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(57) ABSTRACT

Disclosed are methods and systems for compressing location
data of a radio for over-the-air transmission. A method
includes obtaining raw latitude and raw longitude coordinates
reflecting a current location of the client device, the raw
latitude coordinate represented by X number of bits and the
raw longitude coordinate represented by vy number of bits.
The raw latitude coordinate 1s truncated by removing n num-
ber of most significant bits from the raw latitude coordinate to
create a compressed latitude coordinate. The raw longitude
coordinate 1s truncated by removing m number of most sig-
nificant bits from the raw longitude coordinate to create a
compressed longitude coordinate, where m varies as a func-
tion of the value of the raw latitude coordinate. The com-
pressed longitude and compressed latitude coordinates are
then transmitted to another network device for decompres-
s1ion and use as an indication of the client device’s absolute
location.
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METHOD AND SYSTEM FOR COMPRESSING
LOCATION DATA OF A RADIO FOR
OVER-THE-AIR TRANSMISSION

FIELD OF THE DISCLOSUR.

(L.

[0001] The present disclosure relates generally to commu-
nication systems and more particularly to a method for com-
pressing location data, such as GPS data, for transmission
over the air to another network communications device,
where 1t can be decompressed.

BACKGROUND

[0002] Mobile cell telephones, two-way radios, and other
wireless client devices (WCDs) are experiencing tremendous
growth 1 the U.S. and around the globe, giving users the
ability to place a call, including an emergency call, from
almost anywhere at any time. One important feature that 1s
being included 1n most modern WCDs 1s an ability to deter-
mine and report a current location of the WCD.

[0003] Various methods to locate a WCD, at least approxi-
mately, may be used. One known approach to determine the
location of a WCD 1s ground-based triangulation. In a
ground-based triangulation system, the WCD’s location 1s
identified through a ranging technique between a plurality of
base stations and a transponder at the WCD.

[0004] Another known technique 1s based on a determined
time difference of arrival (TDOA) in which a data burst 1s
received simultaneously at three base station sites. From the
time difference of arrival of the data burst from the WCD at
cach of the base station sites, the approximate location of the

WCD can be determined.

[0005] In a third known technique, a Global Positioning
System (GPS) of satellites and a corresponding recerver 1n the
WCD may be used. GPS 1s made up of more than two dozen
carth-orbiting GPS satellites. Each satellite contains a com-
puter, an atomic clock, and a radio. Each satellite continually
broadcasts 1ts changing position and time. These precise tim-
ing and position signals broadcast 1 radio frequency, allow
the GPS recerver in the WCD to accurately determine a loca-
tion of the GPS recetver (longitude, latitude, and/or altitude)
anywhere on Earth that has a direct or indirect view of the
orbiting satellites. The GPS satellites are positioned 1n orbitin
a manner such that from any given point on Earth, at least four
GPS satellites are visible above the horizon at any one time.
The GPS recetver in the WCD also contains 1ts own receiver
and a computer that calculates 1ts position using a process
called trilateration, which 1s similar to triangulation. The GPS
receiver calculates time signals from at least three GPS sat-
cllites to measure 1ts distance from each satellite and to cal-
culate a result. The calculation result 1s provided 1n the form
ol a geographic position (longitude and latitude). The loca-
tion accuracy may be anywhere from 1 to 100 meters depend-
ing on the type of equipment used and the number of satellites
visible. The GPS 1s owned and operated by the U.S. Depart-
ment of Defense, but 1s available for general use around the
world. The European Space Agency and the European Union
are also building out a separate global navigation satellite
system called Galileo, among other additional projects being
pursued by other countries.

[0006] In one example, the GPS data payload, used to pro-
vide other devices with the determined position of the WCD,
may use a 32-bit long absolute latitude coordinate and a 32-bit
long absolute longitude coordinate. Given the frequency of
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location updates, and the number of WCDs transmitting loca-
tion updates, the transier of 64-bits of location data, 1n addi-
tion to overhead required to transier the 64-bits of raw loca-
tion data, generates significant traific over a wireless network.
For example, using the Motorola Solutions™ MOTOTRBO
Location Request and Response Protocol (LRRP), 1n which
LRRP control and data messages are sent via a wireless radio
network within UDP/IP packets that are transported over the
common air interface (CAI), 6-7 LRRP transmission bursts
may be required to transfer the 64-bits of raw location data,
including overhead, taking up more than 300 ms of transmut
time per update.

[0007] Clearly, as more and more devices implement GPS
receivers and location reporting, and as the frequency of
location updates increases, GPS payload data 1s becoming a
predominant bandwidth consumer over wireless area net-
works.

[0008] What 1s needed 1s a method and system for more
eificiently transmitting GPS payload data, so that useful loca-
tion-based services can continue to be provided and locations
of WCD’s provided to those agencies that rely on them, while
decreasing the costs and network utilization rates inherent 1n
providing such services.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The accompanying figures, where like reference
numerals refer to 1dentical or functionally similar elements
throughout the separate views, together with the detailed
description below, are incorporated 1n and form part of the
specification, and serve to further illustrate embodiments of
concepts that include the claimed invention, and explain vari-
ous principles and advantages of those embodiments.

[0010] FIG. 1 1s a block diagram of a communication sys-
tem employing a method and system for compressing and
decompressing location data of a radio for over-the-air trans-
mission.

[0011] FIG. 2 1s a block diagram illustrating further detail
of a client device and wireless communications device
employed 1n the communication system shown in FIG. 1.
[0012] FIG. 3 illustrates an example location payload
packet format including compressed location coordinates for
transmission between a client device and a wireless commu-
nications device employed 1in the communication system
shown 1n FIG. 1.

[0013] FIG. 4 1s a flow chart 1llustrating an example of a
client device obtaining its location coordinates, compressing
the coordinates, and transmitting the compressed coordinates
to the wireless communications device 1n the communication
system shown in FIG. 1.

[0014] FIGS. SA and 5B 1illustrate the use of latitude and
longitude coordinates 1n 1dentifying location, and how loca-
tion resolution of longitude coordinates varies based on lati-
tude.

[0015] FIG. 6 1s a flow chart 1llustrating an example of a
network device receiving compressed client device location
coordinates, decompressing the coordinates, and providing
an absolute location of the client device in the communication
system shown in FIG. 1.

[0016] FIG. 7 1s a block diagram 1llustrating a simplified
example of the method and system for compressing location
data of a radio for over-the-air transmission.

[0017] Skalled artisans will appreciate that elements 1n the
figures are 1llustrated for stmplicity and clarity and have not
necessarily been drawn to scale. For example, the dimensions
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of some of the elements 1n the figures may be exaggerated
relative to other elements to help to improve understanding of
embodiments of the present invention.

[0018] The method components have been represented
where appropriate by conventional symbols 1n the drawings,
showing only those specific details that are pertinent to under-
standing the embodiments of the present invention so as not to
obscure the disclosure with details that will be readily appar-
ent to those of ordinary skill in the art having the benefit of the
description herein.

DETAILED DESCRIPTION

[0019] A method and system for compressing location data
of aradio for over-the-air transmission 1s provided herein. In
operation, a client device obtains raw latitude and raw longi-
tude coordinates reflecting a current location of the client
device, the raw latitude coordinate represented by x number
of bits and the raw longitude coordinate represented by y
number of bits. The client device truncates the raw latitude
coordinate by removing n number of most significant bits
from the raw latitude coordinate to create a compressed lati-
tude coordinate, and truncates the raw longitude coordinate
by removing m number of most significant bits from the raw
longitude coordinate to create a compressed longitude coor-
dinate, where m varies as a function of the value of the raw
latitude coordinate. The client device then wirelessly trans-
mits the compressed longitude and compressed latitude coor-
dinates to a network device for decompression and use as an
indication of the client device’s absolute location.

[0020] At the network device, the compressed longitude
and compressed latitude coordinates are received from the
client device, and the network device obtains raw latitude and
raw longitude coordinates reflecting one of 1ts current loca-
tion and a current location of a wireless communications
device 1n direct communication with the client device. The
network device then decompresses the recerved compressed
longitude and latitude coordinates using the recerved com-
pressed longitude and latitude coordinates and 1ts own deter-
mined raw latitude and longitude coordinates.

[0021] The compressed latitude coordinates are decom-
pressed by comparing the compressed latitude coordinates
with a sub-range of the raw latitude coordinates of the net-
work device and, if i1t 1s determined that the difference 1is
outside of a maximum wireless range of one of a wireless
communications device and the network device, modifying
remaining most significant bits of the raw latitude coordinate
as a function of the difference. Then, the remaining most
significant bits of the raw latitude coordinate, modified or
unmodified, are concatenated to the compressed latitude
coordinate to create a decompressed latitude coordinate.

[0022] The compressed longitude coordinates are decom-
pressed by comparing the compressed longitude coordinate
with a sub-range of bits in the raw longitude coordinates of
the communication device, where the sub-range of bits varies
as a function of the value of one the latitude coordinate (of the
client device or the remote device, and, 1f 1t 1s determined that
the difference 1s outside of a maximum wireless range of the
wireless communications device, moditying remaining most
significant bits of the raw longitude coordinate as a function
of the difference. Then, the remaining most significant bits of
the raw longitude coordinate, modified or unmodified, are
concatenated to the compressed longitude coordinate to cre-
ate a decompressed longitude coordinate.
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[0023] Subsequently, the network device provides a deter-
mined absolute location of the client device using the decom-
pressed latitude and longitude coordinates (to itself, or some
other device 1n the communications network in which 1t 1s
disposed or coupled).

[0024] Various other embodiments and variances will also
be discussed, in more detail, in the following detailed descrip-
tion and attached figures.

[0025] I. Communication System Structure and Devices

[0026] FIG. 1 1sablock diagram 1llustrating a communica-
tion system 100 employing a method and system for com-
pressing location data of a radio for over-the-air transmaission.
The communication system 100 comprises a plurality of net-
work devices (including a wireless communications device
102 having a coverage area 104 defined by a communications
range 106, a switch/router/gateway (hereinafter, “switch™)
device 110, and a location-based services device 112), and
one or more client devices 108.

[0027] The network devices, including the wireless com-
munications device 102, switch device 110, and location-
based services device 112, may be linked via one or more of
private networks, public networks, such as the Internet, wire-
less networks, such as satellite and cellular networks, local
area networks (LANs), wide area networks (WANSs), wireless
local area networks (WLANSs), telephone networks, such as
the Public Switched Telephone Networks (PSTN), or a com-
bination of networks. Each of the private networks may
include one or more wired and/or wireless links.

[0028] The wireless communications device 102 may com-
prise, among other possibilities, a cellular wireless base sta-
tion, a two-way radio repeater (perhaps complying with a
standard such as ETSI TS 102 361 DMR standard and/or
ETSI dPMR), an IEEE 802-based wireless access point, or
other wireless communication device capable of communi-
cating with one or more client devices 108 within a range 106.
The wireless communications device 102 provides a mecha-
nism through which client devices 108 can communicate with
one another and/or location-based services device 112. The
wireless communications range 106 determines a coverage
arca 104 1n which connections may be established between
fixed or roaming client devices 108. Although coverage area
104 1s 1llustrated 1n FIG. 1 as being concentrically circular in
shape, the actual shape of the coverage area 104 will vary
based on environmental characteristics such as land topogra-
phy, buildings, and antenna radiation directions. Further-
more, although only one wireless communications device
102 1s illustrated 1in FIG. 1, the disclosure 1s not limited to
such, and other embodiments may include more than one
wireless communications device with coverage areas distinct
from, or overlapping with, coverage arca 104. Such additional
communications devices may be coupled directly or 1ndi-
rectly with communications device 102 and/or location-
based services device 112, perhaps through switch device

110.

[0029] Wireless communications device 102 may be
equipped with a location determination module, such as a
global positioning system (GPS) recerver, and may be con-
figured to share 1ts position with switch device 110 and/or
location-based services device 112.

[0030] Client devices 108 may take the form of a mobile or
a fixed terminal. For example, the client devices 108 may
comprise, among other possibilities, a cellular phone, a two-
way radio, and an IEEE 802-based wireless node, etc. Client
devices are also equipped with a location determination mod-
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ule, such as a GPS receiver, and may be configured to share
their position with other client devices or perhaps with loca-
tion-based services device 112. Location data may be shared
with other network devices or client devices upon request or
at periodic intervals. For example, client devices 108 may be
used by an emergency services group, and location data may
be shared amongst members of the group so that any one
member 1n the group can know the location of all others 1n the
group. As another example, location data may be shared with
location-based services device 112 to obtain geographically
relevant information, such as nearby restaurants or hospitals.
Other examples exist as well.

[0031] Switch device 110 may be any communications
device configured to link the wireless communications device
102 (and thus client devices 108) with location-based services
device 112, and may include, for example, a switch, a router,
a gateway, etc. For example, the switch device may be a
mobile switching center (MSC) 1n a cellular network or a
zone controller 1n a two-way radio network, among other
possibilities. Switch device 110 may also be equipped with a
location determination module, such as a GPS receiver.

[0032] In order to reduce consumption of communications
system resources during the transmission of location data,
client devices 108 are configured to obtain their location 1n
the form of latitude and longitude coordinates, and to com-
press the coordinates prior to transmission to the network
devices of FIG. 1. As a result of the compression, the com-
pressed latitude and longitude coordinates are no longer sui-
ficient to i1dentity an absolute location of the client device
and/or may 1dentily a region so large as to be unuseful 1n
identifving a location of the client device. A network device
such as the wireless communications device 102 may decom-
press the compressed coordinates, and obtain decompressed
latitude and longitude coordinates suill

icient to again identify
an absolute location of the client device, by itself, or may
torward the compressed coordinates, perhaps along with 1ts
own compressed or decompressed coordinates, to switch
device 110 for decompression. Alter decompression, the
decompressed coordinates may be provided to another client
device 108 or to location-based services device 112 for fur-
ther processing.

[0033] Further, 1t 1s to be understood that the communica-
tion system 100 1s only a logical representation of connec-
tions between client devices 108, wireless communications
device 102, switch device 110, and location-based services
device 112, and thus represents only one possible arrange-
ment of interconnected communications elements 1n commu-
nications system 100. For example, the communication sys-
tem 100 can be extended to include more than two client
devices, more than one wireless communications device 102
in the manner noted above, more than one switch device 110,
and/or more than one location-based services device 112.

[0034] FIG. 2 1s a block diagram 1llustrating further detail

ol a computing device 200 that may perform the functions of
the client device 108, the wireless communication device
102, and/or the switch device 110. More specifically, FIG. 2
sets forth an example computing structure that may be used
for each of the client device 108, the wireless communication
device 102, and the switch device 110. Program instructions
stored 1n a memory of the computing device 200 may deter-
mine what role and what functions the computing device 200
provides. Variations in the computing device unique to each
of the client device 108, the wireless communication device
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102, and the switch device 110 will be distinguished as nec-
essary 1n the forthcoming description.

[0035] The computing device 200 may contain, among
other components, a processor 202, a transceiver 204 includ-
ing transmitter circuitry 206 and recerver circuitry 208, an
antenna 222, I/O devices 212, a program memory 214, a
buifer memory 216, one or more communication interfaces
218, removable storage 220, and a location recerver 224. The
computing device 200 1s preferably an integrated unit and
may contain at least all the elements depicted 1n FIG. 2 as well
as any other element necessary for computing device 200 to
perform its electronic functions. The electronic components
are mterconnected by a bus 226.

[0036] The processor 202 may include one or more micro-
processors, microcontrollers, DSPs, state machines, logic cir-
cuitry, or any other device or devices that process information
based on operational or programming instructions. Such
operational or programming instructions are stored in the
program memory 214 and may include mstructions consis-
tent with the algorithms set forth in FIGS. 4 and 6, and
accompanying text, for compressing and decompressing
location coordinates, as well as information related to the
transmission of signals such as modulation, transmaission ire-
quency, transmission protocols, addressing, signal amplitude,
ctc. The program memory 214 may be an IC memory chip
containing any form of random access memory (RAM) and/
or read only memory (ROM), a tloppy disk, a compact disk
(CD) ROM, a hard disk drive, a digital video disk (DVD), a
flash memory card or any other medium for storing digital
information. One of ordinary skill in the art will recognize
that when the processor 202 has one or more of 1ts functions
performed by a state machine or logic circuitry, the memory
214 containing the corresponding operational instructions
may be embedded within the state machine or logic circuitry.
The operations performed by the processor 202 and the rest of
the computing device 200 are described in more detail below.

[0037] The transmitter circuitry 206 and the receiver cir-
cuitry 208 enable the computing device 200 to respectively
transmit and recetve wireless communication signals. In this
regard, the transmitter circuitry 206 and the receiver circuitry
208 1nclude appropriate circuits to enable wireless transmis-
sions. The implementations of the transmitter circuitry 206
and the recerver circuitry 208 depend on the implementation
of the computing device 200 and the devices with which 1t 1s
to communicate. For example, the transmitter and receiver
circuits 206, 208 may be implemented as part of the comput-
ing device hardware and software architecture in accordance
with known techniques. For example, transmitter and receiver
circuits may be configured to communicate with one or more
wireless communications protocols such as Bluetooth trans-
ceiver, Wi-F1 perhaps 1n accordance with an IEEE 802.11
standard (e g..802.11a,802.11b, 802.11g), WiMAX perhaps
operating 1n accordance with an IEEE 802.16 standard, glo-

bal system for mobile communications (GSM) cellular, code
division multiple access (CDMA), P25, ETSI TS 102 361
DMR, ETSI dPMR, NXND, terrestrlal trunked radio

(TETRA) and/or other types of wireless transceivers config-
urable to communicate via a wireless network.

[0038] One of ordinary skill 1n the art will recognize that
most, 1f not all, of the functions of the transmitter or receiver
circuitry 206, 208 may be additionally or alternatively be
implemented 1n a processor, such as the processor 202. The
buifer memory 216 may be any form of volatile memory, such




US 2013/0246659 Al

as RAM, and 1s used for temporarily storing recerved or
transmit information and/or portions of the program memory
214.

[0039] The computing device 200 may also contain a vari-
ety of I/O devices accessible via I/O circuits 212, such as a
keyboard with alpha-numeric keys, a display (e.g., LED,
OELD) that displays information about the repeater or com-
munications connected to the repeater, soft and/or hard keys,
touch screen, jog wheel, a microphone, and a speaker.
[0040] Storage 220 can be an IC (integrated circuit)
memory chip containing any form of RAM (random-access
memory), a floppy disk, a CD-RW (compact disk with read
write), a hard disk drive, a DVD-RW (digital versatile disc
with read write), a flash memory card, external subscriber
identity module (SIM) card or any other medium for storing
digital information. One of ordinary skill 1n the art will rec-
ognize that when the processor 202 has one or more of 1ts
functions performed by a state machine or logic circuitry, the
storage 220 containing the corresponding operational instruc-
tions can be embedded within the state machine or logic
circuitry, and may be accessible to the processor 202 directly,
or indirectly via bufler memory 216.

[0041] The communication intertace 218 includes appro-
priate hardware and software architecture 1n accordance with
known techniques that enable communication of data. Com-
munication interfaces 218 may include additional wired and/
or wireless interfaces for communicating with other devices.
For example, communication interfaces 218 may be a wired
line device such as an Ethernet transceiver, a Universal Serial
Bus (USB) transceiver, or similar transceiver configurable to
communicate via a twisted pair wire, a coaxial cable, a fiber-
optic link or other physical connection to a wireline network.
Such a wireline network may couple, for example, wireless
communications device 102 with switch device 110, or
switch device 110 with location-based services device 112,
among other possibilities.

[0042] Antenna 222 may comprise any known or devel-
oped structure for radiating and recerving electromagnetic
energy 1n a desired frequency range containing correspond-
ing wireless carrier frequencies for wireless communicating
between one or more of client devices 108, wireless commu-
nications device 102, and/or switch device 110.

[0043] Location receiver 224 may comprise any known or
developed circuit for determining a location of the computing
device 200. For example, location receiver 224 may be a GPS
receiver capable of providing absolute coordinates based on
reception of three or more signals from orbiting GPS satel-
lites. Other types of location determination methods could be
implemented 1n location recerver 224 as well, including tri-
angulation with three or more base stations, among other
possibilities.

[0044] II. Location Data Transmission Payloads

[0045] FIG. 3 sets forth one example of a packet format for
transmitting location information from a client device 108,
such as client device 108a or client device 1085, to wireless
communications device 102 and/or switch device 110. Of
course, other packet formats could additionally or alterna-
tively be used, and other methods of encoding location 1nfor-

mation 1n a transmission could additionally or alternatively be
used.

[0046] Packetformat 300 as shown 1n FIG. 3 includes stan-
dard-related information 302, 303 at bytes 1, 2, 11, and 12,
format specifier field 304, longitude overtlow field 306, lati-
tude overtlow field 308, and request ID field 310 at byte 3,
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speed, direction, or radius value field 312 at bytes 4-6, trun-
cated longitude value field 314 at bytes 7-8, and truncated
latitude value field 316 at bytes 9-10. The example packet
format of FIG. 3 1s formatted to comply with the control
signaling block (CSBK) requirements of Digital Mobile
Radio (DMR), as embodied 1n European Telecommunica-
tions Standards Institute ETSI TS 102 361-1 V1.4.5 (2007-
12). The standard-related information 302, 303 may include
information required by the DMR standard, such as manu-

facturer feature identification (FID), a cyclic-redundancy
check (CRC), etc. Accordingly, only bytes 3-10 will dis-
cussed 1n detail herein.

[0047] Atbyte 3 of the packet format 300, format field 304

may describe the contents of the packet (e.g., location nfor-
mation, speed, result codes, etc.). The longitude overtlow
field 306 may provide additional bits for those instances
where more than the 16 bits of longitude information avail-
able 1n bytes 7-8 are required. For example, longitude over-
flow field 306 may provide an additional 2 bits of longitude
coordinates. The latitude overtlow field 308 may provide
additional bits for those instances where more than the 16 bits
of latitude information available in bytes 9-10 are required.
For example, latitude overflow field 308 may provide an
additional 1 bit of latitude coordinates. The Request ID field
310 may be used to indicate an event associated with the
geographic location update, e.g., a trigger or detection event
in response to which the packet format 300 1s being transmiut-
ted.

[0048] At bytes 4-6 of the packet format 300, a speed,
direction, and/or radius field 312 of the client device 108 may
be provided. For example, the speed and direction values may
be useful 1in predicting a future position of the client device
108, and/or locations of interest along an expected path of the
client device 108. Other uses are possible as well. In some
embodiments, speed, direction, and/or radius field 312 may
be removed 1n order to allow for a 24-bit source ID field to be

included 1n the packet format 300 when sent on a non-sched-
uled GPS channel.

[0049] At bytes 7-8, a compressed (truncated) longitude
value field 314 1s provided. Combining the 16-bits available
at bytes 7-8 and the 2-bits available at longitude overtlow field

306, an 18-bit compressed longitude coordinate can be trans-
mitted 1n the packet format 300.

[0050] At bytes 9-10, a compressed (truncated) latitude
value field 316 1s provided. Combining the 16-bits available
at bytes 9-10 and the 1-bit available at latitude overtlow field
308, a 17-bit compressed latitude coordinate can be transmiut-
ted 1n the packet format 300.

[0051] The packet format 300 facilitates the compression
ol 32-bitlongitude and latitude coordinates into a compressed
18-bit longitude coordinate and a compressed 17-bit latitude
coordinate, thereby eflectively compressing 64 total bits of
latitude/longitude information down to 35 bits or less. It 1s
important to note that the packet format 300 1s just one
example of a packet format that can be used to transmit
compressed location coordinates consistent with this disclo-
sure. Other packet formats could be used as well, including
fields accommodating both larger and smaller compressed
longitude and latitude coordinates than that 1llustrated 1n FI1G.
3. For example, 64-bit longitude and latitude coordinates
could be compressed into perhaps 34-bit compressed latitude
and 36-bit compressed longitude coordinates, thereby efiec-
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tively compressing 64 total bits of latitude/longitude infor-
mation down to 35 bits or less. Other possibilities exist as
well.

[0052] The packet format 300 populated with fields 302-
316 may be transmitted by client device 108 upon request
and/or at periodic intervals, to either provide its location to
another client device 108 or to location-based services device
112, or to provide some form of location-based service to a
user of the client device 108, among other possibilities. Upon
receipt, wireless communications device 102 and/or switch
device 110 may retrieve the compressed longitude and lati-
tude values from the packet format 300, and consistent with
the remaining disclosure, decompress the longitude and lati-
tude values to re-create an absolute location of the client

device 108.

[0053] III. Location Data Compression and Decompres-
sion Operational Examples

[0054] FIGS. 4 and 6 set forth flowcharts 1llustrating meth-
ods 400 and 600 of compressing and decompressing obtained
(compressed) latitude and longitude coordinates consistent
with the longitude and latitude system described 1n FIGS. 5A
and 5B. Method 400 may be executed at each client device
108 upon request or on a periodic or intermittent basis, and
method 600 may be executed at one or more of wireless
communications device 102 and switch device 110 1n
response to receiving a location packet, such as packet format
300, from a client device 108.

[0055] At step 402 of method 400, a client device obtains
raw latitude and longitude coordinates representing a current
location of the client device. In one example, the coordinates
are provided by a GPS receiver 1n the form of 32-bit encoded
longitude and latitude coordinates. Other types of location
receivers and other encodings could be used as well.

[0056] At step 404 the raw latitude coordinate provided by
a location receiver 1s truncated to reduce the size of the
coordinate for wireless transmission and by creating a com-
pressed latitude coordinate. As a result of the reduction in
s1ze, the compressed latitude coordinate may no longer 1den-
tify a unique location on the surface of the Earth, and/or may
identify a region so large as to be unusetul 1n 1dentifying a
location of the client device. FIG. 5A 1llustrates how latitude
coordinates 502 are used to umiquely 1dentity a location on
Earth. Specifically, latitude represents a north-south location,
and 1t 1s shown on a map or globe by a series of east-west
running lines (parallels) 504 that parallel the equator 506,
which marks the midpoint between the two poles, and extend
all around the Earth’s circumference. The North Pole 508 has
a latitude of 90° N, while the South Pole (not shown) has a
latitude 01 90° S, with the equator marking the 0° intermediate
point.

[0057] Importantly, spacing between latitude parallels, as
measured on an outer surface of the earth, does not vary
around the Earth. For example, the distance 510 between
adjacent latitude lines 1s consistent around the circumierence
of the Earth, such that the distance 510 1s, for example, equal
to the distance 512. Because the distance 510/512 does not
change, a static selection and/or number of bits from the raw
latitude coordinate generated at step 402 can be truncated to
create the compressed latitude coordinate. In other words, the
selection and/or number of bits truncated from a raw latitude
coordinate does not need to change based on a longitudinal
location of the client device (e.g., as the client device moves
cast or west along the circumierence of the globe 1n FIG. 5A).
For example, at least “n” number of most significant bits
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(MSBs) of the raw latitude coordinate may be truncated. As a
result of the truncation of the MSBs, the compressed latitude
coordinate may match a plurality of latitudinal locations
along the Earth, e.g., the compressed latitude coordinate may
no longer i1dentily a unique location on the surface of the
Earth, and/or may i1dentily a region so large as to be unusetul
in 1dentifying a location of the client device.

[0058] Additionally, “s” number of least significant bits
(LSBs) of the raw latltude coordinate may also be truncated.
As a result of the truncation of the LSBs, the compressed
latitude coordinate may not provide as high a resolution of
location as the original raw latitude coordinate provided (e.g.,
providing a determination of a location of the client device
within 7.5-30 feet of 1ts actual location using the compressed
latitude coordinate as opposed to within 3 feet using the raw
latitude coordinate). By sacrificing some resolution, the com-
pressed latitude coordinate can be further reduced in size. As
noted earlier, “s” and “n” can be applied consistently to the
raw latitude coordmate Wlthout variation based on the longi-
tudinal location of the client device.

TABLE ]
Resolution Range
N - 9 10 11 ... 25 26 27
2 N 29 210 211 ... 225 226 227
Distance - 7.5 15 30 ... 975 195 389

Feet feet Feet Miles miles miles

Resolution, .. . =nxRadius; ,x2@ M@y FeetPer-
Mile

and

- NN,
RangemﬁfudeﬂxRadmsgm_mx2( Max)

where, Radius . ,=3959 miles and FeetPerMile=5280.

For Table 1, N, . =32, Resolution 1s given 1n feet and Range
1s grven 1n miles.

[0059] Table I1llustrates the bit ranges that can be used 1n a
compressed latitude coordinate to provide the range and reso-
lution 1ndicated. For example, LSBs 1n bit positions 0-8 can
be truncated and still provide latitude resolution up to 7.5 feet.

Other selections of L.SBs can be selected based on the con-
tents of Table I. MSBs 1n bit positions 28-31 can be removed

prior to transmission to a network communications device
providing wireless communications service to the client
device without permanent loss of that data. This 1s because the
MSBs removed at the client device can be restored at the
network communications device (or other upstream device)
as long as the wireless range of the network communications
device 1s equal to or less than the range indicated 1n Table 1
above (for example, 389 miles 11 truncated bits 28-31). If the
range of the network communications device 1s greater than
half of the range indicated, the network communications
device may incorrectly restore the MSBs for a client device
transmitting location information from a location that 1s far-
ther from the network communications device than the range
indicated 1n Table I. Other selections of latitude MSBs can be
selected based on the contents of Table I.

[0060] While Table I illustrates how the truncated bit-range
of a latitudinal coordinate can be truncated for 32-bit encoded
latitude values, similar tables can be created for other encod-
ings, including, for example, 64-bit encoded latitude values.
[0061] Returning to FIG. 4, at step 406, the raw longitude
coordinate provided by the location recerver 1s truncated to
reduce the size of the longitude coordinate for wireless trans-
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mission by creating a compressed longitude coordinate. As a
result of the reduction 1n size, the compressed longitude coor-
dinate may no longer 1dentity a umique location on the surface
of the Earth, and/or may 1dentily a region so large as to be
unuseful 1n 1dentifying a location of the client device. FIG. 5B
1llustrates how longitude coordinates 552 are used to uniquely
identify a location on Earth. Specifically, longitude represents
cast-west location, and it 1s shown on a map or globe by a
series of north-south running lines 554 that all come together
at the North Pole and at the South Pole. These lines of longi-
tude 554 are called “meridians.” The prime meridian 1s at 0°,
and additional meridians progress east and west along the
circumierence of the globe until they meet at the 180° mark
5358 on the opposite side of the Earth from the prime menidian.
[0062] In contrast to latitude parallel spacing, spacing
between longitude merndians does vary between adjacent
meridians between the North and South Poles. For example,
the distance 560 between adjacent longitude meridians near
the equator 564 1s different than the distance 562 between
adjacent longitude meridians closer to the North Pole 566.
Because the distance 560/562 does change based on latitude,
a static selection and/or number of bits from the raw longitude
coordinate generated at step 402 cannot be truncated to create
compressed longitude coordinates having consistent resolu-
tions and ranges. In other words, the selection and/or number
of bits truncated from a raw longitude coordinate needs to
change based on a latitudinal location of the client device
(e.g., as the client device moves north or south along the
circumierence of the globe in FIG. 5B) 1n order to maintain a
consistent resolution and range across the Earth from North
Pole to South Pole, and relative to the static latitude resolution
and range.

TABLE 11
N 7 8 9 10 11 12 13 14
>N 27 28 29 210 211 212 213 214
[at =0° af  8f
[at = 45° 3f  6f 12f  24f
Lat = 69.30° 6f  12f
[at=79.82° 6f  12f
[at = 83.93° 6f  12f
[at = 87.47° 6f  12f
[at = 88.73° 6f 12f

Resolutiony ,pgitude =

2 X Laritudep,grees

2n X Radiusg,,+, X cms[ ] x 2IN"NMax) x FeetPerMile

360
TABLE III

N 25 26 27 28 29
2N 225 2 26 227 piX: 229
Lat = 0° 1945mi 389 mi
[at = 45° 137.5mi 275 mi 550 mi
Lat = 69.30° 68.8mi 137.5 mi 275 mi 550 mi
Lat = 79.82° 68.8 mi 137.5 mi 275 mi 550 mi
[at = 83.93° 68.8 mi 137.5 mi 275 mi
[at = 87.47° 68.8 mi 137.5 mi
[at = 88.73° 6%.8 mi
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2re X Laritudep, gyees
360

: N-N
Range; . girude = 27 X RadittSgqpn X CGS( ] x 2NN Max)

[0063] Tables II and III 1llustrate the bit ranges that can be
used 1n a compressed longitude coordinate, as a function of
latitude coordinate, to provide the range and resolution 1ndi-
cated.

[0064] For example, “m” number of MSBs of the raw lon-
gitude coordinate may be truncated consistent with Table 111
above. Table III 1llustrates the bit ranges that can be used, as
a function of the current latitudinal location of the client
device, 1n a compressed longitude coordinate to provide con-
sistent ranges and resolutions. For example, for raw latitude
coordinates between 45° and 69.30°, the MSBs 27-31 may be
truncated to create a compressed longitude coordinate having
a range ol approximately 275 miles and resolution of 12 feet
or better. MSBs 27-31 can be removed prior to transmission to
a network commumnications device providing wireless com-
munications service to the client device without permanent
loss of these MSBs. This 1s because, as with the latitude
coordinates, the MSBs removed at the client device can be
restored at the network communications device (or other
upstream device) as long as the wireless range of the network
communications device 1s equal to or less than half of the
range indicated in Table III above. For raw latitude coordi-
nates between 45° and 69.30°, the network communications
device can restore the truncated MSBs, using knowledge of
its own location, as long as the network communications
device has a wireless communications range less than that
indicated Table III (e.g., 137.5 miles, 275 miles, and 350
miles depending on the number of MSBs removed prior to
transmission). If the range of the network communications
device 1s greater than the range indicated for the selected
number of truncated MSBs, the network communications
device may incorrectly restore the MSBs for a client device
transmitting location information from a location that 1s far-
ther from the network communications device than the maxi-
mum range indicated 1n Table III.

[0065] While Table III illustrates how the truncated bit-

range of a longitudinal coordinate will change based on a
current latitudinal location of the client device for 32-bit
encoded latitude and longitude values, similar tables can be
created for other encodings, including, for example, 64-bit
encoded latitude and longitude values. Whatever the preci-
sion and encoding used, the truncation applied to the longi-
tude coordinates must be varied based on the current deter-
mined latitudinal location of the client device to maintain
consistency 1n location range and resolution for compressed
location coordinates.

30 31
2 30 231
550 mi
275 mi 550 mi
137.5 mi 275 mi
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[0066] Additionally, “r” number of LSBs of the raw longi-
tude coordinate may also be truncated, as indicated 1n Table
I1. As a result of the truncation of the LSBs, the compressed
longitude coordinate may not provide as high a resolution of
location as the original raw longitude coordinate (e.g., pro-
viding a determination of a location of the client device within
7.5-15 feet of 1ts actual location using the compressed longi-
tude coordinate as opposed to within 3 feet using the raw
longitude coordinate). By sacrificing some resolution, the
compressed longitude coordinate can be further reduced 1n
size. Similar to “m,” “r”” must be varied as a function of the
current latitudinal location of the client device 1n order to
maintain consistency in range and resolution, as 1llustrated in
Table II, for example, above.

[0067] Returning to FIG. 4, at step 408, the client device
transmits the compressed longitude and latitude coordinates
to a network device, such as the wireless communications

device 102 and/or the switch device 110 for decompression
consistent with method 600 set forth 1n FIG. 6.

[0068] Method 600 for decompressing compressed longi-
tude and latitude coordinates may be executed at any one of
wireless communications device 102, switch device 110, and/
or location-based services device 112. Any differences 1n the
method 600 based on where the method 1s executed will be
described with respect to each of steps 602-610, below.

[0069] At step 602, the compressed longitude and latitude
coordinates are received from the client device, where the
compressed longitude and latitude coordinates were com-
pressed consistent with the method set forth in FIG. 4. At step
604, raw network latitude and longitude coordinates are
obtained of one or more of the devices receiving the com-
pressed longitude and latitude coordinates. For example, i
the wireless communications device 102 1s executing the
method 600, 1t may obtain 1ts own raw network latitude and
longitude coordinates via a location recerver, such as location
receiver 224 of FIG. 2, or 1t may be provided with its location
via an upstream device such as switch device 110. I the
switch device 110 1s executing the method 600, 1t may obtain
its own location via a location receiver 224 (assuming 1t 1s
co-located with wireless communications device 102, for
example), or it may be provided with raw network latitude
and longitude coordinates of the wireless communications
device 102 by the wireless communications device 102, via a
local database lookup, or perhaps via an upstream network
device such as location-based services device 112. Finally, if
the location-based services device 112 1s executing the
method 600, 1t may obtain raw network latitude and longitude
coordinates from one or more of the wireless communica-
tions device 102, the network communications device 110, or
some other upstream or downstream device not illustrated 1n

FIG. 1.

[0070] In any event, once the raw network latitude and raw
network longitude coordinates are obtained in step 604, the
compressed latitude coordinate 1s decompressed using the
raw network latitude coordinate at step 606. The decompres-
s10n process involves several sub-steps 1n re-creating an accu-
rate absolute location of the client device using the obtained
raw network latitude coordinate. First, the received com-
pressed latitude coordinate 1s compared to a same bit range of
the raw network latitude coordinate to determine whether
remaining MSBs of the raw network latitude coordinate (e.g.,
those more significant bits not participating 1n the comparison
and equivalent to the MSB bit positions that were truncated at
the client device) should be incremented or decremented to
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accurately retlect the absolute location of the client device
(and re-create the truncated MSBs from the client device).

This situation 1s more clearly illustrated with reference to
FIG. 7.

[0071] FIG. 7 1s a block diagram 1llustrating an example a
communication system 700 employing a simplified example
method and system for compressing location data of a radio
for over-the-air transmission. The communication system
700 comprises a wireless communications device 702 having
a coverage area 704 defined by a communications range 706,
one or more client devices 708, a switch device 710, and a
location-based services device 712, all corresponding to simi-
lar device already described with respect to FIG. 1. Simply for
case of description, short decimal encodings of latitude loca-
tions of respective devices are provided i FIG. 7. For
example, decimal 1390 may be representative of a latitude
portion of a geographic location at42° 3'58.68"N latitude/88°
3'2.82"W longitude. Other decimal encoding values in F1G. 7
are set relative to the 1390 decimal encoding for illustration

pUrposes.
[0072] As shown in FIG. 7, the range 706 of the wireless

communications device 702 1s 50 (miles, kilometers, etc.),
and a decimal latitude encoding of the location of the wireless
communications device 702 1s assumed to be 1390. A decimal
latitude encoding of client device 708a 1s assumed to be 1370
(within the range 706) and a decimal latitude encoding of
client device 7085 1s assumed to be 1410 (also within the
range 706). In accordance with the compression algorithm set
forth herein, each of the client devices 708a and 7085 com-
press their latitude location encoding by truncating the two
most significant digits and transmitting their respective com-
pressed latitude encodings (70 and 10, respectively) to wire-
less communications device 702. While FIG. 7 illustrates
wireless communication device 702 forwarding the com-
pressed latitude coordinates to switch device 710 for decom-
pression, in another embodiment, wireless communication
device 702 could decompress the compressed latitude coor-
dinates 1tselif.

[0073] In any event, once switch device 710 receives the
compressed latitude encodings, 1t obtains a raw decimal lati-
tude encoding (either 1ts own or of the wireless communica-
tions device 702, depending on the communications system
700 structure). In this case, the raw decimal latitude encoding
(reflecting the geographic location of one of the wireless

communication device 702 and the switch device 710) 1s
assumed to be 1390.

[0074] At this point 1n the decompression process, 1f the
switch device 710 were to simply concatenate the remaining,
MSBs of the raw network latitude encoding (13) onto the
compressed latitude encodings (70 and 10, respectively) of
the client devices 708a and 7085, the resultant decompressed
latitude encoding values 1370 and 1310 would not accurately
reflect the original and proper latitude encodings of 1370 and
1410. More specifically, before concatenation, we must first
determine whether the remaining MSBs of the raw decimal
latitude encoding (13) must be incremented or decremented
to accurately retlect the original and proper decimal latitude
encoding values of the client devices 708a and 7085 (prior to
truncation/compression). The potential to miscalculate the
original decimal latitude encoding values will occur when-
ever the reference device (here, the wireless communications
device 702) has a maximum range (here, 50) that, when added
or subtracted from the raw decimal latitude encoding (here,
1390) of the wireless communications device 702, causes the
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remaining MSBs (e.g., those MSBs in positions that were
truncated at the client stations 708) of the raw decimal latitude
encoding to change.

[0075] Accordingly, a mathematical operation and com-
parison 1s executed at the switch device 710 to determine
whether the remaining MSBs 1n the raw decimal latitude
encoding need to be incremented or decremented prior to
concatenation with the received compressed latitude encod-
ings. In a first comparison, 1f subtracting bits of the raw
decimal latitude encoding corresponding to bit positions of
the recerved compressed latitude encodings from the recerved
compressed latitude encodings results 1n a number less than
the negative of the maximum range, the remaining MSBs in
the raw decimal latitude encoding are incremented prior to
concatenation. For client device 708a, the mathematical
operation and comparison amounts to 70-90<-50, which 1s
talse, such that, subject to a second comparison, the remain-
ing MSBs 1n the raw decimal latitude encoding may be con-
catenated to the compressed latitude encoding without modi-
fication, resulting 1n a decompressed latitude encoding of
1370 for client device 708a. For client device 7085, the math-
ematical operation and comparison amounts to 10-90<-50,
which 1s true, such that the remaining MSBs 1n the raw
decimal latitude encoding are incremented and then concat-
cnated to the compressed latitude encoding, resulting 1n a
decompressed latitude encoding of 1410 for client device

708b.

[0076] In the second comparison, if subtracting bits of the
raw decimal latitude encoding corresponding to bit positions
of the received compressed latitude encoding from the
received compressed latitude encoding results in a number
greater than the maximum range, the remaining MSBs 1n the
raw decimal latitude encoding are decremented prior to con-
catenation. For client device 7084, the mathematical opera-
tion and comparison amounts to 90-70>30, which 1s false,
such that, since both the first and second comparisons failed,
the remaining MSBs in the raw decimal latitude encoding are
concatenated to the compressed latitude encoding without
modification, resulting in a decompressed latitude o1 1370 for
client device 708a.

[0077] Since the first comparison already succeeded for
client device 7085, we need not execute the second compari-
son, however, since the order of comparisons 1s immaterial,
we will present the second comparison for completeness and
in the event that the second comparison 1s executed prior to or
in parallel with the first comparison. For client device 7085,
the mathematical operation and comparison amounts to
10-90>50, which 1s false, such that the remaining MSBs 1n
the raw decimal latitude encoding are not decremented prior
to concatenation to the compressed latitude encoding, but
may be (and 1n fact are) incremented subject to the first
comparison.

[0078] Returning to FIG. 6, once the decompressed latitude
encodings are obtained at step 606, the decompressed longi-
tude encodings are obtained at step 608. The decompression
process at step 608 1s substantially the same as that set forth
above with respect to step 606, with the exception that the bat
positions of the compressed longitude encoding vary based
on latitude, and thus, the comparison of bits between the
compressed longitude encoding and the raw decimal longi-
tude encoding must take into consideration this variation.
Accordingly, for example with reference to Table I above, for
a compressed longitude encoding associated with one of a
decompressed latitude coordinate and raw network latitude
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coordinate 1n the range of 45° to 69.30°, the bits of the
compressed longitude encoding will be compared to bits 0-27
(or some sub-portion thereof depending on desired resolution
and range) of the raw decimal longitude encoding to deter-
mine whether to mcrement or decrement remaining MSBs
(bits 28-31) 1n the raw decimal longitude encoding. Alterna-
tively, for a compressed longitude coordinate associated with
one of a decompressed latitude coordinate and raw network
latitude coordinate 1n the range o1 69.30° to 79.82°, the bits of
the compressed longitude encoding will be compared to bits
0-28 (or some sub-portion thereof depending on desired reso-
lution and/or range) of the raw decimal longitude encoding.
Similarly, and as reflected 1n Table I above, the number of
remaining MSBs in the raw decimal longitude encoding that
will be concatenated to the compressed longitude encoding to
create the decompressed longitude encoding will also vary
with latitude. For example, for a compressed longitude
encoding associated with one of a decompressed latitude
coordinate and raw network latitude coordinate in the range
of 45° to 69.30°, 4-5 MSBs of the raw decimal longitude
encoding will be concatenated onto the compressed longitude
encoding (depending on desired resolution and/or range).
Alternatively, for a compressed longitude encoding associ-
ated with one of a decompressed latitude coordinate and raw
network latitude coordinate in the range of 69.30° to 79.82°,
3-4 MSBs of the raw decimal longitude encoding will be
concatenated onto the compressed longitude encoding (de-
pending on desired resolution and/or range).

[0079] At step 610, the decompressed longitude and lati-
tude are provided, reflecting the absolute location of the client
device 108 to a same, or minimally reduced, resolution com-
pared to the original raw network location data generated at
the client device. In some cases, for example above where the
latitude 1s encoded into a decimal or binary format, a decod-
ing 1s performed to convert the encoded number 1nto a lati-
tude/longitude pair (in degrees, minutes, seconds, or perhaps
as a decimal number to the tenth, hundredth, thousandth, or
other more precise decimal position).

[0080] LSBs truncated in either of the compressed latitude
or compressed longitude coordinates are lost and cannot be
restored via method 600 (e.g., the compression 1s lossy).
However, and as illustrated in Tables I-III and elsewhere
above, a resolution of between 3 and 30 {feet can still be
maintained while reducing a location transmission CSBK to
a single transmission burst. This amounts to a substantial
savings 1n network bandwidth consumption when multiplied
over the number of client devices typically transmitting loca-
tion updates 1n a typical wireless communications system.

[0081] In the foregoing specification, specific embodi-
ments have been described. However, one of ordinary skill in
the art appreciates that various modifications and changes can
be made without departing from the scope of the invention as
set forth 1n the claims below. Accordingly, the specification
and figures are to be regarded 1n an 1llustrative rather than a
restrictive sense, and all such modifications are intended to be
included within the scope of present teachings.

[0082] Thebenefits, advantages, solutions to problems, and
any clement(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as a critical, required, or essential features or ele-
ments of any or all the claims. The invention 1s defined solely
by the appended claims including any amendments made
during the pendency of this application and all equivalents of
those claims as 1ssued.
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[0083] Moreover 1n this document, relational terms such as
first and second, top and bottom, and the like may be used
solely to distinguish one entity or action from another entity
or action without necessarily requiring or implying any actual
such relationship or order between such entities or actions.
The terms “comprises,” “comprising,” ‘“has™, “having,”
“includes™, “including,” “contains”, “containing’ or any
other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, or article that com-
prises, has, includes, contains a list of elements does not
include only those elements but may include other elements
not expressly listed or inherent to such process, method, or
article. An element proceeded by “comprises ... a”, “has . ..
a”, “includes . . . a”, “contains . . . a” does not, without more
constraints, preclude the existence of additional 1dentical ele-
ments 1n the process, method, or article that comprises, has,
includes, contains the element. The terms “a” and “an’ are
defined as one or more unless explicitly stated otherwise

22 a4 a2 1

heremn. The terms “substantially”, “essentially”, “approxi-
mately”, “about™ or any other version thereol, are defined as
being close to as understood by one of ordinary skill in the art,
and 1n one non-limiting embodiment the term 1s defined to be
within 10%, 1in another embodiment within 5%, in another
embodiment within 1% and 1n another embodiment within
0.5%. The term “coupled” as used herein 1s defined as con-
nected, although not necessarily directly and not necessarily
mechanically. A device or structure that 1s “configured” 1n a
certain way 1s configured 1n at least that way, but may also be

configured 1n ways that are not listed.

[0084] It will be appreciated that some embodiments may
be comprised of one or more generic or specialized proces-
sors (or “processing devices”) such as microprocessors, digi-
tal signal processors, customized processors and field pro-
grammable gate arrays (FPGAs) and unique stored program
instructions (including both software and firmware) that con-
trol the one or more processors to implement, 1n conjunction
with certain non-processor circuits, some, most, or all of the
tfunctions of the method described herein. Alternatively, some
or all functions could be implemented by a state machine that
has no stored program instructions, or in one or more appli-
cation specific integrated circuits (ASICs), in which each
function or some combinations of certain of the functions are
implemented as custom logic. Of course, a combination of the
two approaches could be used.

[0085] Moreover, an embodiment can be implemented as a
computer-readable storage medium having computer read-
able code stored thereon for programming a computer (e.g.,
comprising a processor) to perform a method as described
and claimed herein. Examples of such computer-readable
storage mediums include, but are not limited to, a hard disk, a
CD-ROM, an optical storage device, a magnetic storage
device, a ROM (Read Only Memory), a PROM (Program-
mable Read Only Memory), an EPROM (Erasable Program-
mable Read Only Memory), an EEPROM (Electrically Eras-
able Programmable Read Only Memory) and a Flash
memory. Further, it 1s expected that one of ordinary skall,
notwithstanding possibly signmificant effort and many design
choices motivated by, for example, available time, current
technology, and economic considerations, when guided by
the concepts and principles disclosed herein will be readily
capable of generating such software instructions and pro-
grams and ICs with minimal experimentation.

[0086] The Abstract of the Disclosure 1s provided to allow
the reader to quickly ascertain the nature of the techmical

Sep. 19, 2013

disclosure. It 1s submitted with the understanding that it will
not be used to mterpret or limit the scope or meaning of the
claims. In addition, 1n the foregoing Detailed Description, 1t
can be seen that various features are grouped together in
various embodiments for the purpose of streamlining the
disclosure. This method of disclosure 1s not to be interpreted
as reflecting an intention that the claamed embodiments
require more features than are expressly recited in each claim.
Rather, as the following claims reflect, inventive subject mat-
ter lies 1n less than all features of a single disclosed embodi-
ment. Thus the following claims are hereby incorporated into
the Detailed Description, with each claim standing on 1ts own
as a separately claimed subject matter.

1.-10. (canceled)

11. A method for decompressing recerved compressed lon-
gitude and latitude coordinates from a client device at a net-
work device, the method comprising:

wirelessly receiving, via the network device, compressed
longitude and compressed latitude coordinates from a
client device;

obtaining, via the network device, raw network latitude and
raw network longitude coordinates reflecting a current
location of one of the network device and another net-
work device coupled to the client device;

decompressing the compressed latitude coordinate
recerved {from the client device, via the network device,
by:
comparing the compressed latitude coordinate with a
sub-range of the raw network latitude coordinate and,
11 1t 1s determined that the difference 1s outside of a
maximum wireless range of the one of the network
device and the another network device coupled to the
client device, modilying remaiming most significant
bits of the raw network latitude coordinate as a func-
tion of the difference;

concatenating the remaining most significant bits of the
raw network latitude coordinate, modified or unmodi-
fied, to the compressed latitude coordinate to create a
decompressed latitude coordinate;

decompressing the compressed longitude coordinate
recerved {from the client device, via the network device,
by:
comparing the compressed longitude coordinate with a
sub-range of bits 1n the raw network longitude coor-
dinate, wherein the sub-range of bits varies as a func-
tion of the value of the one of the decompressed
latitude coordinate and the raw network latitude coor-
dinate and, 1f 1t 1s determined that the difference 1s
outside of a maximum wireless range, modifying
remaining most significant bits of the raw network
longitude coordinate as a function of the difference;

concatenating the remaining most significant bits of the
raw network longitude coordinate, modified or
unmodified, to the compressed longitude coordinate
to create a decompressed longitude coordinate;

providing, via the network device, a determined absolute
location of the client device using the decompressed
latitude and longitude coordinates.

12. The method of claim 11, wherein comparing the com-
pressed latitude coordinate with a sub-range of the raw net-
work latitude coordinate comprises comparing bits of the
compressed latitude coordinate with a same number and same
position of bits 1n the raw network latitude coordinate; and
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wherein comparing the compressed longitude coordinate
with a sub-range of bits 1n the raw network longitude
coordinate comprises comparing all of the bits of the
compressed longitude coordinate with a same number
and same position of bits 1n the raw network longitude
coordinate, wherein the position of bits 1n the raw net-
work longitude coordinate varies as a function of the
value of the one of the decompressed latitude coordinate
and the raw network latitude coordinate.

13. The method of claim 12, wherein the position of bits 1n
the raw network longitude coordinate 1s lower for lower raw
network latitude coordinate values and greater for greater raw
network latitude coordinate values.

14. The method of claim 12, wherein the position of bits 1n
the raw network longitude coordinate also does not include r
number of least significant bits (LSBs) of the raw network
longitude coordinate, where r varies as a function of the value
of the one of the decompressed latitude coordinate and the
raw network latitude coordinate.

15. The method of claim 12, wherein the position of bits 1n
the raw network longitude coordinate varies 1n a non-linear
fashion as the value of the one of the decompressed latitude
coordinate and the raw network latitude coordinate increases.

16. The method of claim 12, wherein comparing bits of the
compressed latitude coordinate with a same number and same
position of bits 1n the raw network latitude coordinate does
not include s number of least significant bits (LSBs) from the
raw network latitude coordinate.

17. The method of claim 16, wherein s does not vary as a
tfunction of the raw network latitude or raw network longitude
coordinates.

18. The method of claim 12, wherein x and y are 32, the
remaining most significant bits of the raw network latitude
coordinate concatenated to the compressed latitude coordi-
nate varies from the 4 to 5 most significant bits of the raw
network latitude coordinate, and the remaining most signifi-
cant bits of the raw network longitude coordinate concat-
enated to the compressed longitude coordinate varies from
the 1 to 5 most significant bits of the raw network longitude
coordinate.

19. The method of claim 12, wherein providing the deter-
mined absolute location comprises transmitting the decom-
pressed latitude and longitude coordinates to another com-
munications device via one of a wired and wireless link.

20. The method of claim 19, wherein the another commu-
nications device 1s one of an emergency control center and
another client device.

21. The method of claim 12, wherein 1t 1s determined that
the difference between the compressed latitude coordinate
and the same number and same position of bits in the raw
network latitude coordinate of the network device 1s outside
of the maximum wireless range, moditying the remaining
most significant bits of the raw network latitude coordinate as
a Tunction of the difference comprises:

iI subtracting the value of the same number and same
position of bits in the raw network latitude coordinate
from the value of the compressed latitude coordinate
results 1n a number greater than the maximum wireless
range, decrementing the remaining most significant bits
of the raw network latitude coordinate prior to concat-
cnation with the compressed latitude coordinate; and

iI subtracting the value of the same number and same
position of bits 1n the raw network latitude coordinate
from the value of the compressed latitude coordinate
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results 1n a number less than the negative of the maxi-
mum wireless range, incrementing the remaining most
significant bits of the raw network latitude coordinate
prior to concatenation with the compressed latitude
coordinate.

22. The method of claim 12, wherein 1t 1s determined that
the difference between the compressed longitude coordinate
and the same number and same position of bits 1n the raw
network longitude coordinate of the communications device
1s outside of the maximum wireless range, modilying the
remaining most significant bits of the raw network longitude
coordinate as a function of the difference comprises:

if subtracting the value of the same number and same
position of bits 1n the raw network longitude coordinate
from the value of the compressed longitude coordinate
results 1n a number greater than the maximum wireless
range, decrementing the remaining most significant bits
of the raw network longitude coordinate prior to concat-
enation with the compressed longitude coordinate; and

1I subtracting the value of the same number and same
position of bits in the raw network longitude coordinate
from the value of the compressed longitude coordinate
results 1n a number less than the negative of the maxi-
mum wireless range, incrementing the remaining most
significant bits of the raw network longitude coordinate
prior to concatenation with the compressed longitude
coordinate.

23. A device comprising:
a transceiver;

a memory; and

a processor configured to:

receive, via the transcerver, compressed longitude and
compressed latitude coordinates from a client device;

obtain raw network latitude and raw network longitude
coordinates reflecting a current location of one of the
device and another network device coupled to the
device;

decompress the compressed latitude coordinate recerved
from the client device by:

comparing the compressed latitude coordinate with a
sub-range of the raw network latitude coordinate
and, 1f 1t 1s determined that the difference 1s outside
of a maximum wireless range of the one of the
device and the another network device coupled to
the device, modilying remaining most significant
bits of the raw network latitude coordinate as a
function of the difference;

concatenate the remaiming most significant bits of the
raw network latitude coordinate, modified or
unmodified, to the compressed latitude coordinate
to create a decompressed latitude coordinate;

decompress the compressed longitude coordinate
received from the client device by:

comparing the compressed longitude coordinate with
a sub-range of bits 1n the raw network longitude
coordinate, wherein the sub-range of bits varies as
a function of the value of the one of the decom-
pressed latitude coordinate and the raw network
latitude coordinate and, 1f 1t 1s determined that the
difference 1s outside of a maximum wireless range,
moditying remaining most significant bits of the
raw network longitude coordinate as a function of
the difterence:
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concatenating the remaining most significant bits of
the raw network longitude coordinate, modified or
unmodified, to the compressed longitude coordi-
nate to create a decompressed longitude coordi-
nate;
provide a determined absolute location of the client
device using the decompressed latitude and longitude
coordinates.
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