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- PLU 36 has ‘associated therewith a location receiver 60,
paging receiver 62 and a transmitter 64. The PLU 36 is
illustrated as having a separate antenna 66 associated with a
location receiver 60, an antenna 68-associated with a paging
receiver 62 and an antenna 70 associated with the transmitter
64. In actuality, the antennas 66-70 are a single antenna, as
will be described hereinbelow. However, for illustrative
purposes, they are depicted as separate antennas. )

A request transmitter 72 is provided at a remotely dis-
posed location from the PLU 36 for transmitting a request
from a transmitting antenna 74 to the antenna 66 associated
with the location receiver 60. This request is interpreted by
the PLU 36 as requesting transmission of ID information
and location information. As described above, the location
information is in the form of the location ID of the strongest
one of the sticks, which ID was previously received and
stored. In addition, the PLU 36 has a paging receiver 62 that
is operable to receive paging messages from one of a
plurality of sticks 78, 80, 82 or 84, which transmit the paging
information therefrom on antepnas 86, 88, 90 and 92,
respectively. .

In the preferred embodiment, the request transmitter 72 is
identical to the paging transmitter in the sticks 78-84, such
that the antenna 74 is common with antennas 86-92, Addi-
tionally, the request is essentially a message that is trans-
mitted in the conventional paging system, which message
has data associated therewith that is interpreted by the PLU
36 as a request for an ID. Once a request has been received,
the transmitter 64 of the PLU 36 transmits stored the
location ID out to a receiving antenna 94 on a PLU receiver
(PLUR) 96 in association with the unique ID of the PLU 36.
PLUR 96 is connected to a PLU processor 98, which also
controls the request transmitter 72. The PLU processor 98 is
operable to receive the information from the PLU 36 and
process this information. As described above, this informa-
tion can merely be the stored location ID of the stick having
the strongest signal received by the PLU 36 during trans-
mission of location ID from the sticks 78-84. Alternately,
the PLU processor 98 could receive multiple inputs from
multiple PLURs 96, which have placed a time stamp on the
received message from the transmitter 64. This time stamp
is utilized to make a TDA estimation, and, knowing the
location of the PLURs from which the information was
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received, deterinine with relative accuracy the location of -

" the PLU 36 at the time of transmission therefrom. Of course,
this is a function of the time base that exists at each of the
PLURs 96 and at the PLU processor 98.

With_the location portion of the present invention, it is
important to note that the first method of location utilizes the

location ID of the one of the sticks 78-84 having the.

. strongest signal at the time of transmission of the location

ID. This provides net only the ability to determine the -
location of a PLU 36 knowing the location of the stick, but -

it also determines the location. of the PLU 36 as a function
of its power reception capability. This is important as one

aspect of the présent invention is directed toward locating -

. the PLU 36 for the purposes of transmitting messages
thereto. The actual spatial location of a PLU 36 for this
purpose is.insignificant. Rather, it is important to know
which of the sticks' 78-84 has the transmitted signal there-
from received with the highest signal strength by the PLU

.36. Although the location of the stick is known,; the actual -

transmission characteristics are not exactly known and, in
“fact, the spatial location is of no use in determining from
which stick 78-84 information should be transmitted to be
received at the PLU 36. Since the PLU 36 will capture the
strongest signal from only one stick, it is that stick that

8

should have a later message transmitted therefrom in order
for the PLU 36 to receive it from only that stick. Conven-
tional paging systems transmit information from all of the
antennas 86-92, as they do not know which signal the PLU
36 will receive. This significantly decreases throughput.
Rather, if it could be determined clearly that a given PLU 36
is associated with a given stick, then it is only necessary to
transmit information from the selected stick during a given
time slot to the desired PLU 36. The remaining sticks can
transmit different messages to different PLUs. Therefore, it
is important to have present in the system database location .
information for the PLU 36 in the form of which stick in the -
system will transmit the strongest signal to the PLU 36 for -
a later paging message, i.e., which one will it “capture”. It .
is not of interest for this application whether the PLU 36 is
located to the north or to the south of the stick but, rather,
only that the PLU 36 will capture the signal from that stick
as the strongest signal.

Since the integrity of the location measurement is a
function of time relative to the time at which the location ID .
was determined, it is necessary to coordinate requests. for
location information from the transmitter 72 with the actual
time at which the location ID was transmitted. The time that
the location ID is transmitted is known in a system. Typi-
cally, this is transmitted as infrequently as possible, as it will
reduce throughput. However, once it is transmitted, trans-
mission requests can then be transmitted immediately there-
after, it being known that a certain time has elapsed before
the requested PLUs 36 transmit back a response. For
example, if it were desired-to determine the location of five
paging transmitters (64), the next five messages following
the transmission of the location ID would be requests for
these five PLUs to transmit back their location information.
PLUR processor 98 would therefore expect to receive five
sequential messages back from the five PLUs 36 in a
predetermined time slot. The time lag would be known, and
it would be on the order of a few seconds.

.. In one application for the present invention, a large
number of PL.Us 36 can have a Jocation thereof determined

. for the purpose of increasing throughput for subsequent

transmission of data. If, for example, one hundred PLUs 36
were located by the system of the present invention, this
could be followed by transmission of messages to all of the
sticks in a paralle]l manner. If it were determined, for
example, that all one hundred PLUs 36 were equally divided
among four sticks, twenty-five to each, then twenty-five
messages could be transmitred to each stick in a sequential -
and paralle] manner to cover all one hundred PLUs 36 such
that the throughput is increased by a factor of four for the
transmission of those messages.

In another aspect of the present invention, the PLU 36 is
operable to compare a received location ID with its stored ID
that was previcusly determined or which is stored in a -
look-up table that was previously programmed indicating-

" the area in which the paging system expected the PLU 36 to

reside. If the received location ID from any one of the sticks
in the vicinity of the PLU 36 did not compare with those
internally stored, this would indicate that the PLU 36 was
outside of its designated location, i.e.; the system did not
know its location. Under these circumstances, the paging
system would not transmit messages designated for that
PLU 36 to the sticks in the proximity thereof. Once the PLU
36 recognizes that the ID does not compare with the inter-
nally stored IDs, the PLU 36 initiates a transmission of the
location ID back to the PLUR receiver 96. This would then
be processed by the PLUR processor 98 and forwarded back
to a paging terminal such that when message data was

" encoded, it would be routed to the appropriate hub or stick.
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In one application of the above system, a PLU 36 could
be assocjated with a given hub which consisted of two cities.
When the individual travels to a different hub, as soon as it
came within range of the paging transmitter from one of the
sticks in the new hub and at a time that a location ID was
transmitted, the PLU 36 would then update the system as to
its location. Of course, an acknowledgement would be
required in that there may be some contention, as the PLU
36 would transmit its ID with no request. In this mode, it
might transmit over another transmit from another PLU 36
in its area. The PLU 36 transmitting its ID information
would therefore wait for an acknowledgement message from
the system indicating that the location was now in the data
base. If the acknowledgement is not received, the PLU 36
retries transmission of the message with the location ID until
the system recognizes its location and acknowledges. If the
acknowledgement is not received after a predetermined
number of tries it sends a message to the use via display or
acoustical means, '

Referring now to FIG. 4, there is illustrated a block
diagram of a base station at one of the sticks and its
associated PLUR 96. Each of the sticks  has associated
‘therewith a base station 100 that in general includes a
satellite receiver for receiving information on a satellite
receiving antenna 102, The base station has associated
therewith a paging antenna 104 that is similar to the antennas
86, 88, 90 and 92 on the sticks 78-94. Additionally, the
request information is transmitted ot through the antenna
104 to the PLU 36.

The base station 100 and the PLUR 96 are both connected
to a public data network (PDN) 106 through phone lines 110
which allow for transmission of digital data through the data
network 106. Data network 106 includes a master clock

—
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signal (MCS) 112, which is normally generated by the

telephone company, and maintained at a very accurate phase
and frequency with minimal drift. This clock is utilized by
the uplink 30 through a slave clock system (SCS) 114 and
the base station 100 also locks up to this clock through an

SCS 116. The Slave Clock (SCS) 116 may be linked to the

MCS via a 56 k-bit line or through the data clock from the
satellite receiver, The PLUR 96 also is locked with the SCS
116 to the MCS 112. This provides a very stable clock
reference for all of the base stations 100 and the PLURs 96.
Therefore, in the application whereby the PLUR time
stamps a received signal, the time base for all of the PLURS
is very stable and is referenced to a common clock in the
MCS 112, Without this, some other type of stable clock
system would be required. This will be described in more
detail hereinbelow.

The PDN is interfaced with a number of hubs 118 at
different locations. Each of the hubs 118 is locked up to the
MCS 112 through an SCS 120. They are also interconnected
to each other through the PDN 106 and also to the uplink 30

through the PDN 106. In addition, a remote trunk concen-

trator (RTC) 122 is provided that interfaces with the PDN
106 through a modem 124, this being a conventional part of
a paging system. All of the hubs 118-120 and the RTC 122
interface with the analog portion of the telephone network,
the public switch network (PSN) 126, which PSN 126 and
PDN 106 are interconnected, as indicated by a dashed line
128

Referring now to FIG. 5§, there is illustrated a block
diagram of a conventional hub and illustrating a spur. The
hub in general is comprised of a paging terminal 130 which,
in the preferred embodiment, is a Glenayre 3000 XL,
manufactured by Glenayre Corporation. This is a fairly
conventional paging terminal and is utilized by paging
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systems. The hub is interconnected with the uplink systems
through the PDN 106 via a primary 56-kilobit telephone line
132 and a secondary 56-kilobit telephone line 134. These
lines are operable to connect to a multiplexer 136, which is
input to both the paging terminal 130 through a base station
controller 138 or directly through a TNPP line 140, which
TNPP line provides for paging terminals to communicate
with each other. The base station controller 138 is operable
to assemble the data and implement the command and
control functions for transmission out to the uplink system
114 and subsequently to the base station 100 through the
satellite 28. The base station controller is an N1450, manu-
factured by Motorola. In addition, there are a number of
dial-up lines which are received from the PSN through a
modem 142 with alternate lines provided connected through
a modem 144.

'The lines from the PLUR 96 are received on telephone
lines 146 through a modem 148 to a PLU receive processor
150, which is similar to the PLUR processor 98 of FIG. 3.
The PLUR processor 150 basically processes the signals
received from the PLURs 96 and then outputs location
information to the paging terminal 132, and updates it
internal database. As described above, each paging terminal
generates data associated with its database and associated
PLUs 36. If a new PLU 36 has come on line, the database
can be updated, or if a mode is entered wherein specific
sticks are to be transmiited with certain information, this
information can be stored in the paging terminal 130,

A phase lock loop (PLL) 152 is provided for linking to the
master clock signal which is on the 56-kilobit lines 132 and
134, This comprises the SCS 120. The PLL has a clock that
is output to a clock distribution system (CDS) 154, which is
utilized by the base station controller 138 and also by the
paging terminal 130. The clock distribution is well-known,
and is described, generally, in Masami Kihara, “Perfor-
mance Aspects of Reference Clock Distribution for Evolv-
ing Digital Networks”, IEEE Communications Magazine,
April 1989, pp. 24-34. In addition, the RTC 122 provides the
interface with the spur hubs through the telephone lines 158
and a modem 160, The spur interfaces with another modem
162 at the location of the hub for interface with the paging
terminal 130.

Referring now to FIG. 6, there is illustrated a block
diagram of the PLU 36. An internal antenna 166 provides for
both reception and transmission at a frequency in the UHF
range. The receive frequency is 929.6625 MHz and the
transmit frequency is 921.0 Mhz. An isolator 168 is provided
which has three ports. One port is connected to the antenna
166, one input connected to the transmit side of the PLU and
one port connected to the receive side. The receive side of
the isolator 168 is input to a bandpass filter 170, the output
thereof input to a mixer 172. The mixer receives 2 921 MHz
clock signal from a frequency clock synthesizer 176, such
that the output is down converted to a frequency of 8.6625
MHz. The output of mixer 172 is input to a band pass filter
174, which preconditions the filter for input to a conven-

. tional FM receiver chip 178, which basically demodulates

60

65

and hard limits the signal. The output of the FM receiver
chip 178 is input to a channel decoder and error detection
and correction circuit 180 and also to a channel equalizer
182. The operation of the channel equalizer 182 is described
in G. E. Prescott, et al, “Adaptive Estimation of Transmis-
sion Distortion in a Digital Communication Channel”, Cor-
respondence JEEE Transactional Communications, Vol. 36,
No. 4, September 1988, pp. 1070-1073, and the FM receiver
chip 178 is described in the Motorola Linear/Interface
Integrated Circuits Data Book, DL12AREV2, p. 8-2. These
are conventional chips. :
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The output of the channel decoder 180 is input to a
POCSAG decoder 184. The POCSAG decoder is an
OMIO33, POCSAG paging decoder device which is manu-
factured by Signeties, Part No. PCA 5000T. The output of
the POCSAG decoder 184 is input to a CPU 186, which
CPU also receives as an input the output of the channel
decoder 180. The POCSAG data from the output of 184
comprises the message data received during conventional
operation of the system. The output of the channel decoder

3

180 is all the information that is necessary for the CPU 186 10

to determine the location ID of the stick having the strongest
signal during transmission of location IDs. The CPU 186 has
associated therewith a display 188, a memory 190 and an
input/output 192. The input/output 192 is in the form of a
Keyboard or input buttons.
The frequency synthesizer chip 176 is a conventional
phase lock loop. Ii is comprised of a voltage controlled
oscillator 196 that operates at 921 MHz. The output of the
" VCO 196 is divided down by a factor of sixty-four by a

divide circuit 198 and input to a PLL control chip 200. A
- loop filter 202 is also provided, the loop filter interfacing
with the PLL control chip 200. The PLL control chip 200 is
a conventional control chip that has disposed thereon a

20

phase detector and the various circuitry for interfacing and .

forming the loop filter 202.

The CPU 186 is operable to generate message data for
. transmission out through: the antenna 166, the data being
output on a line 204, The data on line 204 is input to the PLL.
control chip 200 to modulate data and output it on a line 208
for input to a mixer 210. The Local Oscillator input of the
mixer 210 is connected to the output of the VCO 196. The
output of the mixer 210 is filtered with a filter 212 and then
input to a power amplifier 214 for input to the transmit side
of the isolator 168. '

Referring now to FIG. 7, there is illustrated a block
diagram of a system for increasing the power level trans-
mitted by the PLU 36. Since the PLU 36 is operated on a
- battery, it is necessary to minimize the amount of power
transmitted thereby. Therefore, the power level is relatively
low. When the PLU 36 is disposed on a person or a moving
object that is within the confines of a building, the power
level from the PLU 36 may be too low to reach the PLUR
96 and its associated antenna 94, disposed on one of the
proximate sticks. Therefore, a building could be equipped
with power transmitting units (PTU) 220, which has a
receiving antenna 222 and a transmitting antenna 224. The
information transmitted by the PLU 36 is received by the
PTU 220 on its receiving antenna 222, buffered, and then
transmitted out at a later time (preferably one frame) through
the transmitting antenna 224 to the PLUR 96 at a higher
power level and at the same frequency. This higher power
level is sufficient to penetrate the walls of the building. The
PTU 220 is powered. from an AC outlet and, alternately, the
PTU 220-can operate as a PLUR and interface with the PDN
through a modem 226.

Referring now to FIG. 8, there is illustrated a cross-
sectional view of building 228, illustrating a PTU 220 and
a PLU 36. The PLU 36 is disposed within the building 228
and is operable to transmit information to the PTU 220. A
.stick 230 is disposed proximate to the building 228, having
a PLUR antenna 94 associated therewith and a paging
antenna 232 ‘associated therewith. In addition, a satellite
receiver antenna 234 is associated with the stick 230. Due to
the attenuation provided by the walls of the building 228, the
PLU 36 cannot transmit from within the building to the
PLUR antenna 94, Additionally, the signal strength from the
paging antenna 232 is insufficient to reliably penetrate the
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walls of the building. The PLU 36 can neither transmit -~

information out nor receive information within the building.
Therefore, the building itself is made into a cell or a separate
“stick” by disposing a base station 236 and associated
satellite receiver antenna 238 on the roof thereof to com-
municate with the satellite 28. The paging antenna is formed
by a leaky coax 240 in the building. The leaky coax is
operable to emit radiation at relatively low power, but
sufficient to encompass all areas within the walls of the
building 228. Therefore, the entire building would be con-
sidered a stick in and of itself and would have its own
location ID. Therefore, if the paging terminal 36 were
transmitting location ID information, it would indicate that
it was in a particular building, as this would be the strongest
signal received by the PLU 36.

Referring now to FIG. 9, there is illustrated a flowchart for
the operation of the PLU 36. The flowchart is initiated at a
start block 244 and the system goes to a decision block 246
to determine if the preamble has been received. If not, the
program flows back around the “N” path to the input until
the preamble is received. When the preamble is received, the
program flows along a “y” path to a decision block 250 to

achieve POCSAG sync. The program fiows along an “N”
path back to the input thereof until sync is achieved, at which
time it flows along a “"Y*’ path to the input of a decision block
252 to determine if the address has been received. The
--program fiows along the “N” path to the input of the idle
address decision block 248 until the address has been
received, at which time it flows along a “Y” path from
decision block 252 to a decode data block 256 to decode the

p data, The decision blocks 250, 248 and 252 and block 256
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represent the POCSAG decoder chip. -

If the idle address has not been received, the program
flows along an “N" path back to the input of decision block
250, When the idle address has been received, the program

" flows along a “‘y” path from decision block 290 to a decisjon

‘block 291 to determine if the call sign codeword data
command (stating that the call sign will follow) has been
received. If not, the program returns to input of decision
block 250 and, if so, the program flows to decision block 293
to determine the 1D sequence. The program then flows to
pfogl’am [ A”; . ) . i

After the data has been decoded, the program flows to a
decision block 258 to determine if the data is a request. If it
‘is arequest, the program flows along a “Y" path to a function
block 260 to transmit the stored stick ID to the PLUR 96 in
association with the ID of the PLU 36. This is coded and
transmitied ont through the. transmitter. The program then
flows to.an End block 262. If a request was not received, this
indicates a standard message and the. program would flow.

" from the decision block 258 along a “N” path to a function
block 264 to process the message and then to the End block’
262, .

- When the stick ID is received at decision block 293, the
program would flow along a “Y” path therefrom to program

““A”, which is initiated at a function block 266 to decode the
stick ID. The stick ID is then stored, as represented by a
function block 268, and then compared with the authorized
stick ID stored in' the database of the PLU 36. This is
indicated by a function block 270. The program flows to a
decision block 272 to determine if the comparison was true. .
If so, this indicates that the pre-anthorized stick ID codes
compare with the received stick JD codes or the prestored
stick ID code compares with the received stick ID code. If
so, the program flows along a “Y” path from the decision
block 272 down to a return block 274. If the comparison is
not true, the program flows along an “N” path indicating a
new ID.
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When a new ID is received, the program flows to a
function block 276 to transmit the stick ID to the PLUR in
association with the PLU ID. The program then flows to a
decision block 278 to wait for an acknowledgement mes-
sage, which would be received at the output of the decode
data function block 256, If the acknowledgement message
has been received, the program would flow along the “Y”
path from decision block 278 to the return block 274.
However, if the acknowledgement message has not been
received, the program flows along the “N” path to a function
block 280 to retransmit the PLU ID and stick ID. The
program would flow to a function block 282 to increment a
value “N” by one and.then to a decision block 284 to
determine if the value is equal to 2 maximum value. If not,
the program would flow -from decision block 284 along an
“N” path back to the input of block 278 to again determine
if the acknowledge message has been received. This will be
continued until “N” reaches. a maximum value, at which
time the program flows along a “Y” path from decision
block 284 to a function block 286 to output a tone to the user
indicating that the PLU 36 has not been able to establish its
new location with the local hub. The program would then
flow from function block 286 to a return block 274,

Referring now to FIG. 10, there is illustrated a flowchart
for calculating the Time-Difference-of-Arrival (TDA). The
program js initiated at a start block 290 and then flows to a
function block 292 to request transmission of the PLU ID
from a PLU 36. The program then flows to a function block
294 to receive a request message, indicating the step
whereby the PLU 36 has received the request to transmit its
unique PLU ID. The program then flows to a function block
296 indicating the step whereby the PLU 36 transmits the

location data consisting of the most recently received stick’

ID and the PLU ID. In addition, the PLU 36 could also
" transmit a range code which provides the ability to optimally
cross-correlate the received data for time-of-arrival values.
This is a conventional technigue which is disclosed in R.
Dixon, “Spread Spectrum Communications”, Wiley. The
program then flows to a function block 298, indicating the
step whereby the PLU transmission has been received at the
PLUR. The PLUR then time tags the signal, as indicated by
a function block 300. The program then flows to a function
block 302, indicating the step whereby the ID of the PLU
and the time tag information, in addition to the stick location
information, is sent back to the central processing unit. The
PLUR processor then computes the location of the PLU 36
as indicated by a function block 304 by one of the various
techniques described above. The program then flows to a
function block 306 to store the location as updated data in
the database. The program then flows to an End block 308.
Referring now to FIG. 11, there is illustrated a diagram-
matic view of the cellular system of the present invention.
The satellite 28 is operable to transmit a signal on a
downlink 312 to the PLUs 36 that operates a relatively high
data rate, 9600 baud, relative to the 1200 baud receiver data
rate of the PLUs 36. Of course, the downlink 312 can
operate at S6K baud. In general, on a given channel, the
satellite 28 can transmit more data than can be transmitted
out from the paging transmitters associated with the system,
This allows the satellite 28 to transmit to multiple hubs.
However, as will be described hercinbelow, the system of
the present invention utilizes this feature to transmit multiple
messages at the same time to “cells” within a system.
Whenever the system initiates a transmission string to any
of the hubs, a key-up sequence is entered whercin the
satellite addresses specific satellite receivers on specific
sticks within the system. Of course, in simulcast systems
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each hub has overlapping RF fields for the individual sticks
in the system. It is therefore necessary that all of the sticks
be keyed-up at the same time. The key-up sequence is
basically initiated by sending a key-up field wherein the ID
of each of the sticks is transmitted to all of the sticks in the
system. OF course, the sticks in a common hub would have
a portion of the ID that would be designated as 2 group ID
such that only one ID would be transmitted to key-up all of
the sticks in that group. However, individual sticks can be
keyed-up in response to a specific ID contained in the key-up
field. After the key-up field is transmitted, a 576 bit preamble
is then sent which comprises a synchronization field for the
overall system. Thereafter, the messages are sent to the
satellite receivers on each of the sticks in batches. Each
batch is comprised of a synch word followed by up to eight
20-bit messages. Each message is comprised of an address
followed by data. At the end of each batch, another synch
word is sent followed by additional messages. After ail of
the information has been transmitted, a Wait field is inter-
posed between the messages and a key-down field, wherein
a key-down sequence is entered to key-down all of the .
transmitters such that they do not operate when there are no
messages to be transmitted.

As illustrated in FIG. 11, there are five sticks, 314, 316,
318, 320 and 322, associated with the system that define a
given hub during normal operation, i.e., a simulcast opera-
tion. Bach of the sticks 314-322 is operable int the simulcast
mode to receive simulcast data and transmit this data out into
the associated locales for éach stick 314-322, wherein it is
assumed that all pagers within the hub can be in any locale
associated with any of the sticks 314-322. Each of the
locales for the sticks 314-322 is represented by brackets
324, 326, 328, 330 and 332, respectively. In each locale,
there are associated a plurality of PLUs 36, represented by
dots. However, there are a number of PLUs 36 within the
locales 324-332 having a known location. These are repre-
sented by circles around the dots. For example, in locale
324, there are three PLUs 36 having the known location. In
lacale 326, there are two PLUs 36 having a known location.
Tn locale 328, there is one PLU 36 having a known location.
In locale 330, there is one PLU 36 having a known location.
In locale 332, there are two PLUs 36 having a known
location. Once the location is known, it is only necessary to
transmit data to the stick associated with the paging receiver
having the known location. In accordance with the present
invention, once the location is known, the satellite 28 is then
operable to transmit the information to the sticks 314-322
by selecting which of the sticks 314-322 is to receive the
paging information at any given time slot. This is done
through the unique ID that each of the sticks 314-322
possesses. Therefore, the satellite 328 can selectively trans-
mit information to any of the sticks 314-322 for transmis-
sion only in its associated locale.

Whenever two adjacent sticks are present in a system with
overlapping RF fields, which is always the case with respect
to paging systems, there is a possibility that an ambignity
might exist as to the actual location of the PLU 36 from an
RF field strength standpoint. For example, during the loca-
tion-determining step the PLU 36 may be receiving from
one stick and in the next instance the message may be
received from the other stick that is in the adjacent pattern.
This may be due to the fact that the PLU 36 is disposed
equidistant between the two adjacent sticks, Since the PLU
36 captures the strongest signal, this may vary as a function
of time, even though spatial location does not vary, due to
fiuctuations in atmospheric conditions, slight reorientation
of the PLU 36 or even slight variations in the power
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transmitted from each.of the sticks. Therefore, whenever
overlapping RF fields are present, it may be desirable to turn
on only the paging transmitter having previously been
determined to. have the PLU 36 located in its pattern and
turning the adjacent paging transmitters off, thus making
each stick and individual cell. Of course, this can present
some problems in that paging transmitters within an area

must be turned on and off in a non-overlapping manner, thus.

requiring the turn-on procedures for each transmitter to be -

" sequenced for each message transmitted to a given cell.
Thereafter, this cell is turned off and the adjacent cell is then
turned on. :

Referring now to FIG. 12, there is illustrated a grid

arrangement for determining which of overlapping ones of .

the cells are to be turned on and turned off. The cells are
arranged in a-matrix of A-cells, B-cells, C-cells and D-cells.
All of these cells overlap. ‘Therefore, it would be necessary
to first turn on the A-cells;, followed by the B-cells, followed
by the C-cells and then by the D-cells. In an altemate

-

5

embodiment of the present invention, the system can be -

controlled such that each of the PLUs 36 can receive
messages from two paging transmitters through orthogonal
coding. In this manner, two overlapping sites could be
tumed on and a paging receiver receiving from either one of
the sites would receive the message since the messages. are
transmitted out of both adjacent cell sites. This would
necessitate transmission of both messages out of one adja-
cent site and fransmission of both messages out of the next
adjacent sites with the PLU 36 being able to discriminate
two messages. This will be described in more detail here-
inbelow. However, in the preferred embodiment, the A- and
B-cells would comprise one set of orthogonally overlapping
cells and the C- and D-cells would comprise a second set of
‘overlapping cells. Therefore, it would only be necessary to
turn on all of the A- and B-cells, followed by turning on of
all the C- and D-cells, thus increasing the throughput by a
factor of a minimum of two. ’

. Referring now to FIG. 13, there is illustrated a diagram-
matic view of how the throughput can be increased by going
to a cellular mode.-In the top line, a message string is
illustrated as being comprised of two types of messages,
batch messages that are transmitted in the cellular mode, and
normal messages that are transmitted during simulcast
mode. Normal messages are-designated as M,, where x
varies from 0 1o n and the batch messages are designated as
BM,, where y ranges from 0 to m. The message string
received by the paging terminal is illustrated as being
comprised of three simulcast messages Mg, M, and M,

three messages BM,, BM, and BM;, which are cellular-

messages, and two additional simulcast messages Mg and
M,. The message string is transmitted  out through the
satellite 28 in two modes, a simulcast mode and a cellular
mode. The simulcast mode is first entered and the messages
M, M, and M, broadcast out to all sticks in the particular
hub. Thereafter, the batch messages BM;, BM, and BM; are
“all transmitted out in a single frame simultaneously in the
cellular mode, In the cellular mode, the length of the frame
is defined by the longest message that is to be transmitied.
After the longest message has been transmitted, the system
then goes back to the simulcast mode and messages Mg and
M, are transmitted. This illustrates the adaptive nature of the

" cellular system, i.e., it can recognize that messages are to be
routed to specific locations, due to knowledge as to the
location of the PL.Us 36, and then group these messages for
transmission in a cellular mode. OFf course, the system can
use the simulcast mode.to determine location if necessary.
Referring now to FIGS. 14a and 14b, there is illustrated
another example of transmission in the cellular mode. There
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are eight batch messages which are designated for being
transmitted to PLUs 36 in the system having known loca-
tions. As described above, the location of the PLUs 36
associated with these batch messages is predetermined. As
seen in FIG. 14a, the PLUs 36 are defined as being in three
non-overlapping areas. The first isolated and non-overlap-
ping area contains PLUs having the designated messages
BM,, BM,, BM, and BM associated therewith. The mes-
sages BM; and BMj are designated for a second isolated
area and the batch messages BMg and BM, are designated
to PLUs 36 in a third isolated area. Since there are three

" isolated areas to which messages are to be sent, this means

that the three sticks associated with the three areas can be
turned on at a given time. Therefore, the batch messages are
arranged such that BM,, BM; and BM; are transmitted at a .
common time. Thereaftes, the batch méssages BM,, BM;-
and BM,. BM, are then be transmitted in a single time slot
message and BM is then be transmitted in a single time slot.
Referring now to FIG. 15, there is illustrated a diagram-
matic view of the cells of FIG. 12, illustrating additional
building site cells (BCy), wherein building sites are located

-within each of the various overlapping cell sites. These are

- similar to the ones described hereinabove with reference to

FIG. 8. As described above, each of the building cell sites is
effectively another cell site that essentially overlaps with the

"~ present cell sites described in FIG. 12. The building cell sites

define dnother type of cell. However, the interference prob-

. lem still requires that the cell site in which the building
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resides be isolated from the building cell site during trans-

mission. Therefore, when building cell sites are transmitting,
the cell in which they reside is not transmitting, Of course,

building sites will not overlap with each other and there will

be little interference due to the their being adjacent.

" The message string is illustrated as being comprised of
simulcast transmission to all cell sites, cellular transmission

to the buildings and-cellular transmission to the cell sites,

Initially, the system is in a simulcast mode to broadcast the

message Sy. The system then goes into a cellular mode

broadcasting to the buildings. The first cellular message is

BC,, and the second cellular message is BCy,,,. Of course,

* during BC,, multiple messages can be transmitted to the

different building cell sites. After the message BC,,, is
transmitted, the system goes back to the simulcast mode and
broadcasts the message Sy.,. The system then goes into the
cellular mode and transmits messages in a batch mode to all
of the A- and B-cells in the orthogonal mode and then
switches to transmit messages to the C- and D-cells in the
orthogonal mode. The system then switches to transmit two
sequential messages to the building sites as cellular mes-
sages BCy,, and BCy,,. Thereafter, the next simulcast
message Sy, is then transmitted in the simulcast mode and
then the system transfers back to the cellular mode, In the
cellular mode, the next cellular message is transmitted to the -
A- and C-cells at the same time by orthogonal coding and
then the message is transmitted to the C- and D-cells. The
system then converts back to the simulcast mode and
transmits message Sy.s. As can be seen from the system of
FIG. 15, the system can adaptively convert between simul-
cast and cellular mode and arrange the data in any manner
during cellular mode to optimize efficiency of transmission
thereof.

Referring now to FIG. 16, there is illustrated an alternate
method whereby data is transmitted to the paging system at
the stick site through either the phone line or through a
CATV system. The paging terminal 44 is operable to inter-
face with the PSN 34 to transmit data thereto. This data is
time-tagged or file-tagged prior to transmission to the PSN
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34 through a time-sequence controller 337. The paging
terminal 44 operates in conjunction with a stick controller
339 and the time-sequence controller 337 to first determine
which messages should be transmitted as data through the
phone line and then assemble these messages for transmis-
sion thereto. As will be described hereinbelow, these mes-
sages typically are those that exceed a certain length that
would make it impractical for them to be transmitted
through the satellite 28. The overall clock system is syn-
chronized through the Master Clock System (MCS) 112 in
the PSN 34 with the Slave Clock System (SCS) 120 syn-
chronizing up to the MCS 112 and providing a stable clock
for the operation of the paging terminal 44 and the time-
sequence controller 337.

The data or message information is transmitted from the
paging terminal 44 through the PSN 34 via a modem 338 to
a processor 336 associated with the paging system 334. A
memory 340 is provided for storing files and data that are to
later be transmitted to the PLU 36 through the leaky coax
240 (by way of example). The leaky coax 240 can be any of
the paging antennas that are associated with the various
paging systems, as illustrated by paging system 334. An
alternate route to the PSN 34 is to send the data via a T2 line
through a CATV system 341. .

In operation, the paging terminal 44 through the time-
sequence controller 337 will determine whether the data is
to be transmitted as messages, i.e., a short message, or it is
to be transmitted through the alternate “hardwired” connec-
tion or path to the paging system 334. If, for example, the
message is greater than a predetermined length, it will be
transmitted as a file via the alternate routing path.

In general, the purpose for transmitting the data over a
phone line is that the control link in a paging system is one
of the least reliable subsystem entities. This {s primarily due
to multiple objectives requiring trade-offs with lack of
reasonable margins without excessive cost. Also, with a
desire to increase the paging rate, the link band width and
timing accuracy must increase. This multiple improvement
can be achieved in a more reliable and cost-effective manner
by isolating the operation wherein the data can be transmit-
ted separately from the control and clock information via an
alternate path, Therefore, multiple control links are provided
with the satellite 28 primarily providing the clock and
control portion thereof.

In conventional systems, the page requests from the
phone line input are first formatted by the paging terminal
44. Next, the paging transmitter control signals are then
appended by the controller 339 to form a composite control
link signal. The control link signal is then transported to the
appropriate paging transmitters and paging systems 334.
The paging transmitters at the. paging system 334 receive
this control link signal and exccute it on a real-time basis. All
time related adjustments, therefore, must be made during
non-paging activities and considered an alignment function
with respect to the overall system. In simulcast paging
systems, as described in the present invention, the phasing or
time relationship between adjacent RF field transmitter
outputs is bounded, and is set to within a fractional bit time.
Therefore, the control link through the satellite 28 must
deliver its signal to the paging transmitter with a minimum
differential error between the various adjacent RF fields.
Therefore, in conventional paging systems, three primary
elements exist with respect to-controlling signalling, the
command and control signals associated with the paging
transmitter, the paging signal to be transmitted, and the
timing or phasing of the paging transmitler paging signals
transmitted therefrom relative to the adjacent RF field pag-
ing transmitter transmit paging signals.

—
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The third element, the timing or phasing, has been the
major problem for paging systems. The present system
provides this timing through use of the MCS 112 and SCS
120 that utilize the time base of the PSN 34. In addition to
all of this, providing data at the destination at or prior to the
transmission time allows data to be sent via alternate paths
to the required destinations. However, for this system to
operate, the paging transmitter must have the ability to hold
the data until requested by the transmission sequence. Due
to the serial sequential nature of this, the memory 340 acts
as an elastic serial memory but standard Random Access
Memory also will work.

There are three modes of operation for the system of FIG.
16. The first mode is the normal standard mode using a
standard time difference accurate control angle link. This is
typically a terrestrial Radio Control Link (RCL), but Direct
Satellite Control Link (DSCL) is the preferred embodiment

. for this time differential accurate contro! link, In the second

made, the data in each page is evaluated, and if greater than
a 20-bit word is present, it is replaced with a 20-bit file name -
and sent out to the satellite control link as a file name. Also,
the named data is tagged ‘with that name and sent by an
alternate path to the required sticks at the various paging
systems for storage in the associated memory 340. This is
the preferred embodiment including the POCSAG format,
and a Jike process would be implemented for other control
link formats and options. In the third mode, the command
and control signals plus data is sent by the alternate path.
Only timing is supported by the satellite link. If the third
maode is the only mode of operation, then timing could be
acquired from satellite or terrestrial sources such as the GPS,
TDRS, LORAN-C, OMEGA, DECCA and related Navaids.
The second and third modes of operation provide addi-
tional benefits. One of the major disadvantages of classical
paging systems is that the transmission system is configured
such that a request can only be inserted at the originating
point of the control link. Two examples are inserting a call
sign or secondary pages. If the call sign resides in the paging
transmitter, it could be executed more efficiently in an
automatic manner, or by remote command if the second or
third mode features are present in that set of paging trans-
mitter units. One implementation of the second and third
modes can account for interference between two or more
paging terminals having continuous RF fields, Since the data
arrives at the paging transmitters prior to transmission by a
defined time value, the time slot during arrival can then be
evaluated for insertion of secondary inputs such as a call
sign or paging signals from a second paging terminal. .
Therefore, any missing data from time zero to that defined
time is a non-transmission time from that source. Therefore,
a transmission could be inserted during that non-transmis-
sion time. In the case of a POCSAG format, if the defined
time is an integral of 454 MS, then integer 1200 BPS batches
could be synchronously inserted from the secondary source.

With further reference to the second mode of operation,
each paging sequence requires the data for a specific pager
address to be replaced with a file name. This new sequence
is linked to the paging transmitter via the satellite link
through satellite 28. The file name is also assigned to the
data that it replaced. This data. file is then sent to the
destination sticks via the phone line or through the CATV
system 341 and held until requested via the satellite link.
Therefore, a page transmitted with the second mode of
operation contains the pager address and the file name of the
data to be transmilted, not the actual data. The data is
therefore transmitted over the altemative link with the
command and control information sent over the satellite
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link. The functions that go over the satellite link are basically
the paging signal to the uplink, the message content, POC-
SAG, which contains the carrier turn-on, the Time of Day
(TOD) (optional), the key-up sequence, the preamble, the
batches, the frame, the address, the data file name, the hold
time and the key-down sequence. The paging system 334 is
operable to recognize the data as being a file name and
automatically inserts the file having that file in place of the
data. Essentially, the satellite transmit sequence is the same
as a normal paging sequence, except the data is not actually
transmitted over the satellite link, only the file name is sent.

In the.third mode of operation, the total paging signal is
time/sequence tagged and sent to the paging system 334 via
the alternative route where it is stored. When it is time to
transmit this. signal, it is then transmitted, requiring only
some timing information from the satellite 28 through the

20

a file name or time-tags it and routes it to the paging system
through an altemnate link. The paging terminal 44 is manu-
factured by Glenayre Corporation, Part No. 3000XL. The
paging transmitter controller is manufactured by Motorola,
Part No. DDC1450. These are conventional components of
a paging system. The Direct-Inward-Dial (DID) lines enter
the paging terminal and then the paging terminal verifies,
formats and sends a transmission sequence to the interface
controller 337 and then to the paging transmiiter controller
339. The controller 339 then sends out the transmitter
control sequence to the interface controller 337. The inter-

- face controller 337 then sends the clock and the TOD or

downlink. The clock and Time of Day (TOD) or sequence -,

signal is derived from the satellite signal. The satellite signal
consists of at least the clock. and the TOD or sequence
signals. All paging signals operating in the third mode of
operation. are time/sequence tagged and transferred to the
sticks via the altemnative links with the time and order of
transmission controlled by the satellite downlink.

Referring now to FIGS. 17a and 17, there are illustrated

flow charts for the operation of the system of FIG. 16. The.

progtam is initiated at a start block 342 and then proceeds to
a function block 344 to mark the data. At this function block,
it-is determined whether the data is to be time-marked or to
be marked with a file name. This marked data is then

transmitted to the paging system, as indicated by a function -

block 346. The control and clock signal is then sent to the
- satellite for transmission to the appropriate one of the paging

systems 334. The program then flows to return block 350.

In FIG. 17b, the flowchart for the paging system 334 is
illustrated. The program is initiated at a start block 352 and
then proceeds.to a function block 354 to'determine whether
the system is operating in the mode wherein data is time-

. marked. If not, the program flows along the “N” path to a
function block 356 wherein a message is received. When the
message is received, the data portion thereof is examined to
determine if this data is a file name and compares with an
already stored file. If so, the program flows along a “Y” path

- to fetch the file and transmit it, as indicated by a function
block 366. The program then would flow back to the input
of the decision block 354. However, if it were.determined
that this were a standard paging message broadcast through
a simulcast mode, the program would flow -along the “N”
path and transmit the message in a normal fashion, as
indicated by a function block 360. The program would then
flow back to the input of the time decision block 354.

sequence through a clock and time/sequence distribution
system 366, which essentially comprises the satellite 28. The
interface controller 337 also sends the command and control
functions (the stick and paging) to the command and the
control distribution media, represented by a block 368. The
data is sent through a data distribution medium 370. Both the
blocks 366 and 368 can be represented by the satellite link
in the’second mode of operation, whereas the data distribu-
tion system 370 is represented by the phone link. The paging

_ system 334 is represented by a dotted line which includes the

memory 340 and the processor 336, which is referred to as
a sequence controller.

The clock and time/sequence distribution system 366
sends the various clock and timing/sequence signals to all .
paging systems 334 for receipt by the time and event
generator, as represented by block a 372. The command and
control distribution block 368 distributes the command and

" control signals to at least the required ones of the paging

systems 334. The data distribution system 370 distributes the
data to destination ones of the paging systems 334. The time
and event -generator 372 extracts the clock, TOD and
sequence signals from the clock and time distribution
medinm 366 and then sends the clock to a paging transmitter

.374. A command and control receiver 376 is provided in the

paging system for receiving the command and control
signals from the block 368. A data receiver 380 is provided
for receiving data from the data distribution system 370. The
data receiver inputs the data into the memory 340, whereas
the command and control receiver is interfaced with a .
sequence controller 336. The sequence controller 336 takes
the command and control sequence from the receiver 376
and sequences out the paging signal to the paging transmitter

- 374 in conjunction with the data stored in memory 340 and .

If the system were working in the time-tagged mode of .

operation, i.e., the third mode of operation, the system would

flow from the decision block 354 along the “Y” path to 2’

function block 362 to compare the files that were stored to
" the time base. The program would then flow to a function
block 364 to determine if it were time to transmit. If not, the
program would flow along the “N” path back to the input of
the function block 362 and, when the time for transmission

occurred, the program would flow along a “Y” path to

function block. 366 to transmit the file.

Referring ‘now to FIG. 18, there is illustrated a more
detailed diagram of the system of FIG. 16. The controller
337 is illustrated. as an interface controller and time/se-
quence tagging system. This essentially is a personal com-
puter that, as described above, examines the data to deter-
mine if it exceeds a 20-bit word. If so, then it either gives it

60

the time and event signal from generator 372, The paging
transniitter 374 can be a system manufactured by Motorola,.
Part No. PURC5000, which is operable to lock the trans-
mitter clock therein to the receive clock and then transmit
out RF transmission signals through the associated antenna
384.

Referring now to FIG. 19, there is illustrated a block
diagram of the receiver in the PLU 36 for receiving upper
and low sideband signals, to allow orthogonal coding. The
PLU 36 has a conventional FM receiver 386 disposed
therein which is operable to receive the upper and lower

" sideband coded signals on an antenna 388. These are then

filtered by an upper band filter 390 and a lower band filter
392, such that two signals can be discriminated. These are
input to a POCSAG decoder 394, which operates at 2 higher
rate, i.e., 2400 baud, with both the upper band filter 390 and
the lower band filter 392 operating at 1200 baud. The
POCSAG decoder will be operable to decode either one of
the signals and output them on an output 396, The coding for
the upper and lower sidebands of the signal would require
less than 3 kHz bandwidth and is a conventional technigue.

Referring now to FIG. 20, there is illustrated a block
diagram of an alternate embodiment for increasing the
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throughput. An initial signal is received at 4800 baud in the
paging system at the stick site and is input to a precoder,
which can be a modem 398. The modem then outputs 2

conventional phone line signal at a 1200 baud rate, which is -

input to the paging transmitter 400 and ont through an
antenna 402. The PLU 36 is then operable to receive this
signal on the antenna 388 and downconvert it with the FM
receiver 386. A second modem 404 is operated in the
demodulation mode to demodulate the 1200 baud input
signal to a 4800 baud signal, which is then input to a
POCSAG decoder 406 that opérates at 4800 baud rate. In
this manner, the throughput has been increased by utilizing
predecoding. .

In summary, there has been provided an adaptive cellular
paging system wherein paging can be effected on a simulcast
basis or on a cellular basis. In the cellular basis, the location
of certain pagers is determined such that the RF position is
known within the system. Thereafter, multiple messages can
be sent simultaneously to different paging transmitters
within a system, such that the entire system does not have to
receive the same message. This increases the thronghput to
the system.

Although the preferred embodiment has been described in
detail, it should be understood that various changes, substi-
tutions and alterations can be made therein without depart-
ing from the spirit and scope of the invention as defined by
the appended claims.

What is claimed is:

1. An adaptive paging system for transmitting paging
messages to a plurality of paging receivers, comprising: =

a plurality of paging systems for receiving the paging

messages, each of said paging systems having a paging
transmitter associated therewith for transmitting the
paging messages to the paging receivers that are within
an associated transmission locale about said paging
transmitter, which said transmission locale defines the
area within which the paging receivers can receive
messages;

a transmission device for generating the paging messages

for transmission to the paging receivers;

a transmission link for connecting said transmission

device to said paging systems; and

a paging terminal for controlling said transmission device

to transmit the paging messages to said paging systems
for retransmission therefrom by said associated paging
transmitters, said paging terminal operating in simul-
cast and cellular modes, said simulcast mode operable
to control said transmission device to transmit said
paging messages in a simulcast manner such that all of
said paging systems receive said transmitted paging
messages at substantially the same time, said paging
terminal operating in said cellular mode to control said
transmission device to transmit said paging messages to
only select ones of said paging systems at a given time
for retransmission to said associated paging transmit-
ters.

2. The adaptive paging system of claim 1, wherein said
transmission device is operable to transmit said paging
messages to said paging systems and said paging transmit-
ters associated with said paging systems are operable to
transmit said paging messages within said associated trans-
mission locale in substantially the same time frame. ’

3. The adaptive paging system of claim 1, wherein said
transmission device when controlled by said paging terminal
in said cellular mode, is operable to transmit different ones
of said paging messages to different ones of said paging
systems at substantially the same time.
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4. The adaptive paging system of claim 1, wherein por-
tions of said transmission locales for adjacent ones of said
paging systems overlap.
5. The adaptive paging system of claim 4, wherein only
ones of said paging systems having paging transmitters with
associated transmission locales that are not overlapping are
operable to receive paging messages from said transmission
device and transmit paging messages therefrom.
6. The adaptive paging system of claim 1, and further
comprising: : ’
a location system for determining in which of said trans-
mission locales associated with said paging systems
that select ones of the paging recejvers can receive
predesignated messages, said predesignated messages
generated by said transmission device for transmission
to the select ones of the paging receivers; and

routing control circuitry operable during said cellular
modé of operation in conjunction with said paging
terminal for determining which of said predesignated
messages is transmitted to which of said paging sys-
tems in accordance with the determined locale of the
select ones of the paging receivers.

7. The adaptive paging system of claim 6, wherein said
location system comprises:

a location transmitter co-located with each of the plurality

of paging receivers; )

each of said paging transmitters operable to transmit a

unique transmit ID for the associated one of said paging
systems and confined within said associated transmis-
sion locale, and transmitted on a periodic basis;

each of the paging receivers having a unique receive ID

associated therewith and operable to receive said
unique transmit ID transmitted in the one of said
predetermined transmission Jocales in which the paging
receiver is operable to receive transmissions, each of
the paging receivers operable to transmit the received
transmit ID and the associated unique receive. ID
through said co-located location tramsmitter over a
location RF link; and

a location receiver disposed at a predetermined location

for receiving from said RF link the transmitted transmit
1D and associated receive ID from the select ones of the
paging receivers, said receive IDs and associated trans-
mit IDs forwarded to said routing control circuitry.’

8. The adaptive paging system of claim 7, wherein said
location receiver-is comprised of a plurality of location
receivers, each of said plurality of location receivers co-
located with respective.ones of said paging transmitters for
each of said paging systems.

9. The adaptive paging system of claim 7, wherein:

said transmission device is operable to generate a request-

to-send messages for each of the select ones of the
paging receivers, and said routing control circuitry is
operable to control said transmission device to transmit
said request-to-send messages to said paging systems
for receipt by all of the plurality of paging receivers
within any of said predetermined transmission locales
of either of said paging systems; and

the select ones of the paging receivers receiving the one

of said request-to-send messages designated therefor
operable to transmit the received transmit ID and
associated receive ID with said co-located location
transmitter over said location RF link.

* ok Kk ok k
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Replace claim 1 as follows:
i A method for providing the location of a portable mobile remote unit to a wireless
consumer requesting the location of the mobile unit if within a geographic boundary
préscribed by the wireless consumer comprising:

obtaining the location of the remote unit;

obtaining from the mobile consumer geographic boundary information within
which the location of the remote unit should be disclosed;

determining whether the remote unit is within the said geographic boundary
obtained from the mobile consumer;,

forwarding the location of the remote unit to the mobile consumer upon

determination that the remote unit is within the said geographic boundary provided by the

mobile consumer.

Replace claim 5 as follows:
5. A method for providing the location of portable remote units that exist within a
prescribed geographic boundary comprising:

receiving at the network a prescribed geographic boundary to query for mobile
remote units;

re-defining at least a geographic region in the said prescribed geographic
boundary;

recursively requesting in the said re-defined geographic region(s), one after

another, the location of remote units that are present in the region;
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verifying afier each request in a re-defined region whether a portable remote unit
disclosed a global location in the region;
providing to the network upon said verification, the location of at least a remote

unit that revealed its location in the said re-defined region.

Replace claim 7 as follows:
7. In a communication system comprising;

at least a first communication unit able to provide location information to the
network;

at least a second communication unit able to request for the location of a first
commumnication unit present within a geographic boundary prescribed by the at least
second communication unit;

the system able to obtain and provide the location information of the at least first
communication unit if within the prescribed geographic boundary defined by the at least

second communication unit.

Replace claim 16 as follows:
16,  The portable remote unit of claim 15 having means to provide its velocity to the
network and having means to further determine it is velocity is within the network's

prescribed velocity before divulging its location to the network
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DETAILED RESPONSE TO OFFICE ACTION

In the last Office communication claims 1-15 and 17-19 were rejected under 35 U.S.C
102 (b) as being anticipated by Schipper [US 5,669,0611]. Schipper teaches a system for
tracking the location of a cellular phone user and method to provide cell-handoff as the
cell phone user moves from one cellzone to another, A cell phone user operates within
well defined cell zones, and as they approach a new cell boundary calculations are
performed to facilitate handoff to the next cell zone, Distances from the cell boundaries

are defined by the system and once a cell user is within that boundary a mechanism for

handoff to the next cell is enacted by the system.

In applicants invention a system is presented wherein a user in possession of a first
cellular telephone may enter into a mode to determine if a second ceflular telephone has
maintained close proximity to the first over a period of time. As cell phones are getting
smaller and equipped with location reporting capabilities, it would be easy for
unauthorized location reporting to happen if a device is concealed in a car or object
moving with an individual whose location is required, but not authorized by the
individual, In the invention, a list of mobile devices traveling in close proxirmity to a user
requesting the service is maintained over a period of time, At the end of that time, a
determination is made as to whether the user has been tracked or not by at least another
mobile device. None of the cited prior art teaches this technology. Further more, the
invention also provides a way to report ﬂ'1e location of mobile remote upits in a specific

geographic area to a wireless mobile consumer that was provided geographic boundary
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information as to where the search should be performed for mobile remote units. None of

the prior art also teacheé that.
RESPONSE TO CLAIM REJECTIONS

- Claim 1:
The rejection misinterpreted claim ! and misapplied the teachings of the prior art to reject
the claim, This claim, now amended, previously recited a method for providing the
location of a portable mobile remote unit associated with a network, This was done by
reporting the location of a mobile remote unit if the mobile remote unit is within a
geographic boundary prescribed by a requestor. Step 3 of this claim :

obtaining at the network geographic boundary information within which the
location of the remote unit should be disclosed;
is not disclosed by Schipper. Shipper, as indicated in the rejection, simply obtains
geographic boundary information within which a mobile remote unit is located. Tt does
not obtain the geographic boundary information where the mabile should disclose its
location. In Applicants invention a mobile may disclose its location only when it is
within a boundary prescribed by the network. The network is telling the mobile device to
provide location information if within a specified boundary. In this regard only mobile
units that are in close proximity to a device that is being tracked wouid provide their
location. Schipper does not teach that and no citing was found in the prior art to suggest
that. As a result of the inconsistency in the rejection, all subsequent steps in the claim are

valid and the claim should have been allowed.
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- Claim 2:
Claim 2 should have been allowed in view of the arguments made for the allowance of 1.
Furthermore, figure 4 and 5, ¢ol 14 lines 15-22, col 135 lines 32-65 does not teach

obtaining radii information and caleulating angle of inclination as suggested in the

rejection.

- Claim3;
Claim 3 is depended on 1 and should have been allowed in view of the arguments put

forth for the allowance of 1.

“ Claim 4

Claim 4 is clearly not recited in any of the prior art. No exclusion regions are specified
within which a remote unit should not provide its location to the network; and no
determination is made thereafier to establish if a remote unit ig not in an exclusion zone

before providing its location to the network. The claim should have been allowed.
- Claim 5 b

The steps in claim 5 are not disclosed in the cited prior art. The claim has also been

amended to further distinguish from the prior art. In applicant’s invention, once a request

Recelved from < 3103508133 > at 12111101 2:21:48 AM [Eastern Standard Time]
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is received for the location of mobile remote units in a specified arca, the area is divided

into sub areas and the areas are paged recursively, starting with the closest, until a mobile
remote unit responds with location information, The prior art does not teach that and the
claim should be allowed. Figure 2-4, col 10 line 61-65, ¢ol 13 lines 35-65 %md cél 14 lines

1-14 does not teach the above as suggested in the rejection.
- Claim 6

Cléim 6 recites a technique that is utilized to terminate a request for the location
information of mobile remote units within the redefined geographic regions. The prior art
does not suggest that, and no matter was actually cited in the .rej ection to refute this
claim. This claim should be allowed.

- Claim 7

Claim 7 is intended to define a system that provides the location of a mobile remote unit
only when the mobile remote unit is within a prescribed geographic boundary defined by
the source of request. If the mobile remote unit is not within the prescribed boundary,
then its location is not provided. The prior art does not suggest that. The claim has also

been amended to show that iimitation.
- Claim 8

The system described by the prior art does not show a way for a first communication

device to provide its location information to a second if and only if it is within the

)
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geographic boundary prescribed by the second. Claim 8 recites that and should have been

allowed.

- Claim 9

Claitmn 9 recites a method to determine if a mobile device has traveled a minimum pre-
specified distance while maintaining close proximity to another. The prior art does not
remotely suggest this, Also no relevant passage was cited in the rejection to refute this

claim, the claim should be allowed,

- Claim 10

Claim 10 is dependent on 2 and further teaches a method to determine if a device is being
tracked by another by retaining a list of all location reporting devices within proximity of
the tracked device. None of the prior art teaches that, The claim should have been

allowed.

- Claim 11

Claim 11 also teaches a way to find mobile devices that are tracking another over a

period of time for use in the method described in 9. The prior art does not teach that and
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no relevant passage was shown in the rejection to refute this claim. The claim should be

allowed,
- Claim 12

Claim 12 defines a system to be used to determine if 2 mobile device is tracking another
over a pre-specified distance. The prior art does not teach that and the rejection did not
cite any relevant passage from the prior art to refute this claim. Applicant maintains the

claim is patentable over the prior art and should be allowed.

- Claim 14

Claim 14 teaches a system that has means to provide the location of a mobile remote unit

if it is determined that the mobile remote unit is within a prescribed geographic boundary

defined by the system. Schipper does not teach that, and no relevant passage was cited in

the rejection, Applicant request that the claim be allowed.

- Claim 15

The mobile remote unit as shown in Schipper’s invention or any of the cited prior art

cannot determine if they have been excluded from providing their location when a
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request for location is made in an area where they reside. No relevant passage in any of

the cited art was presented and applicant solicit that the claim be allowed.

- Claim 16

Claim 16 recites providing means at the mobile remote unit of claim 15 to provide its
velocity to the network as requested, This ¢laim was rejected under 35 USC 103 (a) as
being obvious over Shipper in view of Rubin. It should be noted that neither patents

suggest any combination as specified in the rejection. Also the mobile remote unit as

described by Schipper does not divulge its velocity information to the network if it is
within under a velocity specified by the network. The claim should also be allowed in

view of the argument made for the allowance of claim 15.

- Claim 17 1%

Claim 17 —19 recites portion of applicant’s invention that provide location information to
the network if within a specified geographic boundary. This claim was rejected in view of

Schipper and should have been allowed, as Schipper does not suggest what the rejection

is relying upon as supposedly teaching.

10
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MARKED UP CLAYMS SHOWING CHANGES

1. A method for providing the Jocation of a portable mobile remote unit té a wirelesg

cotsumer requesting the location of the mobile unit if within a geographic boundary
prescribed by the wireless consumer assoeiated-with-a

network comprising:
obtaining the location of the remote unit;
obtaining from the mobile consumer at-the-network geographic boundary
information within which the location of the remote unit should be disclosed;
determining whether the remote unit is within the said geographic boundary

obtained at-the-netwerl fiom the mobile consumer;

forwarding the location of the remote unit to the aetwerk mobile consumer upon

determination that the remote unit is within the said geographic boundary proyided by the

mobile copsumer.

5, A method for providing the location of portable remote units that exist within a
prescribed geographic boundary comprising:
receiving at the network a prescribed geographic boundary to guery for mobile

re-defining at least a geographic fegion in the said prescribed geographic
boundary,
recursively requesting in the said re-defined geographic region(s), one after

another, the location of remote units that areA'present in the region;

13

Recelved from « 3105898133 at 1211104 2:24:18 AM Eastern Standard Time]

Petitioner Uber Ex-1004, 0261



FROM : PHONE NO. : 3105598133 Dec. 10 2001 @4:01PM P13

verifying after each request in a re-defined region whether a portable remote unit

disclosed a global location in the region;

providing to the network upon said verification, the location of at least a remote

unit that revealed its location in the said re-defined region.

7. In 2 communication system comptising:

at least a first communication unit able to provide location information to the

network;

at least a second communication unit able to request for the location of a first
communication unit present within a geographic boundary prescribed by the at least

second communication ynit;
the system able to obtain and provide the location information of the at least first
communication unit thatis if within the prescribed geographic boundary defined by the

at least second communication unit.

16,  The portable remote unit of claim 15 having means to provide its velocity to the
network and having means to further determine it #s velocity is within the network’s

prescribed velocity before divulging its location to the network

12
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Conclusion

Applicant have shown that the amended and existing claims are patentable over the prior

©art. Applicatit solicits the allowance of these claims from the Office.

Mundi Fomtkodg

(Applicant).

(Z (1ol of

13
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FOR
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ART UNIT : 2632
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THE U.S PATENT AND TRADEMARK OFFICE
Application Number: 09/753,178

Applicant; Mundi Fomukong

Examiner: Van Trieu

Att Unit; 2632 OFFCIAL

Method of Transmission : Fax

Number of pages excluding cover page: 24 ' BN
1) ' Proposed Amendments

Commissjoner for Patents and Trademarks

Washington, District of Columbia, 20231.
Sir:
In response to the last Office communication mailed 10/23/2001 for the above

application, kindly amend tbe application as indicated below, Marked up version of the

claims have also been included.
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- Replace claim 1 as follows:

A method for providing the location of a pgrtable mobile remote unit in a geographic

é va &[ region to a

at are maintaining close proximity to the

ireless consumer requesting the focation of portable mobile remote units
reless consumer in the geographic region
comprising:

i) obtaining the location of the wireless consumer at intervals over a period of

\ time;
F( i) requesting at each interval, at the network , that all mobile remote units within
close proximity of the wireless consumer disclose their location to the network ;
iii) maintaining a list of mobile renote units that provided their location at each
interval after the request of (ii) ;
iv) from the said list of (iit), fogwarding the location of at least a mobile remote
iz;ation that the remote unit maintained close.

unit to the mobile consumer upon det

proximity to the mobils consumer ove the said period of time of (i);

R
- Amend claim 2 as follows:

Claim 2 change ” The said technique employed by the method of claim 1 to determine if
a remote unit is within a prescribed geographic boundary comprising:”

to

“The said technique employed by the method of claim 1 to determine if a mobile remote
unit is within a prescribed geographic boundary or within close proximity of a wireless

consumer comprising:”
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bt
- Amend claim 3 as follows: -

Claim 3 change “A technique employed by the method according to claim 1 to determine
if a remote unit is wn:hm a speciﬁed geographic boundary co:ﬁprising:”

to

“A technique employed by the method according to claim 1 to determine if a remote unit
is within a specified geographic boundéry or ¢lose proximity to a wireless cotsumer

comprising:”

- Replace claim 5 as follows:

A method for providing the location of pogtable remote units that exist withina
ied geographic boundary to a wireless copsumer requesting that information
comprising;
i) receiving at the network a widernth n normal prescribed geographic boundary
to query for mobile remote units from the witeless consumer;
. ﬁ ii) splitting the said geographic bou dary of (i) into sub geographic regions to
»( constitute the said prescribed geographic 6undary;
iii) requesting in the said sub geographic region(s), the location of remote units
that are present in each sub region;
iv) verifying after each request/of (iii) in a sub region whether at least a portable
remote unit disclosed a global location in the region;

pote units that disclosed thetr location after each
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FROM :
P’ vi) providing to the network, and from the said list of (v) the location of at least a
remote unit that revealed its locatjon in the said sub region.
{
N - Replace claim § as follows:
! @ } A technique according to claim f, utilized to terminate a request for the location
é - ation of remote units in the said prescribed geographic boundary comprising:

- Cancel claim 7

- Cancel claim 8 /

. Replace Claim 9 as follows:

A method for determining that a first gortable remote unit associated with a

ork is being tracked by at least a secong portable remote unit over a tracking period
Comprising;
obtaining the location of the sai ﬁ;st portable remote unit or tracked unit;
obtaining the location of the atfleast second communication unit or tracking unit
'}\ ‘  that is within proximity or a e-specified radius of the said tracked unit;

verifying whether the trackipg and tracked unit(s) have traveled a minimum pre-

tracking period.
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- Replace claim 12 as follows:

A communication system comprjsing;

a neétwork of communication uyiits;

at least a first communication/unit and at least a second communication unit able
P< to provide their location informatign to the said network;

the system able to determise and report that the at least second communication

unit maintained close proximity fo the at least first communication unit over a period of

time;

i

- Replace claim 14 as follows:

14. A communication system comprising:

portable mobile remote unit;
means to obtain the location gf the portable mobile remote unit;

meaps to obtain geographic boundary information in order to disclose a global
location at the network;

»( {ﬂ means to provide the lo

network upon determination that the portable mobile remote unit is within the said

ion of the portable mobile remote unit to the

geographic boundary obtained pt the network;
means to determine and report 1o the system upon request that, another mobile
remote unit of the network hes tfacked the said portable mobile remote over a period of

time;
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- Replace claim 12'as follows:

A communication system comprjsing;

a neétwork of communication uyhits;

at least a first communication/unit and at least a second communication unit able
P< to provide their location informatign 10 the said network;

the system able to determigie and report that the at least second communication

unit maintained close proximity o the at least first communication unit over a period of

time;

- Replace claim 14 as follows:

14. A communication system comprising:

portable mobile remote unit,
means to obtain the location of the portable mobile remote unit;
means to obtain geographic poundary information in order to disclose a global
location at the network;

»( éﬂ means to provide the location of the portable mobile remote unit to the
network upon determination that the portable mobile rémof.e unit is within the said
geographic boundary obtainéd t the network;

means to determine and report to the system upon request that, another mobile
remote unit of the network has t éked the said portable mobile remote over a period of

time;

3
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/] . P

e portable remote unit of cJaim 15 having means to establish its velocity at the

prescribed velocity before divulging its location to the network

- Cancel claj 17 )
» Cancel clzfﬁl‘. 18

- Cancel claim 19

- Insert new cla\{

A method for providing the location/of portable remote units that exist within a
prescribed geographic boundary to a wireldss network compristng:

1) providing geographic boundaryfinformation to mobile remote units in a

geographic region to disclose their locatjon;

1) further providing exclusion r

jon information associated with said geographic

)( ‘(5 boundary of (i) to mebile remote unitg in the said geographic region;

iii) determining that a mobile
and not in the said exclusion regi

remote unit to the network;
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- @nfert new claim 21

21. A method utilized to provide to a source ¢f request, the location of 2 mobile remote
units that exist in a geographic region from the said list according to claim 5 comprising:
i) estimating and obtaining from the said list, the location mobile remote units
that are closer to the source of request;

i) providing the information obtaingd in (i) to the source of request before

releasing the location of other mabile remote units that are firther from the

source of request;

- &_nsert new claim 2?]

22. A method for providing the locatiop of a portable remote unit that exist within a
prescribed geographic boundary to a wirelpss network domprising:
i) providing to remote unité  the said geographic boundary velocity
information required in order to divulge Ipcation information;
i) estimating at the remote fmit or network, the velocity at which the remote
unit is moving;
ili)  validating that the estimgted velocity of the remote unit meets the velocity
requirement provided by the network (i) ,if yes, forwarding the location of

the remote unit to the ngtwork;
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- [l_n;ert new claim 2@

23, A technique utilized in the methgd according to claim 1, to terminate requesting

at each interval, for the location of mobile remote units within close proximity of the
wireless consumer comprising;

i) keeping track of the time sifice the first request for tracking units within
proximity of the wireless consumer yas enacted by the system;

iii) validating that the elapsed time at each interval when a request is to be made
does not exceed the total time set for establishing tracking in the system;

iv) requesting that all mohjile remote units within close proximity of the wireless

conswmer divulge their location if the result of the validation of (iii) is true;
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DETAILED RESPONSE TO OFFICE ACTION

In the last Office communication claims 1-15 and 17-19 were rejected under 35
U.S.C 102 (b) as being anticipated by Schipper [US 5,669,0611]. Schipper teaches a
system for tracking the location of a cellular phone user and method to provide cell-
handoff as the cell phone user moves from one celizone to another. A cell phone user
operates within well defined cell zones, and as they approach a new cell boundary
calculations are performed to facilitate handoff to the next cell zone. Distances from the
cell boundaries are defined by the system and once a cell user is within that boundary a
mechanism for handoff to the next cell is enacted by the system.

In applicants invention a system is presented wherein a user in possession of a
first cellular tetephone may en;er into a mode to determine if a second cellular telephone
has maintained close proximity to the first over a period of time. As cell phones are
getting smaller and equipped with location :eporting capabilities, it would be easy for
unauthorized location reporting to happen if a device is concealed in 2 car or object
moving with an individual whose location is required, but not authorized by the
individual, In the invention, a list of mobile devices traveling in close proximity to a usér
requesting the service is maintained over a period of time. At the end of that time, a
determination is made as to whether the user has been tracked or not by at least another
mobile device. None of the cited prior art teaches this technology. Further more, the
invention also provide other methods to report the location of mobile remote units in a
specific geographic area to a wireless mobile consumer that was provided geographic
boundary information as to where the search should be performed for mobile remote

units. None of the prior art also teaches that.

9
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RESPONSE TO CLAIM REJECTIONS

Claim 1:
The rejection misinterpreted claim 1 and misapplied the teachings of the prior art
to refute the claim. This claim, now amended, previously recited a method for providing

the location of a portable mobile remote unit associated with a network. This was done by

reporting the location of a mobile remote unit if the mobile remote unit is within 2
geographic boundary prescﬁbed by a requestor. Step 3 of'this ¢laim “obtaining at the
network geographic bounda:;y information within which the location of the remote unit
should be disclosed;” is not disclosed by Schipper. Shipper, as indicated in the rejection,
simply obtains geographic b&undary information within which a mobile remote unit is
located, Tt does not obtain a.r;d provide to the mobile remote unit geographic boundary
information where the mobile should disclose its location. 1n Applicants invention a
mobile may disclose its location only when it is within a boundary prescribed by the
network. The network is telling the mobile dévice to provide location information if -
within a specified boundary. In this regard only ﬁobile units that are in close proximity to
a device that is being tracked would provide their location. Schipper does not teach that
and no citing was found in the prior art to suggest that, As a result of the inconsisténcy in
the rejection, afl subsequent steps in the claim are valid and the claim should have been
allowed,

The amended claim]1 clearly shows a method for providing - to a wireless
consumer - the location of portable mobile remote units that are maintaining close
proximity to the wireless consumer over a period of time defined by the system. As

agreed in the last interview, the prior art does no teach that , and the method has been

10
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combined with the original claim 1. Applicant solicits the allowance of this ¢laim from

the Office.

- Claim 2:

Claim 2 is dependent on claim 1 and should have been allowed in view of the
arguments made for the allowance of 1. Furthermore, figure 4 and 5, col 14 lines 15-22,
col 15 lines 32-65 does not teach obtaining radii information and calculating angle of

inclination as suggested in the rejection.

- Claim 3:
Claim 3 is dependent on 1 and should have been allowed in view of the atguments
put forth for the allowance of 1. Furthermore the prior art does not teach the steps recited

in claim 3. Applicant solicits allowance of this claim.

- Claim 4

Claim 4 is clearly not recited in any of the prior art. No exclusion regions are
specified within which a remote unit should not provide its location to the network; and
no determination is made thereafter to establish if a remote unit is not in an exclusion

zone before providing its location to the network. The claim should have been allowed.

i1
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- Claim 5

The steps in the original claim 5 are not disclosed in the cited prior art. The claim has
also been amended to further distinguish from the prior art. In applicant’s invention, once
a request is received for the location of mobile remote units in a specified area, the area

- is divided into sub areas and the areas dre paged recursively, starting with the closest,

until 2 mobile remote unit responds with focation information. The prior art does not -
teach that and the claim should be allowed. Figure 2-4, col 10 line 61-65, col 13 lines 35-
65 and col 14 lines 1-14 does not teach the above as suggested in the rejection.

Steps (i) thru (v) in the newly amended claim 5 are not disclosed in the prior art,

.= Claim 6

Claim 6 recites & technique that is utilized to terminate a request for the location

information of mobile remote units within a prescribed geographic boundary. The claim

recites ensuring that, all redefined sub-regions in the prescribed geographic boundary are
paged for remote unit location in the sub region before the requests are terminated. Also,

" if a remote unit in any of the sub-regions responds with location information then the
process is aborted. The prior art does not suggest that, and no matter was actually cited in
the rejection to refute this claim, This claim should b'e allowed.
= Claim 7 is withdrawn

~ Claim 8 is withdrawn

12
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- Claim 9

Claim 9 recites a2 method to determine if a mobile device has traveled a minimum
pre-specified distance while maintaining close proximity to another, As agreed in the last
interview, the prior art does not remotely suggest this. Also fio relevant passage was cited
in the rejection to refute this claim, the claim should be allowed. The claim is now

amended to distinguish patentably over the prior art,

- Claim 10

Claim 10 is dependent on-9 and further teaches a method to determine if a device -
is being tracked by another by retaining a list of all location reporting devices within
proximity of the tracked device at intervals over a tracking period. None of the prior art

teaches that, The claim should have been allowed.

- Claim 11

Claim 11 also teaches a way to find mobile devices that are tracking another over -
a period of tite for use in the method described in 9. The prior art does not teach that and
no relevant passage was shown in the rejection to refute this claim, The claim should be

allowed.

- Claim 12
Claim 12 defines a system to be used to determine if 2 mobile device capable of
providing its location information to a network, maintained close proximity to another

such device over a period of time. The prior art does not teach that and the rejection did

13
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not cite any relevant passage from the prior art to refute this ¢laim, Applicant maintains

the claim is patentable over the prior art and solicits its allowance.

- Claim 13

Claim 13 is dependent on claim 12 and should be allowed in view of that.
Furthermore the prior art fails to teach what is recited in claim 13. There is no unit
provided in the prior art that can invoke a method to determine if a clandestine unit is

tracking it as recited in the claim.

- Claim 14

Claim 14 teaches a system that has means to provide the location of a mobile
remote unit if it is determined that the mobile remote unit is within a preseribed
geographic boundary defined by the system; As discussed in the last interview, the
ability to determine that a unit of the system is being tracked by another has been added
as a limitation to claim 14 to clearly distinguish this claim from. the prior art. Schipper

does not teach what is recited in the claim. Applicant request that the claim be aflowed.

Claim 15

The mobile remote unit as shown in Schipper’s invention or any of the cited prior
art cannot determine if they have been excluded from providing their location when a
request for location is made in an area where they reside. No relevant passage in any of
the cited art was presenied and applicant solicit that the claim be allowed. Furthermore

claim 15 is dependent on claim 14 and should be allowed in view of that.

14
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- Claim 16 ‘

. Claim 16 recites providing means at the mobile remote unit of claim 15 to provide
its location to the network as requested. This claim was rejected under 35 USC 103 (a) as
being obvious over Shipper in view of Rubin. 1t should be noted that neither patents
suggest any combination as specified in the rejection. Also the ﬁmbile remote unit as
described by Schipper does not divulge its location information to the network if it is
within a velocity specified by the network. The claim should also be allowed in view of

the argument made for the allowance of ¢laim 15,

- Claim 17 —19 have been withdrawn

. 15
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MARKED UP CLAIMS SHOWING CHANGES

1. A method for providing the location of a portable mobile remote unit in & geographic
region to a wireless cdnsumer requesting the location of portable mobile remote units
asseciated-with-a-network comprising:

i) obtaining the location of the wireless consumer -remote-uitt at intetrvals aver a
period of time;

ii) -obtaining requesting at each interval. at the network , that all mobile remote

units within close proximity of the wireless congumer disclose their location to the

network e

iii) maintaining a list of mobile remote units that provided their location at each
interval after the request of (ii) determining-whether-the-remete-unit-is-within-the-said
geopraphicboundary ebtained at-the network:;

iv} from the said list of (jii). forwarding the location of the at least a mobile
remote unit to the netwerle mobile consumer upon determination that the remote unit
maintained close proximity to the mobile consumer over the said period of time of (i) is

il the said hiet tarv.

16
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2, The said technique employed by the method of claim 1 to determine if a

mobile remote unit is within a prescribed geographic boundary or within close

proximity of a wireless consumer comprising:
obtaining radii information of the said geographic boundary fron the network,

obtaining geographic information describing fhé origin of the said geographic
boundary;
calculating the angle of inclination of the said remote unit to the said geographic
" ‘boundary origin;
calculating from the said angle of inclination the distance between the remote
unit and the said geographic boundary origin;
comparing the said radii of the geographic boundaty to the said calculated

distance to establish if the remote unit lies in the said geographic boundary .

3. A technique employed by the method according to claim 1 0 determine if a
remote unit is within a specified geographic boundary or close proximity to a wireless
consumer ¢omprising:

obtaining from the network geographic information describing the said
geographic boundary;

estimating at the remote unit if the current location of the remote unit is within the

said geographic boundary obtained at the network;

17
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5. A method for providing the location of portable remote units that exist within g

prescribed geographic boundary to a wireless consumer requesting that information
cotprising:

i) recéiving at the network a wider than normal prescribed geographic boundary
to query for mobile re_m_mmﬁ:gm the wireless consumer; h

ii) splitting the said geographic boundary of (i) into sub geographic regions to
constitute wdeﬁmng—&t—lea&t—a—geeg&plﬁ&ﬁgmﬁ-m the said prescribed geographic
boundary; ‘

iii) requesting in the said re-defined gub geographic region(s), the location of
remote units that are present in each sub region;

iv) verifying after each request of (iii) in a re-defined sub region whether at Ieast a
portable remote unit disclosed a global location in the region; |

v) maintaining a list of all remote units that disclosed their location after each -

request from the verification of step (iv) ;
i) providing to the network upen-said-verifieation; and from the gaid list of (v)

the location of at least a remote unit that revealed its location in the said re-defined sub

region.

6. A technique according to claim 5, utilized to terminate a request for the location
information of remote units in the said prescribed geographic boundary comprising;
checking to establish that a request for remote upit location information was

undertaken in all re-defined or sub regions of the said presctibed boundary or a portable

remote unit in 2 defined or sub region responded with location information.

18
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9, A method for determining that a first portable remote unit associated with-a

network is being tracked by at lex cond portable remote unit over a tracking period

comprising;
Qe

obtaining the location ofithe said¥first portable remote unit or tracked unit;

obtaining the location of the at least a second communication unit or tracking unit
that is within proximity or a pre-specified radius o@a tracked unit;

verifying whether the tracking and tracked unit(s) have traveled a minimum pre-

specified distance over the tracking period;

19
Received from < 3103508133 > at 1723102 2:03:32 PM [Easter Standard Time]

Petitioner Uber Ex-1004, 0284



FROM :

PHONE NO. : 3185598133 Jan. 23 28092 @3:120M P21

forwarding the result of the said verification to the network at the end of the

tracking period.

12. A communication system comprising;:
a network of communication units;
at least g first communication unit and at least a second communication unit able

to provide their location information to the said network;

the system able to determine and report that the at least second communication
unif maintained a close proxhﬁig to distance-from the at least first communication unit

o over a period of time::

14, A pertable-mobileremote-unit-asseciated-with-a-petwork communication

system comprising: "

a portable mobile remote unit;

means to obtain the location of the portable mobile remote umit;

means to obtain geographic boundary information in order to disclose a global
location at the network;

eans to provide the location of the portable mobile remote unit to the
network upon determination that the portable mobile remote unit is within the said
geographic boundary obtained at the network;

means to determine and report to the system upon request that, another mobile

remote unit of the network hay tracked the said pgrtable mobile remote over a period of

time;

20
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16.  The portable remote unit of claim 15 having means to establish provide its
velocity te at the network and baving means to further determine it that, its velocity is

within the network's prescribed velocity before divulging its location to the network

e by-tho-at Joast-& "

20, A method for providing the location of portable remote units that exist within 2
prescribed geographic boundary to a wireless netwotk comprising:

21
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i)groﬁm.&mgmmmmm:wmmmm,
geographic region to disclose their location:
ii) further providing exclusion region information associated with said geographic

boundary of (i) to mobile remote units in the said geographic region;
jii) determining that 2 mobile remote unit is in the said geographic boundary of (i)

and not in the said exclusion region of (i) before providing the location of the mobile

remote unit to the network,

21. A method utilized to provide to a source of request, the location of a mobile remote

units that exist in a geographic region from the said list according to claim 5 comprising:

iii)  estimating and obtaining from the said list, the location mobile remote upits

that are closer to the source of request;
iv)  providing the information obtained in (i} to the source of request before
releasing the location of other mobile remote units that are further from the

7
H : ' source of request;

22, method for providing the location of a portable remote unit that exist within a
prescribed geographic boundary to a wireless network comprising:

i) providing to_remote units in the said geographic boundary velocity
information required in order to divulge location information;

iv) estimating at the remote unit or network, the velocity at which the remote

v) validating that the estimated velocity of the remote unit meets the velocity

: 22
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requirement provided by the network (i) .if ves, forwarding the location of the remote

unit to the network: .

23. A technigue utilized in the method according to claim 1, to terminate requesting
at each intepval, for the location of mobile remote units within close proximity of the
_wireless consumer comprising:
1) keeping tragk of the time since the first request for tracking units within
proximity of the wireless consumer was enacted by the system;

iil) validating that the glapsed time at each interval when a request is to be made

does not exceed the total time set for establishing tracking in the system:

iv) requesting that all mobile remote units w:tbm close proximity of the wireless

consumer divulge their location if the result of the validation of (jii) is true;
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Conclusion

Applicant have shown that the amended , existing and new claims are patentable over the

prior art. Applicant solicits the allowance of these claims from the Office.

Mundi Fomukorlg

(Applicant).

01/23/2002
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FAX: (703) 872 9314

PHONE: (703) 308 5220
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o/

THE U.S PATENT AND TRADEMARKI OFFICE TQ( OQJ
Application Number: 09/753,178 @ 3 _‘ ‘
Applicant: Mundi Fomukong N/ . W '
Examiner: Van Trieu Y

Art Unit: 2632

Method of Transmission: Fax

Number of pages excluding cover page: 5

I) Supplemental Amendment

Commissioner for Patents and Trademarks

Washington, District of Columbia, 20231

Sie: N

Claim 2 and 3 were amended in applicant's response to the first office communication for
the sbove case, faxed to the office on 01/23/2002. In a phone conversation on Feb. 04,
2002, the Examiner indicated that, the amendments for these claims were not entered as
they did not conform to PTO standards, It was suggested that applicant resubmit ¢laim 2
and 3 in a new amendment document.

In view of the, above, kindly amend claim 2 and 3 of the application as indicated below.

Marked up version of the claims have also been included.
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Replace claiie 2 as follows:

wireless consumer comprising:
obtatning radii information of the said geographic boundary from the network;
obtaining geographic information describing the origin of\th said geographic

boundary;

calculating the angle of inclination of the said remote unit to the said geographic
boundary origin;

calculating from the said aingle of inclination the distance between the remote
unit and the said geographic boupdary origin;

compaﬁng the said radif of the geographic boundary to the said calculated

distance to establish if the rempte unit lies in the said geographic boundary .

- @place claim 3 as followsj

A technique employed by the metiod according to claim 1 to determine if a
Temote unit is within a specified geographic boundary or close proximity to a
wireless consumer comprising:
obtaining from the network geggraphic information describing the said
geographic boundary;
estimating at the remote unitpf the current location of the remote unit is within the

said geographic boundary obtained fat the network;
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MARKED UP CLATMS SHOWING CHANGES

2. The said technique employed by the method of claim 1 to detenmine if a mobile
remote unit is within a prescribed geographic boundary or within close proximity of a
wireless consumer comprising:

obtaining radii information of the said geographic boundary from the network;

obtaining geographic information describing the origin of the said geographic
boundary,

calculating the angle of inclination of the said remote unit to the said geographic
boundary origin;

calculating from the said angle of inclination the distance between the remote

unit and the said geographic boundary origin;

comparing the said radii of the geographic boundary to the said calculated

distance to establish if the remote unit lies in the said geographic boundary .

3. A technique employed by the method according to claim 1 to determine if a

mobile remote unit is within a specified geographic boundary or close proximity to a

wireless consurner comprising;
obtaining from the network geographic information describing the said

geographic boundary;

estimating at the remote unit if the current location of the remote unit is within the

said geographic boundary obtained at the network;
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. (Applicant).

Feb/06/2002
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L. Number Hits | Search Text DB Time stamp

1 886595 | (portable or mobile or mov$5) near5 (location or position or USPAT; 2002/03/29 10:44
site or geographic) EPO; JPO;
DERWENT

6 19490 | ((portable or mobile or mov$5) near5 (location or position or USPAT; 2002/03/29 10:46
site or geographic)) near4 (track$3 or monitor$3) EPO; JPO;
DERWENT

11 127240 | (region or area or geographic or boundary) near3 (exist$3 or USPAT; 2002/03/29 10:50
predetermined or preselected or prescribed) EPO; JPO;
DERWENT

16 987 | ((portable or mobile or mov$5) near5 (location or position or USPAT; 2002/03/29 10:50
site or geographic)) near9 ((region or area or geographic or EPO; JPO;
boundary) near3 (exist$3 or predetermined or preselected or DERWENT

prescribed))

21 35510 | (maintain$3 or proximity or distance) near4 ((period or short or | USPAT,; 2002/03/29 10:54
amount or certain) near2 time) EPO; JPO;
~ DERWENT

26 170435 | (transmit$4 or forward$3 or send$3) near4 (location or USPAT; 2002/03/29 10:58
position) EPO; JPO;
DERWENT

31 39 | ((transmit$4 or forward$3 or send$3) near4 (location or USPAT; 2002/03/29 10:58
position)) with ((maintain$3 or proximity or distance) near4 EPO; JPO;
((period or short or amount or certain) near2 time)) DERWENT

36 0 | (((portable or mobile or mov$5) near5 (location or position or USPAT; 2002/03/29 10:59

site or geographic)) near9 ((region or area or geographic or EPO; JPO;
boundary) near3 (exist$3 or predetermined or preselected or DERWENT
prescribed))) and (((transmit$4 or forward$3 or send$3) near4
(location or position)) with ((maintain$3 or proximity or
distance) near4 ((period or short or amount or certain) near2

) time)))
41 3 | (((transmit$4 or forward$3 or send$3) near4 (location or USPAT; 2002/03/29 11:04
position)) with ((maintain$3 or proximity or distance) near4 EPO; JPO;
((period or short or amount or certain) near2 time))) and DERWENT

((region or area or geographic or boundary) near3 (exist$3 or
predetermined or preselected or prescribed))

46 23 | (((transmit$4 or forward$3 or send$3) near4 (location or ° USPAT, 2002/03/29 11:11
position)) with ((maintain$3 or proximity or distance) near4 EPO; JPO;
((period or short or amount or certain) near2 time))) and DERWENT

((portable or mobile or mov$5) near5 (location or position or
: site or geographic))

51 18 | (((portable or mobile or mov$5) near5 (location or position or USPAT,; 2002/03/29 11:12
site or geographic)) near9 ((region or area or geographic or EPO; JPO;
boundary) near3 (exist$3 or predetermined or preselected or DERWENT
prescribed))) and (sub near2 (region or area or geographic))
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US 6263208 B1 USPAT  Geolocation estimatio 455/456 342/357.02; 455/426

US 5657487 A USPAT  Mobile telephone loca455/456  340/995; 342/457; 455/440; 455/441; 701/
US 6351305 B1 USPAT  Exposure apparatus £355/77  355/53; 355/55; 355/67; 356/399; 356/400
US 6239803 B1 USPAT  Method to achieve lea345/810 345/834

US 6115501 A USPAT  Grid moving method f382/250 358/433; 382/173; 382/295

US 5917949 A USPAT Compaction/motion e:382/236 348/384.1; 382/107; 382/243

US 5903670 A USPAT  Grid moving apparatu 382/232 358/433; 382/250; 382/295

US 5892849 A USPAT Compaction/motion :382/236 382/243; 382/250

US 5869962 A USPAT  Magnetic detection ag 324/207.2° 324/207.2; 324/207.25

US 5499225 A USPAT  Optical recording metl 369/563.24

US 5172157 A USPAT  Automatic light adjusti396/157 396/274

US 5073771 A USPAT  Control method of zoc 345/667 345/163; 345/661; 345/973

US 5003151 A USPAT  Method and control ar219/121.11219/121.16; 219/121.35

US RE32633 E USPAT  Cursor control device 345/165 178/18.01; 345/810; 345/856

US RE32632 E USPAT Display system 345/165 345/810; 345/856

US 4464652 A USPAT  Cursor control device 345/165 345/810; 345/856; 74/471XY

JP 08307930 A JPO BASE STATION DEVICE FOR MOBILE COMMUNICATION SYSTEM

JP 63249868 A JPO IMAGE FORMING DEVICE 399/377
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US 4658357 A Time and accounting 705/32  235/380; 340/531; 340/539
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L1 75869 (location or position) near4 (mobile or remot3$3 or portable or transceiver or transponder)
L2 5302 1 near5 (detect$3 or track$3 or monitor$3)

L3 22307 (proximity or clos$3) near7 (mobile or remot$3 or portable or transceiver or transponder)
L4 743 3 near4 (region or area or geographic)

LS 24 2 and 4 and (period or intermittent$2)

L6 261 (request$3 or quer$4 or ask$3) near5 (mobile or remot$3 or portable or transceiver or tr:
L7 15and6

L8 0 5and (all near2 (mobile or remot$3 or portable or transceiver or transponder))

L9 11748 (adjacent or near$2) near3 (mobile or remot$3 or portable or transceiver or transponde
L10 75and 9

L11 1108 proximity near3 (mobile or remot$3 or portable or transceiver or transponder)

L12 95and 11

L13 97630 (two or second) near3 (mobile or remot$3 or portable or transceiver or transponder or c
L14 96135 (location or position) near4 {mobile or remot$3 or portable or transceiver or transponder
L15 30472 (proximity or clos$3) near4 (mobile or remot$3 or portable or transceiver or transponder
L16 . 11 (maintain$3 or track$3 or monitor$3) near4 (proximity or adjacent ) near4 (mobile or rem
L17 1 13 and 14 and 15 and 16

L18 5947 14 near5 (detect$3 or track$3 or monitor$3)

L19 690 15 near4 (region or area or geographic)

L20 16 18 and 19 and period

L21 420 (request$3 or quer$4 or ask$3) near5 (mobile or remot$3 or portable or transceiver or tr:
122 0 13 and 20 and 21

L23 6 13 and 20

L24 6 5 and 20 and (boundary or edge)

L25 275 13 and 21

L26 0 20 and 21

L27 1 5and 21
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ansponder) near4 (proximity or region or area)

:r)
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US 5959577 A
US 5944659 A
US 5870029 A
US 5691980 A
US 5608412 A
US 6333703 B1
US 6125286 A
US 5959575 A
US 5884224 A
US 5839067 A
US 5769032 A
US 5668739 A
US 5621417 A
US 5587929 A
US 5585575 A
US 5465607 A
US 5345809 A
US 5133935 A
US 4992866 A
US 4764757 A
US 4689610 A
US 4633231 A
US 3735353 A
US 3644788 A

Architecture for TDM£600/300

Method and structure 342/357.1:701/208

128/903

Remote mobile moniti340/825.3€340/573.1; 340/825.49; 379/38

Local communication 370/316
Protocol and mechani 342/457
Automated traffic map 340/995
Communication devic 455/566

340/989; 340/992; 342/457

342/463; 455/517

340/905; 340/989; 380/271; 701/117; 701/118; 701/1
379/433.04; 455/90

Interior GPS navigatic 342/357.0€701/213

Mobile mounted remo 702/2
Corporate communicz 455/422
Method and apparatu: 119/721
System and method ft382/103
Method and mechanis 342/457
System and method f(342/159
Explosive detection sc73/863.71
Explosive detection s¢73/23.36
Explosive detection s¢73/23.2
Test area for preventit422/61
Camera selection and 348/159
Security detection anc 340/574
Access control and se 340/515
Monitoring arrangeme 340/539

700/284

379/201.02; 455/418; 455/445; 455/461; 455/561
119/908; 340/573.3; 340/573.4

342/118; 342/159

342/463

342/118; 382/103

73/23.2; 73/23.33; 73/863.21; 73/864.33

250/282; 250/286; 436/106; 73/31.02

250/286; 250/287; 250/288; 73/863.12

348/152; 4/661; 422/100; 422/102; 436/174; 436/18C
340/3.71; 340/825.49; 348/153; 348/218; 348/705
340/539; 340/693.1; 379/40

340/528; 340/541

340/307; 340/309.15; 455/95

ALARM TRANSMISS 340/825.31340/518; 340/534; 340/541

REMOTE PROTECTI 361/80
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L1 67877 (monitor$3 or track$3) near?7 (person or object or individual or portable or vehic

L2 280910 (obtain$3 or determin$3 or defin$3) near4 (location or position)
L3 248307 (obtain$3 or determin$3 or defin$3) near4 (geographic or boundary or region or
L4 4663 1and 2 and 3
LS 200742 (within or inside) near3 (boundary or region or area)
L6 21525 5 near5 (determin$3 or defin$3)
L7 1455 6 same (transmit$4 or send$3 or forward$3)
L8 108 4 and 7
L9 23 8 and (radius or radii)
L10 18593 (calculat$3 or comput$3) near4 (inclination or angle)
L1 4 9and 10
L12 4 11 and distance
L13 69651 (chang$3 or re-defin$3 or adjust$3) near4 (region or area or boundary)
L14 270 13 with (request$3 or inquir$3)
L15 0 12 and 14
L16 0 9and 14
L17 0 8and 14
L18 11 4 and 14
L19 0 18 and 10
L20 2070 (2 or 3) near7 (request$3 or inquir$3)
L22 120 and 12
L23 320and 9
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US 5977913 A
US 5949350 A
US 5892855 A
US 5960097 A

Method and apparatus for tracking and locating pe342/465  340/825.36

Location method and apparatus

340/825.49340/539 ; 340/573.3 ; 3

Apparatus for detecting an object located ahead 0382/291  348/119 ; 348/149 ; 38
Background adaptive target detection and tracking382/103  342/357.07 ; 382/107 ;

o1z
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US 5669061 A Adtématic cellular phone tracking 455/429  342/357.1 ; 455/440

US 6256773 B1 System, method and article of manufacture for co717/1 707/203 ; 717/11

US 6198930 B1 Automatic cellular phone tracking 455/440 342/357.07 ; 342/357.1
US 6119000 A Method and apparatus for tracking identity-code c455/432  455/435 ; 455/456

US 6038444 A Method and apparatus for advising cellphone user4d55/421  455/440 ; 455/441 ; 45
US 5884175 A Handover following in a mobile radio system 455/436  455/525 ; 455/67 .1

US 5825432 A Communication apparatus image processing appa348/563  348/153 ; 348/159

US 5553285 A " File system for a plurality of storage classes 707/202 711/100 ; 714/44 ; 714
US 5291188 A Method and apparatus for allocating off-screen dis345/543

US 5107443 A Private regions within a shared workspace 345/751  345/759 ; 345/803 ; 34
US 4993030 A File system for a plurality of storage classes 714/6 7141763 ; 7141777

4

[ s
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US 5960097 A Background adaptive target detection and tracking382/103  342/357.07 ; 382/107 ;
US 5517690 A Adaptive cellular paging system with selectively a455/426  340/7.27 ; 340/7.28 ; 3
US 5423056 A Adaptive cellular paging system 455/458 455/12.1 ; 455/454 ; 45

| o5
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US 6246361 B1
US 5669061 A
US 6252544 B1
US 6242907 B1
US 6198930 B1
US 6157621 A
US 6038444 A
US 5986604 A
US 6815118 A
US 5777580 A
US 5742509 A
US 5736959 A
US 5684476 A
US 5614913 A
US 5583514 A
US 5581259 A
US 5563606 A
US 5418537 A
US 5408237 A
US 5404661 A
US 5075693 A

Method and apparatus for determining a geograph342/357.01

Automatic cellular phone tracking 455/429  342/357.1 ; 455/440
Mobile communication device 342/357.1 342/357.06 ; 342/357.1
Apparatus and method of determining the orientat324/207.17342/462 ; 342/463
Automatic cellular phone tracking 455/440 342/357.07 ; 342/357.1
Satellite communication system 370/310  370/394 ; 370/400 ; 37
Method and apparatus for advising cellphone userd55/421  455/440 ; 455/441 ; 45
Survey coordinate transformation optimization = 342/357.12701/213 ; 708/442 ; 70
Rubber sheeting of a map 342/451

Vehicle location system - 342/457

Personal tracking system integrated with base sta701/211  340/990 ; 342/450
Earth-fixed cell beam management for satellite co342/354  342/372 ; 455/13.3
Field navigation system 340/988 111/130; 221/1 ; 239/1
Optimization of survey coordinate transformations342/357.12

Rapid satellite acquisition device 342/359  342/76

Life for old maps 342/451 342/357.06 ; 708/442
Dynamic mapping apparatus for mobile unit acqui342/354  342/357.16 ; 455/13.3
Location of missing vehicles ) 342/357.09342/357 14 ; 342/457
Earth-fixed cell beam management for satellite co342/354  342/357.16 ; 455/12.1
Method and apparatus for determining the locatior37/348 37/347 ; 37/905 ; 701/5
Primary land arctic navigation system 342/457 701/207 ; 701/213 ;70

]
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L1
L2
L3
L4
L5
L6

1963 (monitor$3 or track$3) near4 (location or position) and GPS

848 1 and (geographic or boundar$3)
21301 (determin$3 or defin$3) near4 velocity
156 2and 3

679 (determin$3 or defin$3) near4 (velocity near2 (information or data))

24 2and 5
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US 6211819 B1
US 6181253 B1
US 6108365 A

Mobile station location determination in a radio co342/357.09342/357.1 ; 342/357.15

Flexible monitoring of location and motion

GPS data access system 375/130

340/825.37340/10.1 ; 340/539 ; 34

340/5.2 ; 725/25

US 6259400 B1
US 6219594 B1
US 6195609 B1
US 6182005 B1
US 6127967 A
US 6029111 A
US 6009116 A
US 6006158 A
US 5991692 A
US 5936570 A
US 5867804 A
US 5862511 A
US 5740047 A
US 5704546 A
US 5699255 A
US 5653389 A
US 5621793 A
US 5548515 A
US 5522567 A
US 5402347 A
US 5379224 A

Fast acquisition of GPS signal corrupted by doppl 342/357.06342/357.05 ; 342/357.1

Landing area obstacle detection radar system 701/16
Method and system for the control and managemer01/120
Airport guidance and safety system incorporating 701/120
Low-earth orbit satellite acquisition and synchroni342/354
Vehicle navigation system and method using GPS701/207
GPS TV set top box with regional restrictions 375/130
Airport guidance and safety system incorporating 701/120
Zero motion detection system for improved vehicl701/217
Low-earth orbit satellite acquisition and synchroni342/354
Method and system for the control and managemé/01/120
Vehicle navigation system and method 701/213
GNSS based, seamless, multi-dimensional contro701/120
Position-responsive control system and method f0239/1
Map transmission for in-vehicle navigation system701/212
Independent flow rate and droplet size control sys239/69
TV set top box using GPS 380/240
Method and system for airport control and manage&/01/120
Energy management system for a giiding vehicle 244/3.15
Satellite search methods for improving time to firs701/213
GPS tracking system 701/215

[ ¢
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340/972 ; 342/33 ; 342
342/36 ; 701/117 ; 701
342/36 ; 701/117 ; 701
342/356 ; 342/359 ; 45
701/213 ; 701/214 ;70
340/5.74 ; 725/31 ; 725
340/953

701/213; 701/221 ;73
342/356 ; 342/359 ; 45
340/961 ; 342/36 ; 342
701/208 ; 701/214 ;70
340/961 ; 342/36 ; 342
239/124 ; 239/146 ; 23
340/995 ; 342/450
239/172

380/228 ; 380/258
340/961 ; 342/36 ; 342

342/357.16
340/989 ; 342/357.09 ;



0/572.1 ; 340/573.1 ; 340/825.49 ; 342/450 ; 379/38

3;701/213

/64 ; 701/208 ; 701/223
/301 -

/301

5/13.2 i
1/216 ; 701/221 ; 73/178R
/68

/178R

5/13.2

/456 ; 701/301
11215 ; 73/178R
/456 ; 701/301
9/69 ; 239/71

/456 ; 701/301

73/178R
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Application No. Applicant(s)
! 09/753,178 FOMUKONG, MUNDI :
Office Action Summary Examiner Art Unit
Van T Trieu 2632

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire SiX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status (
1)X Responsive to communication(s) filed on 04 March 2002 .
2a)[X] This action is FINAL. 2b)] This action is non-final.

3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
4)X Claim(s) 1-6.9-16 and 20-23 is/are pending in the application.
43) Of the above claim(s) is/are withdrawn from consideration.

5)] Claim(s) ____is/are allowed.

6)[] Claim(s)_____is/are rejected.

7)X Claim(s) 1.3,4,10-12,14-16 and 20-23 is/are objected to.

8)] Claim(s)
Application Papers

are subject to restriction and/or election requirement.

9)[_] The specification is objected to by the Examiner.

10)[_] The drawing(s) filed on
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)[_] The proposed drawing correction filed on _____is: a)[_] approved b)[] disapproved by the Examiner.

is/fare: a)[] accepted or b)[_] objected to by the Examiner.

If approved, corrected drawings are required in reply to this Office action.
12)[_] The oath or declaration is objected to by the Examiner.-
Priority under 35 U.S.C. §§ 119 and 120
13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
a)_JAIl b)[] Some * c)[] None of: )
1.0 Certified copies of the priority documents have been received.
2.[]] cCertified copies of the priority documents have been received in Application No.

3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
a) [] The translation of the foreign language provisional application has been received.
15)] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.
Attachment(s)
1) D Notice of References Cited (PT0-892) 4) |:| Interview Summary (PTO-413) Paper No(s). .

?) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) |:| Notice of Informal Patent Application (PTO-152)
3) EI Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 6) [ other:

; %S- Patent and Trademark Office
‘ TO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 7
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;?' Application/Control Number: 09/753,178 Page 2
Art Unit: 2632

DETAILED ACTION

Claim Objections
1. Claims 1, 3, 4, 10-12, 14-16 and 20-23 are objected to because of the following
informalities: |
Claims 1, 3, 4, 12, 14, 15 and 20-23, in the last line, change the semi-column *;”
to aperiod ---.--;
Claims 10 and 11, each has more than one sentences.

Claim 16 is not terminated by a period.

Appropriate correction is required.

Conclusion

2. Claims 1-6, 9-16 and 20-23 are allowable over the prior arts.

3. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of

Petitioner Uber Ex-1004, 0312



Appliéatﬁon/Control Number: Og/753, 178 Page 3
Art Unit: 2632

the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

4. Any inquiry concerning this éommunication or earlier communications from
the examiner should be directed to primary examiner Van Trieu whose telephone
number is (703) 308-5220. The examiner can normally be reached on Mon-.Fri from
7:00 AM to 4:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Mr. Jeffery Hofsass can be reached on (703) 305-4717.

The office facsimile number is (703) 872-9314.

Van Trieu
Primary Examiner
Date: 3/29/02
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PHONE NO. : 31855928133

THE U.S PATENT AND TRADEMARK OFFICE

Application Number; 09/753,178

Applicant: Mundi Fomukong
Examiner; Van Trieu
Ast Unit: 2632

Method of Transmission : Fax

Number of pages excluding cover page: 13

1) Amendments

W rCommissioner for Patents and Trademarks

Washington, District of Columbia, 20231.

5/7 7t~  SirMadam:

May. B2 2882 92:42PM P2

In response to the last Cffice communication mailed 04/02/2002 for the above

application, kindly amend the application as indicated below to overcome the objections

that were raised. Marked up version of the claims have also been included.

eivad from < 3105508133 > at 513102 3:36:47 Al [Easter Daylight Time]
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FROM : PHONE NO. :

/

- Replace claim 1 as follows:

that are maintaining close proximity to thel wireless consumer in the geographic region
comprising:

i) obtaining the location of the wifeless consumer at intervals over a period of
time; o

1) requesting at eaoh' interval, af the network . that all mobile remote units within
O / close pfoximity of the wireless consumgr disclose their location to the network ;

iif) maintaixing a list of mobile remote units that provided their location at cachv
interval after the request of (ii) ;

iv) from the said list of (ii1), forwarding the location of at least & mobile remote
unit to the mobile consumer upon defermination that the remote unit maintained close

proximity to the mobile consumer over the sald period of time of (i).

- Replace claim 3 as follows:

A technique employed by the metl{od according to claim | to determine if a
mote unit is within a specified geographic boundary or close proximity to a wireless _

consumer comprising:

@-/ obtaining from the network geggraphic information describing the said

Q ) geographic boundary;
LG

estimating at the remote unit }f the current location of the remote unit is within the

said geographic boundary obtained at the network.

‘ Received from < 3105508133 > at 5/3/02 3:36:47 AM [Eastern Daylight Time]
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FROM : ) PHONE ND. : 3185598133 May. B2 2802 02:43PM P4

3 \VAEW ‘

I
E Replace claim 4 as follows: I
4. A method employed in 1 to further [fmit the provision of remote unit location

to the network comprising:

&Z/ obtaining at the network, exclusign region information within which the remote

C/h/ £ unit should not provide its location the fietwork:

determining that the remote ugfit is not in the said exclusion region before

providing the location of the remote finit to the network,

Replace claim 10 as follows:

0.,  The verification technique employed infthe method of claim 9 comptising;
él/\b @ - retainj tracking list of all trackingfunits that are within a pre-specified radius

region of the said tracked unit at the first fracking interval;

eliminating or removing at subsequgnt tracking intervals, all tracking units in the
said tracking list that do not report their logation during a subsequent tracking interval;
validating at the end of the trackinj period that at least a tracking unit exist in the

tracking list and a minimum distance was traveled by the tracked unit.

@ E Replace claim 11 as fol@

Gﬂ [% 11, Another verification technique gmployed in the method of claim 9 comprising;
maintaining a list of all tracking units that are maintaining a close distance to the

tracked unit over the said period of tine;

searching the tracking list at the end of the tracking period to obtain tracking units

that traveled a minimum pre-specifiefl distance with the tracked unit.

Received from < 3105598133 > at 813002 3:36:47 AM [Eastern Daylight Time]
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FROM : PHONE NO. : 3185598133 ’ May. B2 2082 92:43PM P35

Z - Replace claim 12 as follofvs:
12. A communication sysiemycomprising;

a network of communicgtion units;

@5 » at least a first communication unit aﬁd at least a second communi cation unit able
to provide their location infofmation to the said network;

@/ % the system able to defermine and report that the at least second communication
unit maintained close proxifmity to the at least first communication unit over a period of

. time.

/

- Replace claim 14 as follows:

A communication system comprisifig:
i a portable mobile remote qnit;
raeans to obtain the location of the portable mobile remote unit;
‘means to obtain geographic bopindary information in order to disclose a global
location at the network;
%L means to provide the location of the portable mobile remote unit to the
0/ network upon determi natior; that the portable mobile remote unit is within the said
W/ geographic boundary obtained/at the network;
meaos to determine and r¢port to the system upon request that, another mobile

remote unit of the network has tfacked the said portable mobile remote over a period of

time,

Recelved rom < 105508133 > at 54302 3:36:47 AM (Eastern Daylight Time]
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FROM : PHONE NO. : 3185598133 May. B2 2002 B2:44PM Pe

‘ - Replace claim 15 as follows: !

15.  The portable mobile remote according to claim 14, having means to further

determine if location disclosure for the refnote unit is prohibited at a specific geographic

@;L : boundary before sending its location to the network.

G M ‘ - Replace claim 16 as follows:!

16.  The portable remote unit of clajm 15 having means to establish its velocity at the
networlk and having means to further fletermine that, its velocity is within the network's

prescribed velocity before divulging fits location to the network.

L

- Replace claim 20 as follows;

A method for providing the location of portable remote units that exist within a

Tibed geographic boundary to a wireles§ network comprising:

. 1) providing geographic boundary igfformation to mobile remote units in a
geographic region to disclose their locati

Cj/ ii) further providing exclusion region information associated with said geographic

Op U/ A boundary of (i) to mobile remote unitsfin the said geographic region;

’ iii} determining that a mobile remote uni-t‘is in the said geographic boundary of (i)

and pot in the said exclusion regipn of (ii) before providing the location of the mobile

remote unit to the network.

Received from < 3103508133 > at 53102 3:36:47 AM [Eastern Daylight Time)
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- FROM PHONE NO. : 31855598133 May. B2 2082 B2:44PM P7?

z - Replace claim 21 as fnllo@

21. A method utilized to provide to a source of request, the location of mebile remote
units that exist in a geographic region from the said list cording to claim 5 comprising:;
§)] estimating and obtairiing from the said list, the location mobile remote units
that are closer to the source of request:
(i)  providing the information obtained in (i) t¢ the source of request before

releasing the location of other mobile rempte units that are further from the

source of request.

R 8 PSS B S 2 e

‘ - Replace claim 22 as folloyg

22. A method for providing the location of a portable remote unit that exist within a
&5—/ prescribed geographic boundary to a wireless nefwork comprising;

(]/’; / i) providing to remote units in the/said geographic boundary velocity

information required in order to divulge Jocatipn information:;

if) estimating at the remote unit pr network, the velocity at which the remote
unit is moving;

ii) velidating that the estimated velocity of the remote unit meets the
velocity requirement provided by the netwprk (i) .if yes, forwarding the location of the

remote unit to the network.

Received from < 3103508133 > at 313102 3:36:47 AM [Eastern Daylight Time]
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FROM : PHONE NO. : 31835588133 May. 62 2082 B2:45PM P8

1 - Replace claim 23 as t'ollows:l

23. A technique utilized in the method accopding to claim 1, to terminate requesting
at each interval, for the location of mobile remgte units within close proximity of the
wireless consumer comprising;
i} keeping track of the time since the first request for tracking units within
dﬁ/ proximity of the wireless consumer was enafted by the system;

CM if) validating that the elapsed time

does not exceed the total time set for establishing tracking in the system;

each interval when a request is to be made

' iii) requesting that all mobile renjfote units within close proximity of the wireless

consumer divulge their location if the r¢sult of the validation of (if) is true.

Received from < 3103598133 > at 513102 3:36:47 AM [Eastern Daylight Time]
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FROM : PHONE NO. @ 3183598133 May. @2 2082 B2:45PM PS

MARKED UP CLAIMS SHOWING CHANGES
1. A method for providing the location of a portable mobile remote unit in a geographic
region to a wireless consumer requesting the focation of portable mobile remote units
that are maintaining close proximity to the wireless consﬁmer in the geographic region
comprising:

i) obtaining the location of the wireless consumer at intervals over a period of
time;

11) requesting at each interval, at the network , that all mobile remote units within
close proximity of the wireless consumer disclose their location to the network ; |

iii)y maintaining a list of mobile remote units that provided their location at each
interval after the request of (ii) ;

iv) from the said list of (jit), forwarding the location of at least a mobile remote

unit to the mobile consumer upon determination that the remote unit maintained close

proximity to the mobile consumer over the said period of time of (i); .

3. A technique employed by the method according to claim 1 to determine if a
remote unit is within a specified geogfaphic boundary or close proximity to a wireless
consumer cComprising:

obtaining from the network geographic information deseribing the said
geographic boundary; |

estirnéting at the remote unit if the cutrent location of the remote unit is within the

said geographic boundary obtained at the network; .

Received from < 3105598133 > at 513102 3:36:47 AM [Eastern Daylight Time]
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FROM : FHONE NO. @ 3185598133 May. B2 2002 @2:45PM P1O

4. A method employed in | to further limit the provision of remote unit location

to the network comprising:

obtaining at the network, exclusion region information within which the remote
unit should not provide its location the network;
determining that the remote unit is not in the said exclusion region before

providing the location of the remote unit to the networks,

10.  The verification technique employed in the method of ¢claim 9 comprising:
retaining a tracking list of all tracking units that are within a pre-specified radius
or region of the said tracked unit at the first tracking interval;
eliminating or removing at subsequent tracking intervals, all tracking units in the
said tracking list that do not report their location during a subsequent tracking interval-;
validating at the end of the tracking period that at least a tracking unit exist in the

tracking list and 2 minimum distance was traveled by the tracked unit.

11, Another verification technique employed in the method of claim 9 comprising:
mainiaining a list of all tracking units that are maintaining a close distance to the
tracked unit over the said period of time-;

searching the tracking list at the end of the tracking period to obtain tracking units

that traveled a minimum pre-specified distance with the tracked unit.

Received from < 3104508133 > at 53/02 3:36:47 AM [Eastern Daylight Time]
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FROM : PHONE NO. @ 3185598133 May. 02 2002 B2:46PM P11

12, A communication system comprising;

a network of communication units;

at least a first communication unit and at least a second communication unit able
to provide their location information to the said network;

the system able to detertnine and report that the at least second communication

unit maintained close proximity to the at least first communication unit over a petiod of

timez,

14. A communication systemn comprising:

a portable mobile remote umt;
means t0 obtain the location of the portable mobile remote unit; : \
means to obtain geographic boundary information in order to disclose a global

location at the network; K

means to provide the location of thé portable mobile remote unit to the

network upon determination that the portable mobile remote unit is within the said

geographic boundary obtained at the network;
means to determine and report to the system upon request that, another mobile

remote unit of the network has tracked the said portable mobile remote over a period of

times.

15.  The portable mobile remote according to claim 14, having means to further
determine if location disclosure for the remote unit is prohibited at a specific geographic

boundary before sending its location to the networkz,

10

Received from < 3105598133 > at 313102 3:36:47 AM [Eastern Daylight Time]

Petitioner Uber Ex-1004, 0323



PHONE NO. : 3185598133 May. 02 2802 B2:46PM P12

FROM :

16.  The portable remote unit of claim 15 having means to establish its velocity at the
network and having means to firther determine that, its velocity is within the network’s

prescribed velocity before divulging its location to the network,

20. A method for providing the location of portable remote units that exist within a
prescribed geographic boundary to a wircless network comprising:
i) providing geographic boundary information to mobile remote units in a

geographic region to disclose their location;

i) further providing exclusion region information associated with said geographic
boundary of (i) to mobile remote units in the said geographic region;
iii) determining that a mobile remote unit is in the said geographic boundary of (i)

and not in the said exclusion region of (ii) before providing the location of the mobile

remote unit to the networks.

21. A method utilized to provide to a source of request, the location of a mobile remote
units that exist in a geographic région from the said list according to claim 5 comprising:
(iiy  estimating and obtaining f;'om the said Jist, the location mobile remote units
that are closer to the source of request,
(i)  providing ‘the information obtained in (i) to the source of request before

releasing the location of other mobile remote units that are further from the

source of requests,

11

" Received from < 3105508133 > at 5/3/02 3:36:47 AR [Eastern Daylight Time]
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FROM : PHONE NO. : 3185598133 May. B2 2002 02:47PM P13

N

22. A method for providing the location of a portable remote unit that exist within a
prescribed geographic boundary to a wireless network comprising:

i) providing to remote units in the said geographic boundary velocity
information required in order to divuige location information;

iv) estimating at the remote unit or network, the velocity at which the remote
unit is moving;

v) validating that the estimated velocity of the remote unit meets the
velocity requirement provided by the network (1) ,if yes, forwarding the focation of the

remote unit to the networks,

23. A technique utilized in the method according to claim 1, to terminate requesting
at each interval, for the ]ocatién of mobile remote units within close proximity of the
wireless copsumer comprising;

1) keeping track of the time since the first request for tracking units within
proximity of the wireless consumer was enacted by the system;

iii) validating that the elapsed time at each interval when a request is to be made
does not exceed the total time set for establishing tracking in the system;

iiiv) requesting that all mobile remote units within ¢lose proximity of the wireless

consumer divulge their location if the result of the validation of (i) is true;

12
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Conclusion

Applicar?t have amended the existing claims 1o overcome the objections raised in the las;

office communication.. Applicant solicits the allowance of these claimg from the Office.

Respectﬁg;lly,

(Applicanft).

04/30/2002
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E * Replace claim 4 as follows: ,

4, A method employed in 1 to further [imit the provision of remote unit location

to the network comprising:

: &Z/ obtaining at the network, exclusi
v @h/ £ unit should not provide its location the fetwork;

determining that the remote unit is not in the said exclusion region before

region information within which the remote

providing the location of the remote finit to the network,

- Replace claim 10 as follows: —
0.  The verification technique employed infthe method of claim 9 comprising: ‘
@ - retainjng-d tracking list of all tracking/units that are within a pre-specified radius

region of the said tracked unit at the first fracking interval;

eliminating or removing at subsequent tracking intervals, all tracking units in the
said tracking list that do not report their logation during a subsequent tracking interval;
validating at the end of the tracking period that at least a tracking unit exist in the

tracking list and a minimum distance was traveled by the tracked unit.

@ ! - Replace claim 11 as follows: i

(W /Z/—]L 11, Another verification technique gmployed in the method of claim 9 comprising:

maintaining a list of all tracking units that are maintaining a close distance to the
" tracked uriit over the said period of tinhe;
searching the tracking list at the end of the tracking period to obtain tracking units

that traveled a minimum pre-specifieg distance with the tracked unit.
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claims of the above application as indicated below Marked up version of the claims have

also been included.
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(\ Replace claim 1 as follows:

1. A method for providing the location of a portable mobile remote unit in a geographic

region of a wireless network to a wireless consumer requesting the l6cation of portable .
mobile remote units that are maintaining close proximity to the wireless consumer in the
geographic region comprising:

i) obtaining the location of the wireless consumer at intervals over a period of
time;

il) requesting at each interval, at the network , that all mobile remote units within
close proximity of the wireless consumer disclose their location té the network ;

iil) maintaining a list of mobile remote units that provided their location at each
interval afier the request of (i) ;

iv) from the list of (iil), forwarding the location of at least a mobile remote unit

/ to the mobile consumer upoun determination that the remote unit maintained close

proximity to the mobile consumer over the period of time of (i),

[-: Replace claim 2 as follows
2. A iechnique according to claim 1, utilized to determine if a mobile remote unit is
within a prescribed geographic boundary or within ¢lose proximity of a wireless
consumer comprising:
obtaining radii information of the geographic boundary from the network;
obtaining geographic information describing the origin of the geographic

boundary;

.
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.z EAIN jm

calculating the angle of inclination of the remote unit to the geographic boundary

origin;

calculating from the émgle of inclination the distance between the r;znlote unit and
the geographic boundary origin;

compaxing the radii of the geographic boundary to the calcutated distance to

establish if the remote unit lies in the geographic boundary .

E Replace claim 3 as followsl,:z

3. A technigue employed by the method according to claim 1 to determine if a
remote unit is within a specified geographic boundary or close proximity to a wireless
consumer comprising:
obtaining from the network geographic information describing the geographic
boundary;
CM— estimating at the remote unit if the current location of the remote unit is within the

) geographic boundary obtained at the network.

E Replace claim 4 as foflows: ‘

4, A method according to claim 1 utilized to farther limit the provision of remote
unit location to the network compnsing: |

obtaining at the network, exclusion region information within which the remote
unit should not provids its location the network:

determining that the remote unit is not in the exclusion region before providing

the location of the remote unit o the network.

3
e /)
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{_ Replace claim § as follows: l
(( / A method for providing the location of portable remote units that exist within a
prescribed geographic boundary to a wireless consumer requesting that information

comprising:

i) receiving at the network a wider than normal prescribed geographic boundary

to query for mobile remote units from the wireless consumer;
ii) splitting the geographic boundary of (i) into sub geographic regions to
constitute the prescribed geographic boundary;
iii) requesting in the sub geographic region(s), the location of remote units that are
present in each sub region;
iv) verifying after each request of (3ii) in a sub region whether at least a portable
. remote unit disclosed a global location in the region;
/ v) maintaining a list of all remote units that disclosed their location after each
&Mﬁ( request from the verification of step (iv)
vi) providing to the network and from the list of (v) the location-of at least a

remote unit that revealed its location in the sub region.

E Réplace claim 6 as follows: l

/( j/ A technique according to claim 5/ utilized to terminate a request for the. location
information of remote units in the prescribed geographic boundary comprising:
checking to establish that a request for remiote unit location information was
undertaken in all re-defined or sub regions of the prescribed boundary or a portable

remote unit in a defined or sub region responded with location information,

. ) 4
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U

- \ Replace claim 9 as foHows:

9. A method for determining that a first portable remote unit associated with a
network is being tracked by at least a second portable remote unit over a tracking petiod
comprising;

obtaining the location of the first portable remote unit or tracked unit;

obtaining the location of the at least & second communication urit or tracking unit
that is within proximity or a pre-specified radins of the tracked unit;

verifying whether the tracking and tracked unit(s) have traveled a minimum pre-
specified distance over the tracking period,

forwarding the result of the verification to the network at the end of the tracking

period.

W . [—: Replace claim 10 as foll@

10.  The verification technique employed in the method of claim 9 comprising:
retaining a tracking list of all tracking wnits that are within a pre-specified radius
or region of the tracked unit at the first tracking interval;
eliminating or removing at subsequent tracking intervals, all tracking units in the
tracking list that do not report their location during a Isubsequent tracking interval;
validating at the end of the tracking period that at least a t;acking unit exist in the

trackirig list and a minimum distance was traveled by the tracked unit.

5 e _
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L= Replace claim 11 as follows: l

i1, Another verification technique employed in the method of claim 9 comprising:
maintaining a list of all tracking units that are maintaining a close distance to the

tracked unit over the period of time;
searching the tracking list at the end of the tracking period to obtain tracking units

that traveled a minimum pre-specified distance with the tracked unit.

! - Repiace claim 12 as follows: l

12. A communication system comprising:
a network of coramunication units;
at least a first communication unit and at least a second communication unit able
to provide their location information to the network;
Q)}UL‘ the system able to determine and report that the at least second communication

. unit maintained close proximity to the at least first communication unit over a period of

time.

E Replace claim 13 as follows: i

13.  The system of claim 12, the at least first communication unit able to invoke a
tracking mode at the at least first communication unit in order to determine if a

clandestine Unit is tracking it.

6

Al D
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G Replace claim 14 as follows: E

14. A communication system comprising:
a portable mobile remote unit;
a nefwork of communication units;
means to obtain the location of the portable mobile remote vnit;
means to obtain geographic boundary information in order to disclose a global
location at the network; - ¢
means to provide the location of the portable mobile remote unit to the
network upon determination that the portable mobile remote unit is within the
geographic boundary obtained at the network;
W means to determine and report to the system upon request that, another mobile

remote unit of the network hag tracked the portable mobile remote over a period of time.

E Replace claim 13 as follows: ’

15.  The portable mobile remote according to claim 14, having means to further
determine if location disclosure for the remote unit is prohibited at a specitic geographic

boundary before sending its location to the network.

7
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E Replace claim 16 as follows: ?

» ﬂ_J 16.  The portable remote unit of claim 15 having means to establish its velocity at the
0 MK network and having means to further determine that, its velocity is within the network's

prescribed velocity before divalging its location to the network.

6 Replace claim 20 as follows: l

(7 ;o/ A method for providing the location of portable remote units that exist within a
prescribed geographic boundary to a wireless network comprising:
i) providing geographic boundary information to mobile remote units ina
geographic region to disclose their location;
1) further providing exclysion region information associated with said geographic
boundary of (i) to mobile remote units in the geographic region;
iit) determining that a mobile remote unit is in the geographic boundary of (i) and

1 E _6/ not in the exclusion region of (ii) before providing the location of the mobile remote

QM‘ unit to the network.
l - Replace claim 21 as follows: Z

, q 277 A method utilized to provide to a source of request, the location of a mobile remote
units that exist in a geographic region from the list according to claim 5% comi)rising:
(i) estimating and obtaining from the list, the location mobile remote units that
are closer to the source of request;
(i)  providing the information obtained in (i) to the source of request before

releasing the location of other mobile remote units that ate further from the source of
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request.

E " Replace claim 22 as follows:i

Lg ?/f A method for providing the location of a portable remote unit that exist within é

prescribed geographic boundary to a wireless network comprising:

i) providing to remote units in the geographic boundary velocity
informatidn»required in order vto divulge location information;

i) estimating at the remote unit or network, the velocity at which the remote
unit is moving;

iii) validating that the estimated velocity of the remote unit meets the
-velocity requirement provided by the network (i} ,if yes, forwarding the location of the

remote unit to the network.

E Replace claim 23 as follows: (

5 ?!3/ A technique utilized in the method according to claim !, to terminate requesting
at each interval, for the location of mobile remote units within close proximity of the

wireless consumer comprising;

1) keeping track of the time since the first request for tracking units within
proximity of the wireless consumer was eﬁacted by the system;

il) validating that the elapsed time at each interval when a request is to be made
{ does not exceed the total time set for establishing tracking in the system;
1‘ iif) requesting that all mobile remote units within close proximity of the wireless

g consumer divulge their location if the result of the validation of (i) is true.

N i i ' S, N . J ‘\
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MARKED UP CLAIMS SHOWING CHANGES

1. A method for providing the location of a portable mobile remote unit in & geographic

region of a wireless network to a wireless consumer requesting the location of portable

mobile remote unpits that are maintaining close proximity to the wireless consumer in the
geographic region comprising;

i) obtaining the location of the wireless consumer at intervals over a period of
time;

1i) requesting at each interval, at the network , that all mobile remote units within

. close proximity of the wireless consumer disclose their location to the network |

iii) maintaining a list of mobile remote units that provided their location at each
interval after the request of (if) ; |

iv) from the said list of (ii1), forwarding the location of at least a mobile remote
unit to the mobile consumer upon determination that the remote unit maintained close

proximity to the mobile consumer over the said period of time of (i).

2. The-said A technique employed-by-the-method-of according to claim 1 utilized to

determine if a mobile remote unit is within a prescribed geographic boundary or within
close proximity of a wireless coﬁsumer comprising:
obtaining radii information of the said geographic boundary from the network;
obtaining geographic information describing the origin of the said geographic

boundary;

10
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calculating the angle of inclination of the said remote unit to the said geographic
boundary origin;
calculating from the said angle of inclination the distance between the remote
unit and the said geographic boundary origin;
comparing the said radii of the geographic boundary to the said calculated

distance to establish if the remote unit lies in the said geographic boundary .

3. A technique employed by the method according to claim 1 to deterruine if a
remote unit is within a specified geographic boundary or close proximity to a wireless
consumer comprising;

obtaining from the network geographic information describing the said
geographic boundary;

estimating at the remote unit if the current location of the remote unit is within the
said geographic boundary obtained at the network.

{

4, A method employed int according to claim 1 utitized to further limit the
provision of remote unit location to the network comprising:

obtaining at fhe network, exclusion region inforimation within which the remote

unit should not provide its location the network;

determining that the remote unit is not in the said exclusion region before

providing the location of the remote unit to the network,

11
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S. A method for providing the location of portable remote units thal exist within a
prescribed geographic boundary to a wireless consunier requesting that information
comprising:

1) receiving at the network a wider than normal prescribed geographic boundary
to query for mobile remote units from the wireless consumer;

i) splitting the said geographic boundary of (i} into sub geographic regions to
constitute the said prescribed geographic boundary;

iit) requesting in the said sub geographié region(s), the location of remote units
that are present in each sub region;

iv) verifying after each request of (iii) in a sub region whether at least a portable
remote unit disclosed a global location in the region,

v) maintaining a list of all remote units that disclosed their location after each
request from the verification of step (iv) ;

vi) providing to the network and from the said list of (v) the location of at least a

remote unit that revealed its location in the said sub region.

6. A technique according to claim 5, utilized to terminate a request for the location

information of remote units in the said prescribed geographic boundary comprising:
checking to establish that a request for remote unit location information was

undertaken in ail re-defined or sub regions of the said prescribed boundary or a portable

remote nnit in & defined or sub region responded with location information.

. 12
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9, A method for determining that a first portable remote unit associated with a
network is being tracked by at least a second portable remote unit over a tracking period
comprising;

obtaining the location of the said first portable remote unit or tracked unit;

obtaining the location of the at least a second communicéxion unit or tracking unit
that is within proximity or a pre-specified radius of the said tracked vnit;

verifying whether the tracking and tracked unit(s) have traveled a minimum pre-
specified distance over the tracking period;

forwarding the result of the said verification to the network at the end of the

tracking period.

10.  The verification technique employed in the method of claim 9 comprising:
retaining a tracking list of all tracking units that are within a pre-specified radius
or region of the said tracked unit at the first tracking interval;

eliminating or removing at subsequent tracking intervals, all tracking units in the

said tracking list that do not report their location during a subsequent tracking interval;
validating at the end of the tracking period that at least a tracking unit exist in the

tracking list and a minimum distance was traveled by the tracked unit.
11.  Another verification technique employed in the method of claim 9 comprising:

maintaining a list of all tracking units that are maintaining a close distance to the

tracked unit over the said period of time;

A 13
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searching the tracking list at the end of the tracking period to obtain tracking units

that traveled a minimum pre-specified distance with the tracked unit.

12, A communication system comprising:

a network of communication units;

at least a first communication unit and at least a second communication unit able

to provide their focation information to the said network;
the system able to determine and report that the at least second communication

unit maintained close proxsmity to the at least first communication unit over a period of

time.

13.  The system of claim 12, the at least first communication unit able to invoke a -

tracking mode at the at least first communication unit in order to determins if &

clandestine unit is tracking it.

14. A communication system comprising:
a portable mobile remote unit;

a network of communication units;

means to obtain the location of the portable mobile remote unit;

means to obtain geographic boundary information in order to disclose a global

location at the network;

14
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means to provide the location of the portable mobile remote unit t§ the
network upon determination that the portablé mobile remote unit is within the said
geographic boundary obtained at the network;
means to determine and report to the system upon request that, another mobile
remote unit of the network has tracked the said portable mobile remote over a period of

time.

15.  The portable mobile remote according to claim 14, having means to further
- determine if location disclosure for the remote unit is prohibited at a specific geographic

boundary before sending its location to the network,

16.  The portable remote unit of claim 15 having means to establish its velocity at the
network and having means to fisrther determing that, its velocity is within the network's

prescribed velocity before divulging its location to the network.

20. A method for providing the location of portable remote units that exist within a
prescribed geographic boundary to a wireless network comprising:
i) providing geographic boundary information to mobile remote units ina
. geographic region to disclose their location;
ii) further providing exclusion region information associated with said geographic

boundary of (i) to mobile remote units in the said geographic region;

15
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ii1) determining that a mobile remote unit is in the said geographic boundary of (i}
and not in the said exclusion region of (ii) before providing the location of the mobile

remote unit to the network,

21. A method utilized to provide 1o a source of request, the location of a mobile remote
units that exist in a geographic region fror the said list according to claim 5 comprising:
(ii)  estimating and obtaining from the said list, the location mobile remote units
that are closer to the source of request;
(i}  providing the information obtained in (i) to the source of request before
teleasing the location of other mobile remote units that are further from the source of

request,

22. A method fér providing the location of a portable remote unit that exists within a
prescribed geographic boundary to a wireless network compristng;

i) providing to remote units in the said geographic boundary velocity
information required in order to divulge location information;

iv) estimating at the remote unit or network, the velocity at which the remote
unit is moving,

v) validating that the estimated velocity of the remote unit meets the
velocity requirement provided by the netjwork (i) ,if yes, forwarding the location of the

remote unit to the network.

: 16 _
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23. A techmique vtilized in the method according to claim 1, to terminate requesting
at each interval, for the location of mobile remote urits within close proximity of the
wireless consumer comprising;
| 1) keeping track of the time since the first request for tracking units within

proximity of the wireless consumer was enacted by the system;

ii) validating that the elapsed time at each interval when a request is to be made
does not exceed the total time set for establiching tracking in the gystem;

iii) requesting that all mobile remote units within close proximity of the wireless

consumer divulge their location if the result of the validation of (ii) is true.

17
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Conclusion

Applicant request that the amended matter be entered into the application in order to -
overcome the objections raised by the Office. Applicant solicits the allowance of these

claims from the Office,

Respectfully,

(Applicant).

05/13/2002

18
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01 FL:242 640.00 DP

1 t
m“,fmwﬁ'{““:%wnm 1espond to 2 i . \

TRANSMIT THIR PORM WITHFEB(S)
VTOL-25 (REV. 04-02) Appeoved for npe theough 01/31/2004, OMB 0651-0033 usmuwomugb!rnxmmosmm

Recelvedm<3105608m> 7115002 3:08:18 AM [Eastem Daylight Time]
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PART B - FEE(S) TRANSMITTAL

Complete aad send this form, together with applicable fee(s), to: Majl Box ¥SSUE FEE
Conmmissioner for Patents
Washington, D.C, 20231
Bax  (703)746-4001
ENSﬁiU@ﬁE? J; this form should be uscd far transmittng te \5SUE FEB and PUDBLICATION FBR (1 required). Blocks 1 throwgh 4 should be complet Nere
appropriate, All further correspondence including the Patont, advange drders and notificution of maintcnancé fres will be mailed ta the current cormespondence addgess as
indicated unl%sa mfchcﬁd below ot disected otherwise in Block 1, by (s} specifylng & hew comespondancs address; and/or (b) indiesting a wparate "FEE ADDRESS" for
26 Yo notifications.
CORRINE CORRESPONDENCE ANDRRES (Nofo: Y.oyility axak-op wil sy vacrseiians o weo Wock 1) Rote: A Terticate zOf m;l\.;m% %hﬁg be tmt‘-dt fogcdo!lgccgwfg}wfﬂ%s og(}t‘l;f

A 82007 Fee(y) Transmittal. T
051672002 2 3“)

myi ers. Bach additionsl paper, sunch 48 an assignment or

MUNDI FOMUKONG fcrma%famggﬁ:!\’xst have its owy mﬁﬁgaﬁ?miling or A R
WEA TR0 " 1 herolsy crtify fhat this Foo(s) 1esnsuvittal is boing depostied with the
A . Uniiee Craces oo Semsion il eviiision, O8TAS }ufﬁmoqumn?u;n

cavelope addressed ko the Box lusue Fee uddress sbove, or boing facsimile
ransmtiod 10 s DSPTO, on the dafe indicati palarw: o o

{Dopestery ua.mj

(Rigastiarg}

AN YR fose

| aptbicamoNRo. | FILING paTe | FIRS1 NAMED INVENTOR [ ATTORNEY DOCKETNO. |- CONMRMATION NO. |
09/753.178 1273012000 Mimdi Fomukong 2194

TITLE OF INVENTION: METHOD AND APPARATUS FOR LOCATING MORILE UNITS TRACKING ANOTHER OR WITHIN A PRESCRIBED
GEOGRAPHIC BOUNDARY

| APPLR. TY®E ] SMALL ENTITY i ISR FRE | - rubLicamoON Fea | TOTAL FEH(S) DUE | DATEDUE . |
napprovisional YES 5640 - ¢ 5300 5940 08/16/2002
| EXAMINER |°  arTunT | crasssuscLAss
TREEU, VAN THANH 2632 340-988000
1, g:ha.gg,e of corteshondence address ov indication of “Fes Address™ (37 2. For printing on the patent front page, fist (1)
CFR 1383). 1he names of up to 3 registured patent attomys

or agenls OR, altematively, {2) the name of

Q Chany cortespondence address , .
Ao RS sadcess (or Cliange of Comespondence singe iy Gaving e o Tiriber 4 rogeed
A O iiomney ar ageat) snd the names of wp to
O "Fae Address™ indication (ot *Fec Address” Tydication tarm ;e X F e B
X el Y o ot gistered patent artotndys or egents. B na natie
PTO/SBMT) attached. Lise of 2 Customer Kumber is vrequired. i Tisted, nioname will be printed, 3

3. ASSIONEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unlcss.an agsiones is identified befow, 0o assignes dits will appear on the patwnt, Inclusion of assipnes da §4 only approprists when w assignownt hag
been proviously aubmitted to the LISPTQ or is being sl mﬁlncr [ a\’fcl:' Compi “'pxog this $orm is NOT a substitnte tor filivg wn sssigament.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CIT'Y and STATE OR COUNTRY)

Plesse check the sppropHate sssignee category or catogories (will not be printed on the patn) D individual ) comporation or other privase group cofity L govemment
4n. Tho following fec(s) o enclosed: 4b, Poywent of Fee(s): .

Rissue Pee 3 A check in the amount of the f2e(s) is enclosed.
Wruyment by eredit cutd, Form LO-2038 is stiached.

£ The Commissioner is herehy suthotized by charge the required fee(s), or cradit auy overpiyment, to
Dicposit Account Numb e an exte cogy of this foan),

Q publication Fea
Q Advence Order - # of Coples ___

Commissionet for Putents is requasiud to apply the isue Fep and Publicstion Fee (if any) or w fe-apply any previeusly puid issue fec to the upplication identificd above.

0

102

Reeind PRof o0 (4 requiced) Wil H0 e sUCOpted 10m anyone
othi Boant; 2 registoiipra ol'neg or agent; ov the agsignes ot other pariy In
intereyt a8 shown by the revords of Ihe United States Patent sl ‘Fradomark Offics,

Ims_ co“'c-caap OF Wfetmanion 15 tequured by T7 CFR 1.311. Tho /ieomanon is requised o
obtain of retain 4 boneflt by the public which is to filc (und by the USPTO ta process) an
application. Confidentintity is governed by 35 U.B.C. 122 and 37 CFR 1.14. This collection is
cstitated to talee 12 miutes to comalatc including gathering, preparing, and submitiing the
cumpleted upplication form to the USPYO, Time will vaty dcpendinF upen the ndividual
case. Any eymmients on the amount of time you require to complele this form andfor
suggestions for reducing thiy burden, should be 'Sent to the Chiet' information Officer, 1.5,
Patent and ‘rridemark Office, U5, rtment of Commercs, Washinpton, 12.C, 20231, DO
NOT SEND I'RES OR COMPLUCED FORMS T( THS ADDRESS, WEND T0:
Comuissioner for Patents, Washington, DC 20231,

Under the Paperwork Reducton Acr of 1995, ncwwrsnhs are required to tespond to 2
cafllection of information unfesy it displays a valid OMB vontrol manber,

TRANSMIT THIS FOIM WITH FEE(S)
PTOLAS (REV. 04-02) Approved for use thiough 0173172004, OMDB 06510033 1.8, Patent and Trademark Office; (5.5, DEPARTMENT OF COMMERCE

Td WdS2:1@ ceve vT "INl £ETEESSATE ¢ "ON INOHd DoWod

Petitioner Uber Ex-1004, 0349



FROM = PHONE NO. : 3185598133 .;-’ull. 14 2002 @1:27PM P2

02038 (622600
Approved lur nse through 0173172003, OMB 06510043
) Uonited States Patent and Trademark Office; U.S. DEPARTMENT OF COMMARCE
Under the Paperwork Reduction Act af 1995, no persons are requirsd to respond to a cotlegtion ol infarmation unless it displays a valid
OMB ¢omtral number,

United States Patent & Trademark Office

Credit Card Payment Form
ad Instructions before Completing this Form

S
SRR

" Credit Card Informatis
Credit Card Type: Visa _MasterCard American Express ) Discover
Credit Card Account #: % '?_,[ 7 C{‘% \BSE5 L 110072

CreditCard Expitation Date: O L,[_, loj ) .

AName as it Appears an Credit Card:
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L MNMUNDT romusan &
o110

Date:  F I\ \oZ_
¥y mistake or in excess of hat requirad. A Ghange of purpose atter the payment of & 766 45

bfOifica will not refund amounts of twenty-five dollars or less unless a refund is specifically £
ounts (37 CFR 1.26). Refund of & fee paid by credit card will be via credit to the credit

card account.
Service Charge: There Is a 50.00 sarvice charge Tor praceseing each peyment refused (including a check returned “unpale”) or eharged
back by a financial institution (37 CER 1.21(m)),
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Street Addrass 1: [0e0%  AN%Ee  _FWE, A L)
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Faxt:  BIOSKY R) =}
Request and, Payment Informatio x
Description of Request and Payment Information;

| SSWE  Fee o
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t{z.e United States Patent & Trademark Office will not be Ticble in the event that the credit cord number becomes public knowledge.
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Application No. Applicant(s) ]
. 09/753,178 FOMUKONG, MUNDI
Interview Summa’y Examiner Art Unit
Van T Trieu 2632

All participants (applicant, applicant’s representative, PTO personnel):
(1) Van T Trieu. 3) .

(2) Mundi Formukong. @___.

Date of Interview: 70 May 2002 .

Type: a)lX] Telephonic  b)[] Video Conference
c)_] Personal [copy given to: 1)[] applicant 2)[] applicant’s representative]

Exhibit shown or demonstration conducted: d)[]Yes €)X No.
If Yes, brief description:

Claim(s) discussed: 1-6,9-16 and 20-23 .

Identification of prior art discussed: None .

Agreement with respect to the claims f)IX] was reached.' g)[] was not reached.” h)[] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Mr. Mundi will submit an Amendment fo correct all of the 112 second problems
such as the antecedant basis of "the network” and "the said" to all claims above. A supplemetal amendment will be
faxed to Examiner on Monday, 13 May 2002. .

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

)X Itis not necessary for applicant to provide a separate record of the substance of the interview(if box is
checked).

Unless the paragraph above has been checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office
action has already been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on
reverse side or on attached sheet.

S VANTREU

“Primary Exarilpsr
i Examiner Note: You must sign this form unless it is an g"x““""‘ RE
4 Attachment to a signed Office action. . Examiner's signature, if required
U.S. Patent and Trademark Office
PTO-413 (Rev. 03- 98) Interview Summary Paper No. ?O
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Application No. Applicant(s)

. . 09/753,178 FOMUKONG, MUNDI
Notice of Allowability Examiner Art Unit
Van T Trieu 2632

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to w1thdrawa| from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.[X] This communication is responsive to the Final Amendment filed on 12 May 2002.
2. The allowed claim(s) is/are 1-6,9-16 and 20-23.
3. The drawings filed on 30 December 2000 are accepted by the Examiner.
4.1 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[1 Al b)[JSome* c¢)[INone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __
5. [] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) ] The transtation of the foreign language provisional application has been received.
6.1 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements noted
below. Failure to timely comply will result in ABANDONMENT .of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE

| 7.[J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [ ] CORRECTED DRAWINGS must be submitted.
(@) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) [ hereto or 2) [] to Paper No.
(b) O including changes required by the proposed drawing correction filed , which has been approved by the Examiner.
{(¢) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

9. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
aftached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1] Notice of References Cited (PTO-892) ~ 2[ Notice of Informal Patent Application (PTO-152)

3] Notice of Draftperson's Patent Drawing Review (PTO-948) 4[X] Interview Summary (PTO-413), Paper No._____

5[] Information Disclosure Statements (PTO-1449), Paper No. ___ . 6] Examiner's Amendment/Comment

7[] Examiner's Comment Regarding Requirement for Deposit 8X] Examiner's Statement of Reasons for Allowance
of Biological Material 9[] Other

U.S. Patent and Trademark Office
PTO-37 (Rev. 04-01) Notice of Allowability . Part of Paper No. 11
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Application/Control Number: 09/753,178 Page 2
Art Unit: 2632

DETAILED ACTION

Allowable Subject Matter

1. The following is an examiner’s statement of reasons for allowance: there are no
references teaching of a method for providing the location of a portable mobile remote
| unit in a geographic region to a wireless consumer requesting location of portable
mobile remote unit that are remaining \closé) proximity to the wireless consumer in the
geographic region, comprising:

maintaining a list of mobile remote units that provided their location at each
interval after the request; and

from the list of forwarding the location of at least a mobile remote unit to the
mobile cons;umer upon determining that the dremote unit maintained close proximity to

the mobile consumer over the period of time. .

In another method embodiment:

receiving at the network a wider than normal prescribed geographic boundary to
query for mobile remote units from the wireless consumer;

splitting the geographic boundary into sub geographic regions to constitute the
prescribed geographic boundary; and

providing to the network, and from the list of the location of at least a remote unit

revealed its location in the sub region.
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" Application/Control Number: 09/753,178 ’ Page 3
Art Unit: 2632

In another method embodiment:

obtaining the location of the first portable remote unit or tracked unit;

obtaining the Iocétion of the at least second communication unit or tracking unit
that is within prdximity or pre-specified radius of the tracked unit;

verifying ;Nhether the tracking and tracked unit(s) have traveled a minimum pre-
specified distance over the tracking period; and

forwarding the resuit of the verification to the network at the end of the tracking
period.i |
In another method embodiment:

providing to remote units in the geographic boundary velocity information

required in order to divulge location information;
estimating at the remote unit or network, the velocity at which the remote unit is

moving; and

validating that the estimated veloc_:ity of the remote unit meets a velocity
requirement provided by the network, if yes, forwarding the location of the remote unit

to the network.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany
the issue fee. Such submissions should be cleai'ly labeled “Comments on Statement of

Reasons for Allowance.”
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" Application/Control Number: 09/753,178 Page 4
Art Unit: 2632

1. Any inquiry concerning this communication or earlier communications from
the examiner shquld be directed to primary examiner Van Trieu whose telephone
number is (703) 308-5220. The exarﬁiner can normally be reached on Mon-Fri from
7:00 AM to 4:00 PM.

If attempts to reach the examiner by telep'hone are unsuccessful, the examiner's
supervisor, Mr Jeffery Hofsass can be reached on (703) 305-4717.

The office facsimile number is (703) 872-9314.

Van Trieu

Primary Examiner
Date: 5/15/02
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UNITED _STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘frademark Office
Address: COMMISSTONER, OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
WWW.ISP L. KOV

NOTICE OF ALLOWANCE AND FEE(S) DUE @%/
7590 051612002 :

MUNDI FOMUKONG | EXAMINER |
10853 ROSE AVE, #49 TRIEU, VAN THANH
WLA, CA 90034
| ART UNIT CLASS-SUBCLASS |
2632 340-988000

DATE MAILED: 05/16/2002

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO.
09/753,178 12/30/2000 Mundi Fomukong 2194

TITLE OF INVENTION: METHOD AND APPARATUS FOR LOCATING MOBILE UNITS TRACKING ANOTHER OR WITHIN A PRESCRIBED
GEOGRAPHIC BOUNDARY

J

| APPLN, TYPE | SMALL ENTITY | I1SSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional YES S640 $300 $940 08/16/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED, THIS STATUTORY
PERIOD CANNOT BE EXTENDED, SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED. ’

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above. Ifthé SMALL If the SMALL ENTITY is shown as NO:
ENTITY is shown as YES, verify your current SMALL ENTITY
status:

A. If the status is changed, pay the PUBLICATION FEE (if required) | "A. Pay TOTAL FEE(S) DUE shown above, or
and twice the amount of the ISSUE FEE shown above and notify the
United States Patent and Trademark Office of the change in status, or

B. If the status is the same, pay the TOTAL FEE(S) DUE shown B. If applicant claimed SMALL ENTITY status before, or is now
above. claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

O Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

I PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

IIi. All communications regarding this application must give the application number, Please direct all communications prior to issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance fees when due,

Page1of3
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004,

Rt
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i PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
‘Washington, D.C. 20231
Fax (703)746-4000

INSTRUCTIONS; This form should be used for wransmitting the ISSUE FEE and PUBLICATION FEE (if rcquix:cdz,. Blocks I through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlgss cor.rfgctc_d below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance ree notifications.

f T CORRES| ENCE ADDRESS {Note: Legibly mek-op with sy corrections or use Block Note: A certificate of maihing can only be used for domestic mailings of the
CUORRENTCO PONDL\{,CSE(? PDRESS (Note Esﬂ‘}}fz‘s,‘,‘; o wilh any cortectios aruss Block ) Fee(s) Transmittal. This gcel‘riﬁqatc cannot be used for any other
' accomlpanying papers. Each additional pagmr, such as an assignment or
MUNDI FOMUKONG formal drawing, must have its own certificate of mailing or transmission.
10853 ROSE AVE, #49 Certificate of Mailing or Transmission
WLA, CA 90034 ) { hereby certify that this Fee(s) Transmittal is being deposited with the

United States Postal Service with sufficient postage for first class mail in an
envelope addressed to the Box lssue Fee address above, or beinp facsimile
transmitted to the USPTO, on the date indicated below,

{Dopositor's nons)

{Sigoature}

{Date)

l APPLICATION RO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. I

09/753.178 12/30/2000 Mundi Fomukong 2194

TITLE OF INVENTION: METHOD AND APPARATUS FOR LOCATING MOBILE UNITS TRACKING ANOTHER OR WITHIN A PRESCRIBED
GEOGRAPHIC BOUNDARY

[ APPLN. TYPR | swaccennry | ISSUE FEE | ruBucamowree | ToTALEREES)DUE | DATE DUE |
nonprovisional YBS $640 3300 $940 08/16/2002
| EXAMINER ] ARTUNIT | casssuscLass |
TRIEY, VAN THANH 2632 340-988000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list (1)
CFR 1.363). the names of up to 3 registered patent attorneys |
0 Change of correS)aondencc address (or Change of Correspondence or a]gex;gs OR, a{tenmt.wlely, (Z)b the nam_e. 01:' g
Address form PTO/SB/122) attached. S?g ¢ 1 (h“"‘t')‘g a; :h member ai:rEglst;cwz 5
. e L attorney or agent) an c names of up to
(1 "Fee Address" indication (ot "Fee Address" Tndication form . ., ) . .
PTO/SB/47) attached: Use of a Customer Number is required, regt stered patent dtt.omey s or agents. If 7io name 3
is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has
been previousfy submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY-and STATE OR COUNTRY)
Please check the appropriate assignee category or categoﬁcs (will not be printed on the patent) Qindividual O corporation or other private group entity i government
4a, The following fee(s) are enclosed: 4b, Payment of Fee(s):

2 Issue Fee £3 A check in the amount of the fee(s) is enclosed.

0 Publication Fee 23 Payment by credit card. Form PT0-2038 is attached.

0 Advance Order - # of Copies i The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to

Deposit Account Number (enclose an extra copy of this form).

Commissioner for Patents is reguested to apply the Yssue Fee and Publication Fee (if any) or to-re-apply any px:eviously pald issue fee to the application identified above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorn? or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office,

This collection of information is required by 37 CFR 1.311. The information Is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiglity is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to com[‘}lete including gathering, preparing, and submitting the
completed application form to the SPTO, Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducu-g this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Oftice, U.S. Department of Commerce, Washington, D.C. 20231, DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231,

Under the Paperwork Reduction Act of 1995, no persoris are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; G.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
Umnited States Patent and Trademark Offive
Address: COMMIESSTONER. OF PATRENTS AND TRADEMARKS
Washingten, D.C. 20231
WWW.DSPLO.LOV

r APPLICATION NO. T FILING DATE | FIRST NAMED INVENTOR ]TTTORNEY DOCKET NO.T CONFIRMATION NO. —|
09/753,178 12/30/2000 Mundi Fomukong 2194
7590 0571612002 \ L EXAMINER ]
MUNDI FOMUKONG TRIEU, VAN THANH
10853 ROSE AVE, #49 )
WLA, CA 90034 [ ART UNIT L PAPER NUMBER ]

2632
DATE MAILED: 05/16/2002

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)
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&) ABSTRACT

A mobile location reporting communication system consists
of a network of communication sources and targets managed
by one or more control stations. In the system, a commu-
nication source may request for the location of a mobile
communication target from the network. The target conveys
its location to the network and that information is provided
to the source. In the invention a mobile communication
source request for the location of mobile communication
targets that are present in a prescribed geographic boundary.
The network provides to the source only remote targets that
are present in the prescribed boundary. Also in the invention,
a concealed or clandestine mobile portable target, close to
the mobile portable source, may be tracking the source. The
source may invoke a method that may result in the disclosure

+ of mobile targets that have traveled a pre-specified distance

with the source while maintaining proximity to the source.

18 Claims, 7 Drawing Sheets
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METHOD AND APPARATUS FOR LOCATING
MOBILE UNITS TRACKING ANOTHER OR
WITHIN A PRESCRIBED GEOGRAPHIC

) BOUNDARY

" BACKGROUND OF THE INVENTION

This invention relates to telecommunication services and
systems, specifically such services and systems that convey
the location of a mobile unit.

The wireless industry is currently gearing towards the
provision of a wide range of location based services to the
general public. Such services will include utilizing the
location of a subscriber’s portable remote unit to channel a
wide range of location-based services to the subscriber. For
such a service to be successful, the remote unit must be able
to obtain and relay its location information to other com-
munication targets of the network requesting such informa-
tion.

In relevant prior art such as U.S. Pat. No. 5,689,245,
Noreen and al, the location of a remote unit is employed to
execute location specific instructions transmitted to the
remote unit.

In Bird, U.S. Pat. No. 5,418,537, a missing vehicle is
located through the use of a GPS receiver mounted on the
vehicle. When the vehicle is missing, a paging request is
broadcast by the vehicle location center. Upon receiving the
broadcasted message, the vehicle resolves and conveys its
location to the service center.

In Buss, U.S. Pat. No. 5,539,395, a remote unit is pre-
sented whereby the unit selects and displays messages
matching the location of the remote unit. The network
provides the unit with messages having a location signal. If
the location signal picked up by the unit is within the unit’s
current location, the message is displayed, otherwise it is
kept in memory for display at the appropriate location.

In Chapman, U.S. Pat. No. 5,504,491, a global status and
positioning reporting system is described. A remote unit
obtains its global location and updates the network with
status information and location information as required.
Such status information may include an emergency condi-
tion or relevant condition of the remote unit required by the
network.

In Fomukong and al, U.S. Pat. No. 5,918,159 a location
reporting satellite paging system with optional blocking of
location reporting is disclosed. In that invention, a remote
mobile unit obtains its location information and provides
that information via the network to other network units
requesting the information. The provision of such location
information is done based on authorization information
provided and routinely updated by the remote unit.

In all of the above-disclosed inventions, the location of
the remote unit is utilized by the system. The deployment of
location services could be quite beneficial to the general
public if safely implemented. In today’s market, such mobile
units are usually small, compact and lightweight. These

-devices could easily be concealed to reveal the location of a

mobile user without the user knowing or authorizing the
disclosure of their location. Most wireless consumers might
not want their Jocation disclosed to the network or general
public and the thought of being tracked by a clandestine unit
concealed in an object such as a car or luggage to reveal the
location of an individual would be unacceptable by the
general public. The risk of abuse clearly exists and must be
handled appropriately by wireless vendors. In U.S. Pat. No.
5,918,159 that provides authorization for location reporting,

10

2

it would be almost impossible for the network to prevent a
concealed location-reporting unit to provide the location of
an individual being tracked, given an abuse is occurring. A
need therefore exists for location reporting devices in a
specific geographic region to reveal their location upon
request. In situations where a user is being tracked, the
network would be able to determine which units are tracking
the user by querying for the location of remote units within
a specified radius of the user or tracked unit. The techniques
required to provide the above result are described in the
invention. )

‘Whenever a mobile user is stranded and requires imme-
diate help, another mobile party may exist not too far from
the location of the user. The mobile user may not be aware
of the presence.of the other mobile party at that geographic
location. By paging for the location of potable remote units
(PRU) within the stranded area, a distressed subscriber
might immediately. sought help at that location. If the
prescribed boundary specified by the mobile user exceeds
pre-specified limits, the network may split that geographic
area as described hereinafter. Pages may then be sent to
specific areas in order to obtain the location of portable
remote units in that geographic area. The location of any
mobile location-reporting unit in a geographic area that is
closest to the user will be revealed to the user.

Lots of other uses exist for such a service to be lucrative
to a service provider. A wireless subscriber may opt to -
participate in the program and users of the system may be
charged a fee each time the location of another PRU at a
requested geographic boundary is provided to the user. Also,

. users in possession of portable remote units may be charged

60

6!

Ch

whenever they invoke the tracking mode in their PRU. To
improve subscriber enrollment in the program, subscribers
may also received benefits each time their location is pro-
vided to a distressed individual. Subscribers not requiring
their locations disclosed at any time may block such infor-
mation at the network. In situations where a PRU user is
being tracked by another, the network will only reveal the
location of the tracking umit only after both units have
traveled a certain distance over a pre-specified period of
time with the tracking unit maintaining proximity to the
source during that period. Such distances and €lapse times’
could be set as a standard by the industry to clearly define
tracking.

From the above there is clearly a need for a system
whereby a remote unit should be able to request for the
location of other remote units within a specific geographic
area. The components of such a system are described
hereinafter.

OBJECTS OF THE INVENTION

It is an objective of the present invention to provide a
mobile telecommunication system, method and technique
that could facilitate the secure provision of location infor-
mation pertaining to one or more mobile communication
targets that are tracking another. .

It is an objective of this invention to provide a mobile
telecommunication system whereby a communication
source residing in a geographic location may poll for the
location of communication targets that are present in another
geographic area.

It is an objective of this invention to provide a technique
to report the location of communication units within a
pre-specified boundary.

It is an objective of the current invention to provide
adequate technology that would facilitate the disclosure of

Petitioner Uber Ex-1004, 0373
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location information of communication units that are present
in a wider than normal geographic area.

It is an objective of this invention to provide a remote unit
that . could: provide location\ information and geographic
boundary information where a search could be initiated for
the presence of one or more location reporting communica-
tion targets.

SUMMARY OF THE INVENTION -

The aforementioned objectives and others are achieved by
a telecommunication system that can provide location infor-
mation pertaining to other communication targets that are
present within a pre-specified geographic boundary.

In the system, a communication source may query for the
location of communication targets at a specified geographic
boundary. The communication source may also enter into a
mode to détermine if another communication unit is tracking
it. Communication sources and targets of the system should
be able to obtain their location using any relevant location
determination technique. This information is conveyed

securely across the network based on system and subscriber:

requirements. ‘When a communication source requires the

—

0

20

location information of communication targets in a specific '

geographic area, the source obtains its location and may
determine if the geogiaphic boundary of the required targets
is within its querying radii. Although the design could also
be such that the network handles all queries, a communica-
tion source may poll directly for the location information of
targets in a specified geographic boundary. This could hap-
pen if the: communication -targets are within the source’s
querying radii; - preventing - unnecessary overloading of

shared network resources. For more complex and distant -

queries, the source may ‘simply provide its location and
geographic boundary ‘information-where targets should be
interrogated for location disclosure. The network utilizes its

resources and determines where and how a search for

relevant communication targets should be initiated. Once the
search for possible communication targets within the speci-
fied geographic-boundary is completed, the network pro-
vides the communication source with information pertaining
to communication target(s) closest to the source and in the
geographic region specified by the source.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a general schema depicting the invention.

FIG. 2 shows a diagram of a’ moblle portable remote unit
employed by the system.

FIG. 3 shows a d:agram mdmatmg how a wider ‘than
normal geographic area is divided to locate remote units in
the area.

FIG. 4 shows a diagram that is employed to determine if

a remote unit is within a prescribed geographic boundary.
FIG. 5 shows a flow chart illustrating the steps that a °

communication unit may employ to determine if it is being
tracked by another unit.

FIG. 6 is a flow chart illustrating the steps utlhzed bya

communication unit to disclose a global location when the
unit is within a pre-specified geographic area.

FIG. 7 is a flow chart illustrating how a search for the
location of mobile communication units in a wider than
normal pre-specified geographic boundary is carried out.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A general overview of the present system. in accordance
with the invention is depicted in FIG. 1. The system consists

45
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of a network of portable remote units (PRU) 501-510 - -
scattered throughout a wide geographic area. Mobile Users
701-709 are in possession .of the portable remote units
501-509, respectively. Geographic regions 201-204 are
standard geographic areas that may have present, one or
more portable mobile users 761709 as shown in FIG. 1.
Mobile user 701 is in geographic region 201 and mobile
users 502--506 are in geographic regions 202. Other mobile
portable users exist in the system and are scattered as shown
in FIG. 1. Geographic location 201-204 may simply be
defined by their latitude, longitude and radii information or
simply by points defining their geographic boundary as
illustrated in FIG. 3. The terrestrial network center (TNC)
FIG. 1, 801 is used to control the actions of the mobile
system. The TNC communicates with ground based trans-
mitters (GBT) 401-404 and earth based satellite transmifters
301-302 to relay information pértaining to the mobile
system across the network. Other finctionalities of the
terrestrial network center may include determining which
trarismitters to employ to complete a call and how to prevent
portable remote units from receiving calls when they are out
of jurisdiction. Multiple terrestrial control or network cen-
ters may be employed as required by the system. Ground

based transmitter stations (GBT) FIG. 1, 401-404 are

employed to relay mobile information to and from the
portable mobile units of the network. Interface to a fixed
telephone network such as home telephone or other com-
munication units such as the personal computer could be -
achieved through the public telephone switching network
(PTSN). Satellites 101-102 are employed by the system to
relay information to remote areas and also to provide
referenced signals, which ground base communication units,
may utilize in establishing their geographic location. Com-
munication between the satellites and the ground network is
achieved through earth based satellite transmitters 301-302.

A general internal circuitry of a portable remote unit or
PRU, FIG. 1, 501-510 is shown in FIG. 2. The portable
remote unit consists of an antenna 20 and a transceiver .
circuitry 21. The transceiver circuitry receives and transmits
portable remote unit information via the antenna 20. On
receipt, this information is processed and the intelligence
portion is extracted and sent to the control unit 22 for further
processing. The transceiver also receives portable remote
unit information from the control unit 22, processes it, and
forwards it as required to the network via the antenna 20.
The control unit 20 controls the action of the PRU. Relevant
information pertaining to the PRU could be ‘stored in the
allocated memory means 26. The memory means may
include a Random Access Memory, a Read Only Memory
and additional memory to store PRU data. Input panel 25 is
employed to take user instructions and the display 23 is used
to present PRU information to a user. The audio means 24
is used for annunciation of voice messages. A PRU may be
able to assist the network in determining its global location
or use any location determination technique to resolve and
provide its location to the network. As a PRU is carried from -,
one location to the other it may obtain and provide infor-
mation concerning its current location to the network

As stated in one of the objectives of the invention and
illustrated in FIG. 1, a portable remote unit 501, utilized by
a subscriber 701, in a moving vehicle 601, could be tracked
by a clandestine unit 510, such unit concealed in vehicle
601. A subscriber—let say 704 in region 202—in another
geographic region trying to keep track of the whereabouts of
user 701 may have concealed unit 510 in vehicle 601 to track
subscriber 701. As most portable remote units are small and
compact they could easily be hidden without subscriber 701
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knowing of such activity. As vehicle 601 travels from one
location to the next, authorized users will be able to receive
}ocation information from PRU 510 whenever they poll for
it. As PRU 510 discloses its location to the authorized party,
the party may obtain the location of subscriber 701 without
their authorization. It is of utmost importance that a sub-
scriber in possession of unit 501 should be able to determine
it they are being tracked by another unit. In the current
- invention subscriber 701 will at any point in time activate
the tracking feature provided in PRU 501. This could be
fzchieved by invoking the appropriate function through the
input panel, FIG. 2, 25 of the PRU. In tracking mode, a
tracked PRU,. FIG. 1, 501, may simply alert a user in
possession of the tracked PRU with the location information
of any tracking device—PRU 510—that has resided within
a pre-specified radius of the tracked PRU, with both units
having traveled a minimum distance. Parameters such as
elapse time, minimum distance traveled and tracking radii
could be set as a standard by the industry. The tracking
feature could be invoked by the tracked PRU or a request
‘could simply be forwarded to the closest ground control
station so that the operation is performed for the tracked
PRU. In tracking mode the geographic location of the
tracked unit, FIG. 1, 501, is utilized to determine the
geographic boundary where a search for possible tracking
units 510 could be initiated. Over a period of time and at
pre-determined time intervals a page is sent to the geo-
graphic location 201 where the tracked unit 501 resides for
all location-reporting units within that geographic boundary
to disclose their location. The geographic boundary required
to establish tracking could be set as a standard by the
industry. For instance, it could agreed upon that a unit could
be deemed as tracking another it stays within a 5 meter
radius of the tracked unit over a 1 mile stretch. As the
tracked unit 501 is moving, that unit or an appropriate
network unit, may page for the location of other communi-
cation units within the tracking boundary of the tracked unit
to disclose their location. Only communication units within
that‘ geographic boundary would disclose their location.
Timing information could also be included in the disclosed
information to help eliminate errors that may occur when a
tracked unit, FIG. 1, 501, is in a vehicle 601 that is moving
at a high velocity. This exercise could be done at fixed time
intervals and over a pre-determined time period. At the first
time interval, a list could be maintained of all the PRUs that
responded within the specified geographic boundary defined
for tracking. At subsequent time intervals, PRUs that where
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in the list at the first tracking interval and not responding in

later intervals could be eliminated as possible tracking units.
At the end of the tracking period, if there are any units in the
tracking list and the minimum tracking distance was
covered, such communication units are deemed to be track-
Ing another and are ‘reported to the requested party. The
minimum traveling distance must be maintained to eliminate
the risk of identifying communication units that reside in a
fixed geographic boundary over the tracking period as
possible tracking units. Also, a maximum time limit must be
set for the tracking exercise such that if the minimum
distance is not traveled within that time period the tracking
process is aborted. If such a time is not maintained a PRU
could be in the tracking mode indefinitely. The steps for this
process are shown in FIG. 5.

According to FIG. 5, once the tracking mode is invoked
at a search unit, tracking is initialized, FIG. 5, 1. Note that
the search unit could be any relevant mobile communication
unit trying to identify possible mobile communication units
that are tracking another. The search unit then operates
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repeatedly over pre-defined time intervals 2 until the end of
the tracking period 9, 13. At each tracking interval 2, the
location of the tracked unit is obtained 3. Possible tracking -
units within a specified geographic boundary of the tracked
unit are paged to reveal their location 4. For the first tracking
interval 5, all tracking units that provided their location at
that interval are stored in a list 7. At subsequent tracking
intervals, a tracking unit that responded in the first tracking
interval and not responding in a subsequent tracking interval
is eliminated 6 as a possible tracking unit. If the tracking list
is empty at any tracking interval 8, the tracking process is
aborted 9. A test 10 is next performed to verify that the
tracking units in the list traveled the minimum pre-defined
distance. If it is determined that the tracking umits traveled
the minimum distance 10, they are reported as tracking units
to the network 11. If it is determined that the tracking units
have not yet traveled the minimum distance 10, a check is
done to establish if the maximum tracking time has elapsed
12. If no time is left to establish tracking 12, the process is
aborted, 13, otherwise it is repeated 2. A maximum time
must be set for the tracking process to ensure that a PRU is
not in tracking mode indefinitely. ’

As previously indicated, a PRU may invoke this method
directly to determine if other units residing in its immediate
geographic area have been tracking it. This would help
reduce network overload and, at the end of the tracking
period, a status signal may simply be forwarded to the
network. In circumstances where a tracked PRU cannot
perform this operation, a ground control unit may be
employed to carry out the tracking operation for the PRU
and report any findings to the PRU. Maintaining a list.of all
tracking units at the first tracking interval is efficient as it
reduces storage space and processing time. It is also possible
to maintain a list of all units that are within a pre-defined
geographic boundary of the tracked umit throughout the
entire tracking process. At the end of the process, the list
could be used to determine which units reported their
location over a pre-specified distance traveled by the tracked
unit ’

For a unit to report a global location within a specified
geographic boundary, the unit must be able to obtain geo-
graphic boundary information and further determine if its.
location is within the prescribed boundary. There are several
techniques well known in the art that a remote unit may -
employ to resolve its geographic location or assist the
network in resolving its location. Once the PRU obtains its
location from whatever technique, that information is uti-
lized to perform the functions in accordance with the inven-
tion. Apart from determining if a remote unit is being
tracked, other uses exist for a remote unit to disclose its
location at a particular geographic location. For instance a
distress subscriber at a specific global location may simply
want to know if there mobile users in the immediate geo-
graphic area. Furthermore, a subscriber might want to know
if there are any individuals at their home, office or a specified
geographic location. By specifying the required location and
further information such as radii information, the network
may provide a portable remote unit with the location por-

‘table remote targets that are closest to the PRU and in the -

geographic area specified by the PRU.

For a simple search where the geographic region does not
exceed a pre-specified limit, a page may simply be sent to
the required region for all units in the region to disclose their
location. As it would be inefficient to page for portable
remote units in wider geographic boundaries to reveal their
location, searches in these areas could be managed differ-
ently by the network. In this situation, the network may
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simply split the wider area into sub regions and recursively
query for the location of PRUs, starting in sub-regions that
are close to the origin before extending to geographic
regions that are further away. . '

To disclose a global location within a prescribed geo-
graphic boundary, a PRU at the geographic location picking
up the request must determine if it is within that boundary
before providing its location to the network. FIG. 3 shows a
geographic location with mobile units M,~M,,. This location
is divided into cells (C,~C,) or grids (G,—G,) where n is the
total number of cells or grids, also known as region. Each
region could be defined by its latitude, longitude and radii
information or by distinct points that define the grid. Look-
ing at FIG. 3, cell C, is defined by radius R and its latitude
and longitude information is that of mobile user M; (Xq,¥,)-
Grid Gl is defined by four points P,, P,, P; and.P,.
Subsequent cells and grids are defined in that fashion as
shown in FIG. 3. FIG. 3 depicts a wide geographic area.
Ground stations and control centers, not shown, may also be
available in that area. Such an illustration my also be seen
in a general sense in FIG. 1."

As shown in FIG. 3, a distressed mobile user M, may
need to find where another party might exist in that geo-
graphic region. The user could initiate a page from their
PRU for the closest available PRUs that could be found in
that geographic jurisdiction. Looking at FIG. 3, mobile user
M, will provide its location, latitude and longitude (Xq.yo) to
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the closest available ground station serving area C; or grid -

G, As stated earlier, appropriate terrestrial technology will
be scattered in that region to serve the PRUs in that area as
shown in FIG. 1. Once a ground station picks up this signal,
it sends a page for all location reporting devices in the
specified boundary surrounding mobile unit M,, FIG. 3 to
disclose their location. Such boundary information could
simply be specified by the latitude and longitude of unit M,
and appropriate radii information. For the very first request,
such radii information would be the distance R as shown in
FIG. 3. A PRU within that area will pick up the signal and
determine if it is within the specified radii. Also, if the
ground station specifies grid information for the first cell,
G,, a PRU will have to determine if it lies within the grid G,
boundary, P,, P,, P; and P,. According to FIG. 3, when a
ground-station sends a page for the location of PRUs in cell
C, or grid G, only mobile unit M, may respond. As M, is
the PRU that injtiated the search, the ground control station
would make the determination and obtain the next region—
radii or grid——information for a possible search. The geo-
graphic boundary information of cell C, or grid G, will be
provided for. the next search. Subsequent searches will
include incrementing the radii information to from C, ... C
or grid boundary information from G,~G, until a PRU
within that geographic boundary responds or system limi-
tations are encountered. A possible limitation may be the
size of a geographic boundary to page for remote unit
locations. According to FIG. 3, the radius of each cell is from
the origin of mobile unit M;, (%,,¥,)- The radii of subsequent
cells is a factor of the radius of the first cell, C,. The grid is
usually the tightest rectangular boundary defining the cell.
As the grid or cells become larger, exclusion zones, as
described hereinafter, may also be specified if it is required
that PRUs in certain areas should not disclose their location.
Another possibility. might be not to increase the next geo-
graphic area on a subsequent page but split the entire
geographic boundary into small regions of about the same
size. Each region could then be paged, starting in areas that
are closed to the origin. This could be done until a PRU at
a region discloses their location.
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Considering that mobile unit M, is initiating a search for
possible portable remote units in its immediate area, a
relevant ground control station will send three pages. The
first page will cover cell C,; or grid G,. As no units are
available in the area a second page will be sent to cover cell
C, or grid G,. Examining FIG. 3, the next PRUs exist only
in cell C; or grid G;. Once a page is sent out for cell C,,
PRU, M, and M; will respond. If grid G, it PRUM, M3, ' M,
and M, will respond. The ground control station will next
select the unit closest to PRU M,;, which is M,, in this
instance. The location of PRU M, will then be forwarded to
PRU M,. M, may also choose to request for the number of
PRUs in its area and the ground control station would
respond again, based on system requirements. Using the
system, a user in possession of a PRU may check for the’
existence or other PRUs at another geographic location. A
user may select a geographic area from a map presented by
the PRU. In FIG. 1, a mobile user 709 at location 204 may
utilize this system to request for the location of mobile units
in another geographic region such as 202 or 203. This could
be for instance, checking to see if there are PRUs at the
office or house or any location of interest. The system would
simply return the appropriate information such as number of
PRUs responding, location of PRUs and relevant informa-
tion requested. In such a system, subscribers may choose to
participate to have their location disclosed when a search is
initiated. Subscribers may also opt to block or activate this
feature at any time at the network. A subscriber to the service
may be charged a fee each time the system is used. A
possible technique utilized to implement the above is shown
in FIG. 7.

According to FIG. 7, the geographic information of the
area where a search for possible remote targets sought is first
obtained 1. This information could be provided by a PRU to
the network. This information may simply be the latitude
and longitude of the area where the search would be per-
formed and other relevant information to assist the network
with the search. A PRU may display a map where a user may
select a specific geographic area. From this information the
next geographic region where a possible search for PRUs is
estimated 2. This could be the latitude longitude and radii
information of the searched area. Also, the tightest rectan-
gular grid surrounding the cell having that radii information
could also be calculated and utilized. Once that information
is obtained a page is sent out to that geographic region for
remote units in the region to reveal their location 3. If remote
units are identified in the paged area 4, that information is
forwarded to the network 5 and the process is aborted 7. If
no remote units are identified in the area 4, a check is done
to establish if there are any remaining cells or grids higher
up .in the chain to be searched 6. If no regions exist for a
possible search, the process is aborted, otherwise, the pro-
cess is repeated until all geographic cells or grids have are
searched for the existence of portable remote units.

Whenever a portable remote unit receives a page to
disclose its location within a specified geographic boundary,
the PRU obtains its location and attempts to determine if it
is. within that boundary. As mentioned before, the PRU may
employ any relevant location determination technique well
known in the art to obtain its geographic location. If the
boundary information specified by the network contains a
well-defined set of points—latitude and longitude for that
region—defining the geographic region, the PRU will sim-
ply establish if its location is within the geographic bound-
ary and provide its location to the network based on that. The
points may simply define the minimum and maximum
latitude and longitude values within which a PRU should
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respond. Such a procedure would be stored in the memory
means, FIG. 2, 26 of the PRU and invoked by the control
unit FIG. 2, 22 of the PRU as required. If the network simply
provides the - origin—latitude and longitude—and radii
information of the region where a search is to be performed,
the PRU will utilize these values to establish if it is within
the area defined by the network as shown in FIG. 4.

FIG. 4 shows four mobile objects, Object,, Object;,
Object, and Object;. Considering that Object,, is the source
and needs to know if any portable remote units are available
in the geographic region of radius R. The location of Object,,
is the origin of the region and the radii information provided
by the network for that region is R. All objects within that
radius must respond upon receiving the signal requesting for
their location in the specified radii. Looking at FIG.4, only
Object; and Object, exist in the region specified and would
respond to the page. If all the mobile objects are served by
the same ground station they will all receive the signal for
location disclosure if in the region. To establish if they are
within the region specified, each mobile object will obtain its
location and calculate its tangential information from the
specified geographic origin (%,,y,) defined by the source,
Object,. The tangent of an angle is usually the opposite/
hypotenuse. Looking at FIG. 4, the tangent is between the
origin of Object, and Object,, and that angle is 8. As Object,
lie on the same line as Object, the tangent between the origin
of Object, and Object, is also 6. The tangent between the
origin of Object, and Object, is o. Standard trigonometric
equations dictate that the tangent of an angle is the opposite/
hypotenuse. According to FIG. 4, Tan 8=(y,—y)/(x,—X,) for
Object; and (y3—Y,)/(X5—%o) for Object;. For Object, Tan
0=(Y>—Yo)/(Xo—Xo). Once the inclination or tangent of the
object to the origin is calculated, the distance of the object
to the origin could easily be calculated by using the sine
formula—Sine 6=opposite/hypotenuse where the opposite is
(¥1—Yo)» (y5—¥o) for Object, and Object, respectively. The
hypotenuse is the distance from the mobile object to the
origin; Ry, and Ry for Object, and Object; respectively. For
Object,, the distance from the origin Ro,=(y,—y,)/Sine o.
Once the distance from the origin (x,,y,) is calculated for
each mobile object, an evaluation could easily be made as to
whether the mobile object lies within the specified boundary
and the location of the mobile object could be provided to
the network based on that. Furthermore, the network may
choose to provide an exclusion region or regions to the
portable mobile remote units or PRUs. A PRU in that
exclusion region will not disclose its location to the network
even if it lies in the network’s specified geographic bound-
ary. This exclusion zones may be specified simply as grid
points anywhere in the paged region or as a direction aft the
origin. A direction aft the origin contains information that
will indicate to PRUs in the region not to disclose their
location if they are East, West, North or South of the origin.
Considering FIG. 3 as a further example, if a request is
received in that region for the location of mobile units in G,
or C, and the origin is the location of M1, with the exclusion
zone specified as East, all the mobile units in G, or C, will
receive the request to disclose location in that area. Upon
detecting the exclusion zone information in the signal only
the mobile units to the West of M, will reveal their location.
Again, such exclusion zone information may simply specify
sub region(s), where PRUs should not reveal their location.

FIG. 6 shows the steps utilized by a remote unit to reveal
its location if it is within the geographic boundary specified
by the network. The unit first obtains geographic boundary
information specified by the network 1. This information
may consist of latitude and longitude information defining
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obtains its location 2. This could.be done in association with
the network ‘or by using any remote unit location determi-
nation techniques such as GPS. The next step is to determine
if the unit is within the boundary prescribed by the network
3. Such a technique has already been described in the
invention. Further checks are carried out to ensure that
remote unit is not in a location reporting exclusion zone
defined by the network 4. The location of the remote unit is
provided to the network 7 once it is established at the remote
unit that the subscriber 6 authorized such an action.

It could be made mandatory that all PRUs reveal their
location once they receive a request to establish tracking. A
PRU may not respond to any tracking establishing routines
if it is at a fixed location. Tracking is only possible when the
tracking and tracked unit are in motion. If a network’s
request is just to establish if a PRU is within a geographic
location, the PRU’s response could be based solely on the
requirements of the subscriber—whether such action is
authorized or not. A PRU may choose to instruct the network
to relay certain information to mobile units in a specific
geographic region. That information would then be
appended to the geographic boundary information and
beamed in the specified geographic region. The target PRUs
would determine if they are in the specified boundary before
alerting a subscriber as to the content of the message. In
circumstances where a subscriber in possession of the PRU
is in motion and a request is received for the location of the
PRU if within a specified region, the PRU may provide this
information and also provide additional information such as
its velocity to the network. This might help a party seeking .
help to establish if they would be able to catch up with
another subscriber in the region which help was sought.
Also, a party requesting for the location of remote units in
a geographic boundary may also forward maximum velocity
information. If a PRU is in the region and establishes its
velocity is above what is specified, no response is sent to the
network. A PRU may calculate its-velocity by- using the .
equation, velocity=distance/time. At time intervals T; and.
T,, a PRU may obtain its location, Y, and Y, and calculate ",
the distance between these two points, as previously dis- "
closed. The velocity is given by (distance between Y, and:
Y,)/(Time at Y,—Time at Y,). Such information could then
be provided to the network. In situations where a PRU
cannot perform any of the tasks described herein, the net-
work may obtain its location information and the required
functions performed at the network and forwarded to the
appropriate communication target on completion.

What is claimed is:

1. A method for providing the location of a portable
mobile remote unit in a geographic region of a wireless
network to a wireless consumer requesting the location of
portable mobile remote units that are maintaining close
proximity to the wireless consumer in the geographic region
comprising: :

i) obtaining the location of the wireless consumer at

intervals over a period of time;

ii) requesting at each interval, at the network, that all
mobile remote units within close proximity of the "
wireless consumer disclose their location to the net-
work; y

iif) maintaining a list 6f mobile remote units that provided
their location at each interval after the request of (ii);

iv) from the list of (iii), forwarding the location of at least
a mobile remote unit to the mobile consumer upon .
determination that the remote unit maintained close
proximity to the mobile consumer over the period -of
time of (i). ’ -
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2. A technique according to claim 1, utilized to determine
if a mobile remote unit is within a prescribed geographic
boundary or within close proximity of a wireless consumer
comprising:

obtaining radii information of the geographm boundary

from the network;
“obtaining geographic information describing the origin of
the geographic boundary;

calculating the angle of inclination of the remote unit to

the geographic boundary origin;

calculating from the angle of inclination the distance

between the remote unit and the geographic boundary
origin; ‘

comparing the radii of the geographic boundary to the

calculated distance to establish if the remote unit lies in
the geographic boundary.

3. A technique employed by the method according to
claim 1 to determine if a remote unit is within a specified
geographic boundary or close proximity to a wireless con-
sumer compnsmg

obtammg from. the network geographic information

describing the geographlc boundary;

estimating ‘at the remote unit if the current location of the

remote unit i§ within the geographic boundary obtained

at the network.

4. A method according to claim 1 utilized to further limit
the provmon of remote unit location to the network com-
prising:

obtammg at the network, exclusion region information
within which the remote unit should not provide its
location the network; .

determining that the remote unit is not in the exclusion
region before providing the location of the remote unit
to the network.

5. A technique utilized in the method according to claim
1, to terminate requesting at each interval, for the location of
mobile remote units within close proximity of the wireless
consumer comprising;

i) keeping track of the time since the first request for
tracking units within proximity of the wireless con-
sumer was enacted by the system;

ii) validating that the elapsed time at each interval when
a request is to be made does not exceed the total time
set for establishing tracking in the system;

iii) requesting that all mobile remote units within close
proximity of the wireless consumer divulge their loca-
tion if the result of the validation of (ii) is true.

6. A method for providing the location of portable remote
units that exist within a prescribed geographic boundary to
a wireless consumer requesting that information comprising:

1) receiving at the network a wider than normal prescribed
geographic boundary to query for mobile remote units
from the wireless consumer;

i) splitting the geographic boundary of (i) into sub
geographic regions to constitute the prescribed geo-
graphic boundary;

iif) requesting in the sub geographic region(s), the loca-
tion of remote units that are present in each sub region;

iv) verifying after each request of (iii) in a sub region
whether at least a portable remote unit disclosed a
global location in the region;

V) maintaining a list of all remote units that disclosed their

location after each request from the verification of step

(v);
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vi) providing to the network and from the list of (v) the
location of at least a remote unit that revealed its
location in the sub region.

7. A technique according to claim 6, utilized to terminate

a request for the location information of remote units in the
prescribed geographic boundary comprising:

checking to establish that a request for remote unit
location information was undertaken in all re-defined or
sub regions of the prescribed boundary or a portable
remote unit in a defined or sub region responded with
location information.

8. A method utilized to provide to a source of request, the
location of a mobile remote units that exist in a geographic
region from the list according to claim 6 comprising:

(i) estimating and obtaining from the list, the location
mobile remote wunits that are closer to the source of
request; .

(ii) providing the information obtained in (i) to the source
of request before releasing the location of other mobile
remote units that are further from the source of request.

9. A method for determining that a first portable remote
unit associated with a network is being tracked by at least a
second portable remote unit over a tracking period compris-
ing;

obtaining the location of the first portable remote unit or
tracked unit;

obtaining the location of the at least a second communi-
cation unit or tracking unit that is within proximity or
a pre-specified radius of the tracked unit; '

verifying whether the tracking and tracked unit(s) have
traveled a minimum pre-specified distance over the
tracking period;

forwarding the result of the verification to the network at
the end of the tracking period.

10. The verification technique employed in the method of

claim 9 comprising:

retaining a tracking list of all tracking units that are within
a pre-specified radius or region of the tracked unit at the
first tracking interval;

eliminating or removing at subsequent tracking intervals,
all tracking units in the tracking list that do not report
their location during a subsequent tracking interval;

validating at the end of the tracking period that at least a
tracking unit exist in the tracking list and a minimum
distance was traveled by the tracked unit.

11. Another verification technique employed in the

method of claim 9 comprising:

maintaining a list of all tracking units that are maintaining
a close distance to the tracked unit over the period of
time;

searching the tracking list at the end of the tracking period
to obtain racking units that traveled a minimum pre-
specified distance with the tracked unit.

12. A communication system comprising:

a network of communication units;

at least a first communication unit and at least a second
communication unit able to provide their location infor-
mation to the network;

the system able to determine and report that the at least

second communication unit maintained close proximity

to the at least first communication unit over a period of
time.

13. The systein of claim 12, the at least first communi-

cation unit able to invoke a tracking mode at the at least first
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via LORAN, OMEGA, Global Positioning System (GPS) or
U.S. PATENT DOCUMENTS other navigational aid. When connected in a LAN, slave

4,682,326  7/1987 Ulug wuereen ... 370/89 assets report their ID to the master asset and do not deter-
5,210,753  5/1993 Natarajan . e 370/95.1 mine their.own locations in order to conserve power. The
5212,806 5/1993 Nataraj; 455332 master repoxts its location and ID, as well as the IDs of the
5225842 7/1993 Brown etal ... e 342/357 other assets in the LAN, to the central station. Uncertainty

5335511 1071994 Hatano et al. 455111 4p the location of a slave asset is limited by the know
5,379,224 1/1995 Brown et al. ... 3641449 Y 1

5453977 o/96s hagrpry 3T0/952 possible geographical extent of the LAN which is known a
5479410 12/195 Paavonen ... 3700053 POt .

5,526,357 6/1996 Jandrell ... e 370/95.2

5548296 8/1996 MatSuno ..., evreeeee 3424ST 11 Claims, 8 Drawing Sheets
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LOCAL COMMUNICATION NETWORK FOR
POWER REDUCTION AND ENHANCED
RELIABILITY IN A MULTIPLE NODE
TRACKING SYSTEM 5

BACKGROUND OF THE INVENTION

1. Field of the Jnvention .

This invention relates to asset tracking and, more
particularly, to tracking of assets, imcluding goods-and
vehicles, using the Global Positioning System (GPS). While
goods are an example of assets that need to be tracked, the
cargo containers, container trucks and railcars in which the
goods are shipped are themselves assets which need to be
tracked.

2. Descnpnon of the Prior Art

Goods shipped from a manufacturing plant, warchouse or
port of entry to a destination are normally tracked to assure

their timely and safe delivery. Tracking has heretofore been .
accomplished in part by use of shipping documents and 2

negotiable instruments, some of which travel with the goods
and others of which are transmitted by post or courier to 2
receiving destination. This paper tracking provides a record
which is completed only on the safe delivery and acceptance

of the goods. However, during transit, there sometimes is a 45

need to know the location and position of the goods.
Knowledge of the location of goods can be used for inven-
tory control, scheduling and monitoring.

Shippers have provided information on the location of

goods by tracking their vehicles, knowing what goods are 39

loaded on those vehicles. Goods are often loaded aboard
shipping containers or container trucks, for example, which
are in tura loaded aboard railcars. Various devices have been
used to track such vehicles. In the case of railcars, passive

radio frequency (RF) transponders mounted on the cars have 35

been used to facilitate interrogation of each car as it passes
a way station and supply the car’s identification. This

information is then transmitted by a radiated signal or land
line to a central station which tracks the locations of cars.

"This technique, however, is deficient in that while a partict 40

lar railcar remains on a siding for an extended period of time,
it does not pass a way station. Moreover, way station
installations are expensive, requiring a compromlse that
results in way stations being installed at varymg distances,

2
rent methods of asset localization require that each item

“tracked be individually equipped with hardware which

determines and reparts location to a central station. In this
way, a tracked asset is completely “ignorant” of other assets

5.. being shipped or thejr possible relation to itself. In reporting

to the central station, such system requires a bandwidth
which scales approximately with the number of assets being
reported. The aggregate power consumption over an entire
such system also scales with the number of assets tracked.

10 Further, since both the navigation set and the emitter are

devices which, when energized, generally require a large
portion of the overall electrical power consumed by the
mobile tracking unit, it is desirable to control the respective
rates at which such devices are respectively activated and

15 limit their respective duty cycles so as to minimize the

overall power consumption of the mobile tracking unit.

Most current asset tracking systems are land-based sys-
tems wherein aradio unit on the asset transmits information
to wayside stations of a fixed network; such as the public
land mobile radio network or a cellular network. These
networks do not have ubiquitous coverage, and the asset
tracking units are expensive, A satellite-based truck tracking
system developed by Qualcomm Inc., known as
OMMNITRACS, is in operation in the United States and
Canada. This system requires a specialized directional
antepna and considerable power for operauon, while vehicle
location, derived from two satellites, is obtamed with an
accuracy of about one-fourth kilometer, A rail vehicle posi-
tioning system described in U.S. Pat. No. 5,129,605 toBurns
et al. is installed on the locomotive of a train and uses, to
provide input signals for generating a location report, a GPS
receiver, a wheel tachometer, transponders, and manual
inputs from the locomotive engineer. The rail vehicle posi-
tioning system of Bums et al. is not readily adaptable to use
of battery power and, therefore, is unsuitable for applica-
tions which are not locomotive-based.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
alocal area network of tracked assets which utilizes minimal
power and bandwidth so as to allow alarge number of assets
‘to be tracked in a practical manner.

In accordance with the invention, a mobile local area

dependmg on the track layout. Thus, the precision of loca- 45 network (LAN) is established among a plurality of mobile

tion information varies from place to place on the railroad.

Recently, mobile tracking units have been used for track-
ing various types of vehicles, such as trains. Communication
has been provided by means of cellular mobile telephone or

tracking units in close proximity. Assets are approximately
Iocated according to their connection in the mobile LAN
where the exact location of at least one network node is
known. Bach tracked asset’ may have the capability to

RF radio link. Such mobile tracking units are generally so independently determine and report its location to a central

installed aboard the locamotive which provides a ready
source of power. However, in the case of shipping
containers, container truck. trailers and railcars, a similar
source of power is not readily available. Mobile tracking

station, and each asset also has the capability to communi-
cate locally with other cooperative assets via the LAN,
Because of the inherent mobility of the tracked assets, the
LAN is a wireless network preferably using low power

units which might be attached to containers and vehicles 55 spread spectrum transceivers. The LAN is dynamically

must be power efficient in order to provide reliable and
economical operation. Typically, a mobile tracking unit
includes a navigation set, such as a Global Positioning
System (GPS) receiver or other suitable navigation set,

reconfigurable so that as other cooperative assets come into
proximity, they can join the network, and as others move
away, they can leavet the network. ’

‘Within the network, a protocol is established which

Tesponsive to navigation signals transmitted by a set of 60 assigns one of the assets to be the “master” and all others to

navigation stations which may be either space-based or
earth-based. In each case, the navigation set is capable of
providing data indicative of the vehicle location based on the
navigation signals. In addition, the tracking unit may include

be “slaves”. The master asset takes the responsibility of
determining its own exact geographical position. This may
be done via LORAN, OMEGA, Global Positioning System.
(GPS) or other navigational aid. When operating in a LAN,

a suitable -clectromagnetic emitter for transmitting to a 65 slave assets report their identification (ID) to the master

remote location the vehicle’s location data and other data
acquired from sensing elements on board the vehicle. Cur-

01/30/2002,

asset according to the local protocol and do not determine
their own location in order to conserve power. The master
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reports to the central station its location and ID, as well as
the ID of each of the other assets in the LAN. The central
station can then know that the assets associated with eachID
are within the communication range of the geographical

position reported by the master. Uncertainty in the location s

of a slave asset is limited by the known possible geographi-
cal extent of the LAN, which.is known a priori.

Tn one preferred embodiment of the invention, a railcar
location and tracking system is comprised of independent

mobile tracking units affixéd to railroad freight cars. These 10

tracking units are battery powered and have Global Posi-
tioning Satellite (GPS) receiving and communication trans-
mitting capabilities. The units have an extremely low power
radio data link between units on the freight cars which are

in close proximity (about 1 km). This radio link allows units 15

which are part of the same frain to share information.
Sharing information allows use of ‘a single GPS receiver and
a single communications transmitter. Since the GPS receiv-
ing and communications transmitting functions are the most .

power consuming tasks performed by the units, this sharing 20

of information reduces the average power consumed by the -
units on the train. System reliability is significantly
enhanced by allowing units with inoperative GPS receivers
or commuznications transmitters to continue to provide loca-

tion and tracking information through the LAN. 2

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel are set
forth in the appended claims. The invention, however,
together with further objects and advantages thereof, may
best be understood by reference to the following description
taken in conjunction with the accompanying drawing(s) in
which:

FIG. 1 is a block diagram of an exemplary asset tracking 45

system which employs independent mobile tracking umits in
accordance with the present invention;

FIG. 2 is a block diagram showing in further detail a
tracking unit as used in the tracking system shown in FIG.

1; 40

FIG. 3 is a block diagram illustrating organization of the
mobile local area network implemented by the present
invention;

FIG. 4 is a timing diagram showing organization of time
used for mutter-mode communications; 4

FIG. 5 is a flow diagram showing the process employed
at a master unit for polling a slave unit;

FIG. 6 is a flow diagram showing the process employed
at a slave unit for transmitting information to the master unit
and for changing state to autonomous;

FIG. 7 is a flow diagram showing the process of merging
two established local area networks; and

FIG. 8 is a flow diagram of the process employed at a

master nnit for transferring the role of master to slave. 55

DETAILED DESCRIPTION OF A FREFERRED
EMBODIMENT OF THE INVENTION

FIG. 1, illustrates mobile tracking units which émploy

navigation signals from a GPS satellite constellation, 60

although, as suggested above, other navigation systems can
be used in lien of GPS. A set of mobile tracking units
10A~10D are installed in respective cargo-carrying
conveyances, such as vehicles 12A~12D, which are to be

tracked or monitored. A commnnication link 14, such as a 65

satellite communication link through a communication sat-
ellite 16, can be provided between each mobile tracking unit

01/30/2002, EAST
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(hereinafter collectively designated as 10) and a remote
central station 18 manned by one or more operators and
having suitable display devices and the like for displaying
location and status information for each vehicle equipped
with a respective mobile tracking unit. Communication link
14 can be conveniently used for transmiiting vehicle con-
ditions or events measured with suitable sensing elements.
Communication link 14 may be one-way (from mobile
tracking units to remote central station) or two-way. In a
two-way communication link, messages and commands can
be sent to the tracking units, thereby further enhancing
reliability of the communication. A constellation of GPS
satellites, such as GPS satellites 20A and 20B, provides

- highly accurate mavigation signals which can be used to

determine vehicle location and velocity when the signals are
acquired by a suitable GPS receiver.

Briefly, the GPS was developed by the U.S. Department
of Defense and gradually placed into service throughout the
1980s. The GPS satellites constantly transmit radio signals
in L-Band frequency using spread spectrum techniques. The
transmitted radio signals earry pseudo-random. sequences
which allow users to determine location on the surface of the
earth (within approximately 100 feet), velocity (within about
0.1 MPH), and precise time information. GPFS is a particu~
larly attractive navigation system to employ, being that the
respective orbits of the GPS satellites are chosen 5o as to
provide world-wide coverage and being that such highly-
accurate radio signals are provided free of charge to users by
the U.S. government.

FIG. 2 is a block diagram of a mobile tracking unit 10
which includes a navigation set 50 capable of generating
data substantially corresponding to the vehicle position.
Choice of navigation set depends on the particular naviga-
tion system used for supplying navigation signals to amny
given mobile tracking unit. Preferably, the navigation set is
a GPS receiver such as a multichannel receiver; however,
other receivers designed for acquiring signals from a corre-
sponding navigation system may alternatively be employed.
For example, depending on the vehicle location accuracy
requirements, the navigation set may comprise a Loran-C
receiver or other such less highly-accurate navigation
receiver than a GPS receiver. Further, the navigation set may
can conveniently comprise a transceiver that inherently
provides two-way communication with the central station
and avoids the need for separately operating an additional
component to implement such two-way communication.
Briefly, such transceiver would allow for implementation of
satellite range measurement techniques whereby the vehicle
location is determined at the central station simply through
use of range measurements to the vehicle and the central
station from fwo satellites whose position in space is known.
The need for power by either such navigation set imposes a
severe constraint for reliable and economical operation of
the mobile tracking unit aboard vehicles which typically do
not carry power sources, e.g., shipping containers, railcars
used for carrying freight, truck trailers, etc, Typical GPS
receivers currently available generally require as much as
two watts of electrical power for operation. For the GPS
receiver to provide a location fix, it must be enexrgized for
some minimum period of time in order to acquire sufficient
signal information from a given set of GPS satellites so as
to generate a navigation solution. A key advantage of the
present invention is the ability to substantially reduce the
energy consumed by the mobile tracking unit by selectively
reducing the activation or usage rate for the navigation set
and other components of the mobile tracking unit. In
particular, if, while the vehicle is stationary, the activation
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rate for the navigation set is reduced, then the energy
consumed by the mobile tracking unit can be-substantially
reduced, for example, by a factor of at least one hundred.
Mobile tracking unit 10 includes a communications trans-
ceiver 52 functionally independent from pavigation set 50.
I the navigation set comprises a transceiver, the function of
transceiver 52 can be performed by the transceiver of
navigation set 50. Both transceiver 52 and navigation set 50
are actnated by a controller 58 which, in turn, is responsive
to signals from a clock module 60. Transceiver 52 is capable
of transmitting the vehicle location data by way of commu-
nication link 14 (FIG. 1) to the central station and receiving
commands from the central station by way of the same link.
If a GPS receiver is used, the Transceiver and the GPS
receiver can be conveniently integrated as a single unit for
maximizing efficiency of installation and operation. An
example of onc such integrated unit is the Galaxy
InmarsatC/GPS integrated unit which is available from
Trimble Navigation, Sunnyvale, Calif., and is conveniently
designed for data communication and position reporting

between the central station and the mobile tracking unit. A

single, low profile antenna 54 can be used for both GPS
signal acquisition and satellite communication.

Alow power, short distance radio link permits joining the
nearby tracking units in a netwark to minimize power
consumption and maintain high reliability and functionality
such network. As shown in FIG. 2, in addition to a power

source 62 (which may comprise a battery pack that can be .

charged by an array of solar cells 66 through a charging
circuit 64), 2 GPS receiver 50, a communications transceiver
52, and various system and vehicle sensors 68A—68D, each
tracking unit includes a low power local transceiver 70 and
a microprocessor 72. Microprocessor 72 is intexfaced to all
of the other elements of the tracking unit and has control
over them. Transceiver 70 may be a corumercially available
spread spectram transceiver such as those currently utilized
in wireless local area networks. Spread spectrum transceiver
70 is equipped with its own low profile antenna 74.
Utilizing local transceiver 70, microprocessor 72 commu-

- nicates with all other tracking units within communications

range, forming a dynamically configured LAN, hereinafter
denominated a “mutter network”. Such muiter network is
generally shown in FIG. 3. When a train includes multiple
freight cars 82,, 82, .. ., 82, equipped with tracking units
of the type shown in FIG. 3, all of these units will exchange
information. Because each microprocessor is interfaced to
its own power source, respectively, the status of available
power for each fracking unit can also be exchanged. Once
this information is available, then the tracking unit with the
most available power (i.e., most fully charged batteries) will
become the designated master, the other tracking units being
slaves. The master unit performs the GPS position and
velocity reception function, assembles these data along with
the IDs of all other tracking units on the train, and transmits
this information periodically in a single packet to a central
station 84 via communication satellite 86.

Because one GPS receiver among all of the tracking units

is turned on at a time (as well as only one communications-

transceiver), total system power is reduced. Moreover, this
function also increases reliability for each tracking unit
because it automatically reduces the power consumed by a
unit which has a degraded or partially functional power

30

40

45

source. Thus, while a wnit with weak batteries cannot -

perform the GPS receiving or information transmitting and
command receiving functions, which are the most power
consuming functions in the fracking unit, a tracking unit
with damaged solar cells or a battery which can not hold a

01/30/2002,
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full charge can still be fully functional when it is part of a
train with fully functional tracking units.

In each tracking unit the GPS receiver (or navigation set)
and the satellite transceiver and their antennac are major,
complex modules, so that a failure of any of these modules
would render its tracking unit inoperative if no alternative
communication system existed. Using low power spread
spectram transceiver 70 shown in FIG. 2 allows a tracking
unit with this malfunctioning module to operate when it is
part of a train with fully operational tracking units, thereby
increasing the tracking system reliability and the reliability
of the tracking unit. Another reliability feature is that the
malfunctioning tracking unit can report its faulty status
along with its Jocation so that repairs can be scheduled.

An additional reliability feamre allows location of a

- malfunctioning tracking unit that is not part of a train

carrying a properly functioning tracking unit, A solitary
railcar with a malfunctioning tracking unit (or a maifanc-
tioning tracking unit which is the only tracking unit on a
train) will monitor or “listen” on the low power transceiver
at a low duty cycle (to conserve power). If the malfunction-
ing tracking unit comes within communication xange of a
properly functioning tracking unit (which continuously
broadcasts ID requests to other tracking units), the malfunc-
tioning unit will send out its own ID and status. This
information will be passed on to the central station where
data are collected. In this fashion, a solitary tracking unit
with a malfunction in the power source, GPS receiver,
satellite transmitter or antemna will still be reported each
time it comes within range of a functional tracking unit.

The ability to exchange the roles of master and slave
among the tracking units provides transmission diversity
which enhances link quality and received data integrity. This
occurs because one of the two units (i.e., the one with the
most charged batteries) could experience severe attenuation
of its transmitted signal due to shadowing loss resulting
from an obstruction in the line of sight to the satellite.
Selecting between the two units can mitigate this effect.
Inclusion of more units in the selection procedure improves
link quality at the cost of averaging power over a large
number of tracking units. Curently, the GPS function con-
sumes the most power and, in this case, the transmission
selection is restricted to two tracking units.

If the satellite has dual channels (i.e., two frequencies or
two time slots) for transmitting information on the reverse
up-link (railcar to satellite) and on the forward down-link
(satellite to ground station), then the two fracking units with
the most charged batteries can be used to provide receive
diversity. In this scheme, the ground station will poll the two
transmissions and detect them either by combining the
signals or by selecting between the two signals. This form of
diversity reception reduces the link power budget, implying
that both transmissions can be of lower power.

If there is a two-way link between the ground station and
railcar tracking units, then if is possible to use the refurn link
to control which of the two tracking units to use for
transmission, This is usefol when the unit with the stronger
battery is mare heavily shadowed, and can help to conserve
the battery power.

To make use of the mutter mode, a protocol is provided
which allows certain operations to oceur, These operations
include the following:
~1. Forming a network from two or more independent

* tracking units and determining which unit is master of

_ the network.

2. Maintaining a network with regular communication

between master unit and all slave units.

EAST Version: 1.03.0002 -
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3. Removing one or more units from a network when they
are moved out of communication range from the master
unit. .

4. Adding one or more units to a nefwork when they are
brought into communication range with the master unit.

5. Merging two or more metworks when the network
master units come within communication range of each
other. ’

6. Transferring the role of master unit from a master unit |,

with weak battery power to a slave unit with a stronger
battery.

The above operations must be performed in a2 manner that
conserves battery power, which implies providing a minimal
amount of transmitted. data from any tracking unit and
minimizing the time during which the unit’s receiver must
be on. These objectives must be met within realistic eco-
nomic and technological constraints such as limited indi-
vidual clock accuracy and a communication channel which
has a finite error rate.

Certain characteristics and parameters must be defined for
a description of the “mutter mode”, or mode by which a
subset of tracking units communicate with each other in a
mobile, dynamically-configured LAN. As shown in the
timing diagram of FIG. 4, all slave units in a network
communicate with the master unit of that network during a

report period. Shorter report periods provide better time .

resolution of asset movements, while longer report periods
use less power, The report period is divided into several
sub-periods. Shorter sub-periods allow more message
retransmissions for more reliability, while longer sub-
periods promote fewer message collisions and accommodate
" more assets per network., As indicated in FIG. 2, each asset
tracking unit includes a moderately accurate local clock 60.
This clock has a short term relative clock accuracy measured
over one report period and a lomg term absolute clock
accuracy measured over several days. The long term clock
accuracy is corrected during any communications with the
GPS satellite communication system, or any other tracking
- of communication system with which the tracking unit is in
periodic contact. Greater accuracy reduces system power
consumption, while lesser accuracy lowers system hardware
costs.
Messages sent between tracking units in the mutter mode
have a transmission time which includes any preamble and
synchronization bits, the data bits and error checking bits. A
poll-acknowledge bit pair occupies a time slot, including all
guard bands and turnaround times. Shorter transmission
times reduce power consumption, while longer fransmission
times increase message transmission success rate. Tracking
units can transmit andfor receive on two different channels.
These channels may be different frequencies, or they may be
different sequences im a PN sequence spread spectrum code.
‘The channels will be identified as channel 1 and channel 2.
In this protocol, it is also possible to use the same channel
for all communications, but interfaces to protocols in other
applications may make use of these two channels.

The communications actions of a tracking unit depend on
what state or mode it is in. A tracking unit can be in one of
the following modes:

1. Autonomous Mode—In this mode, a tracking unit
communicates with the central station directly. It is not
networked to a mutter mode network.

2. Orphan Mode—In this mode, the tracking unit (i.c.,
“orphan” tracking unit) is unable to communicate with
the central station and is not included in a mutter
network. The central station does not have information
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about the current location of the orphan tracking unit.
The orphan unit may or may not have data identifying
its current location. ]

3. Master Mode—The master tracking unit communicates
with the central station directly. It is also networked to
other tracking units in the mutter network and transmits
information about the networked tracking units to the
central station.

4, Slave Mode—Bach slave tracking unit does not com-

municate with the central station directly, but is

- included in a mutter network and sends its sensor data
and, optionally, its location data, to a master tracking
unit. The master tracking unit in turn transmits the data
from the slave tracking unit fo the central station.

‘When a mutter network has been formed, the following
protocol is used when no tracking units are joining or
leaving the network. The times given are by way of example
only, Time is given as minutes:seconds for a one hour report
period, and the master tracking unit and slave tracking unit
are respectively referred to as “master” and “slave”.

00:00-00:05—The network master is tuned to receive on

channel 1 during this interval except for the short (50
1nsec) transmission time during which the master trans-
mits a “CALL FOR NEW MEMBERS” on channel 1.

The transmission time is randomly placed within the
center second of the five second period. A different random.
position is chosen for each sub-period. During steady state
(no slaves or masters join the network), no data will be
received.

-01:00-01:39—This period is reserved for adding new
tracking units to an existing network. It is not used in
steady state operations.

01:40-01:59—This period is reserved for forming new

networks among two or more autoncmous tracking
units. It is not used in steady state operations.

- 02:00-18:00—This period is divided into 16x60/0.1=
9600 time slots (each slot is 100 msec long) for
poll-acknowledge pairs.

Each slave tracking unit has a time slot assigned by the
master tracking unit. The master unit randomly distributes
the assigned time slots among the 9600 available slots, and
each slave unit keeps the same time slot from one report
period to the mext unless specifically reassigned by the
master. When the master clock arrives at a time slot occupied
by a slave, the master unit turns on its fransmitter and sends
an “ARE YOU STILL PRESENT?” message, which takes
the first 50 msec of the time slot, The master unit then turns
off its transmitter, turns on its receiver, and monitors its
channel frequency for the reply “T AM STILL PRESENT™”,
After 50 msec, i.e., at the end of the time slot, the master
receiver is tumed off whether a correct reply is received or
not. The master tracking unit stays in a low power or “sleep”
mode until the next occupied time slot when this procedure
is repeated.

Bach slave unit stays in a fow power or “sleep” mode until
a time that is twice the short term clock accuracy before the
beginning of the time slot assigned to it (as measured by the
slave unit’s own clock). At this time, the slave unit turns on
its receiver and waits until a time that is twice the short term
clock accuracy after the end of the time slot assigned to it,
at which time the radio transceiver is turned off. The slave
unit awaits the “ARE YOU STILL PRESENT?” message
which-contains the slave unit’s ID code. If the slave unit
receives this message, it immediately turns off its receiver,
turns on its transmitter and sends the “I AM STILL
PRESENT” reply, and returns to the low power mode. If the
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slave imit receives a correct interrogation message from the
master unit, then the slave unit uses the time of the start of
the received message to resynchronize its clock based on the
master clock for the next scheduled “ARE YOQU STILL
PRESENT?” message. This procedure ensures that even if
the Jocal clocks of the master and slave units at slightly
different rates, the slave will always have its receiver turned
on when the master transmits an interrogation to it. This
further ensures that the slave unit will be turned off for as
much of the time as is possible, thereby conserving power.
18:01~19:59—Reserved for futuxe use.
20:00-20:05—Repeat of 00:00-00:05
20:06-21:59—Repeat of 00:06-01: 59

22:00-38:00—During the 02:00-18:00 period, the master

queries all slaves for their presence.

X any of these queries does notreceive a successful reply,
the master unit retransmits the “ARE YOU STILL
PRESENT?” message for that particular slave unit in the
same time slot (of the 9600 time slots available) and awaits
a reply. If the slave unit had not received its interrogation
during the 02:00-18:00 period, then the slave waits for the
same period of time (i.e., two short term clock accuracy
periods on either side of the asszgned time slot) as in the
02:00-18:00 petiod. If the query is received, the slave unit
transmits a reply,

.38:01-39:59—Reserved for future use
40:00-40:05—Repeat of 00:00-00:05
40:06-41:59—Repeat of 00:06-01:59
42:00-58:00—If the master unit made any queries during

A

the 02:00-18:00 period and the 22:00-38:00 period

with a slave unit responding in neither, then the master
nnit queries in the same time slot one more time.

If the slave unit does not receive its interrogation duting
the 02:00-18:00 period or the 22:00-38:00 period, then the
slave waits once again during its assigned time slot. If the
query is received, the slave unit transmits a reply.

10

30

58:01-59:59—This period is reserved for communication k

between multiple masters. It is not used in steady-state
operations.

This completes one report period. This same sequence is
repeated every hour and is synchronized to universal time
(UTC) as received from GFPS, satellite communication or
other location or communication system.

The general format followed by all message packets is
given below:

Bits 8 % 24 8 varisble 16
SYNCH | DEST | SOURCE|C|] DATA FEC!
ADDR| ADDR

where SYNCH is the synchronization preamble to establish
carrier synchronization and symbol boundaries, DEST
ADDR is the destination address of the tracking unit to
which the packet is destined and may be a broadcast address
in case the packet js addressed to all tracking units,
SOURCE ADDR is the address of the source unit, C is a
control field designating the message type, DATA is the
main information in the message, and FEC is a forward error
correction for exrors formed over DEST ADDR field through
DATA field. The mumber above each segment of the packet
(except DATA) indicates the number of bits that make up the
respective segment.

The different types of messages used in the mutter mode
are the following:

01/30/2002,
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“ARE YOU STILL PRESENT?” message (88 bits):
SYNCH: 8 bits preamble/synchropization
DEST ADDR: 24 bits slave ID :
SOURCE ADDR: 24 bit master 1D
C: “01” - normal presence query
DATA: 8 bits clock information
FEC: 16 bits error control
“I AM STILL PRESENT" message (92 bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bits slave ID
SOURCE ADDR: 24 bit master ID
C: “02" - normal presence reply
DATA: 12 bits sensor data or exceptions
FEC: 16 bits error control
“CALL FOR NEW MEMBERS” nxssage (88 bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bit broadcast address
SOURCE ADDR; 24 bits network master ID
C: “03"” - call for new members
DATA: 8 bits clock information
FEC: 16 bits eror control
“SEARCHING FOR A NETWORK” message (92 bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bit broadcast address
SOURCE ADDR: 24 bits autonomous unit 1D
C: “03” - search for a network
DATA: 4 bits battery level, 4 bxtsdn'echon
of travel, 4 bits additional info (status of satellite
communication, emexgency data preseat, etc.)
FEC: 16 bits error control
“MERGE TWO MASTERS” message (variable bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bits receiving master ID
SOURCE ADDR: 24 bit transmitting master ID
C: “04” - merge two masters
DATA: 16 bits clock correction data, 8 bits
velocity of transmitting master, 8 bits direction of
travel of transmitting master, 16 bits nimnber of
slaves in network of transmitting master, 24 biis ID +
8 bits time slot of slave #1, 24 bits ID + 8 bits
time slot of slave #2, . . _, 24 bits ID + 8 bits time
slot of slave #N
FEC: 16 bits emor control
“MBERGER SUMMARY” message (144 bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bits receiving master ID
SOURCE ADDR: 24 bit transmitting master ID
© C:*“05” - merge two masters
DATA: 16 bits clock correction data, 8 bits
velocity of transmitting master, 8 bits direction of
travel of transmitting master, 16 bits mumber of
slaves replying in network of transmitting mester,
16 bits number of slaves replying i network of
receiving master
FEC: 16 bits error control
“AUTONOMOUS, JOIN THE NETWORK” mecssage (112 bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bits autonomous unit JD
SOURCE ADDR: 24 bit master ID
C “06" - join the network.
DATA: 16 bits clock correction data, 16 bits
time slot assignment, 8 bits velocity of master, 8
‘bits direction of travel of master
FEC: 16 bits error control
“I AM JOINING THE NETWORK" message (38 bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bits master ID
SOURCE ADDR: 24 bits autonomous unit I
C: “07” - jomming the network
DATA: 8 bits status and sensor data
. FEC: 16 bits amror control
“SLAVE, BECOME MASTER" message (variable bits):
SYNCH: 8 bits preamble/synchronization
DEST ADDR: 24 bits slave ID
SOURCE ADDR: 24 bit master 1D
C: “08” - transfer role of network master to a slave
{ DATA: 16 bits clock correction data, 8 bits
time slot {0 query current master, 8 bits direction of
trave] of transmitting master, 16 bits number of
slaves in network, 24 bits ID + 8 bits time slot of
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~continued

slave #1, 24 bits ID + 8 bits time slot of slave
#2,. ”Mbltsm+8bntsﬁmcslotofslave#}t
FEC: 16 bils error control

Trains carrying many freight cars with tracking units can
be quite lengthy, up to two kilometers (km) from front to
back. Varying environmental conditions such as weather,
radioreflecting objects close to the track, and track curvature
combined with distance makes it probable that some mes-
sages between master and slave tracking units will not be
received. The protocol ¢ described above assures that multiple
attempts are made in every report period to successfully
communicate between master and slave tracking units.
Additionally these attempts are made at widely separated
times so that communication obstacles that are time or
position dépendent on 2 moving train will vary to allow one
of the multiple attempts to succeed.
‘When consists of multiple cars carrying tracking units are
delivered to a destination, cars (and tracking umits) are
removed from the train and the train leaves the vicinity.
When this occurs, the master unit must have a way of
removing the slave units from the network, and the slaves
units must have a way of recognizing that they are now
autonomous. The procedure for removing one or more
tracking units from the network is described below.
As the master unit and any remaining slave units are
separated from one or more slave units by sufficient distance
(for example, five km), radio communication between them
is no longer possible. During all of the sub-periods (three in
the example given) of one report period, the slave unit will
not receive any “ARE YOU STILL PRESENT?” messages.
When two full xeport periods have elapsed with no such
receptions, the slave unit changes its own status to that of an
autonomous unit.
The process for haviug a master unit remove a slave unit
from its network is similar. Once the master has gone for two
full report periods without receiving a reply from a slave,
that slave is removed from the network, and the master will
no longer query it. Xf the master loses all slaves in the
network, it reverts to autonomous status.
‘When two mutter networks come within range of each
other, they must either merge into one network or remain
separate. The following protocol defines the operations for
one report period, The times given are an example using the
parameter values chosen above, but this protocol works for
other choices of parameters. Time is given in minutes:sec-
onds for the one hour report period.
00:00-00:05—The network master listens on channel 1
during all of this time except for the short transmission
time during which the master transmits a “CALL FOR
NEW MEMBERS” on channel 1.

The transmission time is randomly placed within the

. center second of the five second period. During this time

period, a second network master unit is now within com-
munication range of the first network master unit, and is
following a similar protocol. Because the network master
units have not communicated with each other previous to
this time, the clocks of the master nits are not synchronized.
The length of time spent listening (receiving) relative to the
long term clock accuracy specification is such that the
masters arc guaranteed to overlap. At the end of 00:05, the
masters have received each other’s signals, but neither has
directed a reply to the other,
00:06-00:59—~Whichever master unit first transmitied its
“CALLFOR NEW MEMBERS” sends out a “MERGE
TWO MASTERS” message at 00:06.
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The other master unit records this information and deter-
mines if its is desirable to merge. If the speed and/or heading
information (i.e., velocity profile) of the two master units are
different, then these two masters should not be merged, and
no reply is given by the second master.

X the velocity profiles are identical, the second master
replies to the “MERGE TWO MASTERS” message with its
own “MERGE TWQO MASTERS” 1message. Each master
now has the network information of both networks. Each
master now looks for conflicts where the “ARE YOU SILL
PRESENT7?"—“TAM STILL PRESENT” query/reply time
slots of the different networks interfere. Interference may
mean occupying the same time slot in the two networks, or
it may also include occupying a nearby slot. Where inter-
ference is found, the two masters each move the interfering
time slots away from each other by a small amount (e.g., two
time slots) to assure that they do not interfere, Xf the identical
time slots are occupied, then the direction of displacement is
such that the master which first transmitted the “CALL FOR
NEW MEMBERS” moves its network members earlier and
the other network’s members later. The new transmission
times, however, will still occur during the time that the
proper slave receivers are turned on.

01:00~-58:00—Normal operation, polling done with one

master sending, both masters receiving the “ARE YOU
STILL PRESENT?”/*1 AM STILL PRESENT" query/
reply.

The times that the “ARE YOU STILL PRESENT?”
queries are sent out may be shifted slightly, but they stifl
overlap the times in which the slave recciver is operational.
Slaves receiving the time-shifted query reply immediately
and reset their internal time slot for the perceived change in
slot position.

58:01-59:59—Whichever master first transmitted its

“CALL FOR NEW MEMBERS” message sends out a
“MERGER SUMMARY" message at 58:03. -

The 16 bits representing the number of slaves replying in

the network of the transmitting master specify the number of

~ receivable marked slaves that belong to the original network
- of the transmifting master. Similarly, the 16 bits representing
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the number of slaves replying in the network of the receiving
master specify the number of receivable marked slaves that
belong to the original network of the other, receiving master.
Each master now holds information as to how many slaves
from both networks the other master will become a slave in
the new network. In case both masters receive responses
from the same nurber of slaves, then whichever master first
transmitted its “CALL FOR NEW MEMBERS” becomes
the master for the new network. The new network master
now issues an “AUTONOMOUS, JOIN THE NETWORK”
message, to which the old master replies with an “I AM
JOINING THE NETWORK” message. The old master is
now a slave in the new network.

Assume that a mutter network has been formed. During
the course of polling its slaves, the battery power of the
network master might become sufficiently low that the
network master is prompted to pass the responsibility of the
master on to one of the slaves whose battery power is still
strong. When an extant network master is ready to transfer
its role to another slave, it begins the process of transferring
the role in the next reporting period. The network master
selects the slave having the highest battery power. The
following protocol is used to transfer the role of master from.
the network master to ome of the slaves. The activity

* represented is one report period. Again, the times given are

65

an cxample using the parameter values chosen above, but
this protocol works for other choices of parameters. Time is
given in minutes:seconds for the one hour report period,
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00:00-02:00—The network master performs its role as
usual. X, during this time, the network master receives
2 transmission from another master, it will not attempt
to merge with the other master.

02:00-18:00—The network master polls all the slaves in

the normal fashion with the “ARE YOU STILL
PRESENT?"/“I AM STILL PRESENT” query/reply
sequence exoept for the slave to which it will pass on
the role of the master.

In the scheduled time slot of this slave, the network
‘master transmits the “SLAVE, BECOME MASTER” mes-
sage which includes ID and time slot information for polling
all the slaves in the mutter network. In the message, it also
includes its own ID and time slot at which the slave should
poll the master. The slave responds by transmitting an “TAM
STILL PRESENT” message. This acknowledges that the
slave has taken over the role of the new master and will
function as a new master in the next report period. In the
present Teport period, the extant master operates as usual.
The operation of sending and receiving a “SLAVE,
BECOME MASTER”/*I AM STILL PRESENT” query/
reply sequence is the same as the “ARE YOU STILL
PRESENT”/“I AM STILL PRESENT” query/reply
sequence,

If, however, the intended slave has not received the
“SLAVE, BECOME MASTER” message, the slave does not
transmit the “TAM STILL PRESENT” message. In this case,
the master again attempts to transmit the “SLAVE,
BECOME MASTER” message in the requisite time slot in
the next report sub-period (22:00-38:00). If during this time
the master is still unable to reach the slave, it will attempt to
reach the slave in the subsequent report sub-period.

5

[y
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¥t during the entire report period a master is unable to -

transfer the role of the master to a slave, it will select a new
slave to which it will attempt to pass on the role of the master
in the mext report period. The network master will go
through this proeess until it finds a slave which is ready to
take up the role of the master.

Agam assume that a mutter network has been formed. The

the network. The times given are an example using the
parameter values chosen above, but this protocol works for
other choices of parameters, Time is given in minutes:sec-
onds for the one hour report period.

00:00-00:05—The network master receives on channel 1

during all of this time except for the short (50 msec)
transmission time during which the master transmits a
“CALL FOR NEW MEMBERS” message on channel
1

The transmission time is randomly placed within the
center second of the five second period. A different random
position is chosen for each sub-period.

During this time period, an autonomons tracker that is
now within communications range of the network master
follows a similar protocol. The autonomous unit sends a 50
msec fransmission “SEARCHING FOR A NETWORK”
message randomly within the center second of the five
seconds in which it is listening for available masters.
Because the autonomous unit has not had any communica-
tion with the master previous to this time, the clocks of the
master and the autonomous unit are not synchronized. The
length of the time spent receiving relative to the long term
clock accuracy specification is such that the master and the
autonomous units are guaranteed to overlap. At the end of
00:05, the master has received a transmission from the
autonomous unit and the autonomous unit has received a
transmission from the master, but neither has directed areply
to the other.

01/30/2002,
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00:06-00:59—Used for multiple masters
01:00-01:39—At a fixed time (say, 60 seconds) after the
autonomous unit has sent its “SEARCHING FOR A
NETWORK” message, the autonomous unit turns on
its receiver.

At 60 seconds after the master receives the “SEARCH-
ING FOR A NETWORK” message, the master sends out an
“AUTONOMOUS, JOIN THE NETWORK” message. This
message contains time slot and clock correction information.
The autonomous unit replies with a “I AM JOINING THE
NETWORK” message. At this time, the autonomous unit
becomes a slave, and it starts replying to “ARE YOU STILL
PRESENT” messages in the assigned time slot of the
02:00-18:00 time interval immediately following.

If the master does not receive the ‘T AM JOINING THE
NETWORK” reply message from the autonomous umit
immediately, the master will retransmit the
“AUTONOMOUS, JOIN THE NETWORK” message for
up to three times. If no respomse is received, then the
autonomous unit is assumed not to be a member of the
petwork. Similarly, the antonomous unit awaits receipt of
the “AUTONOMOUS, JOIN THE NETWORK” message
addressed to itself and xeply. If the autonomous unit does not
receive the “AUTONOMOUS, JOIN THE NETWORK”
message addressed to it, then it continues to await its xeceipt
for some period of time (say, five seconds) after the last
message received from the master. If the autonomous unit
does receive and reply to the “AUTONOMOUS, JOINTHE
NETWORK” message, it waits for another five seconds to
receive the message if it is sent again (in case the master did
not receive the reply) and reply again if the message is
received.

If transmissions from more than one autonomons unit are
received by the master, then the master performs the above
request/reply procedure with each autonomons unit from
which it received transmissions during the 00:00-00:05
period of time. The autonomous units are addressed in the
order in which the master has received thcu.' “SEARCHING
FOR ANETWORK” message.

01:40-59:59—Normal network polling operations

The following protocol is used when combining two or
more autonomous trackers to form a network.

00:00-00:05—During this time period, multiple autono-

mous frackers that are now within communications
range of each other send a 50 msec transmission
message, “SEARCHING FOR A NETWORK”, ran-
domly within the center of the five second period.

Because the autonomous nnits have not had any commu-
nication with each other previous to this time, the clocks of
the units are not synchronized. Relative to the long term
clock accuracy specification; the length of time spent receiv-
ing is such that all of the autonomous units transmissions
and receptions will overlap. At the end of 00:05, the autono-
mous units have received each other’s “SEARCHING FOR
A NETWORK” message, but no replies have been sent.
Each' antonomous unit has recorded the IDs of all of the
other autonomous units which it has received. The autono-
mous units individually sort all of the IDs received and their
own ID into ascending order. Because all IDs are nnique,
there are no duplications.

If any autonomous unit has received a master unit’s
“CALL FOR NEW MEMBERS” message, then that autono-
mous unit will attempt to join the master. It will not attemnpt
to cgmbine with other autonomous units. .

00:06-01:39—Used for units to join masters (see above)

00:1:40-01:59—Each unit examines its sorted list of IDs.
The unit which has its own ID as the smallest value of
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the list now acts as a master which has received several
“SEARCHING FOR A NETWORK.” messages.
Alternatively, any algorithm which determines a unique
master based on address, battery level and other parameters
can be used. This self appointed master then chooses a

random time within 01:40-01:44 to start sending ont a series

of “AUTONOMOUS, JOIN THE NETWORK” messages
addressed to all the other autonomous units on the list. This
message contains time slot and clock correction informition
for the new network.

The autonomous units turn on their receivers at 01:40 and
monitor transmissions. When an autonomous unit receives
an “AUTONOMOUS, JOIN THE NETWORK” message
which has its own ID as the autonomous ID and also has the
lowest number on its own internal list as the master ID, then

- it replies with an *I AM JOINING THE NETWORK”

message. After all “AUTONOMOUS, JOIN: THE
NETWORK/*] AM JOINING THE NETWORK” mes-
sages have been exchanged, this new network stands fully
formed by the self-appointed master and all of the autono-
mous units which have successfully joined. Any autono-
mous units which have not snccessfully joined remain
autonomous for the rest of this report period.

02:00-59:59—Normal network polling operations

The protocol described above is summarized and illus-
trated in the flow diagrams of FIGS. 5 to 8. FIG. 5 is a flow

" diagram illustrating the process at a master for polling one

slave. For each slave, the master goes through a similar
logic. The mode is set to master at step 501. The master unit,
“sleeps” until the slave unit polling time at step 502, At that
time, the master unit “wakes up” and transmits a poil to the
slave unit at step 503. A test is then made at decision block
504 to determine whether a reply was received from the
slave. If so, the slave information received is saved at step
505, and the failure count for that slave is set to zero at step
506. The process loops back to step 502. If, however, a reply
is not received, the failure count for that slave is incremented
at step 507. A test is made at decision block 508 to determine
if the failure count for that slave is equal to six. If not, the
process loops back to step 502; otherwise, the slave is
removed from the master’s slave list at step block 509. Next,
atestis made at decision step 510 to determine if the number
of slaves on the master’s slave Hst is equal to or greater than
one. If so, the process loops back to step 502. If not, the
mode for the unit is set to autonomous at step 5§11, and the
process exits.

FIG. 6 is a flow diagram illustrating the process at a slave

for transmitting information to the master and for changing ;

state to autonomous. The mode is initially set to slave at step
601. The slave unit “sleeps” until the slave unit’s scheduled
time slot at step 602. At that time, the slave unit “wakes up”
and awaits receipt of a poll from the master unit at step 603.
Adtest is then made at decision step 604 to determine whether
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apoll was received from the master. If so, the slave transmits

position and sensor information to.the master at step 605,
and the failure count for that slave is set to zero at step 606.
Then, at step 607, the wake-up timer is set for the scheduled
time slot of the first sub-period of the next report period. The
process loops back to step 602. If, however, a reply is not
received, the failure count for that slave is incremented at
step 608. A test is made at decision step 609 to determine if
the failure count for that slave is equal to six. If not, the
wake~up timer is set for the scheduled time slot of the first
sub-pexiod of the next report period at step 610, and the
process loops back to step 602; otherwise, the state of the
slave unit is changed to autonomous at step 611.

FIG. 7 shows the flow diagram for the process at a master
unit for merging two established networks. The mode is

o

60

6!

<

16

initially set to master at step 701. A test is made at decision
step 702 during the time period 00:00-00:05 to determine if
another master unit js transmitting. If not the process ends;
otherwise, a further test is made at decision step 703 to
determine if the velocity profile of the other master unit
matches that of this master unit. If not, the process ends;
otherwise, another test is made at decision step 704 to
determine if this master unit is to become a slave unit. If this
master is to become a slave unit, it awaits, at 00:06-00:30,
receipt of the message “MASTER BECOME SLAVE” from
the other master nnit, as indicated at decision block 705. If
that message is not received, the process ends; otherwise,
upon receiving the message, this master unit transmits its
network information to the other master unit at step 706 and
then sets its mode to autonomous at step 707. In the time
period 01:00-01:39, the master unit becomes a slave unit of
the other master unit at step 708, completing the process of
merging the networks,

On the other hand, if this master unit is to remain the
master unit as determined at decision step 704, at time 00:06
it transmits the message “MASTER BECOME SLAVE” at
step 709. Then the master unit waits for the other master unit
to transmit its network information at decision step 710. X
the master unit does not receive the network information
from the other master unit, the process ends. However, when
the network information is received, the other master unit is
added to this master unit’s slave list in the time period
01:00-01:39 at step 711, completing the process of merging
the networks. .

FIG. 8 shows the flow diagram for the process at a master
unit for transferring the role of master to a slave unit. The
mode is initially set to master at step 801. A test is made at
decision step 802 to determine if the battery is Jow. This is
done at the beginning of the time period. Xf the battexy is not
low, the process ends. If, however, the battery is low, a
further test is made af decision step 803 to determine if there
is any slave unit present with a higher battery power. If not,
the process ends; otherwise, the slave unit with the highest
battery power is selected to become the new master unit at
step 804. At time period 00:06-00:59 the master unit awaits
trausmission from another master unit which may have a
stronger battery. If such a master exists, as determined at
decision step 805, then the procedure described with respect
to FIG. 7 is called for at step 806. Otherwise, at time period
01:00-01:39, the process of adding an autonomous unit to
the network is inhibited at step 807, Then the polling
query/response procedure is performed at step 808 except
that the slave unit selected to become the new master unit is
not polled with the “ARB YOU STILL PRESENT” mes-
sage; instead, at step 809, the “SLAVE, BECOME MAS-
TER” message is transmitted to that slave unit in its time
slot. At decision step 810, the master unit waits for an “TAM
STILL PRESENT” message from the slave unit selected to
become the new master unit. If that message is received, the
master unit continues to function as a master unit for the
balance of the report period, but at the end of the report
period, the master unit changes its status to slave at step 811,
completing the process of transferring its role of master to
slave.

Should, however, the “I AM STILL PRESENT” message
not be received from the slave unit selected to become the
new master unit, then the current master unit waits until the
next sub-period at step 812. If all sub-periods in this period
have not been exhausted in the current period (see FIG. 4)
as determined at decision step 813, the process loops back
to step 808 where the query/response protocol is repeated.
The master unit again waits to receive the “I AM STILL
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PRESENT” message from the slave unit selected to become
the new master. If the message is not received and all the
sub-periods for the period have been exhausted, the process
loops back to decision step 802 to begin the process again,
this time to select a different slave unit to become the new
master unit.

‘While only certain preferred features of the invention
have been illustrated and described herein, many modifica-
tions and changes will oceur to those skilled in the art, It is,
therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall
within the true spirit of the invention.

Having thus described our invention, what we claim as
new and desire to secure by Letters Patent is as follows:

1. A method of tracking assets comprising the steps of:

affixing a tracking unit to each asset to be tracked;

establishieg a mobile local area network of a plurality of '

tracking nnits in close proximity, each of said tracking
units constituting a respective nods of the mobile local
area nefwork; and

cach of said tracking nnits capability fo independently
determine and report its location to a central station and
capability to communicate locally with other coopera-
tive tracking units via the mobile local area network,

said method further comprising the step of dynamically 25
reconfiguring the mobile local area network so that

other cooperative tracking units that come into prox-
imity with the network can join the network, and
tracking units that distance themselves from the net-
work can leave the network; and

identifying locations of tracked assets according to their
connection in the mobile local area network where the
exact location of at least one of the network nodes is
known.

2. A method of tracking assets comprising the steps of:

affixing a tracking unit to each asset to be tracked;

establishing a mobile local area network of a plurality of
tracking units in close proximity, each of said tracking
units constituting a respective node of the mobile local
area network; |

identifying locations of tracked assets according to their
connection in the mobile 16cal area network where the
exact location of at least one of the network nodes is
known;

assigning one of the tracking units to function as a
“mastes” and all others to function as “slaves”, each of
the master and slave tracking units having its own,
respective, unique identification (ID);

determining by the master tracking unit its own exact
geographical position;

reporting by the slave tracking units their ID’s to the
master tracking unit according to. a local protocol
without determining then' own locations, so as to con-
serve power; and

reporting by the master tracking nnit to a central station
the master tracking unit Iocation and ID as well as the

IDs of the other tracking units in the local area network. .

3. A method of tracking assets comprising the steps of:
affixing a tracking unit to each asset to be tracked;
establishing a mobile local area network of a plurality of
tracking units in close proximity, each of said tracking
units constituting a respective node of the mobile local
area network,
issuing a “CALL FOR NEW MEMBERS"” message by
a first one of the tracking units acting as a “master
unit’;

01/30/2002,
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issuing an ‘I AM JOINING THE NETWORK” mes-
sage by a second one the tracking units, said second
one of the tracking units acting as a “slave unit”; and
adding said second one of the tracking units to a slave
list maintained by said first one of the tracking units;
and
identifying locations of tracked assets according to their
connection in the mobile local area network where the
exact location of at least one of the network nodes is
known,
4, The method of tracking assets as recited in claim 3
further comprising the steps of:
- periodically issning an “ARE YOU STILL PRESENT?”
message by said first one of the tracking units; and
responding to the “ARE YOU STILL PRESENT?” mes-
sage by said second one of the tracking units by issuing
an “I AM STILL PRESENT” message.
. 5.'The method of tracking assets as recited in claim 4
further comprising the steps of:
incrementing a failure count by said first one of the
tracking units when an ‘I AM STILL PRESENT”
message is not received from said second one of the
tracking units in response to the “ARE YOU STILL
PRESENT?” message;
determining if the failure count exceeds a predetermined
value; and
removing said second one of the tracking units from said
slave list when the failure count exceeds said prede-
termined value,
6, The method of fracking assets as recited in claim S

further comprising the steps of:

checking the slave list of said first one of the tracking
units; and
changing said first one of said tracking units to an
autonomous state if the slave list is empty.
7. 'The method of tracking assets as recited in claim 3
further comprising the steps of: ’
issuing 2 “SEARCHING FOR A NETWORK” message
by a third one of said tracking units acting in an
autonomous state;
issuing an “AUTONOMOUS, JOIN THE NETWORK”
message by said first one of the tracking units;
issuing an “I AM JOINING THE NETWORK” message
by said third one of the tracking units, said third one of
the tracking units then assuming status of a slave unit;
and
~ adding said third one of the tracking units to said slave
list.
8. The method of tracking assets recited in claim 3 further
comprising the steps of:
detecting by the master tracking unit a transmission from
a second master tracking unit of a second network;
determining if the two master tracking units have identical
velocity profiles; and
merging the two networks when the two master tracking
. units have identical velocity profiles by changing one
of the two master tracking units to a new slave tracking
unit of the other master tracking unit; and
‘adding the new slave tracking unit to a slave list main-
tained by the other of the two master fracking units.
9. The method of tracking assets as recited in claim 8
wherein the step of mesging the two networks includes the

65 step of transmitting network information from the one

master tracking unit to the other of the two master tracking
units.
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10. The method of tracking assets recited in claim 3

wherein each of said tracking units is battery powered,
further comprising the steps of:

determining by the master tracking unit if the master

tracking unit battery power is low and, if so, checking

the slave list to select a slave tracking unit have a higher

battery power; and
transferring the role of master tracking unit to the selected
slave tracking unit.

11. The method of tracking assets recited in claim 10

wherein the step of transferring the role of master tracking

P

20
unit to the selected slave tracking unit comprises the steps
of:
issuing by said first one of the tracking units a “SLAVE,
BECOME MASTER” message;
changing states of the first and second ones of the tracking
units from master to slave and from slave to master,
respectively; and
adding said first one of the tracking units to a slave lst
maintained by said second one of the tracking umits.

* Ok % ok %
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communication unit in order to determine if a clandestine
unit is tracking it.

14. A communication system comprising:

a portable mobile remote unit;

a network of communication units;

means to obtain the location of the portable mobile remote

unit;
means to obtain geographic boundary information in
order to disclose a global location at the network;

means to provide the location of the portable mobile
remote unit to the network upon determination that the
portable mobile remote unit is within the geographic
boundary obtained at the network;

means to determine and report to the system upon request

that, another mobile remote unit of the network has
tracked the portable mobile remote over a period of
time.

15. The portable mobile remote according to claim 14,
having means to further determine if location disclosure for
the remote unit is prohibited at a specific geographic bound-
ary before sending its location to the network.

16. The portable remote unit of claim 15 having means to
establish its velocity at the network and having means to
further determine that, its velocity is within the network’s
prescribed velocity before divulging its location to the
network.

14

17. A method for providing the location of portable
remote units that exist within a prescribed geographic
‘boundary to a wireless network comprising:

i) providing geographic boundary information to mobile

5 remote umits in a geographic region to disclose their
location;

ii) further providing exclusion region information asso-
ciated with said geographic boundary of (i) to mobile
remote units in the geographic region;

iii) determining that a mobile remote unit is in the
geographic boundary of (i) and not in the exclusion

. region of (ii) before providing the location of the
mobile remote unit to the network.

18. A method for providing the location of a portable

15 remote unit that exist within a prescribed geographic bound-

ary to a wireless network comprising:

i) providing to remote units in the geographic boundary
velocity information required in order to divulge loca-
tion information;

if) estimating at the remote unit or network, the velocity
at which the remote unit is moving;

iii) validating that the estimated velocity of the remote
unit meets the velocity requirement provided by the
network (i), if yes, forwarding the location of the
remote unit to the network.

10
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1
LOCATION METHOD AND APPARATUS

FIELD OF THE INVENTION

The present invention relates generally to systems useful
in identifying the location of a mobile transmitter utilizing
the global positioning system (GPS) and particularly to such
a system useful in creating, operating, and maintaining an
apimal confinement or containment system.

BACKGROUND OF THE PRESENT
INVENTION

Animal confinement systems that provide a stimulus to an
animal approaching 2 predetermined boundary to encourage
the animal to remain within the predetennined area defined
by the boundary are well known and are commercially
available. Generally, there are two such types of systems
being sold or otherwise available today—a wire system and
a wireless system. The first of these relies on the placement
of a fransmitter wire above or under ground to define the
boundary of a containment area. The transmitter wire trans-
mits an electrical current that in turn sets up an electrical
field about the wire. An animal, such as a dog, is equipped
with a receiver that senses the electrical field generated by
the current in the transmitter wire. The receiver, based upon
the strength of the electrical field signal reccived (and,
hence, the distance from the transmitter wire) can be pro-
grammed to provide an auditory and/or electrical stimulus.
In other words, the receivers worn by the dog typically can
be programmed to emit “beeps” at a certain distance from
the transmitter wire and/or it can be programmed to provide
an electrical shock to the dog when the dog gets within a
predetermined distance of the transmitter wire. Usually, the
receiver is placed on a collar worn by the dog.

Amnother known system relies on a single stationary trans-
mitter to broadcast a signal. The transmission is substantially
omnidirectional with a substantially uniform sigpal strength
in all directions. The broadcast signal is received by a
receiver worn by the dog. Again, the receiver measures the
signal strength, determines the distance of the receiver and
hence the dog from the transmitter, and applies the appro-
priate stimulus to the animal if necessary. Conversely, there
could exist a centrally located receiver that would receive a
signal broadcast by a transmitter worn by the animal. The
centrally located transmitter would then measure the signal
strength of the broadcast signal and determine whether the
animal was approaching the boundary and whether a stimu-
tus should be applied according to pre-determined criteria.
This latter variant of such a confinement system would be
more expensive than the first variant because it would
require a transmitter and a receiver to be placed both on the
animal and at the central location, unlike the first, which
requires a single transmitter and a single receiver.

A third confinement system that has been proposed relies
on ultrasound signal transmissions. With the ultrasound
system, a responder worn by the animal is responsive to an
ultrasonic signal broadcast by a centrally located transmitter.
The distance of the animal from the transmitter is measured
by the round trip time of the transmitter signal from the
transmitter to the responder. and back fo the transmitter.
‘When the round trip time indicates that the animal is
approaching or within the predetermined stimulus applica-
tion area, the centrally located ultrasound transmitter will
broadcast a signal to the responder directing that a stimulus
be applied to the animal. As with the wireless system just
described, the ultrasound system also is constrained to use a
substantially circular confinement area.

35
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Another wireless system has been proposed that relies on
the broadcast and reception of electromagnetic, that is, radio,
signals to define the boundary and the stimulus application
area. A multiple receiver/multiple antenna unit is worn by
the animal. Through a complex vector analysis of the signals
received by the unit the exact distance from the animal to the
transmitting antenna can be determined and the appropriate
stimulus can then be applied. This particular wireless system
consumes large amounts of power, necessitating frequent
battery recharging and/or replacement in the unit wom by
the animal.

Yet another wireless system is known to the prior art. In
this system, a transmitter modulates the electromagnetic
signals produced by the transmitter to produce non-random
patterns of signals. A comparator in the receiver compares
the signal levels of the received signals with a predetermined
signal level held in memory and produces an output indica-
tive of the signal degradation. The receiver also compares
the phase of the modulation of the received signals with a
reference phase held in memory. Through additional pro-
cessing of the oufput signals the distance of the animal from
the transmitter is determined and the appropriate stimulus is
applied.

Typically, with either of the afore described systems,
some training period is necessary before the animal will
learn the boundary beyond which it is not to pass. Often this
involves marking the boundary with flags such that the
animal will have a visual representation of the boundary to
associate with the stimulus received from the collar.

These commercially known systems, while being admi-
rable attempts to devise a workable confinement system for
pets, suffer, however, from several notable drawbacks. In the
first or wire system, the requirement of the transmitter wire
means that the boundary, once placed, is relatively fixed and
the system itself is likewise also fixed. In other words, once
the wire has been used to define the boundaries, redefining
the boundaries requires that the wire be moved, often by
digging it up and reburying it. The system suffers, then, from
being unable to be moved easily, if at all, so as to define
temporary boundaries, such as when a pet is taken on a
family vacation.

In addition, when the wire system is used, the homeown-
er’s entire yard effectively cannot be used by the pet. For
example, placement of the transmitter wire underground will
usually be accomplished entirely on the pet owner’s own
property, barring excessively good neighborly relations.
Since it is typically desired to keep the pet within one’s own
yard, the stimulus will be applied within several feet of
approaching the transmiiter wire. In essence, then, an area
defined by the yard’s perimeter by several feet wide will be
unaccessible to the pet. In small yards in particular, this can
mean that a substantial percentage of the yard will be
inaccessible to the animal for play and exercise.

An additional drawback is that the wire system can be
rather expensive when the cost of obtaining the necessary
wire to define the area as well as the installation costs are
calculated.

Finally, if the confined animal chances to escape the
containment area, the animal will receive a wamning stimulus
if and when it tries to return to the pre-defined area since the
stimulus is given when the animal is within a certain
distance of the transmitter wire, regardless of which side of
the wire it is standing. In other words, as the animal tries to
return home, it will receive a stimulus from the receiver as
it approaches the transmitter wire and enters the defined
distance at which a stimulus will be given. The animal will
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then be discouraged from coming home if it should happen
to escape, thus defeating the purpose of trying to keep the
animal within the home yard in the first place.

The wireless systems discussed above, while potentially
portable, do not allow for any flexibility in the boundary,
which is substantially defined by the directional properties
of the transmitter and is most often circular in configuration
about the transmitter location. Thus, while a wireless system
can be used readily on a vacation to define a pet area, it
suffers from the lack of an abilily to take advantage of a
homeowner’s entire yard; or if the entire yard is within the
circular containment area, usually a portion of a neighbor’s
yard is also since rarely, if ever, are yards circularly con-
figured. In addition, particularly with dogs, it is often desired
o keep the pet away from a newly planted area, whether
lawn or other forms of landscaping. If the newly planted area
happens to be within the defined circular boundary, only by
redefining the circular boundary to lie closer to the trans-
mitter can the dog be kept away from the newly planted area.
Such a boundary redefinition, however, would typically
remove a great deal of otherwise useable lawn area from the
confinement area, which is rarely an acceptable solution. In
other words, the presently available systems do not provide
a method of setting off preselected areas where the pet is not
allowed within the larger allowable areas where the pet can
enter.

Prior art confinement systems can be found in U.S. Pat.
Nos. 3,753,421 to Peck; 3,980,051 to Fury; 4,898,120 to
Brose; 5,067,441 to Weinstein; and 5,381,129 to Boardman,

among others. Reference can be made to those patents and 3

others for a more complete description and understanding of
the prior art.

Thus, while the prior art contains many inherent
deficiencies, a presently available technology offers the
opportunity to develop a more useful system. For example,
development of Satellite Positioning Systems (SATPSs),
such as the Global Positioning System (GPS) in the United
States and the Global Orbiting Navigational System
(GLOSNASS) in the former Soviet Union, has allowed
location coordinates of an object on or near the Earth to be
determined with improved accuracy. Under normal
circumstances, these systems allow coordinates to be deter-
mined with an accuracy of no more than 30 meters.

A Satellite Positioning System (SATPS) is system of
satellite signal transmitters, with receivers located on or near
to the earth’s surface, that provides means for determining
the location of a receiver and/or time of observation. Two
operational systems currently in place are the Global Posi-
tioning System and the Global Orbiting Navigational Sys-
tem.

The Global Positioning System (GPS) is a satellite-based
navigational system developed by the United States Depart-
ment of Defense. The GPS system employs 24 satellites, 4
of which share one of six orbits around the earth at a radius
of 26,560 kilometers and are approximately circular. The
system allows that three or more satellites are visible on
most points of the earth’s surface at any given time. Each
satellite carries a cesium or rubidium atomic clock to
provide timing information for the transmitted signals.

Each GPS satellite transmits two spread spectrum, L-band
carrier signals: an L1 signal having a frequency f1=1575.42
MHz. These two frequencies are multiples of a base
frequency, f0=1.023 MHz. These two transmitted signals
allow for partial compensation of propagation delay of such
a signal through the jonosphere as put forth by MacDoran in
U.S. Pat. No. 4,463,357. The L1 signal is binary phase shift

15

50

4

key (BPSK) which is modulated by two psuedo-random
noise (PRN) codes. The two PRN codes are modulated in
phase quadrature, and are termed C/A-code and P-code. The
L2 signal from each satellite is BPSK modulated by only the
P-code.

Use of the PRN codes allows use of a plurality of GPS
signals. A signal transmitted by a particular GPS satellite is
selected by creating and matching the PRN code for that
particular satellite. PRN codes for all satellites are known
and stored in each GPS satellite signal receiver. A first
P-code for each GPS satellite is a relatively lengthy code
which includes an associated clock rate of 10 ¥0=10.23
MHz. A second PRN code for each GPS satellite, the C/A
code, or clear/acquisition code, is short code which allows
for rapid satellite signal acquisition and has a clock rate of
F0=1.023 MHz. The C/A-code for any GPS satellite has a
length of 1023 chips or time increments before this code
repeats. The full P-code has a length of 259 days, with each
satellite transmitting a unique portion of the full P-code. The
portion of P-code used for a given GPS satellite has a length
of precisely one week (7 days) before this code portion
repeats. Accepted methods for generating the C/A code and
P-code are set forth in the document GPS Interface Control
Document ICD-GPS-200, published by Rockwell Interna-~
tional Corporation, Satellite Systems Division, Revision A,
Sep. 26, 1984, which is incorporated by reference herein.

The GPS satellite bit stream includes navigational infor-
mation on the ephemeris of the transmitting GPS satellite
and an almanac for all GPS satellites, with parameters
providing corrections for ionospheric signal propagation
delays suitable for single frequency receivers and for an
offset time between satellite clock time and true GPS time.
The navigational information is transmitted at a rate of 50
Baud. A useful discussion of the GPS techniques for deci-
phering position information of GPS satellite signals can be
found in the NAVSTAR Global Positioning System, Van
Nostrand Reinhold, New York, 1992, pp. 1-90.

A second configuration for global positioning is the
Global Orbiting Navigation Satellite System (GLONASS),
developed by the former Soviet Union. GLONASS also uses
24 satellites, but they are spread evenly over three circular
orbits of radii of about 25,510 kilometers. The GLONASS
system also uses two carrier signals L1 and L2 with fre-
quencies of f1=(1.602+9 k/16) GHz and 2=(1.246+7 k/16)
GHz, where k is (0, 1, 2, 3, . . . 23) is the satellite pumber
or satellite tag. The methods for receiving and analyzing the
GLONASS signals are similar to the methods used for the
GPS signals.

Reference to a Satellite Positioning System or SATPS
herein refers to a Global Positioning System, to a Global
Orbiting Navigation System, and to any other satellite-based
navigational system which is compatible with the present
invention.

A SATPS uses transmission of coded radio signals, with
the structure described above, from a plurality of Earth-
orbiting satellites. A single receiver of such signals is
capable of determining receiver absolute position in an
Earth-centered or -fixed coordinate system.

Two or more receivers can be used to more accurately
determine the relative positions between the receivers or
stations. This method, known as differential positioning, is
far more accurate than absolute positioning, provided that
the distances between these stations are substantially less
than the distances from these stations to the satellites. In
differential position determination, many of the errors in the
SATPS that compromise the accuracy of absolute position
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have little or no effect on differential positioning due to a
process of partial error cancellation.

An SATPS antenna receives a SATPS signals from a
plurality of SATPS satellites and passes these signals to an
SATPS signal receiver/processor, which (1) identifies the
SATPS satellite tag, or satellite source, for each SATPS
signal, (2) determines the time at which each SATPS signal
arrived at the antenna, and (3) determines the present
location of the antenna based upon this information and
from information stored on the ephemerides for each iden-
tified satellite.

In order to further improve the accuracy provided by
SATPS location determination, differential GPS (DGPS),
and more generally differential SATPS (DSATPS) has been
introduced and used. A DSATPS can provide locations with
inaccuracies as low as a few meters, or lower in some
instances. Implementation of a DSATPS requires than an
SATPS reference station, whose location coordinates are
known with high accuracy (to within a fraction of a meter)
be provided to receive the normal SATPS signals from
SATPS satellites. The reference station compares its known
psuedorange (psuedorange refers to the distance between a
SATPS receiver antenna and a given SATPS transmitting
satellite), based on its known location and known satellite
and clock biases, with the psuedorange computed using the
acceptable SATPS signals received from each visible satel-
lite. The difference, called a psuedorange correction,
between the known psuedorange and the computed psue-
dorange is transmitted for each such SATPS satellite, along
with an indicium that identifies that satellite. A mobile
SATPS station within 100-200 kilometers (km) of the
reference station receives and uses these psuedorange cor-
rections to correct its own SATPS-determined psuedorange
values for each acceptable satellite signal. The psuedorange
corrections must be received and processed at the mobile
station.

‘While psuedorange correction techniques currently
employed with DSATPS do provide for positional accuracy
of the mobile SATPS receiver, they also require additional
logic and circuitry, which in turn leads to increased cost.
Additionally, a consumer is forced to pay for access to the
DSATPS correction signals from the reference stations cur-
rently in use (such a service is available from Ommistar, of
Houston, Tex.). There is a need for a low cost method of
determining the position of a mobile SATPS receiver rela-
tive to a reference SATPS receiver when in close proximity
to each other (within 1-20 kilometers).

Although SATPS-assisted determination of location and/
or time coordinates is quite well known, only a few patents
disclose procedures for using differential positioning tech-
niques in order to improve the accuracy of relative location
coordinates of a mobile receiver with respect to a given
reference receiver. Rather, psuedorange corrections and such
are generally used to improve the accuracy of the global
positioning coordinates produced by SATPS. For example,
in U.S. Pat. No. 5,495,257 Loomis discloses a method for
enhancing the accuracy of global location coordinates com-
puted for a mobile SATPS receiver by using psuedorange
corrections generated by a reference SATPS station, whose
location coordinates are known with a high degree of
accuracy. Similar methods are disclosed by Babu in U.S. Pat.
No. 5,451,964, and Kyrtsos in U.S. Pat. No. 5,490,073.

However, one method for determining the relative posi-
tion of two SATPS receivers is disclosed in U.S. Pat. No.
5,202,829 by Geier. This system solves the problem of
finding the relative positions of SATPS receivers by time-
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tagging candidate psuedoranges, aligning like-tagged psue-
doranges from respective GPS receivers, and subtracting the
difference between corresponding psuedorange to arrive at
accurate relative position determinations. Although this
method does provide for accurate relative position
determination, there are drawbacks. Namely, complex logic
and circnitry is required to use the psuedorange differences
to arrive at a relative position. This results in additional cost
and computational time. As a matter of fact, Geier’s system
utilizes a personal computer to perform this function.

Thus, is a need for a relative positioning method provided
with simple, low-cost logic. Furthermore, it would be desir-
able to have a confinement system was portable, that would
take full advantage of the available area in a pet owner’s
yard; that was flexible in operation so as to accommodate
desirable boundary changes in a confinement area, such as
when new yard plantings occurred; that enabled the operator
to designates “islands” of non-allowed areas within a larger
allowable use area for the animal; and that consumed
reduced amounts of power so as {o provide long battery life.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide new and
improved apparatus that is not subject to the foregoing
disadvantages.

It is another object of the present invention to provide a
position locator system primarily for use in confining ani-
mals that enabled the operator to tailor the confinement
boundary to the operator’s pleasure.

It is still another object of the present invention to provide
a position locator and confinement system that was portable
but that was not limited to a substantially circular confine-
ment area.

It is yet another object of the present invention to provide
an animal confinement system that takes advantage of the
accuracy provided by GPS to define the animal confinement
area.

It is still yet another object of the present invention to
provide a system that can be “taught” the desired location of
a boundary of a confinement area and “retaught” as desired
by the confinement system operator such that the confine-
ment area can be changed at will.

It is another object of the present invention to provide a
wireless system at an affordable cost that utilizes GPS to
locate a mobile transmitter or receiver unit within a prede-
termined area and to utilize the mobile unit to apply a
stimulus adapted to encouraging the unit wearer to remain
within the predetermined area.

The foregoing objects of the present invention are pro-
vided by method and apparatus for determining the position
of a portable transmitter or receiver and applying a stimulus
to the carrier thereof when the carrier is determined to be
within a predetermined stimulus application area. An appa-
ratus in accord with an embodiment of the present invention
will include a mobile unit including a receiver that is
preferably receptive to signals broadcast by Global Posi-
tioning System Satellites (GPSS). The mobile unit will
include 2 microprocessor and a memory capable of storing
the boundary coordinates of the predetermined boundary.
The microprocessor will be further capable of determining
continuously or at predetermined intervals its Jocation rela-
tive to the predetermined boundary. The mobile unit may
include a stimulus producing apparatus such as a speaker or
electrode to provide audible warnings or electrical shocks as
appropriate. The mobile unit may also include a transmitter
for transmitting its position to a receiver within a reference
umit.
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A method for confining an animal in accord with the
present invention will include the steps of detennining a
boundary, teaching the boundary to the system by inputting
the boundary coordinates into an appropriate memory of a
mobile unit, providing a processor for processing received
signals indicative of position, whether such signals are
actual coordinates, GPS signals, or some other such position
indicating reference signals, processing the signals to deter-
mine the position of the mobile unit, comparing the position
of the mobile unit relative to a predetermined boundary, and
providing an output indicative of the relative position of the
mobile unit to the predetermined boundary. Such an output
could be an audible tone, an electric shock, or a human
voice.

As a further step in a method according to the present
invention, the method could include the step of designating
certain areas within the previously determined external
boundary as being unavailable or off limits to the wearer of
a mobile unit. For example, certain yard areas or “islands™
within the larger yard could be designated as off limits and
warning stimuli provided to the wearer of the mobile unit
when the wearer approached the island. Thus, a pet could be
taught to stay away from certain yard areas, such as a
garden, for example.

The present invention finds wide application in many
areas. For example, a parent could attach a mobile unit of a
system in accord with the present invention to a child and
monitor the child’s location within a predetermined bound-
ary. The system would be useful where the parent would be
vacationing away from home or visiting away from home or
where a yard wasn’t fenced. A system useful with such an
application could include the parent’s voice pre-recorded
and held in a memory within the mobile unit. The mobile
unit would then provide the parent’s voice as an auditory
output through a speaker included within the mobile unit
when the child was within predetermined distances of the
predetermined boundary. The unit could provide one or
more levels of warnings as the child approached or left the
predetermined boundary, such as a yard or playground.
Rather than using an electrical shock as an ultimate stimulus,
the mobile unit could include an odor producing apparatus
that would emit a strong, unpleasant odor as the child
approached a prohibited area.

Another application for the present invention would be
with automated devices, such as a solar powered lawn
mower. The mobile unit would be attached to the mower and
the lawn’s boundary would be programmed into the refer-
ence unit. The mower could then mow the lawn accurately
insuring accurate coverage of the entire lawn since it could
determine that it had mowed all of the area because it wonld
know its position at all times.

Yet a third application for the present invention would be
to provide sight-disadvantaged person with a reference
system for determining their position continuously and
accurately. Such persons would carry the mobile unit with
them as they moved around a city. The system could be
enbanced by the inclusion of a speaker in the mobile unit
that was capable of replicating the sound of a human voice.
The mobile unit could thus audibly inform the users of their
locations based upon the unit’s position, providing them
with information conceming familiar landmarks such as
buildings and building entrances, approaching intersections,
or the like.

In such an embodiment a city may provide a centrally
located reference unit and those sight disadvantaged persons
could obtain mobile units with the desired landmarks pre-
programimed, permanently or otherwise, into the unit.
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Finally, another such application is the use of the present
system in a pet confinement system. In such a system the
mobile unit can include both auditory and shock stimulus
producing and providing apparatus. Such a system would
enable the pet owner to designate substantially the entire
yard for the pet’s use, while reserving specific areas, such as
new plantings.

It will be understood that rather than using either auditory
or electrical shocks as a stimuli, other forms of stimuli could
also be used, such as vibration as is found in many pager
devices currently marketed or some form of light stimuli,
such as a brightly flashing light.

The foregoing objects of the invention will become appar-
ent to those skilled in the art when the following detailed
description of the invention is read in conjunction with the
accompanying drawings and claims. Throughout the
drawings, like numerals refer to similar or identical parts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic illustration of one embodiment of a
system according to the present invention.

FIG. 2 is a schematic illustration of another embodiment
of a system according to the present invention.

FIG. 3 is a schematic illustration of another embodiment
of a system according to the present invention.

FIG. 4 is a schematic illustration of another embodiment
of a system according to the present invention.

FIG. 5 is a schematic illustration of another embodiment
of a system according to the present invention.

FIG. 6 is a block diagram of a reference unit capable of
being used in accordance with the present invention.

FIG. 7 is a block diagram of a mobile unit capable of
being used in accordance with the present invention.

FIG. 8 is an external side view of a reference unit in
accord with the present invention.

FIG. 9 is an external side view of a mobile unit in accord
with the present invention.

FIGS. 10 is a schematic illustration of the functioning of
the GPS system.

FIGS. 11A-11F is a block diagram of a flow chart for
programming of a programmable microprocessor useful in a
mobile unit in accord with the present invention,

FIG. 12 is a block diagram of a flow chart for program-
ming of a programmable microprocessor useful in a refer-
ence unit in accord with the present invention.

FIG. 13 is an illustration of one application of the present
invention to a residential home.

FIG. 14 is an illustration of the present invention and
including an apparatus for providing a visual display.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1-5 represent alternative embodiments of a system
in accord with the present invention. According to the
system 10 of FIG. 1, a mobile unit 12, such as might be
attached to a dog collar, receives a position indicating data
signal from GPSS 14. The mobile unit 12 has been prepro-
grammed to include the boundary coordinates 16 of the
confinement area. The mobile unit includes a microproces-
sor that compares the position derived from the GPS signal
14 with the boundary coordinates 16. The logic programmed
into the mobile unit 12 will determine the location of the
mobile unit relative to the coordinate boundaries 16 and will

10/18/2001, EAST Version: 1.02.0008

Petitioner Uber Ex-1004, 0421



5,949,350

9

then determine if the animal is within or without of the
predefined range of movement 18. The mobile unit can then
apply the appropriate stimulus to the animal if the deter-
mined position indicates that a stimulus is warranted accord-
ing to the predetermined stimuli application criteria.

FIG. 1 s a preferred embodiment of the present invention,
but due to inherent inaccuracies preprogrammed into the
GPS signals presently broadcast by GPS satellites a single
receiver such as mobile unit 12 cannot be used to determine
position with sufficient accuracy that GPS can be used as a
reference signal to determine position within a typically
sized lawn. That is, with GPS signals broadcast today a
position can be determined only to an accuracy of +30
meters (100 feet). This inherent inaccuracy is too large to use
as a reference signal in a typical lawn, which may measure
less than 150 feet (45 meters) on a side (approximately %
acre). .

FIG. 2 shows another embodiment 20 of a system in
accord with the present invention. Systern 20 includes a
mobile unit 22 and a stationary or reference unit 24, both of
which include a receiver (not shown) to receive signals from
GPSS 14. Mobile unit 22 is preprogrammed to include the
boundary coordinates 16. The reference unit 24 includes a
transmitter (not shown) that broadcasts a reference signal 26
containing reference data to the mobile unit 22. The mobile
unit 22, using the GPS signals and the reference data,
determines whether it is within or without the stimulus
application range 18. The system 20 of FIG. 2 can be used
to determine position even considering the present inherent,
intentional inaccuracies in GPS signals as will be explained
further below.

FIG. 3 shows yet another embodiment 30 of the present
invention wherein the embodiment 30 includes a mobile unit
32 and a reference unit 34, both of which include a receiver
(not shown) to receive GPS signals 12. In this embodiment,
the boundary coordinates 16 are programmed into the ref-
erence unit. Mobile unit 32 broadcasts a mobile signal 36
including information relating to the position of the mobile
unit to the reference unit 34. The reference unit 34 in turn
continuously determines the position of the mobile unit
based upon the GPS signal 12 and the mobile data signal 36.
This position is compared to the boundary coordinates 16 to
determine if the mobile unit is within or without the stimulus
application range 18. If it is determined that the mobile unit
is within the stimulus application range 18, the reference
unit 34 will transmit a signal to the mobile unit 32 directing
the application of a stimulus to the animal. This system
requires the presence of both receivers and transmitters in
both the mobile and reference units 32 and 34, unlike the
system 20, which requires only that the reference unit
include a transmitter. This system may have desirable appli-
cation where a stimulus was perhaps not desired, such as
where the mobile unit is worn by a small child and the
child’s position is relayed to the reference unit monitored by
a parent. In such a system, a stimulus producing device
would not be used, or would be limited to an auditory or
vibratory apparatus such as is presently found on pagers.

Referring now to FIGS. 4 and 5, other systems in accord
with the present invention will be described. In FIG. 4, an
animal contajoment system 40 includes a pair of antennas
42, a transmitter 44, and a mobile unit 46. The transmitter 46
provides a signal to the antennas 42, each of which broad-
casts a signal 48, electromagnetic or ultrasound, capable of
being received by the mobile unit 46. The mobile unit 46
calculates its position by triangulation using the signals
received from the antennas 42, compares them with the
boundary coordinates 16 to determine its position relative
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thereto, and then applies the appropriate stimulus as prede-
termined by the operator.

FIG. 5 illustrates a system 50 that includes antennas 52,
a receiver 54, and a mobile unit 56. The mobile unit 56
broadcasts triangulation signals 58 to the antennas 52, which
in turn provides them to receiver 54. The receiver 54 will use
the signals received by the antennas 52 to calculate the
position of the mobile unit 56. The position of the mobile
unit 56 can be compared against the boundary coordinates
16 to determine whether the mobile unit is within or without
the range 18. This system could find use, for example,
where, the application of a stimulus was not desired, but the
location of the mobile unit was, such as when the mobile unit
would be worn by a small child playing outside. FIGS. 4 and
5 represent embodiments that can be employed for situations
where GPS signals are mot available, such as within a
dwelling.

As explained previously, one of the deficiencies in prior
art animal confinement systems is that they either were not
portable, or if they were portable, they were unable to
function with anything other than a substantially circular
confinement perimeter. The present invention overcomes
that prior art deficiency by including apparatus and method
for “teaching” the preferred boundaries to the system, the
coordinates of the preferred boundary being stored in
memory in either the reference unit or the mobile unit. The
vertices of the boundary are taught to the particular unit
where the coordinates are stored by walking the boundary
and entering the coordinates thereof into the unit and storing
them therein, the coordinates being determined with refer-
ence to the globally broadcast GPS signals. With the present
invention, it is also possible to define internal boundaries or
“islands” from which it is desired to keep the animal away.
Such an area may be new yard plantings, for example.

With reference to FIGS. 6 and 7, then, a schematic of the
reference unit and a mobile unit useful in association there-
with is seen. FIG. 6 shows the components of a reference
unit 70. Unit 70 will include a GPS antenna 72 capable of
receiving signals broadcast by GPSS. Antenna 72 transmits
the received GPS signals via an appropriate connector 74,
which may be coaxial cable, to a reference GPS receiver 76,
which may be of the type designated as “Oncore”™ and
manufactured by Motorola. Receiver 76 is connected by an
appropriate connector 78, which may be a bus, to a trans-
mitter 80, which is capable of providing digital radio fre-
quency signals in one embodiment of the present invention,
though in other embodiments the transmitter 80 may be
capable of broadcasting ultrasonic signals. The radio fre-
quency signals are provided by an appropriate connector 82,
which may advantageously be coaxial cable, to an antenna
84 for broadcasting.

A mobile unit useful with the reference unit shown in FIG.
6 is shown in FIG. 7. Thus, FIG. 7 illustrates a mobile unit
90 that also includes a GPS antenna 92 connected by an
appropriate connector 94 to a GPS receiver 96, which like
GPS receiver 76 may be of the type.designated as
“QOncore”™ and manufactured by Motorola. Receiver 96 is
connected by an appropriate connector 98, which may be a
NEMA bus, to a device 100 including a microprocessor,
random access memory (RAM), and an input/output appa-
ratus. Device 100 will be explained in greater detail below.
Device 100 is connected by an appropriate connector 102 to
a high voltage correction circuit 104 and by an appropriate
connector 106, which may be a serial bus of known type and
construction, to a receiver 108, which in turn is connected by
an appropriate connector 110, which may again be coaxial
cable, to a radio frequency antenna 112. Anteona 112
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receives radio frequency signals, such as those transmitted
by antenna 84 of reference unit 70, and provides them via
connector 110, receiver 108 and connector 106 to device
100.

Device 100, as noted, would include a microprocessor,
random access memory, and an input/output apparatus,
which may be as simple as some touch buttons on the
exterior of the mobile unit 90. In this particular embodiment
of the present invention, reference unit 70 and mobile unit
90 will function substantially as follows. Each unit will
receive GPS signals via their respective antenna 72, 92, from
the GPSS network. These signals, as noted earlier, provide
an indication of the position of the particular unit. A signal,
indicating the calculated position coordinates of the refer-
ence unit is transmitted from the reference unit 70 to the
mobile unit 90. The mobile unit 90 will receive the trans-
mitted reference unit signals via its antenna 112 and will
convey those received reference unit signals to device 100
via receiver 108 and connector 106. Device 100 will then
calculate the position of the mobile unit with respect to the
position of the reference unit and compare it with the
preestablished boundary stored in RAM. If it is determined
that a stimulus is warranted, the microprocessor of device
100 will direct the application of a stimulus. As noted, this
could be an auditory signal, such as a beep of some
predetermined volume and tone emifted by speaker 114,
which is connected to device 100 by an appropriate con-
nector 116. Or it could be an electrical shock administered
through the electrode 118 via a connection to the device 100
through an appropriate electrical connector 120. Both units
70 and 90 will be powered by the appropriately sized
electrical power source 122, 124 respectively. Power source
122 will appropriately be standard alternating current (ac)
available through the local power grid or an appropriately
sized rechargeable battery. Power source 124 will preferably
be an electrically rechargeable battery.

An external view of a reference unit 70 in accord with the
present invention is shown in FIG. 8. Unit 78 includes a
casing or housing 130 having antenna 84 extendible there-
from and ac/battery recharger plug-in 132. Casing 130 can
also contain several light emitting diode (LED) indicators
thereon, such as a battery status LED 134 to provide an
indication of a need to replace or recharge a battery used
therewith. Casing 130 can in addition include a mode status
LED 136 to provide an indication of the mode of operation
selected by the user using a mode select switch 138. With
switch 138 the operator can select between the following
modes of operation: off, manual, or automatic. A manual
stimulus switch 140 is also provided to so that the operator
can manually apply a stimulus to an animal during a training
phase in teaching the animal the operation of the system and
the location of the boundary beyond which the animal is not
to pass.

"FIG. 9 illustrates in a side elevation view a mobile unit,
such as unit 90, in accord with the present invention.
Reference unit 90 includes a casing 150 from which antenna
92 extends. Casing 90 can have an ac/battery recharger
plug-in 152 for providing recharging of a battery used to
power the unit 90. Mobile unit 90 advantageously includes
at least a pair of LEDs for indicating the operation of the
mobile unit 90, including, for example, an on/off LED 154
and a teach mode 1 ED 156. A pair of electrodes 118 extend
outwardly from the casing 150 to provide an electrical
stimulation to the animal as warranted while a speaker such
as speaker 114 is contained internally within casing 150. An
input button 158 is provided to provide inputs to device 100.

Input button 158 and device 100 cooperatively function to
provide a variety of functions useful with the present
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invention, such functions including on/off, external teach
mode, and internal teach mode. For example, button 158 can
function as an on/off switch where a brief push turns the unit
90 on or off. When held in for a longer period of time, such
as three seconds, the mode of “teaching” the unit 90 and thus
the system of the present invention the external boundaries
can be initiated with subsequent brief pushes on the button
158 storing external boundary coordinates in RAM of device
100. The teaching mode for the external boundary coordi-
nates can be ended by pushing the input button 158 for, say,
another three seconds.

Similarly, “internal” boundary coordinates can be input
into the mobile unit 90. It will be recalled that while a pet
may generally be allowed to roam freely the “ocean” of a
yard, there may be “islands™ within that ocean where it is
desired to keep the pet from going. Such islands may
comprise a garden or new plantings, for example. Thus, the
present invention provides apparatus and method for pre-
venting encroachment upon such islands by the animal. The
input button 158 can be held for a predetermined period of
time, say six seconds fo inifiate the teach mode for the
internal boundary coordinates. As with the external bound-
ary coordinates, the vertices of the boundary of any internal
islands can be stored in the random access memory of the
device 100 with subsequent brief pushes on the button 158.
This mode can be repeated as often as desired to store the
boundaries of additional islands.

In operation, both units 70 and 90 will be switched on.
The first time the mobile unit is switched on, the “external”
boundary coordinates will be placed in the RAM of device
100 of unit 90. This inputting of the boundary coordinates is
accomplished by carrying the unit to a boundary vertex and
pushing on the input button 158 to store the boundary vertex
coordinate in RAM. The unit is then carried to an adjacent
vertex and the input button 158 is again pushed to store the
coordinate in RAM. It will be understood that the unit is
carried similarly around the entire boundary with the exter-
nal boundary vertices being input into the RAM of unit 90.
The external boundary perimeter is then determined by
device 100 by creating straight lines between consecutively
input coordinates and the first and last coordinates imput
therein.

Similarly, the bonodary perimeter of any internal islands
will be formulated by creating straight lines between the
consecutively input coordinates and then forming a line
between the first and last input coordinates by device.

The position of the mobile unit, and hence the boundary,
internal or external, and any person or animal associated
therewith, can be determined according to the illustration
shown in FIG. 10. As seen there, both the reference unit 70
and the mobile unit 90 receive GPS signals 160 broadcast
from a plurality of GPS satellites 170, 172, 174. The position
of each unit receiving the signals, such as ground based units
176 and 178, which could be reference unit 70 and mobile
unit 90, respectively, can be determined according to com-
mercially available devices, such as the aforementioned
Motorola Oncore™ device. As noted previously, however,
the position information available from these satellites is
intentionally not sufficiently accurate for use in a pet con-
finement system or for the other applications previously
mentioned herein. Such accuracy is presently limited to
approximately 30 meters (100 feet). The inherent inaccuracy
provided by a single unit receiving such signals, however,

" can be eliminated by the use of two relatively close receivers

that receive signals from the same satellites and under the
same atmospheric conditions. That is, the inaccuracy of the
position of the reference and mobile unit as determined by
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their own calculations will be substantially the same in terms
of distance and direction. Thus, by subtracting the relative
positions of the two units with respect to each other, the
inaccuracy of a single receiver can be eliminated. This is
otherwise known as differential position determination.

Thus, as illustrated in this Figure, the unit 176 will

broadcast its position X,=(x;, y,, Z,) as determined by the
received signals 160 to the unit 178, whose position has been
determined to be X,=(x,, ¥,, z,). The relative position of the
unit 178 will then be the difference between the global
positions of the units 176-178. This relative position, which
will be free of the inherent inaccuracy provided by the
present GPSS signals, can be expressed as

) tane=lX)i- XL, ®

where the brackets indicate a vector. Because of the need to
substantially reduce, and preferably to eliminate, the error
inherent in GPS sigpals, the embodiment shown in FIG. 2 is
preferred for use in such an application as a pet confinement
system. -

Stated otherwise, and still in reference to FIG. 10, an
SATPS mobile station carries an SATPS signal antenna and
associated SATPS signal receiver/processor and a mobile
station receiver and associated processor in one embodiment
of the invention. An SATPS reference station includes an
SATPS signal antenna and associated SATPS signal
receiver/processor and a reference station transmitter and
associated processor. The reference station receives SATPS
signals from M SATPS satellites (M is greater than or equal
to 3). Receipt of these signals allows the reference station to
compute the present location (x,y,2),, of the reference
station’s SATPS antenna in 2 selected coordinate system.
The spatial location coordinates (x,y,z) may be expressed in
any coordinate system and are pot limited to the Cartesian
Coordinate System. The reference station transmitter and
antenna transmit the location coordinates and satellite tags
(“satellite tags” refer to identification of which SATPS
satellite signals were used to compute the spatial location
coordinates of the reference station) to a SATPS mobile
station that is spaced apart from the reference station. The
true location of the reference station need not be known to
any degree of accuracy.

The mobile station receiver/processor receives the trans-
mission from the reference station which includes coordi-
nate information and the associated satellite tags. The
mobile station SATPS antenna and receiver/processor
receive SATPS signals from the same M satellites as used by
the SATPS reference station, and compute the spatial Joca-
tion coordinates of the SATPS mobile station. These coor-
dinates are expressed using the same coordinate system as
was used by the reference station. The mobile station
processor computes the location of the mobile station
SATPS antenna relative to the reference station SATPS
antenna by subtracting the location coordinates of the ref-
erence station from the mobile station location coordinates
using equation (1) above.

Similarly, in a second embodiment of the invention, an
SATPS mobile station caries an SATPS signal antenna and
association SATPS signal receipt/processor and a mobile
station transmitter and associated processor. An SATPS
reference station includes an SATPS signal antenna and
associated processor. The mobile station receives SATPS
signals from M SATPS satellites (M is greater than or equal
to 3). Receipt of these signals allows the mobile station to
compute the present location [X,, J=(x,y,2),., of the mobile
station’s SATPS antenna in a sc{cctcd coordinate system.

15
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The mobile station transmitter and antenna transmit the
location coordinates and satellite tags to a SATPS reference
station that is spaced apart from the mobile station. The true
Iocation of the reference station need not be known to any
degree of accuracy.

The reference station receiver/processor receives the
transmission from the mobile station which includes coor-
dinate information and the associated satellite tags. The
reference station SATPS antenna and receiver/processor
receive SATPS signals from the same M satellites as used by
the SATPS mobile station, and compute the spatial location
coordinates of the SATPS reference station. These coordi-
nates are expressed using the same coordinate system as was
used by the mobile station. The reference station processor
computes the location of the mobile station SATPS antenna
relative to the reference station SATPS antenna by subtract-
ing the location coordinates of the reference station from the

. mobile station location reference coordinates (equation (1)).
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The microprocessor of device 100 may be programmed to
operate in accordance with the foregoing description of
operation. A flowchart for such programming is shown in
FIGS. 11A~11F. Thus, to begin operation, the input button
158 is pushed in to turn the mobile unit 90 on as indicated
at 200. Reference unit 90 will then determine whetber it is
acquiring a transmitted signal from the reference unit 70 as
indicated at 202. If a signal is not acquired from the
reference unit 70, then as will be noted below in reference
to FIG. 12, the reference unit will be in the manual mode and
the manual mode indicator on the reference unit will indicate
that the unit 70 is in manual mode, such as when the LED
136 blinks, as indicated at 204. The mobile unit, that is the
microprocessor of device 100, will then check to see if the
input button 158 is activated, such as by depressing it, as
indicated at 206. If the button 158 has been depressed as at
206, the mobile unit 90 will have been turved off as at 208.

If the mobile unit is on and functioning, the mobile unit
will check to see if it is receiving a signal from the reference
unit indicating that a stimulus is to be applied as indicated
at 210. If a signal to administer a manual stimulus is
received, indicating that manual stimulus trigger 140 has
been activated, then a stimulus will be administered, as
indicated at 212. If no such signal indicating a stimulus is to
applied, no stimulus will be applied, as indicated at 214. The
unit will then cycle and once again check to see if the input
button has been pushed to tum the unit on.

If the mobile unit does acquire a signal from the reference
unit and the unit is in the automatic mode, then the LED
indicating the unit is on will be lit steadily as indicated at
220. The mobile unit will be receiving a transmission
indicative of the reference unit position at preselected time
intervals, which could be fractions of seconds or at minutes
as desired and as indicated at 222. This received position
indicating data will be stored in memory as shown at 224.

Also while the mobile unit is turned on, it will determine
whether it is receiving an input from the operator, such as
having the input button 158 pushed as indicated at 226. If the
input button 158 or some other input is not being provided,
the mobile unit will analyze the position indicating signals
received from the external position indicating source, such
as the GPSS to arrive at its own global position at 228. This
global position will be converted to a relative coordinate
position using the position. indicating data provided by the
reference unit at 230.

Once the relative coordinate position of the mobile unit is
determined, that position will be compared with the prede-
termined boundary to determine if the mobile unit is within
or without the allowed range of motion of the mobile unit at
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232. The results of this determination will be compared with
the stimulus criteria to determine if a stimulus is warranted
at 234. For example, if a dog wearing a2 mobile unit on a
collar approaches within five feet of the predetermined
boundary, the stimulus criteria may require that an audible

warning be sounded as at 236. If the dog is within one foot -

of the boundary, the stimulus criteria may direct the appli-
cation of an electric shock, as at 238, through apparatus such
as electrodes 118. Or, if the dog is not within the stimulus
application range, then no stimulus will be applied as at 240.
It will be understood that other forms of stimulus may be
applied, as previously mentioned, depending upon the par-
ticular application of the present invention. Thus, the mobile
unit may contain a vibration producing means as found in
many current pagers or it may provide a visual display. The
logic employed at 234 may also include steps to determine
if the dog is returning from a foray outside the boundary. If
50, then no stimulus may be employed until the animal has
returned to the allowed area and is once again within the
stimulus producing area.

As indicated at 232, the mobile unit will employ an
algorithm to determine whether the mobile unit is within or
without the predetermined boundary conditions. While there
are many different analyses performed to make such 2
determination in accord with the present invention, herein
follows one such method.

Thus, as shown at 250, initially the boundary coordinate
vectors are calculated based upon the stored boundary
coordinates, which will be stored as relative coordinates
with respect to the reference unit. Thus for a total of i
boundary coordinates, the boundary vectors for boundary
coordinates i=1 to i~1, the boundary vectors [BC), would be
given by:

[BC)A (Xp1=X), (Yo - VDI BCBC, ) @

In essence the foregoing equation provides that a boundary
vector is drawn from the first boundary coordinate entered to
the second, from the second to the third, and so on. For the
last boundary coordinate i the boundary vector is drawn
from the last coordinate entered to the first, thereby provid-
ing a completely enclosed boundary. This last boundary
vector is given by:

[BCL={(¥-X),(Y:-Y)HBCx BOL ®

As shown at 252, then, the object vectors of the mobile
unit are calculated for each of the i stored boundary coor-
dinates. That is, the position of the mobile unit relative to the
boundary is determined by calculating vectors from the
relative coordinate position of the mobile unit to each of the
boundary coordinates. Thus these object vectors [OV]; are
determined, for 1 to i boundary coordinates (X;, Y,), and
mobile coordinate (X,,, Y,,) and are given by:

[OVIA XX, (YY) }[OV,. 07, ): ®

After having determined the object vectors, the magnitude
or amplitude of each of the object vectors is calculated and
is given by

OVM~(0V, 40V, A2 )

where xi and yi indicate the magpitudes of the x and y
coordinates of the respective vector.
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Referring now to 254, the scalar multip!: -
of the boundary vectors i are calculated z:. i .
Each scalar multiplier identifies the point .
ary vector heading at which a pormal v«. -
from the object coordinates, will inferse.:
vector heading. For a scalar multiplier <0 o .
originating from the object coordinates
boundary vector heading at an imaginary po::
vectors determined length.

SM~([BCF{OVI)I(BCL*[BC])

where “*” represents a dot product.

Another step in determining the position i it i
unit relative to the boundary is to calculate th . :
normal [N]; as at 256 for each of the boundary v & - . ..«
vector normal being given by

[¥)~[(M:*BCyi)-X,

After the vector normals [N;] are determined, o
normal magnitudes or amplitudes Ni for cach .
ary coordinates is calculated as at 256 and ar pivei 1o

s (SM*BCp)-YouHNGN, -

NN 240,22 i)

As another step, the range R, from the object conndinuies
to each i boundary vector is determined. Firsl, the sealur
multiplier for each coordinate is evaluated according s the
following rules at 258:

if SM<1 and >0, then R=N;

[543}

as indicated at 260. Otherwise as indicated at 262,

R=OVM; {1

As a further step, the included angle 6, is determined for
each boundary vector as at 264. That is, 0, iz the anple
between adjacent object vectors. So for bouudary vector
[BC], its included angle is that which is formed by ubjeet
vectors [OV]; and [OV];, ;3= Thus,

0,~abs{ ARC-COSINE(N JOVM)+ARC-COSINE(Y /I A, 11 1)

where + is used if SM, is <1 and >0, and ~ is uscd otherwise.

As another step, a sign convention must be applicd to the
calculated included angle, 8, for each boundury v o
assign the proper sign convcntlon to the includcc ),.,
the cross products of the boundary coordinate veelor [! ),
and the corresponding object vectors [OV]; is calculated as
at 266 and as given by

ity

[BCIX[OV)

The results of each cross product calculation are vmined
and a sign convention is assigned as at 268 bused upon the
following rules:

+ if the cross product of [BC]; X [OV]; is >0 o
- if the cross product of [BC], X [0V], is <O B

As another step in determining whether the vs 4 v e
within or without the allowed range, the minit.e. s v
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i+i tae boundary veclors is
s value of the range set
i, Tliis number indicates the
i thie nearest boundary.
suring whether the object
@il coordinates are within
. eabiveter, the included angles
! <oa 3720 The within/without
0 hen determined aceording to

-t voordinates (and thus the
ct e the boundary perimeter as

viwere uis an integer, the object
. the mobile unit) are within the

fn summary, the included angles are determined and
summed. H the reul cf e sommation is 0, the mobile unit
i cutside the altowed arca, 1 1he result ol the summation is
a miuliple of 25 then the mobile unit is within the allowed
ared. The stimulus application condition will be based upon
whether the mobtle unit'is jo or out of the containment area
or boundary, and the minimum distanee of the range set as
caleulaied carlier. Que cuzmple for stimulus may be that
audibe tones are conited i the angles O, sum to a value other
than 0. mezning the unit & still within the boundary and the
minimum value of the range set is greater than 1 but less than
5 feet as an example only. An clectric shock may be
administered il the mabile unit is being worn by an animal
and if the minimal value of the range set is less than one foot,
for example. The appropriate ranges can be sel as desired in
accord with the present invention.

Relerriog back o 226 and to FIG. 11B now, if the input
bution is pushed, the built in logic of the microprocessor will
comprue the fength of time that the button is pushed in with
intermal parameters. The length of time that the button 158
is depressed will determine the appropriate function to be
cxeeuted. Por example, where the button 158 is held in only
bricfly as at 369, (he microprocessor of 100 will recognize
that the power (o the unit is to be turned off and will do so
as al 362. Depressing the button 158 for longer time periods
will indicate that a lunction relating to the stored boundary
coordinates is 1o be performed. Thus, where the button is
depressed Lor approximately (hree seconds as shown at 304,
the micrapravessor of 166 will be programmed to recognize
that be teacking of external boundary coordinates is to
follow a5 at 306. In such o circumstance and with the
cxemplary deviees of FIGS. 8 and 9, the LED 156 can'be lit
steadily o provide an indication of that particular mode of
operation.

Where the input button 188 is depressed for a longer
period of time, such as for approximately 6 seconds, then the
microprocessor of 1O wilt recognize that a programming of
internal coordinates for internal islands is to occur as indi-
caled at 368. Again, such a teaching function can be repre-
sented io the user by an external signal, visual (or audifory),
such as by having LED 136 blink steadily as at 310.
Where (he input button E58 is depressed for a longer
periad ol Hime, such as gine sceonds as indicated at 312, the
microprocessor will remove previously stored coordinates
fram memory as al 364, thereby allowing the programming
ol now conpdinates.

Where a “teaching, frnction™ is indicated as at 306 for
al heande v conradingtes or at 310 for internal bound-
. nhsvguen press of the button as at 316
allow varicss cootdinates o be acquired and
stesed n de mesony of the mobile unit or will cause the
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tcaching [unction to be exited. Thus, where the button 158
is pushed briefly as at 318, mobile unit will acquire its global
coordinate as from a GPS at 320 and will also receive the
global position coordinate of the reference unit 70 from the
reference unit as a 322, The differential position of the
boundary co-ordinate will then be calculated using equation
(1) given above as at 324. This relative position will then be
stored in a non-volatile memory as at 326. A second and
subsequent coordinates can then be entered following the
same -procedure. When the coordinates have all been
entered, the input button 158 can then be depressed and held
for the requisite length of time, three seconds if an external
boundary is being programmed and six seconds if an internal
boundary for an “island” is being programmed as at 328. The
mobile unit 90 will then exit the “teach mode” as at 330 and
the unit will substantially ready to function in accord with
the present invention.

It will be understood that the mobile unit will be carried
or otherwise transported 1o the vertices of the boundary and
at each vertex the coordinates thereof will be entered into the
mobile unit or other memory device. While the foregoing
description of the operation of the mobile unit is an exem-
plary example of a device in accord with the present
invention, the present invention and the following claims are
not so limited. Thus, the present intention contemplates any
device wherein the coordinates of a boundary are recorded
and the position of a mobile unit is later checked relative
thereto to determine whether the unit is within the prede-
termined boundary.

Referring now to FIG. 12, the functioning of a reference
unit in accord with the present invention will now be
described. The reference unit 70 will preferably have an
indicator such as an LED to indicate whether the unit is
powered as at 350. The mode is detenmined as at 352. If the
unit is in manual operation mode, then the built in logic in
the unit will determine whether the manual trigger button
has been activated as by pushing it as at 354. If the manual
trigger button has been activated, then a signal to apply a
stimulus via the mobile unit will be transmitted thereto as at
356. This allows for manual training of a pet. If the manual
trigger button is not activated or has been activated and then
reactivated, the program will again check the mode to see if
the operator has selected automatic mode at 352. If the
automatic mode has been switched, the reference unit will
acquire its position indicating data as at 358 and then
transmit data indicating its position to the mobile unit as at
360. At preselected intervals the reference unit will check to
see if the mode has again been switched from automatic to
manual mode.

As noted, the reference unit will transmit position indi-
cating data to the reference unit. Such data could be the
actual GPS signals received by it or other position indicating
signals. In addition, the reference unit could itself calculate
its position based upon such signals and then transmit the
actual calculated position coordinates.

An example of a boundary with “allowed areas,” prohib-
ited areas, and stimuli administering distances is shown in
FIG. 13. FIG. 13 illustrates residential property 400 having
a boundary or property line indicated at 402, and including
a house 404. Boundary 402 includes a plurality of vertices,
here labeled as 406—414. In the manner just described, these
vertices could be taught to the mobile unit as an external
boundary. If desired, however, because of the unique and
advantageous flexibility of the present invention, a boundary
line distinct from that of the actual property line could be
designated since the input of the boundary coordinates is
within the control of the operator of the mobile unit and does
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not depend upon the location of the property line. Thus, a
boundary inside of the actual property line could be arbi-
trarily designated by the operator.

Also shown in FIG. 13 is a garden 420 and a new planting
(or other prohibited area) 422. The garden 420 has vertices
424-430 which can be taught to the mobile unit as herein-
before described. The other area 422 has a very irregular
shape, the vertices of which can also be taught to the mobile
unit. For simplicity, however, many operators will choose to
define a regular geometrical boundary about such irregular
shaped areas, as indicated by the dashed line rectangle 432
having vertices 434-440, The flexibility and utility of the
present invention flows from the ability of the operator to
define at will allowed and prohibited areas of movement and
to provide stimulus to the wearer of the mobile unit, or, if
being worn by a person or small child, for example, to
enable the tracking of the person or child relative to the
allowed range of movement. i

Also shown in FIG. 13 are various stimulus application
range. Thus, a first stimulus application range 450 is defined
as a distance d, from the boundary 402. A second stimulus
application range 452 is defined as a distance d, from the
boundary 402. The distances d, and d,'can be arbitrarily
determined. Thus, if the mobile unit moves within a distance
d, of the boundary 402, for example, then a particular
stimulus, such as a vibration or audible tone may be applied
to the wearer of the mobile unit. If the mobile unit is moved
within a distance d, of the boundary, then a stronger
stimulus may be applied. If desired, the present system is
flexible so as to accommodate defining a third or more
ranges such as d; along boundary segment 406-414, which
may front a street for example, for application of a stronger
stimulus immediately. It will be understood that similar
stimulus application areas may be defined around prohibited
areas 420 and 422 also, such areas being omitted here for the
sake of clarifying the figure. It will be understood further
that the example of a use of the present invention relative to
FIG. 13 is meant to be illustrative only and that the present
invention may be used with any other boundary geometries,
external and internal.

It will be understood in reviewing FIG. 13, however, the
many advantages of the present invention over the prior art.
For example, if the garden 420 is removed in a subsequent
year or if at the end of the harvesting season it is desired to
relurn the area to the animal’s use, then the internal bound-

40
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aries can be retaught to the mobile unit. Furthermore, -

assuming friendly relations between neighbors, the bound-
ary can be expanded beyond the actual property line to allow
the pet the full use of the yard before a harsh stimulus such
as an electric shock is applied to the animal. In such a
circumstance, the actual property line may form the range at
which the harsh stimulus is administered. If the family takes
the pet on a vacation, a boundary can be defined as herein-
before described at the vacation location and when the
family returns, the old values for the external and internal
boundaries can be entered back into the mobile unit. All of
these “resettings” of the boundaries can occur without the
need to bury or dig up a transmitter wire or in reliance on a
device providing only a uniform boundary having a circular
configuration.

More generally, the present invention can be described
relative to FIG. 14. FIG. 14 shows a system 500 in accord
with the present invention that includes a mobile unit 502
and a reference umit 504 both including receivers and
receptive 1o position indicating signals broadcast by a
remote transmittexr 506. One of the units 502, 504 will
include a processor 508 that determines the position of the
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mobile unit $02 and will compare it with the predetermined
boundary coordinates. The processor 508 can be pro-
grammed to function in a desired manner dependent upon
the results of the position determination. For example, it
could cause the position to be displayed on a display.device
510, which may be a computer monitor for example, and
thus show the location of the mobile unit relative to the
boundary. Or, as previously described, it could cause the
application of a stimulus as at 512 to a person or animal
wearing the mobile unit. The stimulus could be an auditory
stimulus, such as a “beep” or a voice, a vibratory stimulus,
a chemical stimulus, such as an odor, or an electrical shock.

It will be understood that the present invention has been
described in relation fo the teaching function occurring
relative to the mobile unit. The present invention is not so
limited however. The teaching function could also occur
relative to the reference unit. The mobile unit would then
transmit its position indicating data signals to the reference
unit, which would process them and determine whether a
stimulus was warranted. When the application of a stimulus
was warranted the reference unit would transmit the appro-
priate signal to the mobile unit directing the application of
the stimulus. Thus, a system and method in accord with the
present invention could include a processor in either or both
of the units. Typically, the reference unit will be permanently
positioned at a single location once the teaching function is
completed for a particular boundary. As another variation on
the present invention, the system could include multiple
taught boundaries. Thus, where a homeowner had two or
more homes, the present invention could include sufficient
memory and appropriate apparatus to switch as desired
between the differing boundaries.

Furthermore, it will be understood that the present inven-
tion has been advantageously described with reference to
use of GPSS. Any other position indicating broadcast signal
such as GLOSNASS or LORAN could also function in
accord with the present invention. It will also be understood
that the signals exchanged between the reference and mobile
or remote units could be the actual signals received by the
units or calculated coordinate positions or any other signal
indicating the position of the broadcasting unit.

Additionally, with regard to the embodiments of the
present invention shown and described in the various
figures, it will be understood that many different ‘input
devices for the mobile and reference units could be used
with the present invention and that alternative indicators or
additional indicators beyond the LEDs illustrated and shown
herein could be used. For example, but without limitation,
LEDS could be added that would be lit only when a
particular mode of operation, such as manual, automatic,
teaching external coordinates, or teaching internal coordi-
nates LEDS to simplify the use of the inventive apparatus for
the user, particularly the home user.

The present invention having thus been described, other
modifications, alterations, or substitutions may now suggest
themselves to those skilled in the art, all of which are within
the spirit and scope of the present invention. It is therefore
intended that the present invention be limited only by the
scope of the attached claims below.

What is claimed is:

1. A method for locating an object relative to a predeter-
mined external boundary and at Jeast one internal boundary,
said external boundary defining an allowed area of move-
ment therewithin and said internal boundary defining at least
one excluded area of movement within said allowed area of
movement, said external and internal boundary each having
a plurality of vertices, said method for locating using a
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reference unit, a mobile unit attached to and movable with
the object, and position indicating data signals broadcast by
a remote transmitter and receivable by the reference and
mobile units, said method comprising:
receiving the position indicating data signals;
determining the respective global positions of the refer-
ence and mobile units;
determining the differential coordinate position of the
mobile unit;
determining the respective global positions of a plurality
of external boundary coordinates of the external bound-
ary including at least the vertices of the external
boundary;

determining the differential coordinate positions of at
least the vertices of the external boundary;

determining the respective global positions of a plurality
of internal boundary coordinates of the internal bound-
ary including at least the vertices of the internal bound-
ary;
determining the differential coordinate positions of at
least the vertices of the internal boundary;

determining whether the mobile unit is within the allowed
area by comparing the differential coordinate position
of the mobile unit with the differential external and
internal boundary coordinate positions.

2. The method of claim 1 wherein the mobile unit is worn
by an animal and includes apparatus for administering a
stimulus from the group including auditory, visual,
chemical, vibratory, or electrical shock stimuli and said
method further comprises: ’

determining a sequence of allowable distances within
which the animal may approach the external boundary;

determining the distance of approach by the animal to the
external boundary; and

applying a stimulus to the animal in accord with the

predetermined sequence.

3. The method of claim 1 wherein the mobile unit is worn
by a person and includes apparatus for administering a
stimulus from the group including auditory, visual,
chemical, and vibratory stimuli and said method further
comprises: .

determining a sequence of allowable distances within

which the person may approach the external boundary;
determining the distance of approach by the person to the
external boundary; and

applying a stimulus to the person in accord with the

predetermined sequence.

4. The method of claim 1 and further including:

determining the distance of the mobile unit from the

external boundary.

5. The method of claim 4 and further including adminis-
tering a stimulus based upon the distance of the mobile unit
from the external boundary.

6. The method of claim 1 and further including:

determining the distance of the mobile unit from the at

least one internal boundary.

7. The method of claim 6 and further including:

determining the distance of the mobile unit from the -

external boundary.

8. The method of claim 6 and further including adminis-
tering a stimulus based upon the distance of the mobile unit
from the internal boundary.

9. The method of claim 1 and further including providing
a system comprising the mobile unit, reference unit and

20

3

tn

45

50

55

65

22

remote fransmitter comprise a system, wherein at least one
of the reference or mobile units includes a processor, the
processor converting said position indicating signals to
global positions of the reference and mobile units and
further determining a differential coordinate position for the
units. '

10. The method of claim 9 wherein the processor includes
a memory, the memory storing the differential boundary
coordinates of the external and internal boundaries.

11. The method of claim 10 and further including con-
tinuously determines the relative differential coordinates of
the mobile unit.

12. The method of claim 10 wherein the processor com-
pares said relative differential coordinates of the mobile unit
with said relative differential external boundary coordinates
to determine whether the mobile unit is with said predeter-
mined external boundary.

13. The method of claim 12 wherein the processor deter-
mines the distance of the mobile unit from said predeter-
mined external boundary and provides a stimulus applica-
tion signal to the mobile unit directing the application of a
stimulus to the wearer of the mobile unit.

14. The method of claim 10 and further including pro-
viding the differential boundary coordinates of the external
and internal boundaries by moving the mobile unit to the
boundary vertices of the external and at least one internal
boundary and determining the global position of the bound-
ary vertices by determining the global position of the mobile
unit.

15. The method of claim 14 and further including calcu-
lating the external and internal boundaries based upon the
global positions of the external and internal boundary ver-
tices respectively.

16. A system for relating the position of 2 mobile unit to
a predefined external boundary defining an area of allowed
movement and at least one predefined internal boundary
defining an area of excluded movement within said area of
allowed movement, said system comprising:

a mobile unit;

a reference unit; and

at least one remote transmitter provided for transmitting

position indicating signals by which the positions of the

mobile and reference units may be determined relative

to the external and the at least one internal boundary;
wherein said mobile unit and said reference umit each
include a receiver for receiving said position indicating
signals and wherein said system further includes at least one
processor for converting said position indicating signals into
global coordinate positions of said reference and mobile
units and for determining the distance of said mobile unit
from said predetermined external boundary.

17. The system of claim 16 wherein said processor further
determines the relative differential positions of said refer-
ence and mobile units.

18. The system of claim 16 wherein at least one of said
reference or mobile units includes a said processor, said
processor converting said position indicating signals to
global converting positions of said reference and mobile
units and further determining a differential coordinate posi-
tion for said units.

19. The system of claim 18 wherein said processor
includes a memory, said memory storing the differential
boundary coordinates of the external and internal bound-
aries.

20. The system of claim 19 wherein said processor
continuously determines the relative differential coordinates
of said mobile unit.
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21. The system of claim 20 wherein said processor
compares said relative differential coordinates of said
mobile unit with said relative differential external boundary
coordinates to determine whether said mobile unit is with
said predetermined external boundary.

22. The system of claim 21 wherein said processor
determines the distance of said mobile unit from said
predetermined external boundary and provides a stimulus
application signal to the mobile unit directing the application
of a stimulus to the wearer of the mobile unit.

23. The system of claim 19 wherein the differential
boundary coordinates of the external and internal boundaries

24

are provided to said memory by moving the mobile unit to
the boundary vertices of the external and at least one internal
boundary and determining the global position of the bound-
ary vertices by determining the global position of the mobile
unit.

24, The system of claim 23 wherein said processor
calculates the external and internal boundaries based upon
the global positions of the external and internal boundary

10 Vertices respectively.
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[57] ABSTRACT

A medical telemetry system is provided for collecting the
real-time physiologic data of patients (including ambulatory
patients) of a medical facility, and for transferring the data
via RF to a real-time data distribution network for monitor-
ing and display. The system includes battery-powered
remote telemeters which attach to respective patients, and
which collect and transmit (in data packets) the physiologic
data of the patients. The remote telemeters communicate
bi-directionally with a number of ceiling-mounted RF
transceivers, referred to as “VCELLs,” using a wireless
TDMA protocol. The VCELLs, which are hardwire-
connected to a LAN, forward the data packets received from
the telemeters to patient monitoring stations on the LAN.
The VCELLs are distributed throughout the medical facility
such that different VCELLSs provide coverage for different
patient areas. As part of the wireless TDMA protocol, the
remote telemeters continuously assess the quality of the RF
links offered by different nearby VCELLSs (by scanning the
frequencies on which different VCELLSs operate), and con-
nect to those VCELLs which offer the best link conditions.
To provide a high degree of protection against multi-path
interference, each remote telemeter maintains connections
with two different VCELLs at-a-time, and transmits all data
packets (on different frequencies and during different
timeslots) to both VCELLs; the system thereby provides
space, time and frequency diversity on wireless data packet
transfers from the telemeters. The telemeters and VCELLs
also implement a patient location protocol for enabling the
monitoring of the locations of individual patients. The
architecture can accommodate a large number of patients -
(e.g.» 500 or more) while operating within the transmission
power limits of the VHF medical telemetry band.

36 Claims, 11 Drawing Sheets
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ARCHITECTURE FOR TDMA MEDICAL
TELEMETRY SYSTEM

PRIORITY CLAIM

This application claims the benefit of U.S. Provisional 5
Appl. No. 60/006,600 titled TWO-WAY TDMA TELEM-
ETRY SYSTEM, filed Nov. 13, 1995.

BACKGROUND OF THE INVENTION

1. Bield of the Invention

The present invention relates to digital wireless commu-
nications systems of the type which employ portable,
battery-powered communications devices, such as remote
telemeters worn by ambulatory hospital patients for moni- 15
toring purposes. More particularly, the present invention
relates to a network architecture, and an associated TDMA
(time division multiple access) communications protocol,
for facilitating the efficient and reliable exchange of infor-
mation -between portable wireless devices and centralized 20
monitoring stations.

2. Description of the Related Art

Medical telemetry systems that allow the physiologic data
of multiple, remotely-located patients to be monitored from
a central location are known in the art. These systems
typically comprise remote telemeters that remotely collect
the physiologic data of respective patients and transmit the
data over a wireless link to a centralized monitoring station.
This physiologic data may include, for example, real-time
electrocardiograph (ECG) waveforms, CO, levels, and tem-
perature readings. From the centralized monitoring station,
a clinician can visually monitor the physiologic status, in
real time, of many different patients. The central station may
also run automated monitoring software for alerting the 5
clinician whenever a predetermined physiologic event
occurs, such as a cardiac arrythmia condition.

Remote telemeters of medical telemetry systems are gen-
erally of two types: instrument remote telemeters and ambu-
latory remote telemeters. An ambulatory remote telemeteris 4
a portable, battery-powered device which permits the patient
to be monitored while the patient is ambulatory. The ambu-
Jatory telemeter attaches to the patient by a strap or other
attachment 'device, and receives the patient’s physiologic
data via ECG leads (and/or other types of semsor leads) ,5
which attach to the patient’s body. The physiologic data is
continuously transmitted to the central monitoring station by
the telemeter’s RF (radio frequency) transmitter to permit
real-time monitoring. (A design of a remote transceiver
which may be used in a two-way, ambulatory telemeter is 5
described in the above-referenced provisional application.)
Instrument remote telemeters operate in a similar manner,
but receive the patient’s physiologic data from a bedside
monitor (or other instrument) over a hardwired link, such as
an RS-232 connection. Instrument remote telemeters that g5
transfer the physiologic data to the central station over a
hardwired connection are also common.

SUMMARY OF THE INVENTION

One problem that is commonly encountered in the field of 60
medical telemetry involves signal loss cansed by multi-path
interference. Multi-path interference is a well-known phe-
nomenon which occurs when a signal takes two or more
paths (as the result of signal reflections) from the transmitter
to the receiver such that the muiti-path components destruc- 65
tively interfere with each other at the receiver’s antenna. To
reduce the effects of multi-path interference, some telemetry

10

"2

equipment manufactures have included multiple antenna/
1eceiver pairs on each remote telemeter. With this technique,
known as spacial diversity, when one of the antennas expe-
riences multipath fading, the other antenna (and the corre-
sponding receiver) is used to receive the signal. One prob-
lem with this method is that it adds to the cost, size and
complexity of the remote telemeter. In addition, in at least
some implementations, a loss of data may occur when a
“switch-over” is performed from one antenna/receiver pair
to the other.

Another problem that has been encountered in the field of
medical telemetry relates to the ability to monitor a large
number of patients over a coverage area that extends to all
patient areas of the hospital. A common solution to this
problem involves ipstalling a large number of antennas (e.g,,
200 or more) throughout the hospital (with different anten-
nas positioned in different patient areas), and interconnect-
ing the antennas using signal combiners to form a single,
distributed antenna system. One problem with this “distrib-
uted antenna system™ approach is that each antenna and-its
associated preamplifier (or preamplifiers) contributes to the
noise floor of the antenna system, and thereby increases the
minimum fransmit power at which the transmitting compo-
nents of the system can operate. (The reasons for this noise
floor degradation are discussed below.) Consequently,
unless the transmission power of the system’s transmitters is
increased, a practical limitation is imposed on the number of
antennas that can be included in the system, and on the
coverage area provided by the system.

Although the noise floor degradation problem can poten-
tially be overcome by increasing the transmission power of
the telemeiry equipment, there are at least two problems
associated with increasing the transmit power. The first
problem is that under existing Federal Communications
Commission (FCC) regulations, medical telemetry equip-
ment is only permitted to operate within certain frequency
bands, and must operate within certain prescribed power
limits within these bands. Under FCC Part 15.241, for
example, which governs the protected VHF (174-216 MHz)
medical telemetry band (a band which is generally restricted
to VHF television and medical telemetry), telemetry devices
are not permitted to transmit at a signal level which exceeds
1500 microvolts/meter at 3 meters. To operate at power
levels which exceed this maximum, frequency bands which
offer less protection against interference must be used. The
second problem is that increasing the transmit power of an
ambulatory telemeter will normally produce a correspond-
ing reduction in the telemeter’s battery life.

Another problem with distributed antenna systems is that
they are typically highly vulnerable to isolated sources of
electromagnetic interference (“EMI”). Specifically, because
the signals received by ail of the antennas are combined
using RF signal combiners, a single source of interference
(such as a cellular phone or a faulty preamplifier) at or near
one of the antennas can introduce an intolerable level of
noise into the system, potentially preventing the monitoring
of all patients. One consequence of this problem is that
antennas generally cannot be positioned near known inter-
mittent sources of EMI such as X.ray machines, CAT
(computerized axial tomography) scanners, and fluoroscopy
machines, preventing patient monitoring in corresponding
diagnostic areas.

In light of these and other problems with existing medical
telemetry systems, the present invention seeks to achieve a
number of performance-related objectives. One such objec-
tive is to provide an architecture in which the coverage area
and patient capacity can be increased without degrading the
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noise floor. This would allow the telemetry system to be
expanded in size and capacity without the need to increase
the transmit power of the battery-powered remote
telemeters, and without the need to operate outside the
protected VHF medical telemetry band. A related objective
is to provide an architecture which is highly scalable, so that
the capacity and coverage area of the system can easily be
expanded through time.

Another goal of the invention is to provide extensive
protection against signal drop-outs caused by multi-path
interference. The present invention seeks to achieve this
objective without the need for multiple antennas or receivers
on the telemeters, and without the loss or interruption of
physiologic data commonly caused by antenna/receiver
switch-overs, A related goal is to provide a high degree of
protection against isolated sources of EMI, and to allow
patients to be remotely monitored while near known inter-
mittent sources of interference.

Auvother goal of the invention is to provide an architecture
in which a large number of patients (e.g., S00 to 800 or
more) can be monitored using a relatively narrow range of
RF frequencies (such as the equivalent of one or two VHF
television channels). This would allow the RF communica-
tions components of the system to be optimized for narrow-
band operation, which would in-tum provide a performance
advantage over wide-band systems.

In accordance with these and other objectives, a medical
telemetry system is provided which includes multiple
remote telemeters (which may include both ambulatory and
instrument telemeters) which transmit the real-time physi-
ologic data of respective patients via RF to multiple ceiling-
mounted transceivers, referred to as “VCELLs.” The
VCELLs are hardwire-connected to a real-time data distri-
bution network which includes at least one centralized
monitoring station. (In a preferred implementation, each
group of 16 VCELLs is connected via twisted pair lines to
a respective “concentrator PC,” and the concentrator PCs
and monitoring stations are interconnected as part of a
hospital local area network.)

The VCELLSs are distributed throughout the hospital such
that different VCELLs provide coverage for different patient
areas, and are spaced such that the coverage zones provided
by adjacent VCELLSs overlap with one another. Different
VCELLs within the same general area communicate with
the remote telemeters on different respective RF frequencies
(ie., frequency channels), so that a remote telemeter can
selectively communicate with a given VCELL by selecting
that VCELL’s frequency. As described below, however,
VCELL frequencies are reused by VCEILs that are spaced
sufficiently apart from one another to avoid interference,
allowing the system to be implemented as a narrow-band
system which uses a relatively small number of frequencies
(e.g., 10) fo provide coverage for an entire hospital facility.

In a preferred embodiment, the remote telemeters com-
municate with the VCELLs using a wireless time division
multiple access (TDMA) protocol in which each VCELL
can concurrently receive the real-time physiologic data of up
to six remote telemeters (corresponding to six patients). As
part of this protocol, the remote telemeters implement a
VCELL “switch-over” protocol in which the telemeters
establish wireless connections with different VCELLSs based
on periodic assessments (made by the telemeters) of the
wireless links offered by the different VCELLs. Thus, as a
patient moves throughout the hospital, the patient’s remote
telemeter may connect to (and disconnect from) many
different VCELLs.
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In operation, the remote telemeters send data packets
(during assigned timeslots) to the respective VCELLs with
which the telemeters have established wireless connections.
(As described below, each 'remote telemeter preferably
remains connected to two different VCELLs at-a-time to
provide extensive protection against multi-path
interference.) These data packets include the real-time
physiologic data of respective patients, and include ID codes
which identify the remote telemeters. The VCELLSs in-turn
forward the data packets to the real-time data distribution
network to permit the real-time monitoring of the patients of
the system.

To provide protection against multi-path interference and
other causes of data loss, each remote telemeter maintains
wireless connections with two different VCELLs at-a-time,
and transmits each data packet to both of the VCELLs.
These duplicate packet transmissions to the two different
'VCELLS take place on different frequencies during different
TDMA timeslots. The two VCELLs forward the data pack-
ets to a centralized node (which may be a monitoring station
or a concentrator PC in the preferred embodiment), which
performs error correction by selecting between the corre-
sponding packets based on error detection codes contained
within the packets. Thus, the patient’s physiologic data is
sent from the remote telemeter to the centralized node over
two separatc data paths. Because the two VCELLs are
spaced apart, and because the duplicate packets are trans-
ferred to the VCELLSs on separate frequencies at different
times, the packet transfers benefit from the protection
offered by spacial diversity, frequency diversity and time
diversity.

The architecture of the above-described medical telem-
etry system provides numerous advantages over prior art
systems. Ope such advantage is that the system can be
expanded in patient capacity and coverage area, by the
addition of VCELLs, without increasing the noise floor of
the system beyond the natural thermal noise floor. (This is
because the data signals received by the VCELLs are
multiplexed digitally at baseband, rather than being com-
bined by RF analog signal combiners.) Thus, unlike distrib-
uted ‘antenna telemetry systems, the noise floor does not
impose an upper limit on the size of the system. Moreover,
the architecture can accommodate a large number of patients
(e.g., 500 to 800 or more) using a low maximum transmis-
sion power, such as the maximum transmit power permitted
by the FCC for operation within the VHF medical telemetry
band.

Another advantage is that the architecture is highly
immune to jsolated sources of EMI. A source of EMI (such
as a cellular phone), for example, will typically contaminate
the signals received by no more than one or two nearby
VCELLSs, as opposed to introducing noise into the entire
system. (Because the remote telemeters connect to two
VCELLs at-a-time, and automatically switch to different
VCELLs when bad link conditions are detected, the con-
tamination of one or two VCELLs will typically result in
liftle or no loss of telemetry data.) One benefit of this
immunity is that VCELLs can be installed within X-ray
rooms and other radiological diagnostic rooms which con-
tajn intermitent sources of EMI, allowing patients to be
monitored in such areas.

Another advantage of the architecture is that it permits the
reuse of RF frequencies by VCELLSs that are sufficiently
spaced apart (by about 500 feet in a VHF implementation)
to avoid interference with each other. By extending this
concept, the present invention provides coverage for the
entire facility using a relatively small number of frequencies
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which fall within a relatively narrow frequency band. In a
preferred VHF implementation, for example, it is estimated
that a typical hospital can be covered using only 10 to 12
VCELL frequencies which fall within a frequency band that
is equal in width to about two adjacent VHF television
channels. This characteristic of the architecture advanta-
geously allows the telemeter transceivers to be optimized
(through the appropriate selection of transceiver
components) for a relatively narrow band of frequencies,
which in-turn improves performance.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention are described
below with reference to the drawings of a preferred
embodiment, which is intended to illustrate and not to limit
the invention:

FIG. 1 is an architectural drawing of the hardware com-
ponents of a medical telemetry system in accordance with
the present invention.

FIG. 2:illustrates the attachment of an ambulatory remote
telemeter to a patient of the system.

. FIG. 3 illustrates the basic hardware components of the
concentrator PCs and the ceiling-mounted transceivers
(VCELLSs) of FIG. 1.

FIG. 4 illustrates the basic hardware components of the
ambulatory remote telemeters of FIG. 1.

FIG. 5A is a generalized circuit diagram of a transceiver
which may be used in the VCELLSs and remote telemeters of
the telemetry system.

FIG. 5B illustrates the output of the phase-locked loop
(PLL) chip of FIG. 5A during the locking of the transmit
frequency of a remote telemeter. i

FIG. 6 illustrates an increase in dynamic range achieved
by the present system over prior art telemetry systems.

FIG. 7 illustrates how VCELLs operating on different
frequencies may be arranged within a hospital hallway in
accordance with the invention.

FIG. 8 illustrates a TDMA frame of a wireless TDMA
protocol used for the transfer of information between the
remote telemeters and the VCELLs of the system.

FIG. 9 illustrates the basic timeslot status information
stored by each VCELL as part of the wireless TDMA
protocol.

FIG. 10 is a flowchart of a protocol followed by each
VCELL as part of the wireless TDMA protocol.

FIG. 11 illustrates the basic VCELL status information
stored by each remofe telemeter as part of the wireless
TDMA protocol.

FIG. 12 is a flowchart of a protocol followed by each
remote telemeter as part of the wireless TDMA protocol.

FIG. 13 is a flow chart of a protocol followed by the
concentrators PCs for processing packets received from the
VCELLs.

In the drawings, the left-most digit (or digits) of each
reference number indicates the figure in which the item first
appears. For example, an element with the reference number
310 first appears in FIG. 3, and an element with reference
number 1100 first appears in FIG. 11.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

To facilitate a complete understanding of the invention,
the description of the preferred embodiment is arranged
within the following sections and subsections:

’
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1. OVERVIEW
(i) GENERAL OPERATION
(ii) HARDWARE COMPONENTS
(iii) PATIENT CAPACITY AND DATA THROUGHPUT
(iv) NOISE FLOOR IMPROVEMENT

(v) PROTECTION AGAINST ISOLATED EMI
SOURCES

(vi) VCELL SPACING AND FREQUENCY REUSE

3. COMMUNICATIONS BETWEEN REMOTE TELE-
METERS AND VCELLS

(i) OVERALL WIRELESS TDMA PROTOCOL

(i) VCELL PROTOCOL

(ifi) REMOTE TELEMETER PROTOCOL

3. COMMUNICATIONS BETWEEN VCELLS AND
CONCENTRATORS

(i) PROCESSING OF TELEMETER COMMANDS

4. DATA TRANSFERS OVER LAN

5. VCELL LOAD MONITORING

6. TRANSCEIVER CIRCUIT AND OPERATION

7. CONCLUSION
1. Overview (FIGS. 1-7)

FIG. 1 illustrates the general architecture of a two-way
medical telemetry system which operates in accordance with
the present invention. The system, referred to herein as the
“VCELL system,” includes a number of wireless remote
telemeters 102A, 102B which collect, packetize and transmit
the physiologic data of respective hospital patients. (As used
herein, the term “wireless” means that data is transferred to
and/or from the device over a wireless medium.) The remote
telemeters 102 may include both patient-worn (ambulatory)
remote telemeters 102A which connect directly to the patient
(as generally illustrated in FIG. 2), and instrument remote
telemeters 102B which connect to a bedside or other patient
monmitor 104. The physiologic data transmitted by the remote
telemeters may include, for example, real-time ECG signals,
blood pressure readings, CO, levels, and temperature read-
ings. The remote telemeters 102 may additionally sense and
fransmit various types of non-physiologic data, such as
battery-level status data, ECG loose-lead status data, and
patient location data. (The term “patient data” is used herein
to refer collectively to the physiologic and non-physiologic
data captured by the remote telemeters 102.)

The remote telemeters 102 communicate bi-directionally
with a number of ceiling-mounted radio transceivers 106,
referred to as “VCELLS,” using a time division multiple
access (TDMA) protocol. In one mode of operation, each
VCELL 106 can communicate with up to six remote tele-
meters 102 at-a-time at a rate of 10 kilobaud (Kbaud) per
telemeter. The VCELLs 106 are spaced apart from one
another (typically by about 50 to 75 feet, depending upon
expected patient density) throughout the hospital to provide
a “celi-like” coverage area which consists of overlapping
zones of coverage.

Different VCELLs 106 of the system operate (i.c., traos-
mit and receive data) on a different RF frequency channels
(“frequencies”) within the VHF medical telemetry band
(174-216 MHz). However, VCELLs that are sufficiently
spaced apart to avoid interference with one another may
operate on like frequencies, as described below. The
VCELLSs 106 and telemeters 102 of the preferred embodi-
ment operate in compliance with the spectrum utilization
and transmission power Hmitations of FCC Part 15.241.
Although the system preferably operates within the VHF
medical telemetry band, other suitable frequency bands may
be used. In addition, although the system uses frequency
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division multiplexing to separate the data transmissions to
and from different VCELLs 106, other channel separation
techniques can be used.

Although the remote telemeters 102 and VCELLs 106
shown in FIG. 1 are of the type which communicate by radio
frequency (RF), the system may also include “hardwired”
remote telemeters and VCELLs which communicate over
hardwire connections. For purposes of this description,
however, it may be assumed that the terms “remote teleme-
ter” and “VCELL” refer to RF devices, except where
indicated otherwise.

With further reference to FIG. 1, the VCELLs 106 are
connected by conventional shielded twisted pair lines 110 to
concenirator PCs 112 (“concentrators”). In the preferred
embodiment, each concentrator 112 can accommodate up to
sixteen VCELLs 106. In a typical hospital installation, one

10

concentrator 112 will sexvice a single floor of the hospital.

The concentrators 112 provide connectivity between the
VCELLs 106 an a hospital local area network (LAN) 116.
The LAN 116 serves as a real-time data distribution system
for distributing the physiologic data of the patients with a
knowa latency. The LAN 116 includes a 100 Mbit/second
backbone 118 which is based on the 100BaseTx (Ethernet)
protocol. (The term “backbone” refers generally to the
transmission medium and the networking cards of the LAN.)
Alternative LAN protocols which could be used include
ATM (Asynchronous Transfer Mode) and FDDI (Fiber
Distributed Data Interface) and others.

The LAN 116 includes multiple monitoring stations 120
for allowing hospital personnel to remotely view and oth-
erwise monitor the real-time physiologic data of the patients
of the system. Each monitoring station 120 is preferably in
the form of a standard 486 or Pentium based PC (personal
computer) which runs conventional patient monitoring
software, such as the VCOM (MPC 1100) patient monitor-
ing software package available from VitalCom Incorporated.
The patient monitoring software can also be loaded onto the
concentrator PCs 112 so that the concentrators double as
monitoring stations. The LAN 116 may also include one or
more gateway computers 124 for connecting the LAN 116 to
other networks, such as the Internet, to permit the exchange
of patient information with other medical facilities and
patient sites.

As will be apparent, the architecture iltustrated in FIG. 1
provides for a high degree of scalability. The system can
initially be installed, for example, as a single concentrator
PC 112 which serves as the sole monitoring station for a set
of 16 (or fewer) VCELLs, which may include both RF and
hardwired VCELLs. With the addition of a LAN, new
VCELLSs 106 and concentrators 112 can be added to increase
the patient capacity and/or coverage area of the system. (As
described below, the architecture allows new VCELLs to be
added to the system without a corresponding degradation in
performance caused by noise.) Monitoring stations 120 can
be added to the LAN 116 as needed to permit the remote
viewing and monitoring of patient data from various loca-
tions within the hospital.

(i) General Operation

In operation, the remote telemefers 102 send data packets
to individual VCELLs 106 using a wireless TDMA protocol.
These packets include the patient data collected by the
remote telemeters 102 (or by patient monitors connected to
the remote telemeters), along with the ID codes of the
respective telemeters 102. The VCELLs 106 forward these
data packets to the corresponding concentrators 112, which
in-turn broadcast the patient data on the LAN 116 (in real
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time) for viewing and automated monitoring by the moni-
toring stations 120. The wireless TDMA protocol includes
control timeslots for allowing the VCELLS to pass control
information (e.g., synchronization information, commands,
and timeslot assignments) to the remote telemeters 102. In
addition, the protocol supports a patient location method
(described below) for monitoring the remote location of
each patient.

To support patient mobility, the VCELLs 106 and remote
telemeters 102 implement a “switch-over” protocol in which
the telemeters 102 continuously attempt to establish con-
nections with those VCELLs which offer the best link
performance. As part of this protocol, each remote telemeter
continuously assesses the quality of the RF link to each
VCELL that is within range. The telemeters store this link
assessment information within respective VCELL “cata-
logs” (described below), and periodically evaluate these
catalogs to determine whether a switch-over to a new
VCELL is desirable. When a remote telemeter 102 deter-
mines that a VCELL is available (i.e., has an open timeslot)
which offers better link performance than a carrent VCELL
(i.e., a VCELL to which the telemeter is currently
connected), the remote telemeter attempts to connect to the
new VCELL. (As described below, this involves sending a
timeslot request message to the selected VCELL 106, and
then waiting for confirmation message from the VCELL.) If
the connection is successfully established, the remote tele-
meter 102 drops its connection to the current VCELL 106.
Thus, a remote telemeter 102 will normally connect to many
different VCELLSs 106 (including VCELLs of different con-
centrators 112) as the patient moves throughout the hospital.
Trapsitions between VCELLs occur without interription or
loss of data, and are thus seamless from the viewpoint of the
monitoring clinician.

To provide protection against dropouts caused by multi~
path interference (and other types of interference), each
remote telemeter 102 attempts to maintain a connection with
two VCELLs 106 at all times. (In other implementations, the
remote telemeters 102 may connect to three or more
VCELLs 106 to provide even greater protection against
multi-path interference.) Whenever two VCELL connec-
tions are established, the remote telemeter 102 transmits
each of its data packets to both of the VCELLs. These
redundant transfers take place on different frequencies dur-
ing different TDMA timeslots. Thus, each wireless data path
benefits from the protection offered by space, time, and
frequency diversity. Upon receiving the redundant packets,
the concentrator 112 to which the two VCELLs 106 are
connected (assuming the VCELLS are connected to the same
concentrator) uses error detection codes contained within the
packets to discard bad packets, and to discard duplicate
packets when both packets are successfully received.

In one implementation of the system, the remote teleme-
ters 102 can only connect to the VCELLs 106 of one
concentrator 112 at-a-time. In this implementation, each
remote telemeter 102 attempts to stay connected to the
VCELLs of the current concentrator 112, and switches over
to a different concentrator only when deemed necessary. In
another implementation, the concentrators 112 of the system
are maintained sufficiently synchronized with one another to
allow each remote telemeter to connect to VCELLs of two
different concentrators 112. When this situation occurs, the
task of discarding duplicate packets automatically shifts to
the monitoring stations 120. .

The operation of the system is described in further detail
in the following sections.

(1) Hardware Components (FIGS. 3-5A) )

FIG. 3 illustrates the basic components of the concentra-
tors 112 and VCELLs 106 of the system. Each concentrator
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112 comprises a generic PC having two RS-422 input-output
(1/O) cards 302 and a 100BaseTx LAN card 304. The PC
may, for example, be a Pentium-based PC with 16 mega-
bytes of memory. (Additional memory and a display monitor
will nommally be provided if the concentrator 112 is to
double as a monitoring station.) The RS-422 and 100BaseTx
cards 302, 304 arc standard AT size components which can
be purchased off-the-shelf at computer stores. -

Each RS422 card 302 includes eight external (full
duplex) I/0s which connect, respectively, to eight standard
twisted pair lines 110. Each twisted pair line 110 connects to
a respective VCELL 106. The twisted pair lines 110 are
preferably shielded 140 Kbaud lines with RJ-45 connectors.
As is conventional, each twisted pair line includes four
wires: a transmit (TX) wire, a receive (RX) wire, a positive
voltage (+) wire, and a negative voltage () wire. The (+)
and (-) wires are used to provide power to the VCELLs 106,
and the (RX) and (YX) wires are used for the transfer of data.

Each VCELL 106 is in the form of a microcontroller-
based transceiver 308 coupled to an antenna 312. The
specifications of a transceiver which may be used in the
preferred embodiment are listed in Table 1. (A transceiver
circuit which may be used within the VCELLs is illustrated
in FIG. 5A, and is described below.) The transceiver 308 is
coupled to random access memory (RAM) 319 for buffering

packet data and storing various status information.
TABLE 1
VCELL TRANSCEIVER SPECIFICATIONS

Operating Frequency 204-216 MHz

Frequency Tuning 100 KHz

Transmit Power 1500 uV/meter @ 3 meters

Modulation Type ESK

Modulation Rate 80 Kbaud

Deviation =50 KHz

Receive Sensitivity -90 dBm (BER <.001)

Tx/Rx Switching Time <10 ps

Antenna 1/2 Wave Turnstile

Power Supply 6 to 12 VDC, <100 ma

As depicted in FIG. 4, each remote telemeter 102A
includes conventional sensor circuitry 402 for sensing and
digitizing the patient data of a respective patient. (In instru-
ment remote telemeters 102B of the type shown in FIG. 1,
the sensor circuitry normally resides primarily within the
patient monitor 104.) The sensor circuitry 402 is coupled to
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a microcontroller-based remote transceiver 404, which is -

in-turn coupled to a RAM 406 and an antenna 408. The
sensor circuitry 402, remote transceiver 404 and RAM 406
are powered by one or more batteries 412. The specifications
of a remote transceiver 404 which may be used in the

preferred embodiment are listed in Table 2.
TABLE 2
REMOTE TELEMETER
TRANSCEIVER SPECIFICATIONS
Operating Frequency 204-216 MHz
Frequency Tuning 100 KHz
Transmit Power 1500 xV/meter @ 3 meters
Modulation Type FSK
Deviation +50 KKz
Modulation Rate 80 Kbaud
Receive Sensitivity -90 dBm (BER < .001)
Tx/Rx Switching Time <10 us
Antenna 1/2 Wave Turnstile
Power Supply 2 Alkaline Batterics, <25 ma

Although the architecture of FIG. 1 is not tied to any
particular transceiver implementation, the remote trans-
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ceiver circuit disclosed in the above-referenced pm\}i
application (diagram reproduced as FIG. 5A) is well-saited
for use as both the VCELL transceiver 308 and the remote
transceiver 404. With reference briefly to FIG. 5A, the
circuit includes a microcontroller 502 (preferably a 17C42)
coupled to an' EEPROM 512 which includes a firmware
program stored therein. In the remote telemeters 102, the
firmware program implements the remote telemeter side of
the wireless TDMA protocol (described below). Likewise, in
the VCELLs 106, the firmware program implements the
VCELL side of the wireless TDMA protocol (also described
below). An overview of the transceiver circuit of FIG. 5A.is
provided below under the heading TRANSCEIVER CIR-
CUIT AND OPERATION.

(iii) Patient Capacity and Data Throughput

Each VCELL 106 can receive the patient data of six
patients (i.e., six remote telemeters 102) at a sustained
maximum data rate of 10 Kbaud per patient. (This data rate
corresponds to one timeslot per TDMA frame using a simple
FM transmitter, as described below.) In addition, the archi-
tecture supports increased data rates at the expense of
reduced patient capacity. For example, 2 VCELL 106 could
receive the patient data of three patients (i.e., three remote
telemeters 102) at a data rate of 20 Kbaud per patient.

The total patient capacity of the system is limited prima-
rily by the throughput of the LAN 116. In the preferred
embodiment, the system design supports approximately 900
patients at a data rate of 10 Kbaud per patient 102. This
results in a backbone throughput requirement of 900x10
Kbaud=9 megabaud (Mbaud) at the network level. The use
of 100BaseTx for the backbone supports this data rate while
providing a margin of over 90% for overhead processing
(such as synchronization, signaling, and background status
keeping tasks). The patient capacity of the system can be
increased by adding a second backbone 118 to the LAN 116
to provide dual 100 Mbaud data paths.

(iv) Noise Floor Improvement (FIG. 6)

One significant benefit of the VCELL architecture is that
it overcomes the above-described noise-floor degradation
problem encountered with distributed antenna systems, and
thus allows the system to be expanded in capacity (through
the addition of VCELLSs) without a corresponding reduction
is signal quality. To illustrate the noise-floor degradation
problem encountered with distributed antenna systems, ref-
erence will be made to FIG. 6, which illustrates example
dynamic range values for a single-antenna system (left-hand
side) and a 400 antenna system with preamplifiers (right-
hand side) operating within the VHE medical telemetry
band.

In general, telemetry systems operate between two limits
of transmitted signal strength: (i) the minimum signal that
the receiver can detect above the thermal noise floor (which
is the “natural” noise floor created by the normal movement
of charged particles), and (if) the maximum signal that the
transmitter can provide at very close range (as experienced
when the transmitter resides directly below the receiver’s
antenna.) As illustrated in FIG. 6, the minimum detectable
signal level (based on the thermal noise floor) in-the single-
antenna telemetry system will typically be about —90 dBm.
The maximum allowed signal level within the VHF medical
telemetry band is 1500 microvolis/meter at 3 meters (as
specified by FCC Part 15.241), which corresponds to a
signal level of about 40 dBm with the transmitter located
directly below a ceiling-mounted telemetry antenna. Thus, a
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single-antenna medical telemetry system will have a
dynamic range of about 50 dB.

As indicated above, the process of combining the RF
signals of the antennas of a distributed antenna system has
a loss associated with it. This loss results from the need for
signal combiners, and from the large amount of coaxial
cable required to interconnect the various antennas. To'
compensate for this loss, distributed antenna systems use
preamplifiers, typicaily at the antenna sites, to boost the RF
signal. One problem with this approach is that each pream-
plifier contributes to the noise level of the antenna system in
excess of the noise actually received by the corresponding
antenna. Thus, although only a few of the antennas typically
receive a usable signal of a particular telemeter at any given
time, all of the antennas (preamplifiers) contribute to the
noise floor.

Consequently, each time the number of antennas of the
distributed-antenna system is doubled, the minimum detect-
able signal level increases by about a factor of 2, or 3 dB.
Thus, for example, a system with 400 antennas and 400
preamplifiers will suffer from a noise floor degradation of
more than 24 dB (corresponding to over 8 doublings of the
noise floor), producing a degraded dynamic range of less
than 26.dB (FIG. 6). (A distributed antenna system of this
size is currently installed at Barnes Hospital in St. Louis.) To
reclaim this lost dynamic range, the remote telemeters conld
potentially be operated at a higher itransmission power.

However, the use of a higher transmission power would

reduce the average battery life of remote telemeters.
. Moreover, an increase in power beyond the limits imposed
by FCC Part 15.241 would require operation outside the
protected medical telemetry band, exposing the system to
new forms of RF interference.

In contrast to distributed antenna systems, the VCELL ,

system combines the outputs of the VCELLS at baseband
using digital multiplexing techniques. As a result, virtually
no degradation of the noise floor occurs as VCELLs are
added to the system, and the system enjoys the full 50 dB
dynamic range regardless of the number of VCELLs. This
has the effect of increasing the perceived transmitted power
by about 24 dB (a 200 fold increase) over the 400 antenna
system in the example above.

(v) Protection Against Isolated EMI Sources

Arother benefit of the VCELL architecture is that it
inherently offers a high degree of immunity against isolated
sources of EMI (electromagnetic interference). In the above-
described distributed antenna system, a single source of
interference (such as an X-ray machine or a faulty copying
machine) near one of the antennas can introduce an intol-
erable level of noise to the entire system, and prevent the
monitoring of all patients of the system. In contrast, in the
VCELL system, the interference source will only effect the
operation of the VCELLs 106 that are sufficiently close to
the source. Moreover, the contamination of one or two
VCELLs by an isolated interference source will often have
little or no impact on the ability to monitor patients in the
area, since each remote telemeter 102 normally maintains
data connections to two VCELLs 106, and automaticaily
connects to a new VCELL source when a drop in the quality
of a VCELL link is detected.

One benefit of this interference immunity is that it allows
patients to be monitored near known intermittent sources of
interference. For example, patients can be monitored within
x-ray, fluoroscopy, and CAT-scan rooms by simply placing
VCELLs in these areas.

4

@

12 -
(vi) VCELL Spacing and Frequency Reuse (FIG. 7)

The VCELLSs are preferably mounted sufficiently close to
one another such that each patient of the system will
normally be within range of multiple VCELLs 106 at any
given time. (For operation at maximum power within the
VHF medical telemetry band, spacings of 50 to 75 feet are
suitable.) Such an arrangement allows the remote telemeters
102 to maintain connections with two VCELLSs at-a-time, as
is desirable for mitigating the effects of multi-path interfer-
cnce.

Oue benefit of the architecture, however, is that it allows
the VCELLS to be spaced as closely together as necessary to
accommodate different patient densities. For example, a
relatively large number of VCELLs (each operating on a
different frequency) can be placed within a hospital cafeteria
to accommodate the high patient densities which may occur
during meal times. Because the remote telemeters 102 only
attempt to connect to the VCELLs 106 that have open
timeslots {(as described below), the telemetry load during
such high-density events is automatically distributed among
the VCELLs. ’

Although it is possible to configure the system such that
every VCELL 106 operates (i.c., transmits and receives data)
on its own unique frequency, considerable performance
benefits (described below) can be realized by re-using the
same set of frequencies in different regions of the hospital.
In general, two VCELLS can operate on the same frequency
provided that they are sufficiently spaced apart to avoid
interference with one another. For operation within the VHF
medical telemetry band (at the maximum allowed signal
strength), a separation of 500 feet between such VCELLS is
more than adequate. By assigning like frequencies during
the installation process to VCELLS that are spaced 500 feet
(or greater) apart, it is estimated that 10 to 12 frequencies
will be sufficient to provide coverage for a typical hospital.

FIG. 7 illustrates how a sct of ten frequencies can be
re-used in different sections of a hospital hall 700. As
illustrated, a set of ten frequencies, 61-810, can be used to
cover a 500 foot section of the hall using ten corresponding
VCELLs. (Each frequency symbol in FIG. 7 represents one
VCELL.) The same ten frequencies can then be used to
cover the next 500 foot section of the hallway. With appro-
priate staggering of frequencies between hospital floors, the
same 10 frequencies can be used to provide coverage of an
entire multi-floor hospital. (While ten frequencies may be
adequate for many installations, the actual number of fre-
quencies will depend upon such factors as the hospital floor
plan, the telemeter transmission power, and the expected
patient densities in the various patient areas.)

The ability to reuse frequencies provides several advan-
tages over conventional frequency division multiplexed sys-
tems. One advantage is that a reduced number of clear
frequencies need to be identified during the -installation
process. Another advantage is that the transmitters, receivers
and antennas of the system can be optimized to operate over
a much narrower band of frequencies. For a system which
operates within the VHF medical telemetry band, for
example, the VCELL frequencies can be selected to fall
within a band of one or two VHF television channels (such
as channels 12 and/or 13, which tend to have the lowest
ambient noise), rather than spanning the entire 174 to 216
MHz range. It is estimated that such optimization will add
a performance margin of 6 to 10 dB over existing telemetry
equipment which operates over the entire 174 to 216 MHz
range.
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2. Communications Between Remote Telemeters and
VCELLS (FIGS. 8-12 )

(1) Overall Wireless TDMA Protocol (FIG. 8)

FIG. 8 illustrates a single frame of the wireless TDMA
protocol used between the remote telemeters 102 and the
VCELLs 106. The frame repeats every 5 milliseconds, and
consists of seven timeslots: a 740 microsecond (us) VC—R
(VCELL to remote telemeter) timeslot and six 710 us
R—VC (remote telemeter to VCELL) timeslots. The
VC—R timeslots are used to broadcast information to the
remote telemeters 102. (As described below, all VCELLs of
the system are synchronized, and thus transmit at the same
time.) The R—VC timeslots are assigned by the VCELLs
106 to individual telemeters 102, and are used to transfer
information from the assigned telemeters to the VCELLs.
All timeslots terminate with a 10 us dead period, which is
sufficient to allow the devices to switch between transmit
and receive modes.

In the preferred embodiment, the remote telemeters 102
and VCELLs 106 transmit at a raw data rate of 80 Kbaud,
which corresponds to a bit time of 12.5 us. At this data rate,
a total of (700 us/slot)/(12.5 us/bit)=56 bits are transmitted
during the data portion of each R—VC timeslot. The first six
of the 56 bit times are used for synchromization of the
receiver, leaving 50 bits for the transfer of telemetry data
(including error detection codes). Because this 50 bit mes-
sage repeats every 5 milliseconds, or 200 times per second,
the total telemeter-to-VCELL throughput for a single
timeslot assignment is 200x50=10,000 bits/second, or 10
Kbaud. This throughput rate is obtained in the preferred
embodiment using simple FM transceivers in the VCELLs
and telemeters. As will be recognized by those skilled in the
art, higher throughput rates can be achieved, at a greater
expense, by using transceivers which use more sophisticated
modulation techniques, such as BPSK and QPSK.

‘With further reference to FIG. 8, the VCELLs broadcast
respective control messages to the remote telemeters 102
during the first 700 us of each VC—R timeslot. (Because all
VCELLSs within range of one another transmit on different
frequencies, each telemeter 102 can listen to the control
message of only one VCELL at-a-time.) The control mes-
sages are used to transmit the following information to the
telemeters:

Synchronization Sequences.

The telemeters use these sequences to initially become
synchronized and to maintain synchronization with the
VCELLs 106.

VCELL-Specific Timeslot Assignment Status Data.

For a given VCELL, this status data indicates which of the
six R—=VC timeslots (if any) are unassigned, and thus
available for use. The telemeters use this information to
formulate timeslot request messages to the VCELLs.

~ Telemeter-Specific Timeslot Assignment Messages.

A timeslot assignment message (or “confirmation”
message) is transmitted in response to a timeslot request
message from a specific telemeter, and serves as an acknowl-
edgement to the telemeter that it has successfully acquired
the requested timeslot,

Telemeter-Specific Commands.

This is an optional feature which may be supported by
certain remote telemeters 102, A command may be sent, for
example, to jostruct a telemeter to take a blood pressure
reading, or to eater into special mode of operation.
VCELL ID Codes.

Each VCELL transmits a unique ID code which is used
for patient location.
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During the last 30 us of each VC—R timesiot, each
VCELL transmits a low-power (V4-power in the preferred
embodiment), unmodulated signal to allow each remote
telemeter 102 to estimate the location of the respective
patient. (The use of a low“power, unmodulated signal for
this purpose produces a more accurate VCELL-telemeter
distance measurement.) Each remote telemeter 102 mea-
sures the signal strengths of the low-power transmissions of
the various VCELLs (by listening to different VCELL
frequencies during different TDMA frames), and maintains
a table (discussed below) of the detected signal strengths. As
a low duty cycle task (e.g., once every 5 seconds), each
telemeter 102 evaluates its respective table to estimate the
closest VCELL (i.c., the VCELL with the greatest signal
strength). Whenever a change occurs in the closest VCELL,
the telemeter transmits the ID of the new VCELL to the
hospital LAN 116 (FIG. 1). The monitoring stations 120 use
this information to keep track of the locations of the patients
of the system. In other embodiments of the invention, patient
location may be accomplished by having the VCELLs
periodically attach VCELL identification codes to the data
packets received from the remote telemeters 102.

With further reference to FIG. 8, the six R—=VC timeslots
are used by the remote telemeters 102 to transmit data
packets to individual VCELLs 106. (As described below,
each telemeter 102 transmits to only one VCELL at-a-time.)
These data packets are generally of two types: (i) telemetry
data packets which include the patient data (including
patient location data) of individual patients, and (ii) timeslot
request messages for requesting timeslot assignments. Once
a R—=VC timeslot has been assigned by a VCELL to a
remote telemeter, the remote telemeter has exclusive use of
the timeslot until the telemeter disconnects. Once the tele-
meter disconnects, the VCELL modifies its control message
(transmitted on the VC—R timeslot) to indicate that the
timeslot is available for use.

During normal operation, each R—VC timeslot of a given
VCELL 106 will be assigned, if at all, to a different remote
telemeter 102. Thus, when all six R—VC timeslots of the
VCELL are assigned, the VCELL receives the telemetry
data of six different remote telemeters 102. In other modes
of operation, multiple timeslots of a single VCELL can be
assigned to the same telemeter to allow the telemeter to
achieve a higher data throughput rate.

(i) VCELL Protocol (FIGS. 9 and 10)

The VCELL side of the above-described wireless TDMA
protocol is implemented via a firmware program which is
executed by the microcontroller of each VCELL 106, With
reference to FIG. 9, this program maintains a timeslot status
table 900 in VCELL RAM 318 to keep track of the assign-
ment status of each R—VC timeslot. As illustrated in FIG.
9, the information stored within the table 900 includes, for
cach timeslot, whether or not the timeslot is currently
assigned or unassigned. In addition, for the timeslots that are
assigned, the table indicates.the number of consecutive
frames that have passed without receiving an error-free data
packet from the assigned telemeter; each VCELL uses this
information to implement a timeout procedure to determine
whether the assigned telemeter 102 has disconnected.

FIG. 10 is a flow chart which illustrates the VCELL
portion of the wireless protocol. With reference to block
1002, during a power-on initialization sequence, the VCELL
106 updates its timeslot status table 900 to set all of the
R—VC timeslots to the “free” (unassigned) state. The
VCELL then enters into a primary program loop which
corresponds to a single TDMA frame. Referring to blocks
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1004 and 1006 of this loop, during the VC—>R timeslot the
VCELL transmits the 710 us control message followed by
the 30 us patient location signal, as illustrated in FIG. 8. This
control message includes the timeslot assignment data (for
all six R—=VC slots) stored in the timeslot status table 900.
On the first pass through this loop following power-on, the
control message will indicate that all six R—=VC timeslots
are available for use. With reference to block 1008, the
VCELL 106 then sets a slot counter (N) to one
(corresponding to the first R—VC timeslot), and enters into
a sub-loop (blocks 1012-1032) for processing the data
packets transmitted by the telemeters.

During each R—VC timeslot, the VCELL attempts to
receive any telemeter data packet transmitted during the
timeslot (block 1012), and checks the timeslot status table
900 to determine whether the slot is assigned (block 1014).
With reference to blocks 1016-1022, if the timeslot is
assigned and a data packet was successfully received, the
VCELL forwards the packet to the concentrator 112, and
clears the corresponding “missed packets” counter in the
status table 900. (The data packet is actually sent to the
concentrator 112 following the TDMA frame as part of a
larger “VCELL packet” which represents the entire frame.)
If, on the other hand, the timeslot is assigned but no packet
was successfully received, the VCELL 106 updates the
timeslot status table 900 to indicate that a packet was
missed; in addition, the VCELL determines whether the
number of consecutive missed packets has exceeded a
timeout threshold (e.g., 64 packets). If the threshold is
exceeded, the status table 900 is updated to set the timeslot
to the “free” state.

With reference to blocks 1026 and 1028, if the timeslot is
unassigned, the VCELL 106 determines whether it received
a valid timeslot request message. If a valid timeslot request
was received, the VCELL updates its status table to indicate
that the slot has been assigned; in addition, the VCELL sets
a flag to indicate that a timeslot confirmation message
should be transmitted to the requesting telemeter 102 during
the next VC—R timeslot.

With reference to blocks 1030 and 1032, once all pro-
cessing of the received telemeter packet (if any) is
performed, the VCELL increments its timeslot counter. If
the incremented counter is 6 or less, the program loops back
to block 1012 to begin receiving any data transmitted during
the next timeslot. If the incremented counter has exceeded 6,
the program loops back to block 1004 to transmit the next
control message.

Although the FIG. 10 flowchart illustrates the above-
described operations in sequential order, it will be recog-
nized that some of these operations can (and normally will)
be performed concurrently or out-of order. For example, the
step of forwarding the data packets to the concentrator
(block 1018) is preferably performed as a separate task, with
all of the telemeter packets received during the TDMA frame
transferred together within a larger VCELL packet.

(iif) Remote Telemeter Protocol (FIGS. 11 and 12)

The telemeter side of the wireless TDMA protocol gen-
erally mirrors the VCELL protocol 1000, and is similarly
implemented by a firmware program which is executed by
the microcontroller of each remote telemeter 102. As part of
this protocol, each remote telemeter 102 maintains a VCELL
catalog within its respective RAM 406. The general format
of this catalog is illustrated in FIG. 11, which is represen-
tative of a system which uses a total of 10 VCELL frequen-
cies. As illustrated in FIG. 11, the catalog 1100 includes one
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set of entries for each of the ten VCELL frequencies. The

telemeter thus stores status information for up to ten nearby

VCELLs at-a-time. The entries stored with respect to each

VCELL frequency include the following:

Rating. )

A rating of the quality of the RF link to the VCELL 106,
as assessed by the individual telemeter 102, The RF links are
assessed by the telemeters one frequency at-a-time during
the control message portions of the VC—=R timeslots. (In
other embodiments, the task of assessing the avaijlable RF
links may alternatively be performed by the VCELLs.) In
one embodiment, the VCELL ratings are based on a com-
bination of signal strength (as measured by the telemeters)
and bit error rate. Specifically, if an error is detected in a
VCELL’s transmission, the VCELL’s rating is set to a zero
or null entry to indicate that the VCELL should not be used;
and if no error is detected, the rating is set to a value which
is proportional fo the measured signal strength. The ratings
are periodically compared (as described below) to determine
whether to attempt a connection to a new VCELL.
Connected To.

Aflag indicating whether or not the telemeter is connected
to a VCELL on the frequency. During normal operation,
each telemeter will be connected to two different VCELLs
(on two different frequencies) at-a-time.

Low-Power Signal Strength.

A measurement of the signal strength taken during the
low-power (patient location) portion of the VC—R timeslot.
The low-power signal strengths stored in the catalog 1100
are periodically compared to estimate which of the VCELLs
the patient is closest to. When the outcome of this compari-
son changes, the telemeter transmits the new location (i.e.,
the VCELL ID, which is obtained from the VCELL during
the high-power message portion) to the hospital LAN 116 in
a subsequent data packet.

The remote telemeters 102 also keep track of the unique
IDs of the VCELLs that are within range.

The protocol followed by the remote telemeters 102
generally consists of the following steps:

1. Scan alt VCELL operating frequencies and construct the
VCELL catalog 1100. Remain in this mode until at least
one VCELL 106 is identified which has an acceptable
rating and an unassigned timeslot. )

2. Send a timeslot request message to the VCBLL identified

in step 1 during one of the available timeslots. Perform

this task using a random back-off algorithm in case other
remote telemeters attempt to connect to the VCELL
during the same timeslot. Remain in this operating mode

(including step 1) until a timeslot assignment message is

received from the selected VCELL.

Once connected to a first VCELL (“VCELL 1), atterpt

to connect to the “next best” VCELL (“VCELL 2”) in the

catalog which has an acceptable rating and a free timeslot

(other than the timeslot being used to communicate with

VCELLL1), to provide a second (diversity) data path. Send

telemetry data packets to VCELL1 during this process.

4. Monitor the catalog entries to determine whether any of
the other VCELLs offer better link performance than
VCELLs 1 and 2. When a better VCELL is available (i.c.,
has an open, nonconflicting timeslot), send a timeslot
request message to the “new” VCELL. Drop the connec-
tion with the current VCELL once a timeslot assignment
message is received.

. As a background task, scan the VCELL frequencies and
update the catalog. This can be done as a low priority, low
duty cycle task (such as once per second).

FIG. 12 illustrates this protocol in greater detail for a
system which uses 10 VCELL frequencies. With reference to

L
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block 1202, the remote telemeter 102 initially scans the ten
VCELL frequencies and builds the VCELL catalog 1100.
This involves monitoring different VCELL frequencies dur-
ing different TDMA frames. With reference to blocks
1204-1210, once an acceptable VCELL 106 with an open
timeslot bas been identified, the telemeter 102 transmits a
timeslot request message to the selected VCELL, and then
monitors the selected VCELL’s frequency during the fol-
lowing VC—R timeslot to determine whether the slot has
been successfully acquired. With reference to block 1214, if
the connection attempt is unsuccessful, a random-back-off
algorithm (such as the binary exponential back-off algorithm
used by Ethernet) is used to retry the connection attempt. If
the retry is unsuccessful (after, for example, 2 retry
attempts), or if it is determined that the requested timeslot
has been assigned to a different telemeter 102, the telemeter
repeats the above process to identify another potential
VCELL.

‘With reference to blocks 1220-1226, once a timeslot
assignment has been obtained from a first VCELL, the
protocol enters into a loop (blocks 1222-1240) which cor-
responds to a single TDMA frame. Within this loop, the
telemeter 102 sends telemetry data packets to the first
VCELL (block 1222) during the assigned timeslot while
attempting to connect to a second VCELL (block 1226). The
process of connecting to the second VCELL is generally the
same as the above-described process for connecting to the
first VCELL, with the exception that the timeslot used to
communicate with the second VCELL must be different
from the timeslot used to communicate with the first
VCELL. With reference to block 1228, once a second
VCELL connection has been established, the telemeter
sends all data packets to both VCELLSs.

With reference to blocks 1232 and 1234, the remote
telemeter 102 monitors the high-power and low-power
transmissions of the VCELLS 106 (during the VC—R
timeslots) and updates the rating and low-power signal
strength entries of the VCELL catalog 1100. Although this
process is shown in FIG. 12 as occurring during every
TDMA frame (one VCELL per frame), this function can
alternatively be performed as a low duty cycle task.

‘With reference to blocks 1238 and 1240, as a background
task the telemeter 102 monitors the VCELL catalog 1100 to
determine whether a VCELL 106 with a higher rating exists.
If a VCELL with a higher rating and an available
(nonconflicting) timeslot is identified, the telemeter attempts
to connect to the new VCELL (as described above), and if
successful, drops the existing connection to one of the two
“current” VCELLs.

As a background, low priority task, the telemeter 102 also
monitors the VCELL catalog 1100 to determine whether a
change has occurred in the VCELL 106 with the greatest
low-power signal strength. (This process is omitted from
FIG. 12 to simplify the drawing.) When such a change
occurs, the telemeter transmits the VCELL ID of the new
“closest” VCELL in a subsequent telemetry packet. As
described above, this information is used by the monitoring
stations 120 to track the location of each patient.

3. Communications Between VCELLs and Concentrators

(FIG. 13)

The VCELLs 106 and concentrators 112 communicate
bi-directionally over the shielded twisted pair lines 110 in
accordance with the RS-422 specification. (RS-422 is an
Electronic Industries Association interface standard which
defines the physical, electronic and functional characteristics
of an interface line which connects a computer to commu-
nications equipment.) The RS-422 interface supports an
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 overall data transfer rate of 140 Kbaud, which corresponds

20

2!

w

45

50

60

65

to 20 Kbaud per TDMA timeslot.

In operation, each VCELL 106 sends one packet to its
respective concentrator 112 for every TDMA frame; this
VCELL packet includes all of the telemeter packets (up to
six) received during the corresponding TDMA frame. (The
terms “VCELL packet” and “telemeter packet” are used in
this description to distinguish between the two types of
packets based on their respective sources.) The concentrator
112 in-turn parses the VCELL packet 1o extract the indi-
vidual telemeter packets, and performs error checking on the
telemeter packets using the error detection codes contained
within such packets. As part of the error checking protocol,
the concentrator 112 discards all telemeter packets which
include errors (or uncorrectable errors if error correction
codes are used), and discards all telemeter packets that are
redundant of packets alrcady received from a different
VCELL. All other packets are written to an output buffer for
subsequent broadcasting over the LAN 116.

FIG. 13 is a flow chart which illustrates the concentrator
side of the VCELL-to-concentrator protocol in further
detail. With reference to block 1302, the concentrator 112
sends a VCELL synchronization pulse to its 16 VCELLs
once per TDMA frame. The concentrator then initializes a
loop counter (block 1304), and enters into a loop (blocks
1306-1324) in which the concentrator processes the 16
VCELL packets {(one per loop) received from the 16
VCELLs. Within this loop, the concentrator 112 parses each
VCELL packet (block 1306) to extract the individual tele-
meter packets contained therein, and then enters into a
sub-loop (blocks 1310-1320) in which the concentrator
performs error checking (as described above) on the indi-
vidual telemeter packets (one telemeter packet per sub-
loop).

With reference to blocks 1310-1316, error free telemeter
packets which have not already been successfully received
(from other VCELLSs) are written to an output buffer of the
concentrator 112. (As described below, a separate concen-
trator task reads these packets from the buffer and broadcasts
the packets on the LAN 116 during patient-specific timeslots
of the LAN protocol.) With reference to blocks 1320-1324,
once all of the telemeter packets within a given VCELL
packet have been processed, the protocol loops back to block
1306 (unless all 16 VCELL packets have been processed, in
which case a new synchronization pulse is transmitted), and
the concentrator 112 begins to process the next VCELL
packet.

As indicated by the foregoing, the concentrators 112 only
place error-free telemeter packets on the LAN backbone
118, and do not place duplicate error-free telemeter packets
(from the same telemeter) on the backbone 118.
Nevertheless, the duplicate (error-free) packets transmitted
by a telemeter will normally appear on the LAN backbone
118 when the remote telemeter connects to VCELLs of two
different concentrators 112 (as permitted in one implemen-
tation of the invention). In this situation, the monitoring
stations 120 simply ignore the extra telemeter packets.

(i) Processing of Telemeter Commands

In system implementations which support the sending of
commands to the remote telemeters 102, the concentrators
112 additionally implement a simple task (not illustrated in
FIG. 13) for receiving commands from the monitoring
stations 120 and forwarding these commands to the
VCELLSs 106. As part of this task, each concentrator 112
maintains a list of all of the remote telemeters 102 to which
the concentrator is currently connected. (This list is gener-
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ated by monitoring the telemeter ID codes contained within
the telemeter data packets.) When a monitoring station 120
places a telemeter-addressed command on the LAN 116,
each concentrator 112 of the system receives the command
and checks its respective list to determine whether a con-
nection exists with the target telemeter. If a concentrator
determines that such a connection currenily exists, the
concentrator 112 sends the command to all 16 of its VCELLs
106. The sixteen VCELLs in-turn transmit the telemeter
command during a subsequent VC—R timeslot. To increase
the probability of receipt, the VCELLs are preferably con-
figured to re-transmit the telemeter command over several
TDMA frames. In other embodiments, an acknowledgement
protocol can be implemented in which the telemeters embed
an ackoowledgement message within a subsequent data
packet.

4. Data Transfers Over LAN

Data transfers over the LAN backbone 118 are accom-
plished using a real-time TDM (time division multiplexing)
protocol which makes use of the 100BaseTx protocol.
Among other things, this protocol distributes the telemetry
data from the concentrators 112 to the monitoring stations
120 with a known latency, permitting the real-time moni-
toring of patient data.

Each 50 millisecond frame of the TDM protocol includes
1000, 50 s timeslots. Every remote telemeter 102, VCELL
106, concentrator 112, monitoring station 120, and gateway
124 of the system is uniquely assigned one of the 1000
backbone timeslots. The backbone timeslots that are
uniquely assigned to respective remote telemeters 102 are
used to transfer telemetry data packets (containing patient-
specific physiologic data) from the concentrators 112 to the
monitoring stations 112. All other entities that are connected
to the LAN backbone 118 also have access to this telemetry
data. The remaining backbone timeslots are used for the
transfer of synchronization and control information between
the various LAN entities.

The 100BaseTx backbone 118 has the capacity to transfer
up to 5000 bits in each 50 us backbone timeslot. Thus, each
remote telemeter (and other entity which is assigned a
backbone timeslot) is effectively allocated a LAN bandwidth
of 5000 bits/slotx20 frames/second=100 Kbaud. This more
than satisfies the 20 Kbaud data rate per telemeter which is
required when a telemeter connects to VCELLs of two
different concentrators.

Upon initialization of the system, a “master” concentrator
112 transmits a synchronization packet to all other concen-
trators of the LAN 116. This synchronization packet defines
the starting point of the backbone TDM frame. Thereafter,
the frame repeats at a rate of 20 frames per second. As
indicated above, a task which runs on each concentrator
moves telemeter packets from the concentrator’s output
buffer to the LAN during the appropriate patient-specific (50
ps) timeslots. This task waits for a patient (telemeter)
timeslot, and then transmits all corresponding telemeter
packets which have been written to the output buffer since
the same timeslot of the immediately preceding backbone
frame. When a telemeter is connected to VCELLs of two
different concentrators, the 50 us patient timeslot is divided
equally between the two concentrators. This is accomplished
by passing control messages between the concentrators.

5. VCELL Load Monitoring

As a background task, each concentrator 112 maintains a
statistica] log or “histogram” of the loads carried by each of
the concentrator’s VCELLs 106. This histogram can peri-
odically be examined by network administrators to evaluate
the current positioning of the VCELLs. When, for example,
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the histogram indicates that a VCELL in a particular patient
area reaches its capacity (i.e., all six timeslots assigned) on
a frequent basis, another VCELL (which operates on a
different frequency) can be installed in the area to reduce the
Joad on the heavily-loaded VCELL.

6. Transceiver Circuit and Operation (FIGS. 5A and 5B) The
transceiver circuit illustrated in FIG. 5A will now be
described. As indicated above, this general circuit can be
used in both the remote telemeters 102 and the VCELLs 106
of the system. When included within a remote telemeter 102,
the transceiver will typically be powered by battery. When
included within a VCELL 106, the trapsceiver will be
powered by the cormesponding concentrator 112 over a
twisted pair line 110 (as illustrated in FIG. 3).

The transceiver 112 comprises a microcontrollex
(preferably a 17C42) which is connected, via appropriate
port lines, to a programmable phase-locked loop chip 504
(“PLL chip™), a voltage controlled oscillator (VCO) 506, a
receiver (RCVR) 508, a set of DIP (dual in-line package)
switches 510, an EEPROM 512, and a sample-and-hold
(S/H) device 520. (The sample-and-hold 520 is preferably
omitted in the VCELL transceivers 308.) The PLL chip 504
is preferably a Motorola MC 145192 which can be placed,
via appropriate commands, into a low-power state when not
in use. The microcontroller 502 is clocked by an 8 MHz high
stability (£0.001 %) crystal oscillator 516. The output of the
amplifier 524 and the signal input of the receiver 508 are
connected to respective terminals of a transmit/receive
switch 528, which is connected to the antenna 312, 408 via
a band-pass filter (BPF) 530.

As illustrated in FIG. 5A, the PLL chip 504 is coupled to
the VCO 506 to form a phase lock loop circuit. Via the PLL
chip 504, the phase lock loop circuit can be programmed to
generate a carrier signal of a selected frequency. Within the
transceivers of the telemeters 102, the sample-and-hold
device 520 is connected so as to allow the microcontroller
502 to programmably interrupt the phase-lock process and
bold the carrier frequency at a steady frequency value within
a preselected margin of frequency error. This allows the
carrier frequency to be locked rapidly, at low power, without
waiting for a phased-locked state to be reached. In a pre-
ferred embodiment, this feature is used to lock the transmit
frequency of each telemeter just prior to each R->VC
timeslot to which the telemeter is assigned.

As illustrated in FIG. 5A, the VCO 506, amplifier 524,
and receiver 508 are coupled to the power supply (Vsyp) via
respective microcontroller-controlled switches 534, 536,
538 such that the microcontroller 502 can selectively turn
these components ON and OFF to conserve power. (In the
VCELLs, the switches 534, 536, 538 can be omitted since
battery life is mot-a concern.) To utilize this power-
copservation feature, the firmware program (stored within
the EEPROM 512) of the remote telemeters 102 includes
code for maintaining these active transceiver components 1n
an OFF state when not in use. For example, the receiver is
maintained in an OFF state during TDMA. timeslots for
which the remote telemeter 102 is not receiving data, and the
amplifier is maintained in an OFF state during timeslots for
which the remote telemeter 102 is not transmitting. This
feature of the transceiver circuit significantly increases the
average battery life of the remote telemeters 102.

In operation within a remote telemeter, the microcontrol-
ler 502 maintains the PLL chip 504 in its low-power state,
and maintains the amplifier 424, VCO 506 and receiver 508
in respective OFF states, during timeslots for which the
telemeter is neither transmitting nor receiving data. Shortly
before the next R—>VC timeslot which is assigned fo the
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telemeter 102, the microcontroller 502 initiates a frequency
lock operation which involves initiating a phase-lock
process, and then interrupting the process (by opening the
sample-and-hold 520) once the carrier frequency has settled
to within an acceptable margin of error. This process is
illustrated in Figure SB, which is an approximate graph of
the output (Vg;,) of the PLL chip 504 following power-up
at T,.

~ With reference to FIG. 5B, just prior to T, the VCQ 506
is tarned on, the sample-and-hold 520 is in the closed (or
“sample™) position, and the PLL chip 504 is in the Jow-
power state. At To, the PLL chip 504 is taken out of the
low-power state, causing its output V., to ring, and thus
causing the output of the VCO to oscillate above and below
the programmed transmit frequency. Following T, the out-
put of the PLL is in the general form of a damped sinusoid,
which approaches the voltage that corresponds to the pro-
grammed frequency. (Because the voltage Vp;, controls the
VCO 506, the amplitude of the voltage signal in FIG. 5B
corresponds to the frequency.) Once this oscillation is suf-
ficiently attenuated such that the frequency error is within a
predetermined tolerance (e.g., +5 KHz), the sample-and-
hold 520 is opened (at T, in FIG. 5) to hold the input voltage
to the VCO 506. (This is accomplished by waiting a prede-
termined delay, Tp, 4y, before opening the sample-and hold
520, as described in the above-referenced priority
application.) This holds the output frequency, and ensures
that the remote telemeter’s subsequent data transmission
will not be contaminated by any oscillation in the PLL’s
output. Immediately following T1, the amplifier 524 is
turned on, the PLL 504 is placed in the low-power state, and
the T/R switch 528 is placed in the transmit position. The
microcontroller 402 then begins sending its transmit data to
the VCO, to thereby FSK-modulate the carrier signal. Fol-
lowing the transmission of the telemeter packet, the ampli-
fier 524, and VCO 506 are turned off.

In one embodiment, the telemeter firmware is written
such that the telemeters 102 only use non-adjacent (i.e.,
non-consecutive) R—VC timeslots. This ensures that each

~ telemeter will have at least a 720 us “dead period” between
transmissions during which to lock the new transmit fre-
quency using the above-described process.

The process of receiving data (during VC—R timeslots)
is generilly analogous to the above-described transmit
process, with the exception that the sample-and-hold 520 is
left in the closed (sample) position throughout the VC—R
timeslot.

7. Conclusion

While the present invention bas been described herein
with reference to a preferred embodiment of a medical
telemetry system, the invention is not so limited, and should
be defined only in accordance with the following claims.

What is claimed is:

1. A medical telemetry system for permitting real-time
monitoring of patients, including ambulatory patients, of a
medical facility from a centralized monitoring station, com-
prising:

at least one monitoring station which displays real-time
physiologic data of multiple patients;

a plurality of battery-powered wireless remote telemeters,
the remote telemeters configured to attach to, and
configured to collect and transmit real-time physiologic
data of, respective patients; and

a plurality of transceivers which communicate
bi-directionally with the plurality of remote telemeters
using a plurality of wireless radio frequency (RF)
channels, the transceivers connected to the at least one
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monitoring station and being distributed throughout the
medical facility such that different transceivers provide
data-reception coverage for different areas of the medi-
cal facility, at least some of the transceivers receiving
physiologic data on different RF channels, the trans-
ceivers configured to receive the physiologic data trans-
mitted by the remote telemeters and to forward the
physiologic data over a wired connection to the at least
one monitoring station;
wherein at least some of the remote telemeters auto-
matically switch between different RF channels of
the plurality of RF channels in response to patient
movement throughout the medical facility to connect
to and disconnect from individual transceivers of the
plurality of transceivers.

2. The medical telemetry system according to claim 1,
wherein at least some of the remote telemeters evaluate
wireless link conditions offered by different transceivers and
establish wireless connections with individual transceivers
based at least upon said wireless link conditions.

3. The medical telemetry system according to claim 2,
wherein at least one remote telemeter of the plurality of
remote telemeters maintains wireless connections with at
least two different transceivers at-a-time, and transmits the
physiologic data of a respective patient to the at least two
different transceivers to provide at least spacial diversity.

4. The medical telemetry system according to claim 2,
wherein the remote telemeters communicate with the trans-
ceivers using a TDMA protocol, and the af least one remote
telemeter transmits the physiologic data to the at least two
different transceivers during different respective TDMA
timeslots to thereby additionally provide time diversity.

5. The medical telemetry system according to claim 4,
wherein the at least one remote telemeter transmits the
physiologic data to the at least two different transceivers on
different RF frequencies, the different RF frequencies
spaced sufficiently apart to provide frequency diversity.

6. The medical telemetry system according to claim 1,
wherein the transceivers forward the physiologic data to the
at least one monitoring station over a local area network.

7. The medical telemetry system according to claim 1,
wherein at least two of the transceivers communicate with
the remote telemeters on the same RF channel. '

8. The medical telemetry system according to claim 7,
wherein the at least two transceivers which communicate on

~ the same RF channel are sufficiently spaced apart to avoid
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interference with one another.

9. The medical telemetry system according to claim 1,
wherein at least some of the transceivers of the plurality of
transceivers are synchronized with one another.

10. The medical telemetry system according to claim 1,
wherein different subsets of the plurality of transceivers are
connected to respective concentrator computers, each con-
centrator computer receiving physiologic data from a
respective subset of transceivers and forwarding the physi-
ologic data to the at least one monitoring station.

11. The medical telemetry system according to claim 10,
wherein the concentrator computers are interconnected by a
local area network.

12. The medical telemetry system according to claim 11,
wherein the local area network comprises a plurality of
monitoring stations which display the real-time physiologic
data of the patients.

13. The medical telemetry system according to claim 1,
wherein the remote telemeters communicate with the trans-
ceivers using a TDMA protocol, and at least one of the
transceivers broadcasts timeslot availability messages to the
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remote telemeters, the timeslot availability messages indi-
cating available and unavailable TDMA timeslots for com-
municating with the at least one transceiver.

14. The medical telemetry system according to claim 13,
wherein different transceivers of the plurality broadcast
timeslot availability messages to the remote telemeters on
different RE frequencies.

15. The medical telemetry system according to claim 1,
wherein the plurality of transceivers communicate with the
plurality of remote telemeters within a VHF medical telem-
etry band.

16. The medical telemetry system according to claim 1,
wherein at least one of the remote transceivers maintains
wireless connections with multiple remote telemeters at-a-
time.

17. The medical telemetry system according to claim 1,
wherein at least one of the remote transceivers is positioned
- proximate to a known infermittent source of electromagnetic
interference.

18. The medical telemetry system according to claim 17,
wherein the at least one remote transceiver is positioned
within a patient X-ray room.

19. The medical telemetry system according to claim 1,
wherein at least some of the transceivers transmit patient
location signals to the remote telemeters.

20. The medical telemetry system according to claim 1,
wherein at least one remote telemeter of the plurality of
remote telemeters includes a processor which executes a
control program to implement a wireless communications
protocol in which the remote telemeter transmits data pack-
ets to different transceivers during different timeslots, the
control program configured to maintain wireless connec-
tions with at least two different transceivers at-a-time on at
least two different RF channels, and to transmit data packets
that contain like physiologic data to the at least two different
transceivers to provide multiple simultancous transmission
paths for the transfer of the physiologic data between the
remote telemeter and the monitoring station.

21. A method of transferring real-time physiologic data of
a patient from a wireless remote telemeter to a receiving
node of a network so as to provide protection against
multi-path interference, the remote telemeter configured to
attach to the patient, the method comprising:

providing first and second transceivers that are positioned
within respective first and second patient areas of a
medical facility, the patient areas being sufficiently
close to one another so that the fransceivers provide
overlapping first and second coverage zones, each
transceiver positioned remotely from and being con-
nected to the receiving node;

transmitting a first data packet from the remote telemeter
to the first transceiver during a first timeslot, the first
data packet containing at least the real-time physiologic
data;

transmitting a second data packet from the remote tele-
meter to the second transceiver during a second
timeslot which is different from the first timeslot, the
second data packet containing at least the real-time
physiologic data;

forwarding the first and second data packets, respectively,
from the first and second transceivers to the receiving
pode; and

selecting between the first and second data packets at the
receiving node.

22. The method according to claim 21, wherein the first

and second data packets contain respective error detection
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codes, and the step of selecting comprises evaluating the
error detection codes at the receiving node to determine
whether the first and second data packets were successfully
received by the first and second transceivers.

23. The method according to claim 22, wherein the error
detection codes comprise error correction codes.

24. The method according to claim 21, wherein the step
of transmitting the first data packet is performed on a first
frequency channel and the step of transmitting the second
data packet is performed on a second frequency chanpel, the
first and second frequency channels sufficiently different to
provide frequency diversity.

25. The method according to claim 24, wherein the first
and second frequency channels fall within a VHF medical
telemetry band.

“26. The method according to claim 21, further comprising
sending either the first data packet or the second data packet
from the receiving node to a patient monitoring station over
a wired local area network.

27. The method according to claim 21, wherein the step
of forwarding the first and second data packets to the
receiving node comprises transmitting the packets over
different respective wired connections.

28. The method according to claim 21, wherein the steps
of transmitting first and second packets from the remote
telemeter are repeated periodically to transmit the patient’s
ECG waveform data in real-time to the receiving node.

29. The method according to claim 21, further compris-
ing:

positioning a third transceiver within a third patient area
to provide a third coverage zone which overlaps with
the first and second coverage zones, the third trans-
ceiver positioned remotely from and being connected to
the receiving node; and

in response to patient movement away from the fixst
patient area towards the third patient area, automati-
cally establishing a connection between the remote
telemeter and the third transceiver and terminating a
connection between the remote telemeter and the first
transceiver.

30. The method according to claim 29, wherein the step
of establishing a connection with the third transceiver com-
prises sending a timeslot request message from the remote
telemeter to the third transceiver.

31. The method according to claim 29, wherein the step
of establishing a connection with the third transceiver com-
prises:

broadcasting a timeslot availability message from the
third transceiver, the timeslot availability message indi-
cating available and unavailable timeslots for commu-
nicating with the third transceiver; and

receiving the timeslot availability message with the
remote telemeter, and evaluating the timeslot availabil-
ity message to identify an available timeslot.

32. The method according to claim 29, wherein the first,
second and third transceivers communicate with the remote
telemeter on different respective frequency channels.

33. Amedical telemetry system for monitoring patients of
a medical facility, the system comprising:

a plurality of transceivers distributed throughout the
medical facility such that different transceivers provide
data reception coverage for different areas of the medi-
cal facility, the plurality of transceivers connected to a
common data receiving node, at least some of the
transceivers of the plurality operating on different radio
frequency (RF) channels; and
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a wireless remote telemeter that is configured to be worn
by an ambulatory patient, the remote telemeter includ-
ing sensing circuitry for sensing physiologic data of the
patient, the remote telemeter implementing a wireless
communications protocol in which the remote teleme-
ter transmits data packets to different transceivers of the
plurality during different timeslots, and in which the
remote telemeter maintains wireless connections with
at least two different transceivers at-a-time on at least
two different RF channels and transmits like physi-
ologic data to the at least two different transceivers to
provide multiple concurrent transmission paths for the
transfer of the physiologic data from the remote tele-
meter to the receiving node.

01/30/2002,
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34. The medical telemetry system according to claim 33,
wherein the remote telemeter implements a switch-over
protocol in which the remote telemeter automatically con-
nects to and disconnects from different transceivers of the
plurality based on assessments of RF link conditions.

35. The medical telemetry system according to claim 33,
wherein the physiologic data comprises ECG waveform
data, and the remote telemeter transmits the ECG waveform
data to the at least two different transceivers in real-time.

36. The medical telemetry system according to claim 32,
wherein each transceiver is configured to concurrently
receive the physiologic data of multiple patients from mul-
tiple telemeters.
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METHOD AND STRUCTURE FOR
DISTRIBUTION OF TRAVEL INFORMATION
USING NETWORK

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates to a system and a method for
locating vehicles, and more particularly to a system and a
method which use a data network, such as the Internet, to
monitor vehicle movements and to transmit travel-related
information to vehicles.

2. Description of the Related Art

The global position system (“GPS”) is used for obtaining
position information. A GPS receiver receives ranging sig-
nals from several GPS satellites, and triangulates these
received ranging signals to obtain the measured position of
the receiver. Amore detailed discussion of a GPS receiver is
found in U.S. patent application (“Copending Application”),
Ser. No. 08/779,698, entitled “Structure of An Efficient
Global Positioning System Receiver,” attorney docket no.
M-4578, assigned to the present assignee. The Copending
Application is hereby incorporated by reference.

One application of GPS is vehicle location. A conven-
tional vehicle locating system typically includes one or more
ground stations and many mobile units installed on the
vehicles. In such a system, each mobile unit is equipped with
a GPS receiver and a wireless transmitter. Using the GPS
receiver, a mobile unit determines the position of the vehicle
and then transmits the position directly fo a ground station.
The ground station receives the positions of all vehicles, and
displays these positions on a digital map on a display device.
The ground station of a conventional vehicle locating system
normally also includes a map database search system, a
media reader (e.g., a CD-ROM drive) and media (e.g.,
CD-ROMs) that store digital maps and travel-related infor-
mation. Using the stored digital maps and positioning infor-
mation received from the GPS satellites, the operator of the
ground station can determine a present position for the
vehicle.

The conventional vehicle locating system described
above has several limitations. First, a direct wireless com-
munication link between a vehicle and the ground station is
required. Such a communication link is expensive, espe-
cially for long-distance communication. Further, special
software must be installed on each ground station which
adds to time and money costs. Thus a conventional vehicle
locating system is impractical for a small company that has
only a small number of vehicles.

Secondly, conventional vehicle location systems are not
standardized. Typically, a company using a vehicle locating
system must devise its own map software and create its own
digital maps. The amount of information that is available on
a conventional vehicle locating system is limited by the
capacity of the storage system. In addition, information in
such a system is often updated by creating a new CD-ROM.
Statistical information, such as traffic condition and traffic
patterns of the routes, is typically not available because each
operation is independent and isolatéd from the other.

SUMMARY OF THE INVENTION

According to the present invention, a data network, such
as the Internet, is involved in locating mobile units. In one
embodiment of the present invention, using a GPS receiver,
position information of a mobile unit is determined from
positioning signals received from GPS satellites and pseudo-
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ranges derived from the positioning signals. The GPS
receiver triangulates the pseudo-ranges to obtain a measured
position of the mobile unit. The measured position is then
transmitted via a data network to a data processing station.
The data processing station organizes the measured position
and generates an arca map which indicates by a position
marker the position of each mobile unit. This are a map is
made available to one or more monitor units connected to
the data network.

In an other embodiment, using a GPS receiver, the mobile
unit receives ranging signals from GPS satellites and cal-
culates the pseudo-ranges to these satellites. These pseudo-
ranges are then transmitted to the data processing station,
where the measured position of the mobile unit is obtained
through triangulation. Alternatively, the pseudo-range infor-
mation is encrypted before transmission to the data process-
ing unit to prevent unauthorized use. In another
embodiment, the measured position is also corrected at the
data processing station using differential correction data
collected from a differential correction station installed in
the same area where the mobile unit is located. A mobile unit
may also send a request for a database search through the
data network to the data processing station to obtain an area
map or travel-related information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a vehicle locating system which includes
a data network 27, according to the present invention.

FIG. 2 illustrates a data processing station 18 in a vehicle
location system of the present invention.

FIG. 3 illustrates a program flow in a mobile unit of the
present invention.

FIG. 4 illustrates a program flow in a data processing unit
of the present invention.

FIG. 5 is a block diagram of a mobile unit of the present
invention.

FIG. 6 is a block diagram of a data processing unit of the
present invention.

FIG. 7 represents one implementation of position table 33.

FIG. 8 illustrates a pseudo-range table 40 for indicating
the pseudo-ranges of a mobile unit over a period of time.

FIG. 9 represents one implementation of delta-pseudo-
range table 39, containing delta-pseudo-ranges obtained
from various service areas.

FIG. 10 illustrates the logic flow of a differential correc-
tion process according to the present invention.

FIG. 11 illustrates a process for generating a time-limited
key from a master key and a specified duration.

FIG. 12 illustrates one display in a mobile unit according
to the present invention.

FIG. 13 illustrates one display in a mobile unit according
to the present invention, specifically displaying a map with
travel information overlaid thereon.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates a system of the present invention which
includes a data network. As shown in FIG. 1, a vehicle
locating system according to the present invention includes
GPS satellite constellation 8, data network 27 with nodes 5,
10, 12 and 15, data processing station 18, monitor unit 22,
and mobile units 1 and 3. Mobile unit 1 is a portable (e.g.,
handheld) device while mobile unit 3 is installed in a
vehicle. Mobile units 1 and 3 each include a GPS receiver,
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a transmitter for transmitting messages to the data network,
and a microprocessor. Each mobile unit can also be provided
a data receiver for receiving messages from the data net-
work. Mobile units may fall into different groups, which
requires different handling procedures. For example, it may
be convenient to group moving companies separately from
taxi companies. Monitor units perform system-wide or
regional control and data-gathering functions. The following
description uses mobile unit 1 as an example of the mobile
units of the present invention.

The mobile unit of the present invention allows a user to
report his/her position and to obtain travel-related informa-
tion over a data network. Travel-related information
includes such information as directions to reach a destina-
tion (e.g., a gas station, a hotel, or a restaurant), or traffic
conditions in the immediate vicinities of concern. Using a
GPS receiver, mobile unit 1 receives a positioning signal
which contains code sequences from GPS satellite constel-
lation 8 and converts the code sequences into pseudo-range
information, When the operator of the mobile unit wishes to
request the travel-related information, a query is sent in an
outbound data package. The outbound data package includes
the operator’s query, the pseudo-ranges and a time-stamp
indicating the time the pseudo-ranges were obtained. (In this
detailed description, an outbound data package refers to a
data package trapsmitted from a mobile unit) A history
showing the most recent positions of mobile unit 1 may also
be included in the outbound data package. In this
embodiment, data processing station 18 keeps track of the
time since the last update. The outbound data package is then
trapsmitted by the mobile upit’s transmitter over wireless
link 23 to a service connection 10 on data network 27, which
relays the outbound data package to data processing station
18. Alternatively, instead of sending the pseudo-ranges as
described above, mobile unit 1 obtains a “measured” posi-
tion using a triangulation technique on the pseundo-ranges.
This measured position of mobile unit 1 is then included in
an outbound data package. The outbound data package also
includes a position update request or query, together with the
pseudo-ranges or the measured position. Mobile unit 1
reports its position either automatically, according to a
predetermined schedule, or manually, through commands
entered by an operator into the mobile unit. Wireless com-
munication between the mobile unit and data network can be
accomplished, for example, using a cellular digital packet
data (CDPD) modem or via satellite.

FIG. 2 illustrates a data processing station 18 of the
present invention, including a data process unit 38 which
handles the computation at data processing station 18. If data
processing station 18 receives an outbound data package
which includes a measured position of the mobile unit
(presumably the position of the vehicle), the measured
position is entered into a position table 33 (FIG. 2). If the
outbound data package includes pseudo-ranges, however,
data processing station 18 obtains the measured position of
the mobile unit for position table 33 by applying triangula-
tion technique on the pseudo-ranges.

Alternatively, data processing station 18 can also use
pseudo-ranges in conjunction with differential correction
information, or delta-psendo-ranges. The delta-pseudo-
ranges, which are obtained by data processing unit 38 from
correction stations (e.g., correction stations 37) and stored in
a delta-pseudo-range table (¢.g., delta-pseudo-range table 39
of FIG. 2), are correction factors for the geographical area in
which the mobile unit is currently located. Data processing
unit 38 can connect to correction stations 37 via wired or
wireless communication links, or via a data network, such as
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data network 27. The position of a differential correction
station is precisely known. Typically, a differential correc-
tion station serves an area 200 miles in diameter. In the
present embodiment, a differential correction station in each
of the vehicle locating service’s service areas is desired. The
delta-pseudo-ranges are used in conjunction with the
pseudo-ranges received from satellite constellation 8 to
provide a corrected measured positicn of the mobile unit.
The corrected measured position is then stored in position
table 33 (FIG. 2).

A differential correction station receives code sequences
from GPS satellite constellation 8 (FIG. 1) to obtain a first
set of pseudo-ranges based on the received code sequences.
The differential correction station then calculates a second
set of pseudo-ranges based on its known position and the
relative positions of the satellites in satellite constellation 8.
Delta-pseudo-ranges are then computed using the two sets of
pseudo-ranges. These delta-pseudo-ranges are provided to
data processing unit 38, and stored in delta-pseudo-range
table 39 for computing corrected measured positions of the
mobile units. Alternatively, correction to the measured posi-
tion can also be achieved using positional corrections, rather
than delta-pseudo-ranges. To obtain a positional correction,
a differential correction station receives GPS positioning
code sequences, and obtains, based on the received code
sequences, a measured position of its own position
expressed in terms of the longitude and latitude. This
measured position (called a “fix”) is compared to the pre-
cisely known position of the differential correction station to
obtain the positional correction expressed in a delta-
longitude quantity and a delta-latitude quantity. To use these
delta-longitude and delta-latitude quantities to find a cor-
rected measured position of mobile unit 1, the pseudo-range
obtained by mobile unit 1 is first used to triangulate a
measured position to obtain a raw position expressed in a
raw longitude and a raw latitude. The corrected longitude for
the mobile unit is this raw longitude plus the applicable
delta-longitude obtained by the differential correction sta-
tion in the vicinity. Likewise, the corrected latitude is the
raw latitude of the mobile unit plus the delta-latitude com-
puted by the differential correction station in the vicinity.

In addition to computing the corrected measured position,
data processing station 18 searches a database 32 and
associated area map storage 63 to process the operator’s
query received in the outbound data package. Database 32
maintains such travel-related information as maps, traffic
situation in a particular area, positions of service stations and
destinations of interest. Storage for database 32 can be
implemented using any mass storage media, such as hard
disks, RAMs, ROMs, CD-ROMs, and magnetic tapes. For
example, infrequently updated information (e.g., maps or
destinations of interest) can be stored on CD-ROMs, while
frequently updated information (e.g., current traffic
conditions) can be stored on RAM. Database 32 is accessed
by data processing unit 38.

Position table 33 stores the last known measured positions
of the mobile units in the system. The measured position
stored in positions table 33 can be used for compiling
vehicle position maps by monitor units 22 (FIG. 1). FIG. 7
represents one implementation of position table 33. Position
table 33 contains the measured positions of several mobile
units, identified respectively by an identification number
160, at particular times 162. The measured position of each
mobile unit is represented by a time-stamp 162, a measured
latitude value 165, a measured longitude value 168, and a
velocity 170.

Delta-pseudo-range table 39 stores the delta-pseudo-
ranges of each service area. FIG. 9 represents one imple-
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mentation of delta-pseudo-range table 39 used by data
processing station 18 (FIG. 1). As shown in FIG. 9, delta-
pseudo-range table 39 maintains the delta-pseudo-ranges
186 of each service area (indicated by identification 180)
from each of a group of satellites at each of the specified
times 188. Each value of the delta-pseudo-range data 186
indicates the delta-pseudo-range to a particular satellite.
Area map storage 63 stores area maps with position markers
indicating the mobile units and landmarks. The response to
the query can be in text, graphical or audio form. If the query
is for directions, for example, a map including the measured
position or corrected measured position and the position of
the destination is retrieved. Typically, a position marker is
provided to identify the position of the requested destina-
tion. The map and a result of the database search (ie., a
response to the operator’s query) are then packaged into an
inbound data package, which is transmitted to mobile unit 1
through data network 27 via network connection 16 and
wireless link 23. (In this detailed description, an inbound
data package refers to a data package received by a mobile
unit or a monitor unit.)

Instead of computing the corrected measured position at
data processing station 18, a microprocessor in mobile unit
1 can also be used to compute a corrected measured position
from pseudo-range information the mobile unit received
from satellite constellation 8 and delta-pseudo-range infor-
mation received from data processing station 18. Under this
arrangement, instead of the measured corrected position,
data processing station 18 includes in the inbound data
package the delta-pseudo-ranges for the current position of
mobile unit 1. In any event, upon receiving the inbound data
package, mobile unit 1 displays on its screen the corrected
measured position and the position of the destination, typi-
cally by overlaying the positions on the map received, along
with the response to the query. For example, if the operator
requests directions to a nearby gas station, a position marker
identifying the gas station and a position marker identifying
the mobile unit’s current position are displayed on the map,
together with the response to query (i.e., directions as to how
to get to the gas station). The response to the query can be
a text description or a graphical representation of the direc-
tions placed next to or overlaying the map. Alternatively,
instead of sending the map the positions and the response to
query in the inbound data package, data processing station
18 can provide in the inbound data package a picture file of
the map, with the markers and the response to the query
already embedded. Special markers can be used for indicat-
ing interesting conditions. For example, a mobile unit that
has been stationary for a predetermined period of time can
be marked by a special marker to signal monitor units of an
exceptional condition. The picture file is then simply dis-
played by mobile unit 1.

Data network 27 can be a wide area data network, such as
the Internet, or a telephone network, including wired or
wireless communications, or both. Data network 27 can also
be accessed via a satellite link. For example, in FIG. 1,
satellite 5 provides access to data network 27, communicat-
ing with mobile unit 3 through a wireless communication
chaonel 25. Satellite 5 allows the present invention to be
used in a remote area where other forms of transceivers,
such as cellilar phone fransceiver stations, are expensive to
implement. In one embodiment, the inbound and outbound
data packages are encrypted for security. One method of
image encryption and decryption that can be used for this
application is described in U.S. Pat. No. 5,541,993 by Eric
Fan and Carey B. Fan, July 1996. This disclosure of U.S.
Pat. No. 5,541,993 is hereby incorporated herein by refer-
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ence. Service connection 10 can be a commercial transceiver
station such as a cellular phone transceiver station. In
another embodiment, service connection 10 is a dedicated
transceiver station for the handling of communication
related to the present invention.

In the embodiment shown in FIG. 1, another set of
terminals (e.g., monitor 22) are provided in some applica-
tions to monitor the activities of the mobile units. For
example, a monitor unit may send a request together with a
mobile unit identification to data processing station 18 to
obtain the measured position and speed of a specified mobile
upit. One application for this capability can be found, for
example, in a trucking company interested in tracking the
positions of its fleet of trucks for scheduling and mainte-
nance purposes. Monitor unit 22 can be a fixed unit or a
portable unit. A portable monitor unit 22 is equipped with a
wireless transceiver for accessing data network 27 via
service provider 20 or wireless network service connection
10. Monitor unit 22 may also communicate with mobile unit
1 through data network 27 using a message exchange
protocol. For example, monitor unit 22 may send a special
command to mobile unit 1, and mobile unit 1 may send a
message addressed to monitor unit 22. In one example the
message communicated between mobile unit 1 and monitor
unit 22 is in the form of an electronic mail message. Of
course, the communication between monitor unit 22 and
mobile unit 1 can be encrypted for security or to prevent
unauthorized use. Monitor unit 22 also displays the elapsed
time since the last position update graphically (data col-
lected by data processing unif). The elapsed time can be
represented graphically as a color code, grades of shade, a
flashing interval, or any suitable symbolic representation.

When the Internet is used as data network 27, data
processing station 18 is a node on the Internet and is
assigned an Internet address. Monitor unit 22 can include a
computer installed with a conventional web browser. The
Internet address of data processing station 18 is used by the
monitor unit for communicating with data processing unit
18.

A land based vehicle normally travels a limited distance
during a short time period. On the other hand, an area map
showing the location of the vehicle is only useful when the
vicinity of the vehicle is also shown. Consequently, a vehicle
is often located in the area covered by the same map for the
period of several position updates. This principle can be
utilized to reduce the amount of data transmitted and thus
improve the efficiency of the system.

According to the present invention, a plugin program for
a web browser can be installed in monitor unit 22. During
each location update, the plugin program downloads the new
location of the vehicle and compares the new location with
the area map stored in monitor unit 22. If the new location
of the vehicle is within the boundary of the area map, a new
location marker representing the vehicle is overlaid on the
area map. If the Jocation of the vehicle is outside the
boundary of the are2 map, a new area map is downloaded
and the location of the vehicle is marked on the new area
map. The plugin program can be downloaded over the
Internet from the vehicle location service provider, or can be
loaded directly from software storage media.

FIGS. 12 and 13 shows one implementation of mobile
unit 1 adapted for allowing an operator to send a travel-
related query under the present invention. As shown in FIG.
12, mobile unit 1 includes liquid crystal display (LCD) 212,
transceiver/antenna assembly 208, power switch 211, a
scroll key 213, and an “enter” key 215. Scroll key 213 and
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enter key 215, in conjunction with a software-generated
command menu 210 displayed on LCD 212, allow the user
to enter simple commands, such as the travel-related query
described above. For example, as shown in FIG. 12, com-
mand menu 210 shows selections “gas station,” “food”,
“hotel”, and “traffic”. By pressing scroll key 213, an opera-
tor of mobile unit 1 causes a cursor 216 to step through the
selections. When the operator presses enter key 215, an
outbound data package including the query or command is
transmitted by transceiver/antenna assembly 208 to process-
ing station 18. In this embodiment, as shown in FIG. 13, the
response from data station 18 is received in mobile unit 1
through transceiver/antenna assembly 208 and displayed on
LCD 212. In this instance, the query sent to data station 18
corresponds to thie selection of “gas station”. In FIG. 13, data
processing station 18 returns to mobile unit 1, in an inbound
data package, a map which is displayed on LCD 212,
showing the vicinily of mobile unit 1. Mobil unit 1’s
position is indicated on LCD 212 by a marker 225. The
locations of several gas stations, indicated by markers 220
are also displayed.

FIG. 3 is a flow diagram showing the operation of mobile
. unit 1 (FIG. 1). At step 51, one of four modes of operation
is sclected: periodic update mode 53, route diversion trig-
gered mode 62, passive update mode 68, minimum distance
mode 66 and service mode 70. Under periodic update mode
53, mobile unit 1 periodically reports pseudo-ranges of its
position to data processing station 18, so as to update the
measured position of mobile unit 1 stored at data processing
station 18. Under route diversion triggered mode 62, mobile
unit 1 reports its position only upon a diversion from a
pre-programmed route or a diversion from a predetermined
time schedule. Under update mode 68, the position of
mobile unit 1 is reported under an operator’s control. Service
mode 70 is not an operafing mode, but is used to program
mobile unit 1.

Ugder periodic update mode 53, at step 55, mobile unit 1
waits for the next scheduled position update. At the time of
a scheduled update, i.c., at step 58, mobile unit 1 calls to
establish network service connection 10 for accessing data
network 27, and transmits to data processing station 18 an
outbound data package. Upon receiving the outbound data
package, data processing station 18 responds to the opera-
tor’s query by searching database 32, updating a map
retrieved from map storage 63, and transmitting the map to
mobile unit 1 an inbound data package.

Under route diversion triggered mode 62, the measured
position of mobile unit 1 is obtained at the mobile unit using
psendo-range data without differential correction. At step 65,
this measured position is compared with a pre-programmed
route and a schedule. If the current position is a substantial
deviation from the pre-programmed route or from the
schedule, mobile unit 1 branches to step 55 to create a
service connection 10 for performing the update described
above at the next scheduled reporting time.

Uunder passive update mode 68, a measured position
update occurs when an operator issues an update request in
an outbound deta package. At step 69, when an operator
initiates an update request, mobile unit 1 branches to step 58
to create network service connection 10. An outbound data
package including the update request is transmitted via
network service connection 10 to data processing station 18
over data network 27.

Under minimum distance mode 66, the distance traveled -

since the last update must exceed a threshold value before a
new update is issued. Step 67 compares the distance traveled
since the last update with the threshold value.
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Under service mode 70, an operator of mobile unit 1 can
effectuate two major functions: route programming function
74 and password update function 72. In route programming
function 74, the operator of mobile unit 1 enters a new route
to replace a pre-programmed route in mobile unit 1. In this
description, a “route” connotes not only a series of physical
coordinate sets marking the path of a vehicle, but also the
time at which the vehicle is scheduled to arrive at or depart
from each set of physical coordinates. In this embodiment,
to operate mobile unit 1, an operator must first be verified by
supplying a password. The password can be modified under
user password update mode 72. At step 75, the operator
provides the current password to identify himself/herself,
and to obtain authorization to modify the password.
Typically, mobile unit 1 requests the operator to enter the
new password twice to ensure that the new password is
correctly entered. At step 85, the successfully entered new
password is written into storage, thereby superseding the old
password.

FIG. 4 illustrates a flow diagram of a data processing
program used by data processing station 18 (FIG. 1). Begin-
ning at step 90, data processing station 18 receives either an
outbound data package (step 100) or a command from a
monitor unit (step 122), such as monitor unit 22. If the
received outbound data package includes a position update
request (step 101), the data processing program determines
at step 102 whether a corrected measured position update is
requested. If a corrected measured position update is
requested (step 105), the data processing program obtains
the pseudo-ranges from the outbound data package and
enters them into a pseudo-range table. An example of a
pseudo-range table is provided in FIG. 8. As shown in FIG.
8, pscudo-range table 40 includes one entry for each mobile
unit. Each entry of pseudo-range table 40 includes an
identification 172, pseudo-ranges (175) of the mobile unit to
8 satellites (PR1-PR8), and a time-stamp 178, indicating the
time at which the pseudo-ranges are taken.

FIG. 10 is a flow diagram of one implementation of a
differential correction process 191. As shown in FIG. 10, at
step 190, the pseudo-ranges of a mobile unit are either
received from an outbound data package or retrieved from
pseudo-range table 40 of FIG. 8. At step 192, all delta-
pseudo-ranges from delta-psendo-range table 39 are exam-
ined to find the delta-pseudo-ranges from a differential
correction station in the mobile unit’s service area, and
which have a time-stamp closest to the time-stamp of the
pseudo-ranges of the mobile unit sending the query. At step
195, the corrected pseudo-ranges for the mobile unit are
obtained by adding to the pseudo-ranges of the mobile unit
corresponding delta-pseudo-ranges. The corrected measured
position of the mobile unit is then calculated at step 198
using the corrected pseudo-ranges. At step 199, if it is
decided that a corrected position is desired, the corrected
position is provided at step 200. If it is decided at step 199,
on the other hand, that a distance to a known. position is
desired, then the distance is calculated at step 193, and is
provided as output at step 194.

Returning to FIG. 4, at step 120, data processing program
retrieves from delta-pseudo-range table 39 a set of delta-
pseudo-ranges for the mobile unit taken at the same time and
in the same service area the pseudo-ranges of the requesting
mobile unit were taken, At step 108, the data processing
program computes the corrected measured position using the
pseudo-range and delta-pseudo-range information obtained
at steps 101 and 120. Xf a corrected measured position is not
requested, steps 105 and 108 are skipped, and the data
processing program enters the measured position of the
mobile unit into position table 33.
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Atstep 111, the data processing program links in database
32 the reporting mobile unit’s updated measured position
entry in position table 33 with the measured position entries
of other mobile units in the reporting mobile unit’s group. At
step 112, in this embodiment, the measured positions of the
mobile units in one linked group are associated with (or
“overlaid on”) a digital map, so that the positions and the
identification of all vehicles of that group can be represented
by position markers and text on the map. Such a map allows
a manager of a group of vehicles to conveniently monitor the
activities of the vehicles. At step 115, the updated position
of the mobile unit and the newly created associations among
the mobile units and the digital map are replaced in database
32. The data processing program then returns 1o step 90 to
receive the next outbound data package or command.

As mentioned above, an outbound data package can
contain a query for a database search, e.g. a request for
directions to a nearby restaurant. When such a query is
identified (step 92), database 32 is searched for formulating
a response at step 94. To formulate the response, the data
processing program uses the measured position of the
requesting mobile unit and other relevant positional infor-
mation. The response is returned in an inbound data package
to the requesting mobile unit at step 96.

The data processing program can also receive a request
from monitor unit 22. Typically, such a request is provided
with an authentication key over data network 27 (FIG. 1). At
step 123, the authentication key, hence the identity of the
requesting monitor unit, is verified. The authentication key
allows the requesting monitor unit access to the records of
a specific mobile unit or a specific group of mobile units. To
enhance security, authentication keys can be made time-
limited, i.e., each authentication key is valid only for a
specified duration. FIG. 11 shows a process for making a
time-limited key. As shown in FIG. 11, using a2 mixing
function represented by reference numeral 208, a master key
202 (which identifies the owner) is mixed with a value
representing a time duration 203. The resulting value 205
serves as a time-limited anthentication key over the specified
time duration. Security is enhanced since forging a valid
time-limited authentication key requires both knowledge of
the master key and the value representing the time duration
for which the key is valid.

At step 125, if the verification is successful, the data
processing program responds to the request. In one
embodiment, a digital map (e.g., the one created above at
step 112) providing the positions of a group of vehicles is
returned at step 126 to the requesting monitor unit.

FIG. 5 is a block diagram of a mobile unit, such as mobile
unit 1. As shown in FIG. §, mobile unit 1 has three functional
sections: GPS receiving section 131, control section 133,
and communication section 144. GPS receiving section 131
includes GPS antenna 130 for receiving and providing GPS
ranging signals to receiving circuit 132, which processes the
received GPS ranging signals to obtain a pseudo-range to
each of the GPS satellites within mobile unit 1’s line of
sight. Control section 133 includes a microprocessor 135,
input device 140, display device 142, and memory device
138. Input device 140 is an optional feature which allows
commands and requests to be entered. Input device 140 can
be a keyboard, a mouse, a track ball, a pressure sensitive
display panel, or any combination of these and other input
devices. Display device 142 is also an optional device,
which is used to provide visual responses to entered com-
mands and requests, and to display relevant information
(e.g. query response from data processing unit 18, or a
command from monitor unit 22). The pseudo-ranges from
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GPS receiving section 131 are provided to control section
133, where the pscudo-ranges are combined with an update
request or a query in an outbound data package for data
processing station 18. The outbound data packages are
transmitted to data processing station 18 by wireless trans-
ceiver section 144. Wireless transceiver section 144 includes
a wireless modem circuit 146 with an antenna 145 or,
alternatively, a wireless telephone network interface 148.
‘Wireless modem circuit 146 receives an outbound data
package from control section 133 for transmission to data
network 27 through modem antenna 145 and a wireless
network service connection, such as service connection 10
(FIG. 1). Alternatively, wireless modem circuit 146 provides
the outbound data package to data network 27 over wireless
telephone network interface 148 via service connection 10.
Depending on the application, control section 133 may or
may not be programmed for receiving an inbound data
package from wireless transceiver 144. For example, if
mobile unit 1 is used only for reporting position, control
section 133 need not be programmed to receive inbound data
packages.

FIG. 6 is a block diagram of a data processing unit, e.g.
data processing unit 38 of FIG. 2. Data processing unit 38
includes a network interface 150 for interfacing data pro-
cessing unit 38 with data network 27, a data processing
computer 152 for providing the computational power for
processing operator query and performing position update
requests, and a memory system 155. A data router 151 can
be provided between network interface 150 for connecting
data processing computer 152 to a local area network.

The principles of the present invention can be applied to
a wide variety of services. For example, a courier service
company may provide a mobile unit to each of its delivery
persons. A delivery person may use the mobile unit to obtain
directions to a destination. A time-limited key may be issued
to a customer, who can then use the time-limited key to track
the delivery of his/her package through data processing
station 18. In this instance, the customer plays the role of
monitor unit 22 described above. As described above, moni-
tor unit 22 may access data processing station 18 through the
Internet. With the time-limited key, the customer can obtain
the present position of the package, monitor the performance
of the courier company, and estimate the expected arrival
time of the package at the destination. Further, the customer
may also send additional or alternative instructions to the
delivery person (e.g., he/she may instruct the delivery per-
son to abort the delivery, or fo re-route the package to 2 new
destination). The time-limited key issued to the customer
expires when the package is delivered, or when a certain
amount of time has passed.

The present invention allows even small companies with
limited resources to have the benefits of a vehicle locating
system, even when the vehicles tracked are few and scat-
tered over a large geographical area. Since a data network,
such as the Internet, is used in the present invention, the
hardware investment for such use is minimal, as compared
to prior art vehicle location systems.

As another example, a vehicle rental company may install
mobile units on its vehicle fleet. The speeds and measured
positions of these vehicles can thus be monitored using a
monitor unit. In yet another example, a metropolitan bus
company may iostall mobile units on its buses, and set the
mobile units to route diversion triggered mode 62 discussed
in conjunction with FIG. 3 above. When a bus is not unning
according to schedule, or deviates from a designated route,
the mobile unit signals a dispatcher immediately. Timely
remedial measures can thus be carried out. ’
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In another application of the present invention, pseudo-
ranges or measured position information transmitted from
mobile units are used to calculate the speeds at which the
vehicles travel. This information is compiled into database
32 at data processing station 18, and made available for
access through monitor units, such as monitor 22. Such
information allows shipping companies to route their
vehicles away from traffic congestions and diversions. Radio
stations or television stations can access this database from
which to report traffic conditions. The information can also
be used by municipal authorities in studying traffic patterns
of selected vicinities to assist in planning new infrastruc-
tures.

‘When the Internet js used as data network 27 (FIG. 1), the
necessary hardware and software for implementing a moni-
tor unit are readily available. Most computers that have the
ability to access the Internet, together with a standard web
browser, can be used to access data processing station 18 to
perform the functions of the monitor units described above.
Since a monitor unit can receive a map from data processing
station 18, such as the map displayed on LCD 212 in FIG.
13, which can be displayed using conventional graphics
software, the monitor unit is not required to be equipped
with any special map software or a map database. Because
the cost of communication on Internet is inexpensive, a
vehicle monitoring system according to the present inven-
tion can be deployed on a world-wide basis at minimum
cost. With increased bandwidth in data network 27, the
present invention can also be used in aircrafts, ships and
other vessels for navigational purposes. Therefore, even
though the present invention is described using the above
examples, the scope of the invention is not limited by these
examples. Numerous variations and modifications are pos-
sible within the scope defined by the following claims.

‘We claim:

1. A vehicle locating system comprising: .

a data processing station connected to a data network
accessible by wireless communication, said data pro-
cessing station having a database including maps; and

amobile unit including a global positioning system (GPS)
receiver and a wireless transmitter, said receiver receiv-
ing positional information from GPS satellites and
transmitting said positional information to said data
processing station via said data network; wherein when
said data processing station receives said positional
information, said data processing station computes a
measured position for said mobile unit, stores said
measured position of said mobile unit in said database,
associates said measured position of said mobile unit
with a map in said database, creates from said may a
second map embedded therein a marker indicating said
measured position of said mobile unit, and provides
said second map for display through a data network.

2. A vehicle locating system as in claim 1, further com-
prising a monitor unit accessing said data processing station
via said data network for said positional information of said
mobile unit.

3. A vehicle locating system of claim 1, wherein said
mobile unit transmits said positional information to said data
processing station using an encryption.

4. A vehicle locating system of claim 1, wherein said
positional information includes a time-stamp indicating the
time when the positional information was received.

5. A vehicle locating system of claim 2, wherein said data
processing station associates said measured position of said
mobile unit with a map in said database.

6. A vehicle locating system of claim 1 further comprising
a monitor unit, wherein said second map is provided to said
monitor unit for display.
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7. A vehicle locating system of claim 6, said mobile unit
further including a display device, said mobile unit display-
ing graphically an elapsed time since its last transmission of
said positional information to said data processing unit.

8. A vehicle locating system of claim 7, wherein monitor
unit displays said elapsed time using a symbolic represen-
tation.

9. A vehicle locating system of claim 1, wherein said data
processing unit receives correctional data from a differential
correction data source, wherein said data processing station
computes a corrected measured position of said mobile unit
using said correctional and said positional information
received from said mobile unit.

10. A vehicle locating system of claim 1, wherein said
mobile unit transmits said positiopal information to said
processing data station at predetermined time intervals.

11. Avehicle locating system of claim 1, wherein said data
processing station marks in said map a mobile unit that
remains stationary over a predetermined time period with a
symbol indicating an exceptional condition. .

12. A vehicle locating system of claim 2, wherein said
data processing station verifies communication from a moni-
tor unit by an anthentication scheme.

13. A vehicle locating system of claim 1, wherein said
mobile unit is assigned a route, wherein said mobile unit
transmits said positional information to said data processing
station when said mobile unit deviates from said assigned
route.

14. A vehicle locating system of claim 1, wherein said
data network comprises a publicly shared network such as
the Internet.

15. A vehicle locating system of claim 14, wherein said
data processing station receives said positional information
from a plurality of mobile units, and wherein said data
processing station compiles statistical data from said posi-
tional information received from said mobile units.

16. A vehicle locating system of claim 15, wherein said
statistics includes traffic condition statistics compiled from
said positional information.

17. A vehicle locating system of claim 15, wherein said
data processing station compiles statistics relating to vehicle
usage and drivers habit.

18. A vehicle locating system of claim 15, wherein said
statistics relates to traffic pattern on a particular route.

19. A vehicle locating system of claim 15, wherein said
data processing station compiles a travel history for a
vehicle on which said mobile unit is placed to establish a
report on said vehicle.

20. A vehicle Jocating system of claim 19, wherein said
data processing stations schedules vehicle maintenance
according to travel history information provided by said
positional information.

21. A vehicle locating system of claim 14, wherein said
mobile unit automatically initiates a position update when a
distance traveled since last update exceeds a pre-determined
value.

22. A vehicle locating system of claim 14 further com-
prises a monitor unit connected to said network, wherein
said monitor unit causes said mobile unit to initiates a
position update.

23. A vehicle locating system of claim 14 further com-
prising:

a monitor unit connected to said network; and

a message exchange protocol implemented on said net-

work to allow digital data message exchange between
said monitor unit and said mobile unit. )

24. A vehicle locating system of claim 9, wherein said
data processing station further compuies a distance of said
mobile unit to a designated location.
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25. A vehicle locating system in claim 14, wherein said
wireless communication comprises communicating using a
cellular digital packet data (CDPD) protocol.

26. A vehicle locating system in claim 14, wherein said
wireless communication comprises communication via a 5
cellular telephone modem.

27. A vehicle locating system in claim 14, wherein said
wireless communication comprises communication over a
satellite data link. '

28. A vehicle locating system in claim 14 further com- 10
prises a monitor unit, wherein said monitor unit is installed
on a moving vehicle and is connected to said data network
through a wireless data communication link.

29. A vehicle locating system in claim 14 further com-
prises a monitor unit connected to said data network, 15
wherein said data processing station provides a monitor unit
a key valid for a limited time to allow said monitor unit
access to said data processing station for a limited time.

30. Avehicle locating system of claim 28, wherein (2) said
database further comprises travel-related information and 20
said mobile unit having a receiver for receiving wireless
communication, (b) said mobile unit transmits to said data
processing station a query for travel-related information; and
(c) in response to said query, said data processing station
retrdeves said travel-related information from said database 25
and transmits said travel-related information to said mobile
unit.

31. A vehicle locating system of claim 16, wherein, said
traffic condition statistics are organized by geographical
areas, 30

32. A vehicle locating system of claim 31, wherein said\o
data processing station causes said traffic condition statistics
to be transmitted to said mobile unit in a form that can be
played as an audio message.

33. A vehicle locating system of claim 30, wherein said 35
data processing station provides, in response to said query,

a map showing a route including the measured position of
said mobile unit.

34. A vehicle locating system of claim 30, wherein said
data processing station provides said travel-related informa- 40
tion in the form of a map relating to the positional infor-
mation of said mobile unit, said data processing station
providing on said map markers indicating locations of
interest.

35. A method for locating a mobile unit, comprising the 4!
steps of:

receiving in a mobile unit global positioning signals

transmitted by global positional system (GPS) satellites

to derive a set of positional data representing the

position of said mobile unit relative to said satellites; 50
transmitting said positional data to a data processing

station through a data network;

receiving in said processing data station said positional

data and storing said positional data in a database for
later retrieval;

retrieving said positional data in said processing station

and computing a measured position of said mobile unit;
creating a map embedded therein a marker indicating said
measured position of said mobile unit; and
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providing said map by said processing station for display

through said data network.

36. A method as in claim 35, wherein said positional data
comprises pseudo-ranges.

37. Amethod as in claim 36, further comprising the steps

of: '

converting said psendo-range data into a measured posi-
tion for said mobile unit; and

storing said measured position in said database.

38. A method as in claim 37, further comprising the steps
of:

receiving differential correction data from a differential

correction station,
using said differential correction data and said pseudo-
range data received from said mobile unit to calculate
a corrected measured position of said mobile unit; and

storing said corrected measured position of said mobile
unit in said database.

39. A method as in claim 35, wherein said data network
comprises the Internet.

40. A method for calculating a corrected measured posi-
tion of a mobile unit at a data processing station, comprising
the steps of:

at said mobile unit, receiving global positioning system

(GPS) data signals from GPS satellites;

sending said positional information to said data process-

ing station;
at said data processing station, receiving differential cor-
rection data corresponding in time to said positional
information from a differential correction station;

sending said differential correction data to said mabile
unit; and

at said mobile unit, calculating said corrected measured

position of said mobile unit; based on said positional
information and said differential data.

41. A method as in claim 40, further comprising the step
of calculating a distance between the corrected measured
position of the mobile unit and a pre-determined geographi-
cal position.

42, A vehicle locating system of claim 14, further com-
prising a monitor unit accessing said data processing station
through said data network for said positional information
and said maps associated with said mobile unit, wherein said
monitor unit further comprises an Internet browser program
and a plugin program interfaced with said Internet browser
program, said plugin program is used for managing posi-
tional and map data.

43, A vehicle locating system of claim 42, wherein said
monitor unit further having an area map on which location
of said mobile unit is marked, said Internet browser program
downloads an updated location of said mobile unit, said
plugin program compares said updated location with said
area map to determine whether or not a new area map needs
to be downloaded from said data processing station.

44. A vehicle locating system of claim 23, wherein said
digital data message is in the form of an electronic mail
message.
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