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(57) Abstract: A system, method and article
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K T TRANSHITTING AN ATAL REGUEST TO WIRELESS DEVICES FAVIRG KNOWN | 102 location of a wireless device (402) in a wireless
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WHEREIN WIRELESS DEVICES HAVING KNOWN LOCATIONS THAT RECEVE THE mm_ai request is tra_nsnulted to ‘\?'ue].ess dev1f:es
INTLAL REQUEST TRANSMIT POSITIONING HFORMATION TO THE FIrsT having known locations for position information

so that a location can be determined for a first
wireless device having an undetermined location

104 . ! .
IF POSITIONING INFORMATION FROM LESS THAN A SUFFICIENT NUMBER OF '/ (102)_' Those w;reless fic?\.'}ces with !{nown
WIRELESS DEVICES OF KNCWN LOCATION IS REGEIVED BY THE FIRST MOBILE locations that receive the initial request in tumn

WIRELESS DEVICE, TRANSMITTING AN ADDITIONAL REQUEST FOR RESPONSES . LR ,
FROM OTHER WIRELESS DEVICES transmit positioning information to the first

wireless device (102). If position information
from less than a sufficient number of wireless

O 0 0. 0 O

108 devices with known location is received by
RECEIVING RESFONSES TO THE REGUEST FROM ONE OR MORE OTHER the ﬁrst.mobﬂe wu'ele§s device, an additional
WIRELESS DEVICES request is then transmitted for response from

these responding other wireless devices (104).

received from the wireless devices with known
locations (110).

o After responses to the request from one or more
< of these responding other wireless devices are
108 . - .
COMMUNICATING WiTH AT LEAST A PORTION OF THE RESPONDING OTHER —/ received (106), communication then occurs with
WIRELESS DEVICES TO OBTAIN INFORMATICON RELATING TO THE DISTANGE . . .
N BETWEEN THE FIRST WIRELESS DEVICE AND THE AT LEAST A PORTION OF THE at 1_8351 a portion f’f the l"t"SPOIldln.g wireless
e~ RESPONDING UTHER WIRELESS DEVICES devices to obtain information relating to the
O\t) distance between the first wireless device
g and the responding wireless devices it is
;\l‘-. ESTIMATING A LOGATION OF THE FIRST WIRELESS Dmcg:g;su?g o communicating with (108). Next, a location of
INFORMATION OBTAINED FROM THE AT LEAST A PORTI . L X .
& RESPONDING OTHER WIRELESS DEVIGE AND THE POSITIONING INFORMATION Fhe first .w1re1ess fiewce is estimated using .the
' RECEIVED FROM THE LESS THAN SUFFIGIENT NUMBER OF WIRELESS DEVICES information obtained from these responding
HAVING KNOWN LOCATIONS . . e -
wireless devices and the position information




DEVI CES TO ESTABLI SH GEO- PCSI TI ONAL DATA 9 June 2005
-------------------------------------------------------- e of the

| nvention The present invention relates generally to wireless comunication
systens and, nore particularly, to accurate geo-location of ultra w deband
transcei vers. Backgrou h ATV AT FL i i

syst ens devices benéet ™ i t-he cnehdoue REIE 3 Of
geo- posi tional accuracy of ultra w deband technol ogy. As a separate issue,
the FCQetrage emesni ity el etknddg ihe € Xir Sb-lelgjco@ednll afleraubbrevigiada ek o gy "Gpg-ovi der s
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emer gencPfitifhoses. This initiative WEYPRER (¥ Veet4" and will be a
requi renent of future cellular technologies. Thus, it is foreseeable that
the sane demands will be placed on future ultra w deband devi ces.
Conventionally, ultra w deband geo-positional information may be obtained
by triangulating signals fromthree separate ultra w deband transm ssion
towers whose fixed position is known. However, it is foreseeable that a
nobil e ultra w deband device may not always be within range of three fixed
transm ssion towers. In such a situation, the ultra w deband device's
geo-location (i.e., geo-position) nmay not be determ ned through the
conventional nethods. Thus, it may be appreciated that a geo-location

nmet hod that takes advantage of other nobile ultra w deband devi ces of
known | ocation to derive the position of the ultra w deband device that is
in need of location has a better chance of success in these circunstances.
Summary of the Invention According to one aspect, a nmethod is provided for
determining a location of a wireless device in a wreless comunication
system In general, an initial request is transmtted to wreless devices
havi ng known | ocations for positioning information so that a | ocation can
be determned for a first wirel ess device having an undeterm ned | ocati on.
Those wirel ess devices wth known |ocations that receive the initial
request in turn transmt positioning information to the first wreless
device. |f positioning information fromless than a sufficient nunber of
wirel ess devices with known | ocation is received by the first nobile

wirel ess device, an additional request is then transmtted for responses
from ot her responding wirel ess devices. 9 June 2005 -2
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KNOWNmobile 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

According to one aspect, a method is provided for determining a location of a wireless

~device in a wireless communication system. In general, an initial request is transmitted to
wireless devices having known locations for positioning information so that a location can be
determined for a first wireless device having an undetermined location. Those wireless devices
with known iocations that receive the initial request in turn transmit positioning information
to the first wireless device. If positioning information from less than a sufficient number of
wireless devices with known location is received by the first mobile wireless device, an

additional request is then transmitted for responses from other responding wireless devices.




| ocations. 9 June 2005 - 2a According to another aspecj jofe %,B? pr esent
invention, there is provided a conputer program product f]or ermning a
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devi cies awl gédilecyios iffconomomgimta:li Gnavet- iocmuon de‘ecasehhsfprazﬂmnmge requesishdthan

sufficient nunmbe reles Vi haV| kno tions.. l.n one

e oMb R b Bt e Vo AR FURC TR YIS, BN 1 of e
devi CRSvideRVisRabi lﬂ&eﬁﬂstrmwlﬁanfewas dlevdﬁVAﬁ efampldofaiciasl irdungade ieabodi ment of
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portion of e transmtted requests may be coded further embodi ment
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i nsuf filsciwReélbss devedie estidfatadesipg fisdafofniation ediﬂancedr lonatiroﬂ)sqﬂmiﬁcel ftan thee previ ous
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bet weghidebRith kfothn 10¥atigtlsess device and the portion of the respondi ng other
w reless devices may include a cal cul ated di stance between the first
wi rel ess devi ceAeerfinge apeheariagnsctof themirsent ypwioni there drmeyidefia wbteds devi ces,
and. agep Gledifinl %b&lion b 2 YRILIBAN R prflng! REicPoP BEAmitiRY SRULON. T he
estimated Tocafion nmay esore n a

request to wireless devices having known locations for positioning information for determining

a location of a first wireless device having an undetermined location, wherein wireless devices
having known locations that receive the initial request transmit positioning information to the
first wireless device; if positioning information from less than a sufficient number of wireless
devices of known location is received by the first mobile wireless device, logic for transmitting
an additional request for responses from other wireless devices having known locations; logic
for receiving responses to the request from one or more of these other wireless devices; logic for
communicating with at least a portion of these other wireless devices to obtain information
relating to the distance between the first wireless device and the at least a portion of these other
wireless devices; and logic for estimating a location of the first wireless device using the
information obtained from the at least a portion of the other wireless devices and the positioning
information received from the less than sufficient number of wireless devices having known

locations.




menory of the first wireless device. In a further enbodi ggpte Bfost he present
I nvention, the obtained information may al so be utilized to update an
internal clock of the first wireless device. 9 June 2005 WD 02/49379
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sufficient number of wireless devices with known locations may comprise three or more
wireless devices with known locations. In another embodiment of the present invention, at least
a portion of the transmitted requests may be coded.

In a further embodiment of the present invention, the additional request may be re-
transmitted periodically a predetermined number of times. In such an embodiment, the
additional request may also be re-transmitted at a higher power level if an insufficient
number of responses are received in response to the previous transmissions of the additional
request. In yet another embodiment of the present invention, the obtained information relating to
the distance between the first wireless device and the portion of the responding other wireless
devices may include a calculated distance betﬁeen the first wireless device and the portion of
the responding other wireless devices, and a scaling factor.

In one embodiment of the present invention, the estimated location may be stored in a
memory of the first wireless device. In a further embodiment of the present invention, the
obtained information may also be utilized to update an internal clock of the first wireless

device.




guantity and quality criteria in accordance with an enboglm%r%mgf t he
present invention; FIG 8 is a flowhart of a process for performng a
rangi ng di al ogue to determne a 30 requesting w reless device's distance
fromother replying wireless devices in accordance Vﬂcgljﬂj of 64(?3rrbodi ment of
the pre¥@W % Mention; FIG 9 is a flowchart of a process/teP tine
correction in a requesting wireless device in accordance with an

enbodi ment of the present inventiofit and 9 June 2005 WD 02/49379
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in homes, autonobiles, office. environnents and simlar applications. FIG
1is a flowhart of a priuefDescrintion gt theddraWwmgsi ng a geographi c | ocati on of
a pobile 45 w G| sndleber el unkosunsgeaw aphic
I &g‘;t i on i#eﬁ%&égg@socéﬁe\égeﬁﬁ%%ﬁég% oa?ll gys eh}&iaﬂé accordance wth an
enbodifginingafetailbbdpeisientappendadlains, and accompenyitg doswit@oyhest | east one
initial reguest is transmtted.froma first Ile wrel | ce having
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FIG. 4 is a schematic diagram of an ultra wideband geo-positional model where

multiple mobile devices collaborate with a requesting device to allow the requesting device to
20  determine its location in accordance with an embodiment of the present invention;
| FIG. 5 is a flowchart of a process for triangulation and storage of the geo-positional
information based on three fixed position devices in accordance with an embodiment of the
present invention;
FIG. 6 is a flowchart of a process for determining and storing a geographic location of a
25  mobile wireless device in a wireless communication system in accordance with an embodiment
of the present invention;
FIG. 7 is a flowchart processing replies from other wireless devices and testing for data
quantity and quality criteria in accordance with an embodiment of the present invention;
FIG. 8 is a flowchart of a process for performing a ranging dialogue to determine a
30 requesting wireless device’s distance from other replying wireless devices in accordance with
| an embodiment of the present invention;
FIG. 9 is a flowchart of a process for time correction in a requesting wireless device in

accordance with an embodiment of the present invention; and




25 range nmay be defined as a region inside which wrel esgjgamgyi cation
with the first nobile wreless device nmay be achieved). If positioning
information fromless than a sufficient nunber of fixed position wreless
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20 - positioning information for determining a geographic location of the first mobile wireless

device. Those fixed position wireless devices with known geographic locations that receive the

initial request (i.e., in the communication range of the first mobile wireless device) transmit, in

response, positioning information to the first mobile wireless device with the undetermined

geographic location (Note: for purposes of this portions of the description, communication

25  range may be defined as a region inside which wireless communication with the first mobile
wireless device may be achieved). |

If positioning information from less than a sufficient number of fixed position wireless

devices of known geographic location is received by the first mobile wireless device (e.g., such

as when less than the sufficient number of fixed position wireless devices are in the

30 communication range of the first mobile wireless device), then in operation 104, the first

mobile wireless device then transmits an additional request for responses/replies from other

mobile wireless devices in the communication range of the first mobile wireless device. In one

" aspect of the present invention, 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
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addi t conponents may conprise a |ocation conponent 312. In an aspect
of t hesgpesbsent

20 FIG. 2 is a schematic diagram of an ulira wideband geo-positional model 200 where

- fixed, known position wireless devices such as transmitters/base stations 202, 204, 206
collaborate with a requesting wireless device 208 fo 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

25 may be discernable from signals received from at least three ulfra-wideband transmitters {e.g.,
202, 204, 206) having known geographical positions. Typically, a device/transceiver (e.g.,
208) having an unknown/undetermined location receives ulira-wideband signals from three
fixed ultra-wideband transmitters, with the signals sent from each transmitter embedding its
time of transmission and the geographical position of each respective transmitter. Using the
30  known position of each fixed transmitter, and measuring the slight timing variations between
received signals, the device with an unknown geographical location can triangulate and
accurately determine its geographical position. Using such triangulation procedures, an ultra-

wideband device can determine its geographical position to within a few centimeters.
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accordante wth an enbodi nent of the present invention. enbodi nents of
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d 402 h ,
tr anonsufan e dfei8h Sl nalo iy R bl o581 R BR MRS EF O
g€I3- P33 whidh &lank dge& efidinirols a Sitrdigeatd dtafidhadalabade3y6 anehich tddrinationsuBat abase of

nmobil e ultra w deband deyvices (e.g., devices 416, 418, 420) that are in
r ange 2@&erposiipnal ey kegRredt or ed this information. Such tertiary nobile

devi ces 40f, £aR fiRERidcmd iRl tB\%lerS/‘lesets%bﬁs %ﬁ‘r@éogﬁplﬁ’é PRltiolRDI | e ultra

w deband deV| ces to triangu ate elr position.” I'h an enbodi nent of the
pr es erkpowmwehtanoye, stored ngém@rlapmrﬂ IImcmbulg rultraf widibanti j dewipesrddii that are

within range of three or more fixed ultra wideband transmission fowers, geo-positional

20 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 pre-determined time interval, or
queried on command.

For example, in an embodiment of the present invention, the location component 312

25  may receive signals from at least three other wireless devices and then use timing 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 fixed transmitters known, the location component 312 may be able to precisely

_ determine the distance from the wireless device 300 to the other wireless device. In some

30 embodiments, this distance information, 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 fransmit the subsequent signals.

FIG. 4 is a schematic diagram of an ultra wideband geo-positional model 400 where

multiple mobile devices collaborate with a requesting device fo allow the requesting device to
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20  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-identified communications channel or set of such channels. If device A is in range of
25  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 controlier 314.
The timing and location database 316 of the responding ultra wideband device contains
a position value and a time stamp that specifies the time that position value was obtained. In
30 one implementation, the responding device may delay response to the requesting ultra
| wideband device until after the responding ulira wideband device has updated its own most
recent geogtaphic 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
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stamp tg:;ngtt?ngga kel;zpsgqu%gc%%t 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
95  device may be identified 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
30  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
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the 300e/lf demsdere mboespanseoito the nofimgadsving 4 bgosts its output power level until
© 20  another mobile device responds (per operation 708).

With reference to the YES path of decision 702, if a device proximate to the requesting
device (i.c., device A) receives the request transmitted by device A and has acquired
information concerning its own geographic position/location, then such a device may transmit
a response to the device A (the responding mobile device will be referred to hereaficr as device

25  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

30  encoded information in operation 710.

With continuing reference to FIG. 7, the information 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
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20 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 reflections from the
original query. In such cluttered environments, where reflection of the query may refurn to
“A” at the same time as the reply from “B”, it becomes necessary to re-query “B” and nofify it
25  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 significant error
is highly probable.

Once three or more devices have replied, then an estimated position can be obtained
30 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.
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continygs processing those threads that were being processed at the tine
it received the query until it has enough tinme to respond to the query (see
20 oper at i €ise 8&/ceah decsiyey the ey i eparaion S0k sdeviog B maks tesisesRf 4Bt he query,

"B SUORR tﬁeb ?ec;[eiivg}saernd 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

20  operations 806 and 808). When device B is ready to respond to the query, “B” stops the timer
and calculates the receive-send delay “A.s” (or “DirsB”) and A’s time scaling factor in

operation 810.

In operation 812, device A receives the reply, stops the round trip timer, and calculates
the round-trip time “A,,” (or “DtrsA”). Device A then encodes this value into a message to be
25 - sent to device B at its next “time beacon” matk in operation 814, A time beacon mark occurs
at the end of a specified 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.
In operation 816, device B receives the message and decodes the round trip time.
30 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 (“DibB”) (see operation 816). In
operation 818, device B then uses the ratio of the beacon period prepro grammed in device A to
the true beacon period as calculated by device B as a multiphier (i.e., the “scaling factor™) io

correct the round trip time as calculated by device A. Once the actual time is obtained, the
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20  where:

(time required to process transmission and reset clock cycle counter) =
({cycles required to process transmission and reset the clock cycle
countery*(scaling factor)
25
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) +
30 (Receipt Time) + _
| {(number of cycles to calculate and process (fransmit, store, etc.) True Current

Time)
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2, Superposition of multiple coincident responses using pulse position medulation

_ (a preferred modulation scheme) may lead to disallowed pulse adjacency at the receiver. If this
15  happens, the requesting device may ignore the reply. The responding devices expect a rapid
acknowledgement from the requesting device (up to 5 msec depending on the environment).

‘The lack of a prompt acknowledgement from the requesting device méy induce the responding
“devices to retransmit their responses using other pre-identified multiple access chanmels
assigned for positional response information. To decrease the probability that second

20  responses from multiple devices will interfere with each other, these multiple access channels

| ban 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 uniqué identification code. The individual device’s ID codes can
also be used directly to institute a lag that is unique to each device; and _

25 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 first
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

30  while insuring the minimum number or respondents, 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.

Embodiments may also include a repetitive polling sequence that helps to assure that 2

potential respondent will be able to receive the request. Since the requesting device expect a
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20  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.

The hardware configuration 1000 shown in FIG. 10 includes a Random Access
Memory (RAM) 1006, Read Only Memory (ROM) 1008, an I/O adapter 1010 for conngcting
peripheral devices such as disk storage units 1012 to the bus 1004, a user interface adapter

25 1014 for connecting a keyboard 1016, a mouse 1018, a speaker 1020, a microphone 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 configuration to a communication
network 1026 (e.g., a data processing network) and a display adapter 1028 for connecting the
bus 1004 to a display device 1030.

30 " 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 mainsitream of sofiware design and develoﬁment, various software solutions require

adaptation to make use of the benefits of OOP. ‘A need exists for these principles of OOP to be
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const ryati Mds bishidEsQ8 i PoirfN ARbREHis b Sindle 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

20  objecis can be formed.

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

25 - and semantically represented in OOP by two objects.

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

30  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
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cerame pigton 8&%&? gan reprgsrégt p%ysc%cal objects, such as autom(c)g;{es%atr c-flow

20 simulation, electrical components in a circuit-design program, counixies in an
economics model, or aircraft in an air-traffic-control system.
. Objects can represent elements of the computer-user environment such as

windows, menus or graphics objects.

. An object can represent an inventory, such as a personnel file or a table of the
25 latitudes and longitudes of cities.
J An object can represent user-defined data types such as time, angles, and

complex numbers, or points on the plane.
With this enormous capability of an object to represent just about ény logically
separable matters, OOP allows the sofiware developer to design and implement a computer
30  program that is a model of some aspects of reality, whether that reality is a physical entity, a
process, a system, or a composition of matter, Since the object can represent anything, the
software developer can create an object which can be used as a component in a larger software
project in the future,
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obj ect can be used as a conponent in a larger software |
"~ OOP capabilities are being added to more traditional popular computer programming

20  languages such as Pascal.
The benefits of object classes can be summarized, as follows:
» Objects and their corresponding classes break down complex programming
problems into many smaller, simpler problems.
. Encapsulation enforces data abstraction through the organizatjon of data into
25 small, independent objects that can communicate with each other.
Bncapsulation protects the data in an object from accidental damage, but allows
other objects to inferact with that data by calling the object’s member functions
and structures.
. Subclassing and inheritance make it possible to extend and modify objects
30 through deriving new kinds of objects from the standard classes available in the
system. Thus, new capabilities are created without having to start from scratch.
-« - Polymorphism and multiple inheritance make 1t p.ossible for different

programmers to mix and match characteristics of many different classes and
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libraries to write two programs that do exactly the same thing but whose internal
structure (i.e., design) may be quite different, depending on hundreds of small
decisions each programmer makes along the way. Inevitably, similar pieces of
code end up doing similar things in slightly different ways and do not work as
- 20 well together as they should.

Class libraries are very flexible. As programs grow more complex, more programmers
are forced to reinvent basic solutions to basic problems over and over again, A relatively new
extension of the class library concept is to Ihave a framework of class libraries. This framework
is more complex and consists of significant collections of collaborating classes that capture

25  both the small scale patterns and major mechanisms that implement the common requirements
and design in a specific application domain. They were first developed to free application
programmers from the chores involved in displaying menus, windows, dialog boxes, and other
standard user interface elements for personal computers.

Frameworks also represent a change in the way programmers think about the

30 interaction between the code they write and code written by others. In the early days of
procedural programming, the programmer called libraries provided by the operating system to

perform certain tasks, but basically the program executed down the page from start to finish,

and the programmer was solely responsible for the flow of control. This was appropriate for
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Even event loop programs require programmexs fo write a lot of code that should not

need to be written separately for every application. The concept of an application framework
carries the event loop concept further. Tnstead of dealing with all the nuts and bolts of
constructing basic menus, windows, and dialog boxes and then making these things all work

20 together, programmers using application frameworks start with working application code and
basic user interface elements in place. Subsequently, they build from there by replacing some
of the generic capabilities of the framework with the specific capabilities of the intended
application.

Application frameworks reduce the total amount of code that a programmer has to write

95  from scratch. However, because the framework is really a generic application that displays
windows, supports copy and paste, and so on, the programmer can also relinquish control to a
greater degree than event loop programs permit. The framework code takes care of almost all
event handling aund flow of control, and the programmer’s code is called only when the
framework needs it (e.g., to create or manipulate a proprietary data structure).

30 A programmer writing a framework program not only relinguishes control to the nser
(as is also true for event loop programs), but also relinquishes the detailed flow of control
within the program to the framework. This approach allows the creation of more complex
systems that work together in interesting ways, as opposed to isolated programs, having custom

code, being created over and over again for similar problems.
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event | oop whi i ?MR% of
external event gtﬂaét HS%‘F@‘%@”%%%?@?F’F%I e pa?&eh%?&tsﬁiey&ép% rame‘ir?ar' s code
accordi ng to acfdnmverk, lvatthe diberlised, ppeides notwnlyThvhaypomogt alswrhe pgodobnger
determ nes the order .i I ch events occur...l.nstead, a programis divided
iﬁ%oo separat e pqresgggf{@e%l\ﬁgfg%ch & Ve %twﬁ%ﬁgﬁ”@?%ﬁﬂneﬁ? g%a@méid in an
unpredi ct abl e Ghélgding Biles' ol WhSHW [ErR8meOR tslifHosddto prdvide Yomts Wdatiher s, the
devel oper creates a programthat is nuch easier to use. Neverthel ess,

i ndi vi dual pi eclEanesiork pravidesogr am written by the devel oper still call

l'i braries provi e Li ' , .0 tasks,
and the prggr angﬁﬁve?f%gwcgﬁlﬁ' %@%8@%%%,% %‘1 S?v% %g@%%% r%ﬁ%\n&{eﬁi n each
piece after it'cehjeeal dndcdaldy theienesbenfunbixdp. AP possidRt fodnstamide atlickll "sits on
15 top of' the system Even event | oop prograns re ranpmers to

wlbte a | ot of Wk mhesannyay ¥ith aflamgeery (+& tﬁge%@qéjﬁrim% @ggsraeﬁéaéf y for
every appl i catigflary)l hﬁnt%”ﬁﬁ'@tﬁﬂpfad%m?PFﬂfi £ atdRVofi & TBIWRNIK deGighrhes the
event | oop concept Turther. Instead of dealing with all the nuats and bolts
of constructi rgogramingr typinally, wiiteseddothat ewerridgs aidag c4lled by therfommewerk: maki ng
these things al’l‘he\’\ﬁgrﬁework manages the flow of control among its objects. Writing a
program involves dividing responsibilities among the various pieces of sofiware
20 : that are called by the framework rather than specifying how the different pieces ‘
should work together.
. Implementation versus design. With class libraries, programmers reuse only
implementations, whereas with frameworks, they reuse design, A framework
embodies the way a family of related programs or pieces of software work. It
25 represents a generic design solution that can be adapted to a variety of specific
problems in a given domain. For example, a single framework can embody the
way a user interface works, even though two different user interfaces created
with the same framework might solve quite different interface problems.
Thus, through the development of frameworks for solutions fo various problems and
30 programming tasks, significant reductions in the design and development effort for software
can be achieved.
| While various embodiments have been described above, it should be understood that
they have been presented by way of example only, and not limitation. Thus, the breadth and
scope of a preferred embodiment should not be limited by any of the above described




20 together, programmers using application frameworks st agnf,sdds wor ki ng
application code and basic user interface elenents in place. Subsequently,
they build fromthere by replacing sone of the generic capabilities of the
f r amewoglg odydshe t he specific capabilities of the int epg]erg 0134 1 cation.
Application frameworks reduce the total anount of code %at a programrer
has to wite 25 from scratch. However, because the framework is really a
generic application that displa S'ijndoms, supports copy and paste, and so
on, t anlwrembﬁ@me@tamﬁﬁls%ﬂtf@ gﬂﬁ&@ﬂ%‘ﬁ)’@b&ﬂ"?@@@dﬂﬁl the, fodlaywing B ee t han
event | o h@ﬁﬁ&ﬁ&%? permt. The framework code takes care of al nost al
event handl'irhg and fl ow of control, and the programrer's code is called

- only when the framework needs it (e.g., to create or mani pulate a
proprietary data structure). 30 A progranmmer witing a framework program
not only relinquishes control to the user (as is also true for event |oop
prograns), but also relinquishes the detailed flow of control wthin the
programto the franmework. This approach allows the creation of nore conpl ex
systens that work together in interesting ways, as opposed to isol ated
prograns, having custom code, being created over and over again for
simlar problens. 9 June 2005 WD 02/49379 PCT/ US01/ 48648 -20- Thus, as is
expl ai ned above, a framework basically is a collection of cooperating

cl asses that nmake up a reusabl e design solution for a given probl em donmain.
It typically includes objects that provide default behavior (e.g., for
menus and w ndows), and programmers wuse it by inheriting sone of that
default behavi or and overriding other behavior so that the 5 franework
calls application code at the appropriate tinmes. There are three nmain

di fferences between frameworks and class |ibraries: Behavior versus
protocol. Class |libraries are essentially collections of behaviors that
you can call when you want those individual behaviors in your program A
framewor k, on the other hand, provides not only behavior but also the
protocol 10 or set of rules that govern the ways in which behaviors can be
conbi ned, including rules for what a programer is supposed to provide
versus what the framework provides. Call versus override. Wth a cl ass
library, the code the programmer instantiates objects and calls their
menber functions. It's possible to instantiate and cal




15 objects in the same way with a framework (i.e., to trgaf,thRsf ramework
as a class library), but to take full advantage of a franemnr s reusabl e
design, a programrer typically wites code that overrides and is called by
the framework. The framework manadfes the flow of control among its
objects. Witing a programinvolves dividing responsibilities anong the
various pieces of software 20 thkgts@fe called by the framework rather than
speci fying how the different pi é&Ces should work together. |nplenmentation
versus design. Mdﬁl@lfasktemnbmaaﬂ@gtlolmf@gwiﬁlﬁmsdesicﬁ@a@eﬁ@m y

i mpl ement a reas rKs e r amewor k
enbodi es t raen%‘\%’gt?“ aﬁ %ﬂal re#ueSt Fa?xgﬁ ef)sr gspgmﬁ%v@p?kg%\%gﬁg sof ({/I\'/are wor K.

It 25pdsﬁtmhﬁgemfof3mmcgefmerde&nﬂmﬁlggm Isatiod iofre fikatwiehns kieviad dptiegl aho a vari ety
of spec fIC roble in a, n .donmi.n.. For .exa .si l.e .framewor k
can e °“ﬁﬁ?q§mﬁ?bww i F?ﬂ?éw“ﬂﬂﬁ%mméW?ﬂqB ﬁggd??@erent user

i nt erfeﬂﬁ@ﬁtr&lﬁﬁﬂb@ﬁhonﬂdgﬁﬂoﬁﬁhﬁo@@% ArsoRIRE flevileght  sol ve quite different
interface problens. Thus, through the devel opment of franmeworks for

sol uti ons xfdﬂosaapmw@fmm%ﬁ@ndm thapon pHBejemd AvmRe efakidess deyesstafcant

reduc n be

i o e e B AREo™ Y Jhoul d be
under @uwdfqr lesponsesHieym btaveviméeemdqyroesém ey dsyivewyir ofvn docalivl feompetep,  and not
Ilnltatl nt%numAOWEon £ geq&g scope of a preferred enbodi nent shoul d
not b@mF Hi P ¥ ? & “8b6Ve described 9 June 2005 WO 02/ 49379

PCT/ US01/ 4864 @ng zébporﬁéﬁami’ﬂleaﬂ'eb{ue&nﬁiﬁﬁl @Bt Soreluftotteh GitkldsshRvidel havad only in
accordance with the following clains and their equivalents. 9 June 2005

- 22 CaswmdpcationsA et hod f or deternlnlng a location of a wreless device,
conpri si ng; M L i ni e eI % havi ng
known | oca?l otwgﬁa?mg 5'}6%5 gt oﬁ?tng qoﬁtﬁygr ﬂgﬁéoﬁ{hﬁt ngde% rdg}lﬁ‘?ﬁS% gﬁ?]%catl on of a

firstinférin@li®s selslBigi o ahd Alstanbe BatwetiN Rt Rfstrivikiksd asadd anl thehariedsnawi r el ess

devices having known | ocations that receive the initial
portion of the other wireless devices; and

estimating a location of the first wireless device using the information obtained from
the at least a portion of the other wireless devices and the positioning information received from

the less than sufficient number of wireless devices having known locations.

2. The method of claim 1, further comprising storing the estimated location in a

memory of the first wireless device.

3. The method of claim 1, further comprising determining the location of the first
wireless device from information obtained from the wireless devices having known locations
utilizing if positioning information is received from the sufficient number of wireless devices

having known locations.

4, The method of claim 1, wherein the sufficient number of wireless devices

having known locations comprises at least three wireless devices having known locations.

5. The method of claim 1, wherein at least a portion of the transmitted requests are

coded. L




request transmt positioning information to the first w peg&ssoggevice; if
positioning information fromless than a sufficient number of wreless
devices of known | ocation is rece ved by the first nobile wirel ess device,
transmtting an additional reque: Yor responses from ot her wreless
devices that may derive their own |ocation fromeven nore distant
known- | ocabti on The elefmg cfevibized, wieodi vhengdditgsponsesst tio rtrensiditpdest from
one or Cgl (H: reI essftdew ces having known | ocations;

commﬁlré }Vg RiF %‘5‘% STalWaPtion of the other wireless devices to
obtain i nformatl on relating to t he di stance between the first wrel ess
devi ce and the at least a  portion of the other wrel ess deV| ces; and
estimating’a | odbt mehob et el f; Wg‘iml\‘?mﬂileeii@é‘?“ﬂer\?ﬁl"(?ét is ge-HepseHtEedi ahBor mat i on

obt ai pigerl foNG 1dvBLifah thQRSlied rﬂﬁﬁ)&‘ MreonbdI GurO ke edVid Rlsfie dSulcce€S and the
positioning information received from the |ess than suf CI ent nunber of

Wi r el BsiogeAngraissiorenfithrpditiiovah rdqueshit i ons. 2. The nethod of claim 1, further
conprising storing the estinated |location in a nenory of the first

wirel ess device. 3. The nethod of claim1, further conprising determning
t he | ocati &n of Thdhenefhod Sif claiinr &l whereidetizé: @btafnled)m@mﬁamibm&b]iaﬁlrg abtiei ned from

- the w,rel ess devices havin nown C ons _uti 03| I oni ng

i nf orﬂ’ﬁ??cﬁsbef"éee? iR R?te%ilr‘?lf"sgr‘f{( CY'Re a‘é‘tﬁ’? i3 eéﬂt th%?tz Il“iiﬂew ces
havi ngirkleswavit@G@iides calchlateinBstiiRt badedf thefiri Wirdless \d&%aﬁdnﬂ tﬁeh@ la@stf f i ci ent
nunber of w reless devices having known | ocations conprises at |east three

Wi r el RBYPERYithesspRBdngRfheE NeiRIssy dseies: g seaing fornet hod of claim 1, wherein
at least a portion of the transmtted requests are coded. 9 June 2005 -23
6. The nethod of claim1l1l, wherein the additional request is re-transmtted
peri odi cal Py a Pheadethask afichén | nfyrthes comprisingmtidizing the Dhiained itfiordiatydn tol ai m 6,

V\herelﬂhm% élcogkn(?fln%gﬁrgtuei%ess kS transmtted at a higher power |evel
if an7insu C|en responses are received in response to the

previ ous transm ssion of the addltl onal request. 8. The nethod of claima1,

wherein the. obtaj ned_i tion relating to the i stance between the
first \Mref% %W@O@ﬁg ga Lathergis t lagsb&rmr%% the yareless 96HERng ot her

comprise impulse radio devices.

11. The method of claim 1, wherein the location of the first wireless device is
estimated using only the information obtained from the at least a portion of the responding
other wireless device if no positioning information is received by the first mobile wireless

device from wireless devices having known locations.

12. A system for determining a.Iocation of a wireless device, comprising:

logic for transmitting an initial request to wireless devices having known locations for
positioning information for determining a location of a first wireless device having an
undetermined location, wherein wireless devices having known locations that receive the initial
request transmit positioning information to the first wireless device;

if positioning information from less than a sufficient number of wireless devices of
known location is received by the first mobile wireless device, logic for transmitting an
additional request for responses from other wireless devices having known locations;

logic for receiving responses to the request from one or more of these other wireless

devices;




wirel ess devices includes a calculated distance between g, fidgpst W rel ess
device and the at least a portion of the responding other wreless
devices, and a scaling factor. 9. The nethod of claim11, further conprising
utilizing the obtained informti AL update an internal clock of the
first wireless device. 10. The nethod of claim1l1l, wherein at |east a

porti on of ldghdomiomeluaistirgeriihce teast a@ofioh sethesepities eirtladidevidewo obtgin 11. The
met hod of ¢laim.l, erein the locatjion of the firgt, wireless device is
est i mfIgatY 15 tLB%F‘%Aflﬂ‘f fistapgerbsrRge %ﬁrﬁ“ﬂﬁ‘f‘%ﬁﬁﬁ%gevﬁe {5t 184300800, hor t i on
of t hgr h&s BBk Rdess Q4 RE; i I el ess device if no positioning information is
received by the first nobile wireless device fromwreless devices having
known | ocaldgisn®r estpmatingss sacaviery of thecfirel wiralespgdeyiqeoisiitg bs iformatifnr el ess

devi CinaiiQiih it Blicast £Prod Qind SRSl Bt Rnd e b BliorifiEiHhatled Vi I el ess
devi ces having known | ocations for positioning Information for determ ning
-a | ocectivnl fofm the fdsy then wifficidne semigevd wiesldsadivimgs bavinglkmden bcationad | ocat i on,
wherein wrel ess devices having known | ocations that receive the initial
request transmt positioning information to the first wireless device; if
posi tioni ng3.i nf DheTegsteanof tiaim 1B Sfrthdtasemprisitg logid €odtstaringlibe eafmavddr el ess
devices of . known I qcation is received by the first nobile wrel ess device,
| ogi clorgondn amemewf Hig i wirglgesideyighal request for responses from ot her

w rel ess devices having known | ocations; |ogic for receiving responses to
the request fromone or nore of these other wreless devices; 9 June 2005
=24 |ogic tbr cOmmarsemaf flaign 14 futhercomprsing lagis dirideisrniping thedaetion Mer wi rel ess

~devi cgs flzrg WRh&L ae\géetn{g&ﬁ rms,{ng,ﬁoﬁ Sbidhbd BofOnd gfffre{é%]ssa&f&@ RM@%@ the first

Wi rel éss device an e at ast a portion ese ot her tw rel ess

devi chsaticanctilizogiifpdstivniag tnfomtaiiogis acdeyed fromnhofuffidient iumlstr ofivirelessss devi ce
using,the jnformation . obtained fromthe at | east a portion of the other

Wi r el SYEHRAIIELLOUH I8 hosi ti oning i nformation received fromthe |ess
than sufficient nunber of wireless devices having known |ocations. 13. The
systemof claim12, further conprising logi¢c for storjing.the estinmted

| ocation i b-a nEROFXPesY of paing {2 syhepgip ee%’gﬁ“é‘é\t/i“&’é‘!’erl‘lf. witgless dWpsSm of cl ai m
12, fidd8howR1B5toRt EfndrRG of 15 L thrdQHRIT Mvitds AdVEelkAGRS lopRioad. the first
wirel ess device frominformati on obtained fromthe wrel ess devices having
known

16. The system of claim 12, wherein at least a portion of the transmitted requests
are coded.
7. The system of claim 12, wherein the additional request is re-transmitted

periodically a predetermined number of times.

18. The system of claim 17, wherein the additional request is re-transmitted at a
higher power level if an insufficient number of responses are received in response to the

previous transmission of the additional request.

19, The system of claim 12, wherein the obtained information relating to the
distance between the first wireless device and the at least a portion of these responding other
wireless devices includes a calculated distance between the first wireless device and the at least

© a portion of these responding other wireless devices, and a scaling factor.




| ocations utilizing if positioning information is received,fdsust he
sufficient nunber of wireless devices having known | ocations. 15. The
system of claim 12, wherein the SU.% | ci ent nunber of wrel ess devices

havi ng known | ocati ons conprises al” l1east three wrel ess devi ces having
known | ocations. 16. The systemof claim 12, wherein at |east a portion of
t he transnﬂ@tedTh@me gf claine 12 oteshir compridige lopjs foe miibfing Ihwi ohtdiged wher ei n

t he ad |t| at L b uest 1S S LFAD m'[tlreess gvelcr}el odically a predeterm ned
nunber’ 0 sP e system of clarm Wherein the additional request
is re- transmtted at a hi gher power level if an insufficient nunber of
responses e received | res nse to t previ ou tran m ssi.on of the
addi ti onal {equ ¢ Sysfgl Egt@?ﬁr‘?ﬁ‘? aEF"ﬁf'trﬁ E‘?IO’W‘@F}& Wirg T‘?é d5HESi ned

i nf or pRhdrRRiniRlsBtddrPadvRed. he di stance between the first wirel ess device and
the at l'east a portion of these responding other wreless devices includes
a cal cul ated di stance between the first wirel ess device and the at least a
portion of 54 hes 0 . g factor. 9
Bune. 2005 2255 ot SHRANS QarCh IRt B 03anfEKt e R s MLy S o For
utili z&itinrgztetdhmngb:tna{ the dinfoinmeftion whthined fom uhpdateestatrpcmmmnaft respapdingof t he

first { er 1r S w\cl:l CF no plitio-II;HIe S%rma glnolg rgcel%le 1%1‘16 éle Ti?t‘fgrellesesast a
port|8 ?V ?ﬁé Fe'e8S PEEAE comprise 1T'mpul'se r ad evices.” 22. The

syste&avw‘eftbhammlésadevmghmﬂgmhenloﬁﬁmm on of the fi rst WI rel ess device is
estimated using only the information obtained fromthe at |east a portion
of the responding other wireless device if no positioning information is

recei ved byst heAfdoﬁ@ateﬁalagﬂaa phoduel £F AeteMBNhE 8 15da050 ¥ 4 RirB8E Hoigkces having
known | ocations. 23. A conputer program product for determning a |ocation

of a wmmsags device, conprisi ng conputer code for transmtting an

initial Qotﬁﬁﬁer 3 e"“fo&‘%laﬁs?ﬁttﬁg ialF }iﬁ&@gt ?ﬂ\@fé‘sts QA bR EQbmPOS! Li ONi ng

informatio ermn|ngaloca|on I'rst wrel ess-device having
an unhbeatmnmfme;mbsitmnmgunfonnmrfer detevinimihe sslockeivh of s fay winglessndowivel ocat i ons

LN NS TN I T K e e R
suf f i gk @iifial PddIREHarBinit WodiRdn@GSnfdeNti6 L & tBE first wireless device;
if positioning information from less than a sufficient number of wireless devices of
known location is received by the first mobile wireless device, computer code for transmitting
an additional request for responses from other wireless devices having known locations;
computer code for receiving responses to the request from one or more of these other
wireless devices;
computer code for communicating with at least a portion of these other wireless devices
- to obtain information relating to the distance between the first wireless device and the at least a
portion of these other wireless devices; and
computer code for estimating a location of the first wireless device using the information
obtained from the at least a portion of the other wireless device and the positioning information

received from the less than sufficient number of wireless devices having known locations.

24, The computer program product of claim 23, further comprising computer code

for storing the estimated location in a memory of the first wireless device.

25. The computer program product of claim 23, further comprising computer code

for determining the location of the first wireless device from information obtained from the




known | ocation is received by the first nobile wreless ggviGCf\OOScorrput er
code for transmtting an additional request for responsés Ttromother

wi rel ess devi ces having known | ocations; conputer code for receiving

respon he request fromone or nore of these other wreless devices;
comput 2&88%{%35% or conmunicating with at |east a port?%%f“’iﬁﬁsese ot her
wireless devices to obtain information relating to the distance between
the first wireless device and the -386- | east a portion of these other

Wi rel ess d2ii ceBie camguteoprpgrtmrpradudicoff abaimeXSt funther cogipaising canpwier wilet he fir st
wi rel ess. devi ce using.the informatjon, obtained fromthe at .least a portion
of thgoroq grtEF (i%c n%%th%%%whés B%’éﬁett?% aﬁ?er%ﬁ]PF%ﬁomr Ceived from
the | ef%lch\@vicss hdving BRWnIN6UIREHs Willizink FEpREDNE MifE@MtIBAW 1faekiveddysin | 0cat i ons.
24. The computer program product of claim 23, further conprising conputer
code thecﬁﬂfﬁf‘rteéﬂlwef?fgvﬁqsﬁﬁﬁ?céﬁhw&gdﬁowﬁlqcﬁ“%&nemry of the first wreless
devi ce. 25. The conputer program product of claim 23, further conprising

conputer code for determining the location of the first wireless device
frém i nf or ¥t i GTheaompiterprogramnproduet 6f deine23 30Erein/the GaffiEal urter/00S01/ 48648

-26- 25..Th t. . duct. of claim23, .furt i Si
compuPEEIEE B GViGE LBV ATt 1 dFeb e MRS Bevises PERE e ce
from ipdwr Bdticasn obt ai ned fromthe wreless devices having known | ocations

utilizing if positioning information is received from the sufficient
nunber of w rel ess devices having known | ocations. 5 26. The conputer

program preductaf i gram i Br bt A Gl O gﬁt”ﬁtlﬁﬂ’t for e r el ess
devi ces ha%)?ng ah%ocmombﬁﬂggg% ong}g‘%%prfsgigl gt’vf'eeast t]ﬁr ee w }e c’ess devi ces
havi ndransomtetreduestatdeanded. 27. The conput er program product of claim 23,
wherein at |least a portion of the transmtted requests are coded. 10 28.

The conputer program product of claim 23, wherein the additional request is

reg transmg,t edrhieebinpeteGaddrim pro@h@ deEIein23) Glcreinthedddtiondlire@sst iv@- The
conput er program product of claim28, wherein the additional request is re-

t r ans ieRgmEtdedeneriodipgliymaredsismiiped mynber oftings. i nsuf fi ci ent nunber of responses
are received in response to the previous transm ssion of the additional
request. 15 30. The conputer program product of claim 23, wherein the

obt ai ned i 26.or rikheicomputer program product of claim 28, wherein the additional request is re-

transmitted at a higher power level if an insufficient number of responses are received in

response to the previous transmission of the additional request.

15 30.  The computer program product of claim 23, wherein the obtained information
relating to the distance between the first wireless device and the at least a portion of these
responding other wireless devices includes a calculated distance between the first wireless
device and the at least a portion of these responding other wireless devices, and a scaling

factor.

20 31.  The computer program product of claim 23, further comprising computer code

for utilizing the obtained information to update an internal clock of the first wircless device.

32.  The computer program product of claim 23, wherein at least a portion of the

wireless devices comprise impulse radio devices.

33.  The computer program product of claim 23, wherein the location of the first

25  wireless device is estimated using only the information obtained from the at least a portion of




relating to the distance between the first wireless devig pkhe at | east
a portion of these responding other wrel ess devices includes a cal cul ated
~di stance between the first wireless device and the at |east a portion of
these r nding other wreless devices, and a scali tor. 20 31. The
comput e‘&a@?"ggpam product of claim 23, further corrpri]g(?fﬁ[bgoggs ‘?Sut er code for
utilizing the obtained information to update an internal clock of the first
wirel ess device. 32. The conputer $fogram product of claim 23, wherein at
" | east tle peohiiog offer tWelessvidevidect s1odmsitioning dufmation is mpeived by 4bk Ersélevi ces.

33. The,conputer, program.product aof claim23 wherein the |ocation of the.
first m@@e%&gﬁs&g@t}%@%gﬁ{egs %gch%ﬁV@g%%Wéb%WP@ the information obtained
fromthe at least a portion of 9 June 2005 WD 02/49379 PCT/ USOL/ 48648 - 27-
t he responding other wireless device if no positioning information is '
received by the-first nobile wireless device fromw rel ess devices having
known | ocati ons.




