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(57) ABSTRACT 

A system, method and article of manufacture are provided 
for determining a location of a Wireless device in a Wireless 
communication system. In one embodiment of the present 
invention, an initial request is transmitted to Wireless 
devices having knoWn locations for positioning information 
so that a location can be determined for a ?rst Wireless 
device having an undetermined location. Those Wireless 
devices With knoWn locations that receive the initial request 
in turn transmit positioning information to the ?rst Wireless 
device. If positioning information from less than a suf?cient 
number of Wireless devices With knoWn locations is received 
by the ?rst mobile Wireless device, an additional request is 
then transmitted to other Wireless devices. After responses to 
the request from one or more of these other Wireless devices 
are received, communication then occurs With at least a 
portion of the responding Wireless devices to obtain infor 
mation relating to the distance betWeen the ?rst Wireless 
device and the responding Wireless devices. Alocation of the 
?rst Wireless device is then estimated using the information 
obtained from the responding Wireless devices. 
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USE OF THIRD PARTY ULTRA-WIDEBAND 
DEVICES TO ESTABLISH GEO-POSITIONAL 

DATA 

[0001] This is a continuation-in-part of co-pending appli 
cation Ser. No. 09/745,498, titled “Use of Third Party 
Ultra-Wideband Devices to Establish Geo-Positional Data,” 
?led Dec. 22, 2000, Which is based on US. provisional 
application serial No. 60/255,469, ?led Dec. 13, 2000, titled 
“Ultra-Wideband Communication System and Method,” 
both of Which are incorporated in their entirety by this 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to Wireless 
communication systems and, more particularly, to accurate 
geo-location of ultra-Wideband transceivers. 

BACKGROUND OF THE INVENTION 

[0003] Ultra-Wideband communication systems and 
devices bene?t from the tremendous potential for geo 
positional accuracy of ultra-Wideband technology. As a 
separate issue, the FCC has recently required all existing 
cellular technology providers to employ some means of 
geographically locating all cellular phones for emergency 
purposes. This initiative has been termed “e911” and Will be 
a requirement of future cellular technologies. Thus, it is 
foreseeable that the same demands Will be placed on future 
ultra-Wideband devices. 

[0004] Conventionally, ultra-Wideband geo-positional 
information may be obtained by triangulating signals from 
three separate ultra-Wideband transmission toWers Whose 
?xed position is knoWn. HoWever, it is foreseeable that a 
mobile ultra-Wideband device may not alWays be Within 
range of three ?xed transmission toWers. In such a situation, 
the ultra-Wideband device’s geo-location (i.e., geo-position) 
may not be determined through the conventional methods. 

[0005] Thus, it may be appreciated that a geo-location 
method that takes advantage of other mobile ultra-Wideband 
devices of knoWn location to derive the position of the 
ultra-Wideband device that is in need of location has a better 
chance of success in these circumstances. 

SUMMARY OF THE INVENTION 

[0006] A system, method and article of manufacture are 
provided for determining a location of a Wireless device in 
a Wireless communication system. In one embodiment of the 
present invention, an initial request is transmitted to Wireless 
devices having knoWn locations for positioning information 
so that a location can be determined for a ?rst Wireless 
device having an undetermined location. Those Wireless 
devices With knoWn locations that receive the initial request 
in turn transmit positioning information to the ?rst Wireless 
device. If positioning information from less than a suf?cient 
number of Wireless devices With knoWn locations is received 
by the ?rst mobile Wireless device, an additional request is 
then transmitted to other Wireless devices. After responses to 
the request from one or more of these other Wireless devices 
are received, communication then occurs With at least a 
portion of the responding Wireless devices to obtain infor 
mation relating to the distance betWeen the ?rst Wireless 
device and the responding Wireless devices. Alocation of the 
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?rst Wireless device is then estimated using the information 
obtained from the responding Wireless devices. 

[0007] Alternatively, in some circumstances, the respond 
ing Wireless devices may simply provide a distance to the 
?rst Wireless device. An example of such a circumstance is 
a lost child carrying the ?rst Wireless device and several 
searchers, each With a responding Wireless device. In this 
example, the searchers are not interested in the geo-position 
of the child, but in the child’s distance from each of the 
searchers. In this scenario a local triangulation Without a 
geo-positional reference is all that is required to ?nd the 
child. Thus, a location of the ?rst Wireless device is esti 
mated using the information (distance or location) obtained 
from the responding Wireless devices and the positioning 
information received from the Wireless devices With knoWn 
locations. 

[0008] In one aspect of the present invention, at least a 
portion of the Wireless devices may comprise ultra-Wide 
band devices. In a further aspect of the present invention, the 
additional request may be retransmitted. In such an aspect, 
the additional request may also be retransmitted at a higher 
poWer level if an insufficient number of responses are 
received in response to the previous request. 

[0009] In another embodiment of the present invention, if 
positioning information is received from a suf?cient number 
of Wireless devices With knoWn locations, then the location 
of the ?rst Wireless device may be determined utiliZing just 
the information obtained from the Wireless devices With 
knoWn locations. In yet another embodiment of the present 
invention, the location of the ?rst Wireless device may be 
estimated using only the information obtained from the other 
Wireless devices. 

[0010] These and other features and advantages of the 
present invention Will be appreciated from revieW of the 
folloWing detailed description of the invention, along With 
the accompanying ?gures in Which like reference numerals 
refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing and other features, aspects and 
advantages are better understood from the folloWing detailed 
description, appended claims, and accompanying draWings 
Where: 

[0012] FIG. 1 is a schematic diagram of an exemplary 
ultra-Wideband communication system capable of utiliZing a 
multiple access scheme in accordance With an embodiment 
of the present invention; 

[0013] FIG. 2 is a schematic diagram of an ultra-Wide 
band geo-positional model; 
[0014] FIG. 3 is a schematic block diagram of an ultra 
Wideband Wireless device/transceiver in accordance With an 
embodiment of the present invention; 

[0015] FIG. 4 is a schematic diagram of an ultra-Wide 
band geo-positional model Where multiple mobile devices 
collaborate With a requesting device to alloW the requesting 
device to determine its location in accordance With an 
embodiment of the present invention; 

[0016] FIG. 5 is a ?oWchart of a process for triangulation 
and storage of the geo-positional information based on three 
?xed position devices in accordance With an embodiment of 
the present invention; 
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[0017] FIG. 6 is a ?owchart of a process for determining 
and storing a geographic location of a mobile Wireless 
device in a Wireless communication system in accordance 
With an embodiment of the present invention; 

[0018] FIG. 7 is a ?oWchart processing replies from other 
Wireless devices and 15 testing for data quantity and quality 
criteria in accordance With an embodiment of the present 
invention; 

[0019] FIG. 8 is a ?oWchart of a process for performing 
a ranging dialogue to determine a requesting Wireless 
device’s distance from other replying Wireless devices in 
accordance With an embodiment of the present invention; 

[0020] FIG. 9 is a ?oWchart of a process for time correc 
tion in a requesting Wireless device in accordance With an 
embodiment of the present invention; 

[0021] FIG. 10 is a schematic diagram of a representative 
hardWare environment in accordance With an embodiment of 
the present invention; 

[0022] FIG. 11 is an illustration of different communica 
tion methods; 

[0023] FIG. 12 is an illustration of tWo ultra-Wideband 
pulses; and 

[0024] FIG. 13 is a schematic diagram of an ultra-Wide 
band geo-positional model Where multiple mobile devices 
collaborate With a requesting device to alloW the requesting 
device to determine its location and elevation in accordance 
With an embodiment of the present invention; 

[0025] It Will be recogniZed that some or all of the Figures 
are schematic representations for purposes of illustration and 
do not necessarily depict the actual relative siZes or locations 
of the elements shoWn. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] In the folloWing paragraphs, the present invention 
Will be described in detail by Way of example With reference 
to the attached draWings. Throughout this description, the 
preferred embodiment and examples shoWn should be con 
sidered as exemplars, rather than as limitations on the 
present invention. As used herein, the “present invention” 
refers to any one of the embodiments of the invention 
described herein, and any equivalents. Furthermore, refer 
ence to various feature(s) of the “present invention” 
throughout this document does not mean that all claimed 
embodiments or methods must include the referenced fea 

ture(s). 
[0027] Embodiments of the present invention use the 
knoWn geographic position of one or more mobile Wireless 
devices (in a preferred embodiment, ultra-Wideband 
devices) to triangulate the position of additional mobile 
Wireless devices that are not Within geographic range of 
three mobile or ?xed Wireless devices such as ?xed base 
stations and/or transmission toWers, or mobile Wireless 
devices. It should be understood that the mobile Wireless 
devices Whose positions are knoWn need not be restricted 
just to handheld-type mobile devices. Such devices may also 
include ultra-Wideband components in mobile phones, 
mobile internet devices, portable radios, personal data assis 
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tants, desktop computers or appliances located in homes, 
automobiles, office environments and other ultra-Wideband 
devices. 

[0028] A preferred embodiment of the present invention 
employs ultra-Wideband, or impulse radio that comprises a 
multiplicity of electromagnetic pulses that are emitted at 
nanosecond or picosecond intervals (generally tens of pico 
seconds to a feW nanoseconds in duration). For this reason, 
ultra-Wideband is often called “impulse radio.” Because the 
excitation pulse is not a modulated Waveform, UWB has 
also been termed “carrier-free” in that no apparent carrier 
frequency is evident in the radio frequency (RF) spectrum. 
That is, the UWB pulses are transmitted Without modulation 
onto a sine Wave carrier frequency, in contrast With conven 
tional radio frequency technology. For example, ultra-Wide 
band requires neither an assigned frequency nor a poWer 
ampli?er. 
[0029] Conventional radio frequency technology employs 
continuous sine Waves that are transmitted With data embed 
ded in the modulation of the sine Waves’ amplitude or 
frequency. For example, a conventional cellular phone must 
operate at a particular frequency band of a particular Width 
in the total frequency spectrum. Speci?cally, in the United 
States, the Federal Communications Commission has allo 
cated cellular phone communications in the 800 to 900 MHZ 
band. Cellular phone operators use 25 MHZ of the allocated 
band to transmit cellular phone signals, and another 25 MHZ 
of the allocated band to receive cellular phone signals. 

[0030] Another example of a conventional radio fre 
quency technology is illustrated in FIG. 11. 802.11a, a 
Wireless local area netWork protocol, transmits radio 
frequency signals at a 5 GHZ center frequency, With a radio 
frequency spread of about 5 MHZ. 

[0031] In contrast, an UWB pulse may have a 1.8 GHZ 
center frequency, With a frequency spread of approximately 
4 GHZ, as shoWn in FIG. 12, Which illustrates tWo typical 
UWB pulses. FIG. 12 illustrates that the narroWer the UWB 
pulse is in time, the higher its center frequency and the 
broader the spread of its frequency spectrum. This is because 
frequency is inversely proportional to the time duration of 
the pulse. A 600 picosecond UWB pulse Will have about a 
1.8 GHZ center frequency, With a frequency spread of 
approximately 4 GHZ. And a 300 picosecond UWB pulse 
Will have about a 3 GHZ center frequency, With a frequency 
spread of approximately 8 GHZ. Thus, UWB pulses gener 
ally do not operate Within a speci?c frequency, as shoWn in 
FIG. 11. And because UWB pulses are spread across an 
extremely Wide frequency range, UWB communication sys 
tems alloW communications at very high data rates, such as 
100 megabits per second or greater. 

[0032] Also, because the UWB pulse is spread across an 
extremely Wide frequency range, the poWer sampled at a 
speci?c frequency is very loW. For example, a UWB one 
Watt signal of one nano-second duration spreads the one 
Watt over the entire frequency occupied by the pulse. At any 
instantaneous frequency, such as at the carrier frequency of 
a 802.11 a system, the UWB pulse poWer present is about 
one nano-Watt (for a frequency band of 1 GHZ). This is Well 
Within the noise ?oor of the 802.11a system and therefore 
does not interfere With the transmission of the 802.11a 
signals. Generally, the multiplicity of UWB pulses are 
transmitted at relatively loW poWer (When sampled at a 
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speci?c frequency), for example, at less than —30 power 
decibels to 60 poWer decibels. 

[0033] FIG. 1 is a ?owchart of a process 100 for deter 
mining a geographic location of a mobile Wireless device 
having an undetermined/unknown geographic location in a 
Wireless communication system in accordance With an 
embodiment of the present invention. In operation 102, at 
least one initial request is transmitted from a ?rst mobile 
Wireless device having an undetermined/unknown geo 
graphic location to ?xed position Wireless devices having 
knoWn geographic locations (e.g., such as base stations 
and/or transmission toWers) for positioning information for 
determining a geographic location of the ?rst mobile Wire 
less device. Those ?Xed position Wireless devices With 
knoWn geographic locations that receive the initial request 
(i.e., in the communication range of the ?rst mobile Wireless 
device) transmit, in response, positioning information to the 
?rst mobile Wireless device With the undetermined geo 
graphic location (Note: for purposes of this portions of the 
description, communication range may be de?ned as a 
region inside Which Wireless communication With the ?rst 
mobile Wireless device may be achieved). 

[0034] If positioning information from less than a suf? 
cient number of ?Xed position Wireless devices of knoWn 
geographic location is received by the ?rst mobile Wireless 
device (e.g., such as When less than the sufficient number of 
?Xed position Wireless devices are in the communication 
range of the ?rst mobile Wireless device), then in operation 
104, the ?rst mobile Wireless device then transmits an 
additional request for responses/replies from other mobile 
Wireless devices in the communication range of the ?rst 
mobile Wireless device. In one aspect of the present inven 
tion, at least a portion of the transmitted requests may be 
coded (such as in the form of a key sequence request). 
Responses to the request are then received by the ?rst 
Wireless device from one or more other mobile Wireless 
devices in the communication range in operation 106. Com 
munication is then initiated in operation 108 With at least a 
portion of the responding other mobile Wireless devices to 
obtain information (i.e., data) relating to the distance 
betWeen the ?rst mobile Wireless device and the responding 
other mobile Wireless devices communicating With the ?rst 
mobile Wireless device. 

[0035] In operation 110, a position/location of the ?rst 
mobile Wireless device is 20 then estimated With a triangu 
lation method using the information obtained from the 
responding other mobile Wireless device communicating 
With the ?rst Wireless device and (if any Was received by the 
?rst mobile Wireless device) positioning information 
received from the less than suf?cient number of ?Xed 
position Wireless devices With knoWn geographic locations. 

[0036] In an aspect of the present invention, the suf?cient 
number of ?Xed position Wireless devices With knoWn 
geographic locations may comprises at least three ?Xed 
position Wireless devices With knoWn geographic locations. 
In another aspect of the present invention, the additional 
request (see operation 104) may be re-transmitted periodi 
cally a predetermined number of times. In such an aspect, 
the additional request may be re-transmitted at a higher 
poWer level (i.e., to increase the range that the additional 
request is transmitted from the ?rst mobile Wireless device) 
if an insuf?cient number of responses are received (after a 

Jul. 17, 2003 

predetermined amount of time) in response to the previous 
transmission of the additional request. 

[0037] FIG. 2 is a schematic diagram of an ultra-Wide 
band geo-positional model 200 Where ?Xed, knoWn position 
Wireless devices such as transmitters/base stations 202, 204, 
206 collaborate With a requesting Wireless device 208 to 
alloW the requesting device to determine its location in 
accordance With an embodiment of the present invention. 
One feature of ultra-Wideband communication systems is 
that highly accurate geographical positional information 
may be discernable from signals received from at least three 
ultra-Wideband transmitters (e.g., 202, 204, 206) having 
knoWn geographical positions. Typically, a device/trans 
ceiver (e.g., 208) having an unknown/undetermined location 
receives ultra-Wideband signals from three ?Xed ultra-Wide 
band transmitters, With the signals sent from each transmit 
ter embedding its time of transmission and the geographical 
position of each respective transmitter. Using the knoWn 
position of each ?Xed transmitter, and measuring the slight 
timing variations betWeen received signals, the device With 
an unknoWn geographical location can triangulate and accu 
rately determine its geographical position. Using such tri 
angulation procedures, an ultra-Wideband device can deter 
mine its geographical position to Within a feW centimeters. 

[0038] As previously mentioned, in an aspect of the preset 
invention, the Wireless devices may comprise impulse radio 
communication devices such as, for eXample ultra-Wideband 
radio (also knoW as digital pulse Wireless) communication 
devices. FIG. 3 is a schematic block diagram of an ultra 
Wideband Wireless device/transceiver 300 in accordance 
With an embodiment of the present invention. The device 
300 has a plurality of components comprising logic (i.e., 
circuitry), softWare, or some combination of logic and 
softWare. In particular, the device 300 includes a transmitter 
and a receiver components 302, 304 capable of transmitting 
and receiving Wireless signals 306, 308 (preferably ultra 
Wideband radio communication signals) respectively. In one 
embodiment, the signals may carry digital data communi 
cation information Which may be packetiZed according to 
knoWn techniques. 

[0039] The transmitter and a receiver components 302, 
304 may also be coupled to additional components 310 
included in the device 300. In an embodiment of the present 
invention, one of the additional components may comprise 
a location component 312. In an aspect of the present 
invention, the location component 312 may include a timing 
and location database controller 314 Which manages and 
controls a timing and location database 316 in Which infor 
mation such a geo-positional may be stored. 

[0040] In ?Xed ultra-Wideband transmission toWers/base 
stations, their geographic position is knoWn and can be 
stored in local memory. In mobile ultra-Wideband devices 
300 that are Within range of three or more ?Xed ultra 
Wideband transmission toWers, geo-positional information 
can be actively recorded, updated and stored this in the 
Dynamic Timing and Location Database 316 of the device 
300 on an ongoing basis. Active updating and recording of 
geo-positional information can occur automatically on a 
predetermined time interval, or queried on command. 

[0041] For eXample, in an embodiment of the present 
invention, the location component 312 may receive signals 
from at least three other Wireless devices and then use timing 
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relationships and location information provided in these 
signals to accurately determine a location for the Wireless 
device 300. With the eXact location of the transceiver unit 
300 knoWn, and the location of the ?xed transmitters knoWn, 
the location component 312 may be able to precisely deter 
mine the distance from the Wireless device 300 to the other 
Wireless device. In some embodiments, this distance infor 
mation, in turn, may be provided to the transmit component 
302 so that it can be used to help more accurately adjust the 
level of poWer the transmit component uses to transmit the 
subsequent signals. 
[0042] FIG. 4 is a schematic diagram of an ultra-Wide 
band geo-positional model 400 Where multiple mobile 
devices collaborate With a requesting device to alloW the 
requesting device to determine its location in accordance 
With an embodiment of the present invention. In embodi 
ments of the present invention, tertiary mobile Wireless 
devices (e.g., Wireless device 402) that are not Within range 
of three or more toWers (e.g., transmission toWers 404, 406, 
408, 410, 412, 414) can request the geo-positional informa 
tion stored in the Timing and Location Database of mobile 
ultra-Wideband devices (e.g., devices 416, 418, 420) that are 
in range and have already stored this information. Such 
tertiary mobile devices 402 can then use the results of their 
query of other mobile ultra-Wideband devices to triangulate 
their oWn position. 

[0043] In an embodiment of the present invention, the 
geographic location of the ?rst mobile Wireless device may 
be determined just from information obtained from the ?xed 
position Wireless devices With knoWn geographic locations 
utiliZing a triangulation method if positioning information is 
received by the ?rst mobile Wireless device from a suf?cient 
number (or more) of ?Xed position Wireless devices With 
knoWn geographic locations (e.g., such as When the suf? 
cient number of ?Xed position Wireless devices With knoWn 
geographic locations are in the communication range of the 
?rst mobile Wireless device). FIG. 5 is a ?oWchart of a 
process 500 for triangulation and storage of the geo-posi 
tional information based on three ?Xed position devices in 
accordance With an embodiment of the present invention. 
When an individual mobile ultra-Wideband device A 
requires a location determination in operation 502, it trans 
mits a coded request (in the form of a key sequence) for the 
geo-position of three other ultra-Wideband devices/toWers 
Whose position is knoWn in operation 504. This request may 
be sent several times (polled) at a pre-selected loWest poWer 
setting. By starting key-sequence transmissions at the loWest 
possible poWer level, the key-sequence Will only reach the 
smallest transmission range and potentially the smallest 
number of nearby ultra-Wideband devices that might 
respond to the key sequence request for information. The 
aWaited responses are received in a pre-identi?ed commu 
nications channel or set of such channels. If device A is in 
range of three toWers (see decision 506), then it triangulates 
its oWn position in operation 508 based on the responses and 
time stamps, and stores this information in its timing and 
location database 316 via its timing and location database 
controller 314. 

[0044] The timing and location database 316 of the 
responding ultra-Wideband device contains a position value 
and a time stamp that speci?es the time that position value 
Was obtained. In one implementation, the responding device 
may delay response to the requesting ultra-Wideband device 
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until after the responding ultra-Wideband device has updated 
its oWn most recent geographic position. HoWever, in a 
preferred implementation, the decision to use the position 
reported by the responding device lies With the requesting 
device. The requesting device makes this determination 
based on the time stamp and other information provided by 
the responding device. The moving/mobile nature of the 
responding ultra-Wideband devices and the need to synchro 
niZe the requesting device With the responding devices also 
complicate the determination of location. 

[0045] If the querying Wireless device (i.e., device A) is 
determined not to be in range of at least three toWers in 
decision 506, then other Wireless devices (e.g., other mobile 
Wireless devices) proximate to the querying device may be 
queried per operation 510. In one embodiment of the present 
invention, the location of the ?rst mobile Wireless device 
may be estimated With a triangulation method using only the 
information obtained from the at least a portion of the 
responding other mobile Wireless device if no positioning 
information is received by the ?rst mobile Wireless device 
from ?Xed position Wireless devices With knoWn geographic 
locations (i.e., Zero (0) ?Xed position Wireless devices). 
FIG. 6 is a ?oWchart of a process for determining and 
storing a geographic location of a mobile Wireless device in 
a Wireless communication system per operation 510 in 
accordance With an embodiment of the present invention. 
FIG. 6 shoWs the overall position discovery algorithm based 
on a requesting mobile device’s ability to contact a suitably 
large number of location-self-aWare devices. As Was the case 
in FIG. 5, the device acquiring location is referred to as 
device A in FIG. 6. 

[0046] Device “A” ?rst tries to communicate With three or 
more base stations in order to triangulate its position (per 
operations 504, 506, 508). Since the base stations have eXact 
location information and highly accurate timekeeping hard 
Ware, this may be the most accurate method of position 
determination. If feWer than three base stations are available 
(per decision 506), the device (i.e., device A) starts the 
request for information from other mobile devices by trans 
mitting a key-sequence at the loWest possible poWer level 
per operation 510. In operation 602, replies are processed 
and tested for data quality and quantity criteria (preferably 
utiliZing the timing and location database and controller 316, 
314). In one aspect, each responding device may be identi 
?ed by its unique ID number. Additionally, the range of IDs 
for base stations may not overlap those of mobile devices. If 
there are no replies, or if the replies contain data of loW 
accuracy, device A keeps on polling for respondents. If 
polling the preprogrammed number of times fails to generate 
any replies, the requesting device may then ramp up the 
transmit poWer. In operation 604, a ranging dialogue is 
performed to determine the requesting Wireless device’s 
distance from other replying Wireless devices in order to 
permit the estimation of the requesting Wireless device’s 
position in operation 606 based on the determined distances 
Weighted by their freshness using a triangulation method. In 
an embodiment of the present invention, a time stamp for the 
estimated position/location may be generated, and then the 
estimated position/location and the associated time stamp 
may be stored in a memory (such as in a timing and location 
database) of the ?rst mobile Wireless device utiliZing a 
timing and location database controller of the ?rst mobile 
Wireless device. 
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[0047] FIG. 7 is a ?owchart processing replies from other 
Wireless devices and testing for data quantity and quality 
criteria per operation 604 of FIG. 6 in accordance With an 
embodiment of the present invention. As discussed previ 
ously, if device A is not in range of three toWers, it then 
transmits the key sequence in order to locate other mobile 
devices per operation 510. As the other mobile devices 
respond, a dialogue is established betWeen the requestor and 
each responding device to determine distance and clock 
disparity. If the requesting device does not receive a 
response in a reasonable time (in a preferred embodiment, 
up to 5 msec—depending on the environment), the request 
ing device Will retry several times using the same poWer 
level and multiple access channels (see decision 702). If no 
devices have replied to this repeated polling, then a poWer 
ramping algorithm is initiated, and the keyed sequence is 
transmitted again at a higher poWer level (see operation 
704). Once the maximum alloWable poWer is reached With 
out response (see decision 706), the requestor Will sWitch to 
another multiple access channel in operation 708. 

[0048] With continuing reference to FIG. 7, important 
data quality and quantity criteria are also used device A to 
determine the value of the data it receives. It should be noted 
that only other Wireless devices that have acquired their 
position Will respond to the query of operation 510. If there 
are no responses to the polling, device A boosts its output 
poWer level until another mobile device responds (per 
operation 708). 

[0049] With reference to the YES path of decision 702, if 
a device proximate to the requesting device (i.e., device A) 
receives the request transmitted by device A and has 
acquired information concerning its oWn geographic posi 
tion/location, then such a device may transmit a response to 
the device A (the responding mobile device Will be referred 
to hereafter as device B). Device “B” may encode several 
pieces of information into its reply including, for example: 
(1) the freshness of its position information (i.e., hoW 
recently the position information Was obtained and/or 
updated); (2) a time of receipt that the query from device A 
Was received by device B; and (3) a time of reply that a reply 
to the to the query Was transmitted from device B to device 
A. Upon receiving the reply, device A can decode the reply 
in order to obtain the encoded information in operation 710. 

[0050] With continuing reference to FIG. 7, the informa 
tion obtained from each reply to the request by device A can 
be tested to determine hoW much emphasis should put on the 
information provided in the response of the particular device 
B. In decision 712, the information from a device B may be 
tested to determine Whether the position information of 
device B is stale (i.e., too old and/or has not been updated 
recently). Clearly, if device B has not updated its informa 
tion in a long time (for example, in a preferred embodiment, 
longer than 100 msec), the location of device B may have 
incurred signi?cant error. 

[0051] Next, in decision 714, the information decoded 
from the response may be tested to determine if the delay 
taken by device B in responding to the request is above a 
predetermined threshold (e.g., in a preferred embodiment, 
greater than 50 msec). For example, if device B took an 
inordinate amount of time to process the query (hereafter 
referred to as processing time), device B may be overloaded 
and prone to thread con?icts that Will induce timing errors. 
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In such a case, device B’s reply Will not be as accurate as 
device Amay require. After performing the tests in decisions 
712 and 714, a subsequent determination is made by device 
A as to Whether the replies of three or more devices (i.e., 
three or more device B’s) have been received by device Ain 
decision 716. If three or more device B’s have replied and 
at least three of the replies pass the tests set forth in decisions 
712 and 714 (see the YES paths of decisions 712 and 714), 
then the dialog to determine device A’s distance from three 
other devices may be executed per the YES path of decision 
716 and operation 604. Conversely, if the information of a 
reply fails either of the tests (see the NO paths of decisions 
712 and 714), or the replies of less than three device B’s 
have past the tests, then per operation 718, a polling 
sequence for other devices is initiated. 

[0052] There are several circumstances Where distance 
calculation based on nearby devices may be prone to certain 
types of error. For some responding devices the processing 
delay experienced by device B Will be a multiple of the 
signal’s propagation delay. In such cases, the response by 
“B” may be degraded by simultaneous occurring multi-path 
re?ections from the original query. In such cluttered envi 
ronments, Where re?ection of the query may return to “A” 
at the same time as the reply from “B”, it becomes necessary 
to re-query “B” and notify it of the multi-path duration. 
Once “B” receives this information it can resubmit its reply 
so it Will not be degraded by multi-path. On the other hand, 
if “A” calculates device B to be very far aWay, then the 
possibility increases that the reception is not direct line, and 
signi?cant error is highly probable. 

[0053] Once three or more devices have replied, then an 
estimated position can be obtained per 606. If more than 
three devices reply to the query, a determination can be 
made based on the information provided by the responding 
devices as to the quality of the estimated distances. Any 
devices over the required three can be graded and then added 
to the estimate Weighted by a quality factor calculated from 
the time of last update, chance of multi-path interference, 
replier overload, and distance degradation. 

[0054] In yet another aspect of the present invention, the 
obtained information relating to the distance betWeen the 
?rst mobile Wireless device and the portion of the respond 
ing other mobile Wireless devices may include a calculated 
distance betWeen the ?rst mobile Wireless device and the 
portion of the responding other mobile Wireless devices, a 
transmission time, and a scaling factor. 

[0055] FIG. 8 is a ?oWchart of a process for performing 
a ranging dialogue to determine a requesting Wireless 
device’s distance from other replying Wireless devices per 
operation 604 in accordance With an embodiment of the 
present invention. FIG. 8 shoWs the dialogue that must go 
on in order for device A to determine its position With 
respect to device B. In operation 802, device Astarts a timer 
that is used to count the clock ticks betWeen the time device 
A sends a query and the time “A” receives a response from 
“B”. This time is denoted as “ASIA” (or “DtrsA”). This time 
includes the round trip signal time plus the time it takes for 
device B to respond to the query (a substantial delay given 
that device B is likely to be busy at the time the query is 
received). Since the oscillator on device A may have under 
gone some drift since the last time device A’s position Was 
determined, ASIA is only an estimate of the true round trip 
time. 



US 2003/0134647 A1 

[0056] Once device B receives the query in operation 804, 
device B marks the receipt time, starts the receive-send 
delay timer and continues processing those threads that Were 
being processed at the time it received the query until it has 
enough time to respond to the query (see operations 806 and 
808). When device B is ready to respond to the query, “B” 
stops the timer and calculates the receive-send delay AUSB 
(or “DtrsB”) and A’s time scaling factor in operation 810. 

[0057] In operation 812, device Areceives the reply, stops 
the round trip timer, and calculates the round-trip time 
“AMA” (or “DtrsA”). Device A then encodes this value into 
a message to be sent to device B at its neXt “time beacon” 
mark in operation 814. Atime beacon mark occurs at the end 
of a speci?ed time period that starts With the sending of the 
original query. The time beacon period may either be a 
preprogrammed constant for both devices A and B, or its 
value may be transmitted by devices A to B in the initial 
query. 

[0058] In operation 816, device B receives the message 
and decodes the round trip time. Device B then calculates 
the time difference betWeen the original query and the reply 
at the “time beacon” mark to calculate the true beacon period 
(“DtbB”) (see operation 816). In operation 818, device B 
then uses the ratio of the beacon period preprogrammed in 
device A to the true beacon period as calculated by device B 
as a multiplier (i.e., the “scaling factor”) to correct the round 
trip time as calculated by device A. Once the actual time is 
obtained, the receive-send delay incurred by device B can be 
subtracted out to obtain the actual round trip propagation 
time. Device B then sends the scaling factor, transmission 
time and calculated distance to device Ain operation 820. In 
operation 822, upon receipt, device A may use this infor 
mation transmitted from device B for time correction. 

[0059] FIG. 9 is a ?oWchart of a process for time correc 
tion in a requesting Wireless device per operation 822 of 
FIG. 8 in accordance With an embodiment of the present 
invention. As set forth in FIG. 9, shoWs that as soon as 
device A receives the transmission from device B (see 
operation 902), device A resets its clock cycle counter in 
operation 904. Device A then decodes the transmission and 
extracts the parameters for storage in its timing and location 
database (see operation 906). 
[0060] Besides updating its location, device A can use 
these parameters to 15 resynchroniZe its clock. In one aspect 
of the present invention, at least a portion of the obtained 
information (such as the transmission time and scaling 
factor) may be utiliZed to update an internal clock of the ?rst 
mobile Wireless device. In closer detail, this may be accom 
plished per operation 908 by calculating a Receipt Time 
using the folloWing equation: 

Receipt Time=(transmission time of device B+dis— 
tance/speed of light)+(time required to process trans 
mission and reset clock cycle counter), 

[0061] Where: 
(time required to process transmission and reset clock 
cycle counter) (cycles required to process transmission 
and reset the clock cycle counter)*(scaling factor) 

[0062] Device “A” then stores the calculated Receipt Time 
in operation 910. Subsequent time calculations by device A 
are then based on the folloWing equation: 

True Current Time=(value of clock cycle 
counter)*(scaling factor)+(Receipt Time)+(number of 
cycles to calculate and process (transmit, store, etc.) 
True Current Time) 
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[0063] In multi-user environments, it is feasible that doZ 
ens of ultra-Wideband devices may be Within transmit/ 
receive range of the location-requesting ultra-Wideband 
device. Simultaneous responses from all of these devices 
can “collide” and prove to be unintelligible to the requesting 
device. In an aspect of the present invention, a set of 
collision-avoidance schemes may be provided Which are 
designed to reduce collisions When an individual ultra 
Wideband device requests geo-positional information from 
multiple nearby ultra-Wideband devices in a multi-user 
environment. 

[0064] Implementations of collision avoidance schemes 
may employ the folloWing: 

[0065] 1. Pre-identi?cation of several multiple access 
channels to be used for receiving responses to the 
geo-positional key sequence and assign one of these 
channels to each mobile device. This reduces but 
does not eliminate the possibility that multiple 
responses to the key sequence request Will be 
received in the same channel; 

[0066] 2. Superposition of multiple coincident 
responses using pulse position modulation (a pre 
ferred modulation scheme) may lead to disalloWed 
pulse adjacency at the receiver. If this happens, the 
requesting device may ignore the reply. The respond 
ing devices eXpect a rapid acknoWledgement from 
the requesting device (up to 5 msec depending on the 
environment). The lack of a prompt acknoWledge 
ment from the requesting device may induce the 
responding devices to retransmit their responses 
using other pre-identi?ed multiple access channels 
assigned for positional response information. To 
decrease the probability that second responses from 
multiple devices Will interfere With each other, these 
multiple access channels can be chosen at random 
and/or the transmission can be postponed by random 
delays. These random factors can be obtained by 
using a random number generator Where the seed is 
based on an individual device’s unique identi?cation 
code. The individual device’s ID codes can also be 
used directly to institute a lag that is unique to each 
device; and 

[0067] 3. The geo-positional key sequence may be 
generated at the loWest possible poWer level, and the 
poWer level is increased only after betWeen 3 and 10 
polling sequences have been transmitted With no 
response. The poWer ramping and polling sequence 
proceeds until the ?rst response is obtained or until 
the assigned maXimum poWer level has been 
reached. The poWer level is increased gradually such 
that the potential number of neW respondents is kept 
loW While insuring the minimum number or respon 
dents, three, is achieved as rapidly as possible. After 
maXimum poWer is reached With no response, the 
ultra-Wideband device Will then sWitch channels and 
start the polling and poWer ramping sequence again 
at the loWest poWer setting. 

[0068] Embodiments may also include a repetitive polling 
sequence that helps to assure that a potential respondent Will 
be able to receive the request. Since the requesting device 
eXpect a rapid acknoWledgement from the responding 
devices, if the requesting devices do not receive such an 
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acknowledgement in a reasonable time (up to 5 msec 
depending on the environment), then the requester Will retry 
up to 10 polling sequences before ramping up the poWer or 
moving to another multiple access channel. 

[0069] Additionally, embodiments may provide a means 
to simultaneously synchroniZe the users clock and calculate 
the distance based on one round trip from the responding 
device. 

[0070] Thus embodiments of the present invention may 
alloW for the employment of geo-positional information in a 
broader range of environments. It uses and “piggybacks” the 
existence of multi-user environments to extend the capacity 
of the ultra-Wideband system. It extends the capacity for 
acquisition of geo-positional information throughout a 
multi-user ultra-Wideband environment. Aspects of the 
present invention may also help to reduce the probability of 
collisions in multi-user environments. The ability to extend 
geo-positional functionality under a Wider variety of cir 
cumstances may become a future requirement of FCC 
regulations under extension of their “e911” policy. 

[0071] Referring to FIG. 13, a schematic diagram of an 
ultra-Wideband geo-positional model 1100 is illustrated. 
Multiple ultra-Wideband (UWB) devices collaborate With a 
requesting UWB device to enable the requesting device to 
determine its location and elevation in accordance With an 
embodiment of the present invention. One feature of this 
embodiment of the present invention is that an elevation of 
the UWB requesting unit 1105 can be determined. This can 
be helpful in many situations, for example, Where the 
location of an individual in a high-rise building must be 
determined. In addition, one feature of this embodiment of 
the present invention is that it accounts for situations Where 
the elevation betWeen an UWB requesting unit 1105 is not 
the same as the elevation of the other UWB units 1110. 

[0072] Referring again to FIG. 13, the location of an 
UWB requesting unit 1105 can be determined by measuring 
the time delay in a signal transmitted by the UWB requesting 
unit 1105 to each of the UWB units 1110. The UWB units 
1110 may have either a ?xed location or they may be mobile 
UWB units. One method of ?nding the location of the UWB 
requesting unit 1105 employs radio triangulation and calcu 
lates distance from the amount of time required for a signal 
transmitted by the UWB requesting unit 1105 to reach each 
of the UWB units 1110. Speci?cally, the distance betWeen 
the UWB requesting unit 1105 and each of the UWB units 
1110 can be determined based on the amount of time it takes 
for a signal to travel betWeen the devices. Each distance 
generates a radius, With each UWB unit 1110 at the center 
of a circle de?ned by each radius. The intersection of the 
three circles de?nes the location of the UWB requesting unit 
1105. 

[0073] An alternative technique to determine a location of 
an UWB requesting unit 1105 may employ tWo directional 
antennas that may be incorporated into the UWB units 1110. 
For example, a phased array antenna or other type of antenna 
capable of determining direction may be employed and only 
tWo antennas Would be required to determine the location of 
an UWB requesting unit 1105. This is because a point (the 
UWB requesting unit 1105) can be found at the intersection 
of tWo arcs formed by the distance and direction information 
supplied by the UWB units 1110. 
[0074] As discussed above, the location of the UWB 
requesting unit 1105 can also be determined by obtaining 
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information from other devices not initially queried. With 
reference to FIG. 4, if an initial request transmitted by the 
UWB requesting unit 1105 does not result in a suf?cient 
amount of data to generate a location, a second request for 
information from other UWB units may be transmitted. 
These tertiary devices, ?xed or mobile, may then submit 
information to the UWB units 1110 Which Will then relay the 
information to the UWB requesting unit 1105, or the tertiary 
devices may submit the information directly to the UWB 
requesting unit 1105. 

[0075] Again referring to FIG. 13, a method of determin 
ing an elevation of an UWB requesting unit 1105 Will noW 
be described. As shoWn in the Figure, a calculated distance 
from each UWB unit 1110 may result in three different 
elevation error points 1115. This may occur When an UWB 
requesting unit 1105 transmits a request to the UWB units 
1110 to determine a location of the UWB requesting unit 
1105, and the UWB requesting unit 1105 is at a different 
elevation than the UWB units 1110. The elevation error 
points 1115 represent distances that are beyond the actual 
location of the UWB requesting unit 1105. The additional 
distance re?ects the elevation difference betWeen the UWB 
requesting unit 1105 and the UWB units 1110. 

[0076] HoWever, one embodiment of the present invention 
includes computer logic or computer readable program code 
to determine a position and elevation of an UWB requesting 
unit 1105 When the elevation of the UWB requesting unit 
1105 is different than the elevation of the UWB units 1110. 
One method involves the use of the Pythagorean theorem. 
This method employs the total distance from a UWB unit 
1100 to the elevation error point 1115 as the hypotenuse of 
a triangle. Another side of the triangle is determined by 
taking the difference betWeen the distance from the UWB 
requesting unit 1105 and the elevation error point 1115 and 
subtracting that distance from the distance betWeen the 
UWB unit 1100 and the elevation error point 1115. With tWo 
sides of an imaginary triangle determined, the third side of 
the triangle can be found using the Pythagorean theorem. In 
the present invention, the third side of the triangle represents 
the elevation of the UWB requesting unit 1105. 

[0077] In a preferred embodiment of the present invention, 
the Pythagorean calculation described above is performed 
three times, using the distance data from each of the three 
UWB units 1100 to their respective elevation error points 
1115. Thus, the elevation of the UWB requesting unit 1105 
is found, and determining the elevation of the UWB request 
ing unit 1105 eliminates the elevation error and the substan 
tially precise location of the UWB requesting unit 1105 is 
resolved. 

[0078] The above-described calculations require an 
approximate location of the UWB requesting unit 1105. One 
embodiment of the present invention determines a centroid 
of the elevation error area 1120. The centroid of the eleva 
tion error area 1120 is then used as an approximate location 
of the UWB requesting unit 1105. The elevation error area 
1120 comprises an area de?ned by three imaginary lines 
joining the three elevation error points 1115, and the centroid 
is the point Within the area at Which the center of mass Would 
be if the area had a mass. 

[0079] Alternative methods of determining an approxi 
mate location of the UWB requesting unit 1105 may employ 



US 2003/0134647 A1 

a variety of other optimization techniques, such as adaptive 
neural networks, or other methods available to those skilled 
in the art. 

[0080] As also discussed above, if an insuf?cient amount 
of information is received by the UWB requesting unit 1105 
from the UWB units 1110, a second request may be trans 
mitted by the UWB requesting unit 1105 to other more 
distant UWB units that can then supply the information 
necessary to ?X the elevation and location of the UWB 
requesting unit 1105. 

[0081] In addition, an alternative embodiment to the 
present invention may include computer logic or computer 
programs that access a terrain elevation database, such as 
topographical maps, terrain maps or other elevation infor 
mation to determine an elevation of a UWB requesting unit 
1105. In addition, a historical map or historical information 
based on previous elevation determinations in the area of the 
UWB requesting unit 1105 may also be accessed to deter 
mine an elevation of the UWB requesting unit 1105. As 
discussed above, one feature of the present invention is that 
a UWB requesting unit 1105 can determine its elevation 
based on information obtained from either local UWB units 
1110 or more-distant units, that directly communicate With 
the UWB requesting unit 1105, or that are accessed via the 
UWB units 1110. These more-distant units create an ad hoc 
netWork to provide a suf?cient amount of information to 
determine the elevation of the UWB requesting unit 1105. 

[0082] FIG. 10 illustrates a representative hardWare envi 
ronment 1000 by Which embodiments of the present inven 
tion may be carried out is depicted in FIG. 10. In the present 
description, the various sub-components of each of the 
components may also be considered components of the 
system. For eXample, particular softWare modules eXecuted 
on any component of the system may also be considered 
components of the system. The hardWare con?guration 1000 
illustrated in FIG. 10 includes a central processing unit 
1002, such as a microprocessor, and a number of other units 
interconnected via a system bus 1004. 

[0083] The hardWare con?guration 1000 shoWn in FIG. 
10 includes a Random Access Memory (RAM) 1006, Read 
Only Memory (ROM) 1008, an 110 adapter 1010 for con 
necting peripheral devices such as disk storage units 1012 to 
the bus 1004, a user interface adapter 1014 for connecting a 
keyboard 1016, a mouse 1018, a speaker 1020, a micro 
phone 1022, and/or other user interface devices such as a 
touch screen (not shoWn) to the bus 1004, communication 
adapter 1024 for connecting the hardWare con?guration to a 
communication netWork 1026 (e.g., a data processing net 
Work) and a display adapter 1028 for connecting the bus 
1004 to a display device 1030. 

[0084] An embodiment of the present invention may be 
Written using JAVA, C, and the C++ language and utiliZe 
object oriented programming methodology. Object oriented 
programming (OOP) has become increasingly used to 
develop complex applications. As OOP moves toWard the 
mainstream of softWare design and development, various 
softWare solutions require adaptation to make use of the 
bene?ts of OOP. A need exists for these principles of OOP 
to be applied to a messaging interface of an electronic 
messaging system such that a set of OOP classes and objects 
for the messaging interface can be provided. 

[0085] OOP is a process of developing computer softWare 
using objects, including the steps of analyZing the problem, 
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designing the system, and constructing the program. An 
object is a softWare package that contains both data and a 
collection of related structures and procedures. Since it 
contains both data and a collection of structures and proce 
dures, it can be visualiZed as a self-suf?cient component that 
does not require other additional structures, procedures or 
data to perform its speci?c task. OOP, therefore, vieWs a 
computer program as a collection of largely autonomous 
components, called objects, each of Which is responsible for 
a speci?c task. This concept of packaging data, structures, 
and procedures together in one component or module is 
called encapsulation. 

[0086] In general, OOP components are reusable softWare 
modules Which present an interface that conforms to an 
object model and Which are accessed at run-time through a 
component integration architecture. A component integra 
tion architecture is a set of architecture mechanisms Which 
alloW softWare modules in different process spaces to utiliZe 
each others capabilities or functions. This is generally done 
by assuming a common component object model on Which 
to build the architecture. It is WorthWhile to differentiate 
betWeen an object and a class of objects at this point. An 
object is a single instance of the class of objects, Which is 
often just called a class. A class of objects can be vieWed as 
a blueprint, from Which many objects can be formed. 

[0087] OOP alloWs the programmer to create an object 
that is a part of another object. For eXample, the object 
representing a piston engine is said to have a composition 
relationship With the object representing a piston. In reality, 
a piston engine comprises a piston, valves and many other 
components; the fact that a piston is an element of a piston 
engine can be logically and semantically represented in OOP 
by tWo objects. 

[0088] OOP also alloWs creation of an object that 
“depends from” another object. If there are tWo objects, one 
representing a piston engine and the other representing a 
piston engine Wherein the piston is made of ceramic, then 
the relationship betWeen the tWo objects is not that of 
composition. A ceramic piston engine does not make up a 
piston engine. Rather it is merely one kind of piston engine 
that has one more limitation than the piston engine; its piston 
is made of ceramic. In this case, the object representing the 
ceramic piston engine is called a derived object, and it 
inherits all of the aspects of the object representing the 
piston engine and adds further limitation or detail to it. The 
object representing the ceramic piston engine “depends 
from” the object representing the piston engine. The rela 
tionship betWeen these objects is called inheritance. 

[0089] When the object or class representing the ceramic 
piston engine inherits all of the aspects of the objects 
representing the piston engine, it inherits the thermal char 
acteristics of a standard piston de?ned in the piston engine 
class. HoWever, the ceramic piston engine object overrides 
these ceramic speci?c thermal characteristics, Which are 
typically different from those associated With a metal piston. 
It skips over the original and uses neW functions related to 
ceramic pistons. Different kinds of piston engines have 
different characteristics, but may have the same underlying 
functions associated With it (e.g., hoW many pistons in the 
engine, ignition sequences, lubrication, etc.). To access each 
of these functions in any piston engine object, a programmer 
Would call the same functions With the same names, but each 










