodes the code.

5. The remote module determines if the received
code corresponds to the articles serial number. If
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the answer is "yes", then the remote unit becomes

active.

6. Upon activation, the remote module receives
the global positioning system (hereafter referred
to as GPS) frequency band, amplifies it, and shifts
the frequency to an alternate band. This shifting
of frequency band is known as translation. The
signal at the alternate frequency band is amplified
to a higher power (corresponding to range power
requirements) and is then retransmitted back to the
interrogation unit. The translated frequency
transmission lasts for several minutes, or any
period sufficient to locate the lost article
considering the specific application.

7. Concurrent to steps 3 to 6, the interrogation
unit receives the translated GPS transmission from
the remote unit, and computes the position of the
remote unit compared to the interrogation unit
using standard GPS receiver technigues, typically
by comparing the position which the transmission
originates from a known position of a receiver.

8. The yser (person) may now travel to the
location indicated by the intérrogation unit to
retrieve the lost article.

Fig. 1 illustrates the basic elements of the
present invention, in which the primary components are
a remote module 10 located in proximity to a 1lost
article 12 (typically affixed thereto), an interrogation
unit 14, and a plurality of GPS satellites 18. Each
remote module 10 contains a translator 20 (which
replaces a prior art GPS receiver to be located on each
potentially lost article). The translator, as applied
to the locating of, and inventory of, stock relative to

PCT/US95/01335
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a person seeking the stock, partially forms the present
invention. Even though only one lost article 12 is
illustrated in Fig. 1, it is envisioned that for the
system to function effectively, that there will be a
large number of similarly appearing lost articles (such
as truck trailers, railcars, cargo containers, etc.)
within a small area which will present a large
likelihood of confusion. Each lost article 12 is
equipped with its own distinct remote module 10.

This paragraph describes how the present invention
GPS satellite-receiver configuration operates. There
are approximately 20 geo-stationary GPS satellites which
presently orbit the earth. The distances from a GPS
satellite to a GPS receiver 62, and translator 20, are
determined by timing signals travelling from a plurality
of GPS transmitters (not illustrated) located on the GPS
satellites to the receiver 62 (or translator 20). The
translator translates the frequency of the signal it
receives into a frequency band which can be picked up by
the interrogation unit. Thus the interrogation unit 14
potentially receives two GPS signals from each satellite
(GPS transmitter). Thé first signal is a direct signal
from the GPS satellite. The second signal is the
(frequency) translated signal which has travelled from
the GPS satellite to the remote module 10, and then had
the frequency altered and retransmitted to %he
interrogation unit 14. The communication links are
illustrated between only one GPS satellite 18 and the
remote module 10, and the interrogatien unit 14 for ease

of illustration.

Precise distance information from any GPS satellite
can be obtained by the receiver 62 (either direct or via
translator 20). The accurate position in space of the
GPS receiver 62 (or translator 20) can be precisely
determined by triangulation wusing multiple GPS
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satellites in a manner well known in the art. The
triangulation requires that the receiver 62 and the
translator 20 both be in communication with at least 4
common GPS satellites at one given time. Relative GPS
techniques as described below can be used to determine
the relative position of the translator (which is
contained within the remote module) relative to the
receiver (which is contained within the interrogation
unit) for the reasons, and using the techniques, as set

out below.

Positioning a remote module on each article is only
desirabie when more than a few articles which can become
confused are involved. When there are many articles
which must be interfitted with GPS receivers, the cost
may become prohibitive. A large number of receivers
continually transmitting positional information would
also congest the airwaves. Additionally, some technique
is necessary to contrpol the number of transmissions of
positional information from each remote module to
conserve the energy consumed by the power sources. This
low power is desirable to ensure that the system has low
maintenance, and low  %eplacement or recharge
requirements for expensive batteries or generators.

Fig. 2 illustrates a schematic diagram of one
embodiment of the remote module 10 of Fig. 1 of the
present invention. The remote module 10 includes a GPS
interface portion 20 and a power management portion 22.
The GPS interface portion 20 includes a GPS receive
antenna 24, a GPS filter 26, a low noise amplifier 28,
a local oscillator 30, a mixer 31, a transmission band
filter 32, an output amplifier 34, and a GP5 retransmit
antenna 36. The power management portion 22 includes a
code receive antenna 40, a code receiver 42, a power
management device 44, a power supply device 46, a power
management portion switch 48, and a GPS interface
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portion switch 50.

The GPS interface portion 20 receives a GPS input
signal transmitted by a GPS transmitter (located on the
GPS satellites 18) using the GPS receive antenna 24, and
retransmits a translated signal, the frequency of which
is shifted by a certain frequency, but otherwise
contains an identical bandwidth, etc. over the GPS
retransmit antenna 36 in the following manner. The GPS
input signal typically oscillates at a frequency of
1575.42 MHz. 1In this disclosure, the use of specific
frequencies and elements are intended to be illustrative
(and not limiting) in scope. The GPS input signal which
has been received by the GPS receive antenna 24, is
applied to the GPS filter 26. The GPS filter 26 selects
a GPE band and eliminates interference. The output
signal of the GPS filter 26 is then passed into the low
noise amplifier 28, which amplifies the signal while
adding virtually no additional noise. The mixer 31
shifts frequency of the GPS signal by the frequency of
the local oscillator 30, resulting in an output signal
at approximately 660 MHz. The transmission band filter
32 selects the output band and 1limits the noise

bandwidth.

An output amplifier 34 amplifies the signal
produced by the transmission band filter 32 to a level
sufficient to overcome path losses between the remote
module 20 and the interrogation unit 14, The GPS
interface portion 20 of the remote module 10 uses
considerably less expensive components than the GPS
receiver 19 which it replaces. 1In place of a relatively
expensive prior art receiver located adjacent each lost
article, the present invention functions equally well
utilizing a mixer, a couple of oscillators, and a couple
of f.lters. In view of the fact that one remote module
10 can be associated with each article 12 which may
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become lost, the present invention provides considerable
cost savings with equivalent performance.

The purpose of the power management portion 22 is
to control the power consumption of the GPS interface
portion 20, which uses large amounts of power (in the
range of .1 to 10 watts) when operational. The above
control is effected simply by controlling the c¢lectrical
connection between the power supply device 46 and the
GPS interface portion 20, as follows.

A coded signal is transmitted from the
interrogation unit 14 of Fig. 1, in a manner described
later in the specification. The coded signal is
received by the code receive anténna 40, which supplies
the received coded signal to the code receiver 42 which
includes a positional request by the remote module 10.
The code receiver 42 interprets this signal, and
thereupon determines the operation of the power supply
mandgement device 44 by a series of coded transmissions.
The power management device 44 controls the application
of power both to the code receiver 42 via the power
management portion switch 48; and to the GPS interface
portion 20 via the GPS interface portion switch 50 in a
manner as is well known in the controller art.

There are two techniques by which the code receiver
can operate. The first technique involves continual
operation, in which the code receiver is continually
listening for signals from the interrogation unit 14,
which relate to that specific remote module 10 (in
effect, switch 48 is always closed). The second, more
energy efficient, technique involves the code receiver
cycling on and off, with the period of the duty cycle
being selected such that the code receiver will still
recognize all signals which potentially are being
transmitted from the interrogaticn unit 14. Upon
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receipt of such a potentially relevant signal, the code
receiver 42 then instructs the power management device
44 to close the power management portion switch 48 for
a sufficient period so that the code receiver will be
able to receive and interpret any such code signals. It
is also possible that this system may be configured such
that the power management portion switch 48 remains open
until a second similar, deactivating signal is received.

The “on" part of the duty cycle may be fixed, yet
be long enough to permit a complete serial number to be
decoded. In fact, the "“on" portion of the duty cycle
would be twice as long as the code transmission. 1In
this manner, interceptior of a transmission shortly
after the beginning of one comp .ete code would ensure
that the next cycle would be intercepted completely.
Using the on-off cyecling technique, the code
transmission must be repeated multiple times before the
receiver is able to decode a complete Lransmission. If
the code signal is valid, and instructs the remote
module 10 to begin operation (translate GPS signals to
determine the location of the remote module 10 via the
GPS), then the code receiver 42 will instruct the power
management. &evice 44 to close the normally open GPS
interface portion switch 50. When the GPS interf.te
portion switch is closed, then the GPS interface portion
20 will commence operation in the manner described
above, permitting the interrogation unit 14 to compute
the relative position of the remote module 10 using the
techniques described above.

Different embodiments of the interrogation unit are
illustrated in Figs. 3, 4 and 5. The Fig. 3 embodiment
includes a GPS antenna 60, a GPS receiver 62, a
controller 64, a user interface 66, a code transmitter
68, a code band antenna 70, a local oscillator 72, a
mixer 74, a retransmitted GPS band antenna 76, and an

1o
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interrogation unit switch 78.

The GPS antenna 60 receives a direct GPS signal
from transmitters located aboard at least four of the
GPS satellites. The retransmitted GPS band antenna 76
receives a translated composite raw GPS signal from the
remote module 10 (which can be decoded to provide
positional information of remote module 10). The
interrogation unit switch 78 will switch +the GPS
receiver input between the GPS antenna 60 and the
retransmitted GPS band ankenna 76). The signal applied
to the GPS receiver 62 may be applied by either the GPS
antenna or the retransmitted GPS band antenna 76. The
controller 64 controls the operation of the switch 76
described above. The user interface 66, which typically
includes a display and a keyboard (not illustrated),
regulates the operation of the controller 64 by
selecting which remote module 10 to locate; and utilizes
the coded keyword for each lost article.

The user interface is also in communication with
the code transmitter 68 which formats and transmits a
signal (via the code band antenna 70), as has been
selected by the user interface. The code band antenna
70 is configured to be capable of being in direct
electronic communication with the code receive antenna
40 of Fig. 2. The user of the system inputs data into
the aser interface 66 which includes such specifics as
the code or serial number of the remote module 10 of
Fig. 2. That input code will then be sent to the code
transmitter, and the coded signal will be transmitted
over the code band antenna 70 to the code receive
antenna 40 of Fig. 2, at which point the signal will be
treated as described previously. It is also possible
that this function will be performed continuously to
monitor the location of all of the potentially lost

articles in the region.

11
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The interrogation unit 14 may be either a hand held
unit, fixed within a tower, contained in a vehicle, or
located in any other position suijtable for the specific
application. This invention has particular application
in trucking of goods. The mobile unit may be combined
with a vehicle navigation and communication system
(known in the art), which could result in several

features:

1. In-cab display of the location of a particular
shipment intended as the next load.

2. Direct transfer 6f the next load serial number
or identification number, followed by an in-cab
display of that load.

3. Several hardware elements could be combined.
The same GPS receiver 62 used for vehicle
navigation could be used to indicate the position
of the next load.

The mixer 74 acts to combine a carrier signal
produced by the 1local oscillator 72 and the signal
proéduced by the retransmitted GPS band antenna 76 in a
similar manner to that produced by the 1low noise
amplifier 28 and the local oscillator 30 of Fig. 2, as
described previously.

In order to describe the interrelationship between
the interrogation unit 14 and the remote module 10, it
is necessary to consider one property of GPS known as
selective availability. 1In view of the accuracy of GPS
systems, governmental agencies have adopted selective
availability in their GPS systems, in order to make the
signals from any one GPS satellite vary with time. For
example, the GPS information can vary as much as several
huridred feet in &a 30 second period. Selective

12
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availability has been adopted primarily so that
terrorists cannot use GPS as a bombing aide. Therefore,
it is difficult for any GPS receiver (or translator) to
determine its . position accurately without outside
additional information. Such outside information may
include a second GPS receiver which is positioned at a
known location that is also relatively close to the
first receiver (or translator). Both receivers will be
receiving the same signals from the GPS satellites, and
both receivers will be experiencing approximately the
same errors. Therefore, if the GPS receiver, which is
at the non-fixed position, is able to determine it's
position relative to the GPS satellite, it can also
determine the error induced in the fixed receiver (by
comparing the known position of the fixed receiver
compared to the indicated position of the fixed
receiver). The non-fixed receiver will then be able to
correct its own position by applying the same error, and
the non-fixed receiver (or translator) will be able to
obtain accurate positional information. This process is
known as relative GPS, the fundamentals of which is
known in the art.

There are three potential embodiments of the
interrogation unit to be associated within the above
translator scheme. The first embodiment is illustrated
in FPig. 3 in which the interrogation unit switch 78 may

be switched such that the GPS receiver either receiving

a signal, via GPS antenna 60, directly from a GPS
satellite; or the GPS receiver 62 is receiving a signal,
via the retransmitted GPS band antenna 76, from the
remote unit 20 (translator). The second implementation,
as illustrated in Fig. 4, is identical to the Fig. 3
embodiment except that there are two GPS receivers 62
and 62' (there is no need to provide the interrogation
unit switch 78 of Fig. 3). The controller 64 receives
& constant input of positional information from both &PS

i3
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receivers 62, 62', and is able to compute the position
of the remote unit in much the same manner as described
with respect to the Fig. 3 embodiment using relative

GPS.

In both of these embodiments, the GPS receiver
receives GPS data of two frequencies. The first
frequency the direct frequency (as transmitted by the
GPS transmitter on the satellite), and the second
frequency is the translated frequency (the frequency
modification is caused by the remote unit 10). The
third embodiment of the present invention, as
illustrated in Fig. 5, is identical to the Fig. 4
embodiment except that the local oscillator 72 and the
mixer 74 are removed. In the Fig. 5 embodiment, the GPS
receivers 62 and 62' receives two signals are at
different frequencies.

The above provide the preferred embodiments of the
present invention. It should be noted that minor
modifications to the invention, such as would be obvious
to those of ordinary skill in the art, are also within
the intended scope of the present invention.

14
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. In a global positioning system (GPS) including satellites orbiting the earth and
transmitting positional information signals, a system for locating a lost article comprising:

a mobile encoder transmitter/receiver device for transmitting a coded identification
signal specifically corresponding to an identification number associated with a particular lost
article,

a decoder transmitter/receiver device affixed to said particular lost article, said
decoder transmitter/receiver device being activated in response to said coded identification
signal from said mobile encoder transmitter/receiver device to receive positional information
signals from said GPS and to re-transmit said positional information signal as alternate,
frequency shifted GPS positional information signals,

wherein said mobile encoder transmitter/receiver device receives said alternate,
frequency shifted GPS positional information signals re-transmitted from said decoder
transmitter/receiver device and said positional information signals from said GPS to determine

the position of said particular lost article.

2. A system according to claim 1 wherein said decoder transmitter/receiver device

affixed to said particular lost article includes a power management circuit wherein said

20 decoder transmitter/receiver device is turned
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on for selected time periods to receive said positional

information signals from said GPS.

3. A system according to claim 1 wherein said
5 decoder transmitter/receiver device affixed to said
particular lost article includes

an interface <circuit for receiving said
positional information signals from said GPS, for
10 translating said received GPS positional signals,
and for re-transmitting said translator GPS

positional signals,

a code receiver circuit for receiving said coded
15 jdentification signal transwmitted from said
mobile encoder transmitter/receiver device,

and a power management circuit, including a power
supply means, responsive to a signal from said
20 code receiver circuit for selectively connecting
said power supply means to said interface circuit
to activate said interface c¢ircuit to receive
said positional information signals from said GPS
and to activate said code receiver circuit to
25 receive said coded identification signal
transmitted from said mobile encoder

transmitter/receiver device.

4. A system according to claim 3 wherein said

30 interface c¢ircuit includes a GPS receive antenna for
receiving said positional information signals from said

GPS, a mixer circuit connected to said GPS receive antenna,

a local oscillator connected to said mixer circuit for
shifting the frequency of said received GPS positional

35 information signals to provide translated GPS positional
s$ignals, and a GPS re-transmit antenna connected to said
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mixer to transmit said translated GPS positional signals to
sald mobile encoder transmitter receiver device:

5. A system according to claim 4 wherein said power
management circuit activates said interface circuit only

during those periods that said interface circuit is being

utilized.
6. A system according to claim 5 further including:

analysis timer means for maintaining power to
said power managemént circuit for a predetermined
period after the coded identification signal
directed to said interface circuit has been
detected.

7. A system according to claim 1 wherein said mobile
encoder transmitter/receiver device includes a GPS receiver
circuit for selectively receiving said positional
information signals from said GPS, and said re~transmitted
positional signals from said decoder transmitter/receiver

device.

8. A system according to claim 7 wherein said mobile

encoder transmitter/receiver device further includes means
for generating said coded identification signal
corresponding to an identification number associated with
a particular lost article, and a code transmitter connected
to said coded identification signal generating means for
transmitting said coded identification signal to said

decoder transmitter/receiver device.

9. A system according to claim 7 wherein said GPS
receiver circuit includes a first receiver circuit for
receiving said positional information signals from said GPS
and a second receiver circuit for receiving said re=
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transmitted GPS translated positional signals from said

decoder transmitter/receiver device.

10. A system according to claim 7 wherein said mobile

5 encoder transmitter/receiver device further includes a
mixer circuit connected to said GPS receiver circuit, and
responsive to said re-transmitted, translated GPS
positional information signals, and a 1local oscillator
circuit connected to said mixer circuit for re~translating

10 said re-transmitted translated GPS positional information

signals.

11. A system according to claim 4 wherein said mobile

encoder transmitter/receiver device includes a GPS receiver

15 eircuit for selectively receiving positional information
signals from said GPS, and re-transmitted translated GPS
positional signals from said decoder transmitter/receiver

device.

20 12, A system according to claim 11 wherein said
mobile encoder transmitter/receiver device further includes
means for generating said coded identification signal
corresponding to an identification number associated with
a particular lost article, and a code transmitter connected

25 to said coded identification signal generating means for
transmitting said coded identification signal to said
decoder transmitter/receiver device.

13. A system according to claim 11 wherein said GPS

30 receiver circuit includes a first receiver circuit for

receiving said positional information signals from said GPS

and a second receiver circuit for receiving said re-

transmitted GPS translated positional signals from said
decoder transmitter/receiver device.

35
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14. A system according to claim 11 wherein said mobile encoder transmitter/receiver
device further includes a mixer circuit connected to said GPS receiver circuit, and responsive
to said re-transmitted, translated GPS positional information signals, and a local oscillator

circuit connected to said mixer circuit for re-translating said re-transmitted translated GPS

5 positional information signals.

15. A method for locating a lost article, comprising the steps of:

transmitting a coded signal from a local encoder transmitter, to a decoder receiver,
said coded signal representing an identification number designating said decoder receiver to
10 actuate said decoder receiver, said decoder receiver being located in the proximity of said lost
article;
translating a GPS positional information signal into a shifted frequency; and
determining a location of said decoder receiver by comparing said shifted signal in
said decoder receiver to a direct GPS signal.

15
16.  The method as described in claim 15, further comprising the siep of:

actuating the decoder receiver only at times when said coded signal is received, and

for a predetermined period thereafter.

20 17.  The method as described in claim 13, further comprising the step of:




" COPCT/US .. 133F
02 Hec'd PCTPTC 16 NOV 138

monitoring said coded signal by a power
management circuit in said decoder receiver.

18. The method as described in claim 15, wherein said

5 monitoring step consists of turning said power management

circuit on and off at such a rate that it can determine

whether a coded signal, which may be being transmitted to

said decoder receiver, is indeed being transmitted to said
decoder receiver.

10
19. The methed as described in c¢laim 15, further

comprising the step of:

actuating the decoder receiver only at times when
15 said coded signal is received, and deactivating
said decoder receiver upon the receipt of another

coded signal.

20. A method using a global positioning system (GPS)
20 including satellites orbiting the earth and transmitting
positional information signals for locating a lost article

comprising the steps of:

Step 1, transmitting from a  mobile encoder
25 transmitter/receiver devices a coded
identification signal specifically corresponding
to an identification number associated with a
particular lost article;

30 Step 2, receiving said coded identification signal in a
decoder transmitter/receiver device affixed to
said particular lost article;

Step 3, activating said decoder transmitter/receiver
35 device in response to said coded identification
signal from said mobile encoder

transmitter/receiver device;
20
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Step 4, receiving positional information signals from said GPS;

re-transmitting said positional information as alternate, frequency shifted GPS

Step 5,
positional information signals; and
5
Step 6, determining the position of said particular lost article by receiving said
alternate, trequency shifted GPS positional information signals re-transmitted
ogee from said decoder transmitter/receiver device and said positional information
;f;.::g signals from said GPS.
S0
.‘».g:: 21. A global positioning system substantially as hereinbefore described with reference to
"geont the accompanying drawings.
o‘c”o
Telest 22. A method for locating a lost article substantially as hereinbefore described with
::t:. f 15 reference to the accompanying drawings.
R 23. A method of using a global positioning system substantiafly as hereinbefore described
:«;mf ‘with reference to the accompanying drawings.

20

25 DATED this 9th day of January, 1998

NORTHROP GRUMMAN CORPORATION

geTﬁ% By its Patent Attorneys
- /& DAVIES COLLISON CAVE

?"V?‘ o™



WO 9528776

FIG. 1

PCT/US95/01335
16A%4 [ /e

GPS RX 2"
=y A
14 —
/7////4///////7/////”////////7///'//////‘////////

S

40 PoweR
CODE . |MANAGMENT
RECEIVER loevice




WO 95/28776 PCT/US95/01335

L (| GPS o
\%76 \¢—]  RECEVER '

|
80
[64
' __LOCATION _
. | CONTROLLER!
VZO ! | rewmve Posrnonl
- USER 1
CODE {INSTRUCTIONS __ {USER INTERFACE:}

TRANSMITTER} 1. SERIAL§ |DISPLAY, KEYPADH

N 68 —

FIG. 3

2/ 4



WO 9528776

PCT/US95/01335

TGPS

—— RECEMER | {62

GPS
RECEIVER Il

'k 62‘

LOCATION 2

CONTROLLER

bt

LOCATION 1

RELATIVE_POSITION

P

USER INTERFACE:

CODE; SERIAL# DISPLAY, KEYPAD,

USER
cope | LINSTRUCTIONS
TRANSMITTER

FIG. 4




WO 95/28776 PCT/US95/01335

| GPS oy

V -— RECEIVER | 62
76 —

GPS

e | RECEIVER Il

(g2

64

LOCATION 2

—~ CONTROLLER | _ LOCATION 1
RELATIVE POSITION

| USER -
INSTRUCTIONS __ |USER INTERFACE:

CODE; SERWAL§ |DISPLAY, KEYPAD|

4/ 4



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US95/01335

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(6) :HO4B 7/18S: GOIS 5/02
US CL :342/357

According to International Patent Classification (IPC) or 10 both national classification and IPC

B. FIELDS SEARCHED

US. : 3421357

Minimum documentation searched (classification sy:teni followed by classification symbols)

Documentation searched other than minimum documentation lo the extent that such documents are included in the fickds scarched

Electronic data base consulted during the interational search (name of data base and, where pracglcablé, scarch terms used)

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages

Category* | Relevant to claim No.
X US, A, 5,119,102 {BARNARD) 02 June 1992, See Figures 3-} 1
\ 5.
Y | US, A, 5,185,810 (WARD ET AL.) 09 February 1993. See| 2-20
Figure 5.

Further documents are listed mmeeonti;nuntion of Box C.

D Secpawm&mﬂymnex

. Special cutegorine of cited documents:
*A* document defining tie Mudum“hmw
10 b pact of partioular relevance

“E" earlier documen publisiied o or sfier the imermationst filing date
cited 10 establish the publicstion dats of dncther citition er other

special resson (as apecified)
o document roferting %o sk orel disclosurs, tes. exhibition or oder
o

the priocity dste cleimed

e docunitent which mey throw doubts on priovity claim(s) or which -

P dacunest published prior e imserwationa! filing dine but lsker thai

T ummwmmmmum
i cited 10 undorstand the

X d ot of p lar reb the claimid invintion cianin be
mmdwmhmwmwcmmvmmnp
when the docuinent is taken alone

‘ye -documment of particulsr relevance; the cleimed invention cannot be

considered W invoive an isventive smep when the documem s
wm«»mmmmmmﬁ‘m
being cbvious 0 a ¢ Kkillest in the art

N document memaber of the same patent family 1

Date of the actual compietion of the intepnational search

Date of mailing of the international scarch report

15MAY1995

35 APRIL. 1998

Name snd uumn address of the ISA/US Amﬁorueﬂ officer s
g::mmr ofgmm Trademarks IQM / ZL
Washington, B.C. 3023+ ’ THEODORE BLUM

Facsimile No,___(703) 305-333¢ Teleptone No.___(703) 308-0481 J

Form PCT/ISA/210 (second sheet)(luly 1992)%



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

