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224 SOUTH MICHIGAN AVENUE, SUITE 1600 A network, and a method of operating a network. The network 
CHICAGO, IL 60604 (US) includes a plurality of stations each able to transmit and 

receive data so that the network can transmit data between 
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tion data and/or position determining data received from 
§ 371 (6)0)’ selected probing stations, and utilizes the data to determine 
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. . The stations can determine the relative or absolute osition of 
Related U's' Apphcatlon Data other stations in direct communication with themselves, and 
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FIGURE 7 
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POSITION DETERMINATION OF MOBILE 
STATIONS IN A WIRELESS NETWORK 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a method of locating and 
determining the position of Wireless mobile stations in a 
communication network. For the purposes of this speci?ca 
tion, such a communication netWork Will be referred to as an 
Opportunity Driven Multiple Access (ODMA) netWork. 
[0002] The determination of location is useful to service 
providers in the provision of location based services to sub 
scribers to a communication netWork. Such services include, 
for example, the provision of driving direction instructions, 
vehicle tracking, relevant regional information and available 
applications; While also enabling categorization of subscrib 
ers for various purposes and for billing differentiation. 
[0003] In addition, various regulatory authorities around 
the World noW require that service providers of Wireless tele 
phone netWorks must be capable of locating the users of the 
Wireless telephones in order to facilitate emergency call pro 
cessing. 
[0004] These regulations mandate that the position of such 
users must be established to Within prede?ned distances of 
their actual physical location. In the United States of America, 
for example, the Federal Communications Commission pro 
mulgated Wireless Enhanced 911 (E911) rules require that 
service providers must be able to locate at least tWo-thirds of 
the users of Wireless telephones on their netWorks Within 125 
meters of the users’ actual physical locations. 
[0005] The location of a Wireless station in a netWork is 
generally determined using either netWork based location 
systems or station based location systems. Network based 
location systems typically utilize techniques that involve the 
triangulation of signals betWeen the Wireless stations and 
?xed position base stations or access points, Which act as 
communication ports betWeen the Wireless stations and the 
netWork. Station based systems may incorporate other tech 
nologies such as Global Positioning System (GPS) receivers 
that may be built into the Wireless devices of the stations or 
used in combination With the devices. 
[0006] It is likely that the need for service differentiation 
Will groW in relevance and that emergency regulation Will 
possibly be extended to Wireless devices other than tele 
phones. Consequently, accurate location and positioning of 
the user stations has noW become an essential feature in 
Wireless netWorking environments. At present it is dif?cult to 
locate certain of these devices, such as in the VOIP (Voice 
Over Internet Protocol) environment, Without using position 
ing equipment together With the Wireless unit as there is no 
?xed relationship betWeen the VOIP device and the geo 
graphic position. In addition, positioning technologies are 
subject to limitations that may render the stations undetect 
able. 
[0007] It is an object of the invention to provide accurate, 
continuous location and positioning information relating to 
Wireless mobile stations, including VOIP and other tradition 
ally undetectable devices, using a netWork based methodol 
ogy that is not dependent on base stations and access points. 

SUMMARY OF THE INVENTION 

[0008] According to the invention there is provided a 
method of operating a netWork comprising a plurality of 
stations each able to transmit and receive data so that the 
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netWork can transmit data betWeen stations via at least one 
selected intermediate station, the method comprising: 

[0009] transmitting probe signals from each station; 
[0010] transmitting position data and/or position deter 
mining data in at least some of the probe signals, the 
position data including data indicative of the absolute or 
relative position of a station transmitting a probe signal, 
and the position determining data including data usable 
by a station receiving a probe signal to determine the 
absolute or relative position of the station and/or other 
stations; 

[0011] maintaining, at stations Which receive probe sig 
nals from one or more probing stations, position data 
and/or position determining data received from selected 
ones of the probing stations; and 

[0012] at each station maintaining said position data and/ 
or position determining data, utilizing the position data 
and/or position determining data to determine the abso 
lute or relative position of said each station and/or other 
stations. 

[0013] The position data and/or position determining data 
in the probe signals may include data indicating the absolute 
position or relative position of nearby stations selected by the 
station transmitting the probe signals. 
[0014] The position data and/or position determining data 
may be used to determine the relative or absolute position of 
other stations in direct communication With said each station, 
and also other stations not in direct communication With said 
each station. 
[0015] The method may be operated in a communication 
netWork in Which the stations can transmit a message from an 
originating station to a destination station via at least one 
opportunistically selected intermediate station. 
[0016] Alternatively, the method may be operated in a net 
Work provided primarily for purposes of tracking or locating 
stations in the netWork. 
[0017] The method may include selecting, at each station, a 
channel for the transmission of probe signals to other stations, 
other stations Which receive the probe signals from a probing 
station responding directly, or indirectly via other stations, on 
the selected channel. 
[0018] The method may include transmitting clock data in 
the probe signals, and utilizing the clock data to determine the 
time taken for the probe signals to propagate betWeen stations 
and hence the distance betWeen said stations. 

[0019] The method may further include synchronizing 
clocks at the stations of the netWork, With updated timing data 
for this purpose being transmitted from a central timing 
authority to the other stations. 
[0020] The acceptance or rejection of said updated timing 
data at any station may be determined in response to a cumu 
lative error function calculated in respect of the transmission 
of such data, relative to other prior or simultaneous transmis 
sions of such data received at said station, thereby maintain 
ing a high level of accuracy in respect of the synchronization 
of clocks at each station of the netWork. 

[0021] The position data may comprise position informa 
tion indicating the position of one or more stations to a pre 
determined degree of accuracy. 
[0022] The position data may comprise absolute position 
information obtained from a station equipped With a station 
based positioning system, or a station With a knoWn ?xed 
location. 
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[0023] Alternatively or in addition the position data may 
comprise relative position information indicating the position 
of one or more stations relative to other stations. 

[0024] The relative position information may be obtained 
by stations determining the approximate distance betWeen 
themselves utilizing transmission poWer and/ or path loss data 
in probe signals transmitted betWeen such stations. 
[0025] Alternatively or in addition the relative position 
information may be obtained by stations determining the 
distance betWeen themselves utilizing timing data extracted 
from probe signals transmitted betWeen the stations. 
[0026] The timing data may include processing delay data 
inserted into reply probe signals by stations responding to 
received probe signals, the processing delay data indicating 
the time taken at a station responding to a received probe 
signal to process the received probe signal. 
[0027] The method may include obtaining position infor 
mation indicating the position of one or more stations by 
triangulation. 
[0028] The method may comprise utilizing a combination 
of ab solute and relative position information to determine the 
absolute position of further stations by determining their 
position relative to other stations that have previously deter 
mined their oWn absolute positions, so that such further sta 
tions that are unable to communicate directly With other sta 
tions that have ab solute position information can nevertheless 
determine their oWn absolute position indirectly. 
[0029] The method may include providing a number of 
seed stations, each of Which is able to determine, or is pro 
vided With absolute position data de?ning, its oWn absolute 
position With relatively high accuracy, other stations trans 
mitting probe signals to and receiving probe signals from the 
seed stations thus obtaining absolute position information 
from the seed stations to determine their oWn absolute posi 
tions, and further stations transmitting probe signals to and 
receiving probe signals from said other stations thus obtain 
ing absolute position information from said other stations to 
determine their oWn absolute positions. 
[0030] Each station may select received probe signals from 
Which to extract position or timing data according to the 
extent to Which such received probe signals are determined to 
contain position or timing data of a high quality in terms of 
distance measurement capability or clock synchronization. 
[0031] The method may comprise analyzing received 
probe signals to determine Whether or not they are transmitted 
during optimum peaks of opportunity. 
[0032] The method may comprise measuring path loss and/ 
or multi-path distortion in such received probe signals, and 
selecting probe signals having loW path loss and/or loW multi 
path distortion for extraction of position or timing data there 
from. 
[0033] Stations may include data in their probe signals 
relating to the length of time they have remained static, other 
stations receiving the probe signals utilizing position data 
and/ or position determining data preferentially from stations 
that have remained static for the longest periods. 
[0034] Stations may include auxiliary data in their probe 
signals relating to one or more of the folloWing: the number 
and/or quality of transmission hops betWeen stations identi 
?ed in the probe signals; age data indicating the age of timing 
data or position data and/ or position determining data 
included in the probe signals; the stated or determined level of 
accuracy of position information relating to one or more 
stations identi?ed in the probe signals; and quality data indi 
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cating Whether the probe signals have been sent at peaks of 
opportunity, other stations receiving the probe signals utiliz 
ing position data and/or position determining data therein 
selectively depending on the nature of the auxiliary data 
included in the received probe signals. 
[0035] The probe signals may be transmitted on probe 
channels de?ned by a central authority, thereby reducing 
interference and preventing jamming or interception of the 
signals. 
[0036] Stations may maintain historical position data of 
other stations for a predetermined time after such other sta 
tions have lost connectivity With one another, the historical 
position data being retrievable to determine the last knoWn 
position of a station With Which connectivity has been lost. 
[0037] Stations may utilise variations in data in probe sig 
nals or other characteristics of the probe signals, arising out of 
relative movement betWeen stations, to resolve ambiguities in 
relative position data and/or position determining data in the 
probe signals. 
[0038] The nature or quality of a service available from a 
station in the network may be adjusted according to the deter 
mined absolute or relative position of said station and/or other 
nearby stations. 
[0039] For example, the method may include providing 
information to a user of a station relating to facilities, objects 
orpersons, or other stations near to the determined position of 
said station. 
[0040] In one embodiment of the method a ?rst station 
requiring position information relating to a second station 
that is moving relative to the ?rst station may transmit gradi 
ent gathering probe signals addressed to the second station, 
directly or via one or more intermediate stations, at an 
increased rate selected to provide enhanced resolution of the 
position information. 
[0041] The gradient gathering probe signals may be trans 
mitted at an increased rate only While the ?rst station requires 
the position information. 
[0042] The increased rate of transmission of the gradient 
gathering probe signals is preferably at least an order of 
magnitude greater than a standard rate of transmission 
thereof. 

[0043] A ?rst station requiring position information relat 
ing to another station in the netWork may transmit a position 
request message addressed to a central authority maintaining 
position data and/or position determining data of stations in 
the netWork; to one or more neighbors of the ?rst, requesting 
station for onWard transmission to the other station; or 
directly to the other station. 
[0044] The station Whose position is required may transmit 
a reply message to the ?rst station via the netWork With the 
required position information. 
[0045] The ?rst station may transmit a gradient gathering 
probe signal addressed to the other station via one or more 
intermediate stations, said other station transmitting a 
response via one or more intermediate stations to thereby 
create a gradient through the intermediate stations, the gradi 
ent providing information enabling a relative or absolute 
direction vector to be established betWeen the ?rst station and 
said other station. 

[0046] Further according to the invention there is provided 
a netWork comprising a plurality of stations each able to 
transmit and receive data so that the netWork can transmit data 
betWeen stations via at least one selected intermediate station, 
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wherein each station in the network comprises a transmitter, 
a receiver and data processing means and is operable to: 

[0047] transmit probe signals to other stations and 
receive probe signals from other stations; 

[0048] transmit position data and/or position determin 
ing data in at least some of the probe signals, the position 
data including data indicative of the absolute or relative 
position of a station transmitting a probe signal, and the 
position determining data including data usable by a 
station receiving a probe signal to determine the absolute 
or relative position of the station and/ or other stations; 

[0049] maintain, at stations which receive probe signals 
from one or more probing stations, position data and/or 
position determining data received from selected ones of 
the probing stations; and 

[0050] utiliZe the maintained position data and/or posi 
tion determining data to determine the absolute or rela 
tive position of said station and/ or other stations. 

[0051] including other stations in direct communication 
with said station, and also other stations not in direct 
communication with said station. 

[0052] Each station may be operable to determine the abso 
lute or relative position of other stations in direct communi 
cation with said station, and also other stations not in direct 
communication with said station. 

[0053] Each station preferably includes a clock and is 
arranged to transmit clock data in the probe signals, and to 
utiliZe the clock data to determine the time taken for the probe 
signals to propagate between stations and hence the distance 
between said stations. 

[0054] The network may include a central timing authority 
for transmitting updated timing data to the stations of the 
network, and wherein each station is arranged to synchronize 
its clock with the clocks of other stations of the network 
utiliZing the updated timing data. 
[0055] Each station is preferably arranged to accept or 
reject said updated timing data according to a cumulative 
error function calculated in respect of the transmission of 
such data, relative to other prior or simultaneous transmis 
sions of such data received at said station, thereby maintain 
ing a high level of accuracy in respect of the synchronization 
of clocks at each station of the network. 

[0056] At least some stations in the network may comprise 
a station based positioning system or be programmed with 
position data corresponding to a known ?xed location. 

[0057] Each station may be adapted to determine the 
approximate distance between itself and other stations utiliZ 
ing transmission power and/or path loss data in probe signals 
transmitted between the stations. 

[0058] Alternatively or in addition each station may be 
adapted to obtain position information indicating the position 
of one or more other stations by triangulation. 

[0059] The network may include a number of seed stations 
each able to determine its own absolute position with rela 
tively high accuracy, so that other stations transmitting probe 
signals to and receiving probe signals from the seed stations 
can obtain absolute position information from the seed sta 
tions to determine their own absolute positions, and further 
stations transmitting probe signals to and receiving probe 
signals from said other stations can obtain absolute position 
information from said other stations to determine their own 
absolute positions. 
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[0060] The data processing means of each station is pref 
erably operable to analyZe received probe signals to deter 
mine whether or not they are transmitted during optimum 
peaks of opportunity. 
[0061] The data processing means is preferably operable to 
analyZe received probe signals by measuring path loss and/or 
multi-path distortion in received probe signals, and to select 
probe signals having low path loss and/or low multi-path 
distortion for extraction of position or timing data therefrom. 
[0062] The network may include a central authority to 
de?ne probe channels for the transmission of the probe sig 
nals, to reduce interference and prevent jamming or intercep 
tion of the signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] Embodiments of the invention are described in 
detail in the following passages of the speci?cation, which 
refer to the accompanying drawings. The drawings, however, 
are merely illustrative of how the invention might be put into 
effect, so that the speci?c form and arrangement of the fea 
tures shown is not to be understood as limiting on the inven 
tion. 
[0064] FIGS. 1(a) to (d) are schematic diagrams showing 
known methods of determining distance and position of a 
station from one or more stations having position informa 

tion; 
[0065] FIGS. 2(a) and (b) are simpli?ed schematic dia 
grams showing a number of stations operating in an ODMA 
network; FIG. 2(a) showing the general position of the sta 
tions at a time t0 and FIG. 2(b) showing the same stations 
having subsequently gathered up to three close neighbors; 
[0066] FIGS. 3(a) to (e) are simpli?ed schematic diagrams 
showing the same stations as in FIG. 2, the sequence repre 
sented in FIGS. 3(a) to (0) illustrating the stations gradually 
determining their positions at times t0, t1 and t2 respectively 
according to a ?rst embodiment of the invention; and in FIGS. 
3(d) to (e) according to a second embodiment; 
[0067] FIGS. 4(a) to (e) are schematic diagrams illustrating 
distance and position determining techniques utiliZed in 
accordance with the ?rst embodiment of the invention; 
[0068] FIGS. 5(a) to (e) are schematic diagrams showing 
developments of the concepts illustrated FIG. 4, in a three 
dimensional orientation; 
[0069] FIGS. 6(a) to (f) are a sequence of simpli?ed con 
nectivity diagrams showing the mechanism used by stations 
in an ODMA network when triangulating position in accor 
dance with the second embodiment of the invention; 
[0070] FIG. 7 is a simpli?ed schematic diagram showing a 
subset of the stations of FIG. 2, showing certain of the stations 
having gathered neighbors through probing; 
[0071] FIGS. 8(a) and (b) are simpli?ed schematic dia 
grams showing the position determining mechanisms of sta 
tions having suf?cient ?xed absolute position neighbor sta 
tions from which to triangulate their own absolute positions in 
accordance with the second embodiment of the invention; 
[0072] FIGS. 9(a) to (d) are simpli?ed schematic diagrams 
showing the position determining mechanisms used by sta 
tions of FIG. 7 not having suf?cient neighbor stations from 
which to triangulate position; 
[0073] FIG. 10 is a simpli?ed schematic diagram showing 
an alternative technique employed by the stations of FIG. 9, in 
accordance with the second embodiment of the invention; 
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