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triangulating signals from three separate ultra wideband transmission towers whose fixed

position is known. However, it is foreseeable that a mobile ultra wideband device may not
always be within range of three fixed transmission towers. In such a situation, the ultra

20 wideband device’s geo-location (i.e., geo-position) may not be determined through the
conventional methods.

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.

25
Summary of the Invention

A system, method and article of manufacture are 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

30 location can be determined for a first wireless device having an undetermined location. Those
wireless devices with known locations 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
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In a further aspect of the present invention, the additional request may be re-transmitted
periodically a predetermined number of times. In such an aspect, the additional request may
also be re-transmitted at a higher power level if an insufficient number of responses are

25  received in response to the previous transmissions of the additional request. In yet another
aspect 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 between the first wireless device and the portion of the responding other
wireless devices, and a scaling factor.

30 - 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.
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accordance with an embodiment of the present invention;

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
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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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the addifiqpal request. 20 FIG 2 is a schematic diagramof an ultra

wi deband "geo- posi tional nodel 200 where _ .
20 FIG. 2 is a schematic diagram of an ultra 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 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
25  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/transceiver (e.g.,
208) having an unknown/undetermined location receives ultra-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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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 thé
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 transmit 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 to allow the requesting device to



known and can be stored in local nenory. In nobile ultra w deband devices
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nunber of fixed position wireless devices with known geographic | ocations
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 controller 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 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
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range of at east three towers in decision 506, then other wireless
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i f 20 posithddoofipegitionfdstemmination.i & feweethpadhree base stations are available (per decision
506), the device (i.e., device A) starts the request for information from other mobile devices by

transmitting 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
25  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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device (i.e., 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 hereafter 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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i nformation o ed from eacht reply to the request by device A can be
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old and/ or has not been updated recently). Cearly, if device B has
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 return to
“A” at the same time as the reply from “B”, it becomes necessary to re-query “B” and notify 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.



not updated its information in a long tine (for exanple, in a preferred
enbodi nent, |onger than 100 nsec), the |ocation of device B nay have
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direct line, Onad dsvigd s ieeaivbs el @ifery ki optirgiuny3 (e, dedidt 8 ni@dcetht re@iptdimeror e
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and calculates the receive-send delay “A.g” (or “DtrsB”) 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” mark 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 (“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



replier overload, and di stance degradati on. WD 02/49379 PCT/US01/ 48648 -11
In yet another aspect of the present invention, the obtained information
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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
counter)*(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 (transmit, store, etc.) True Current

Time)
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The lack of a prompt acknowledgement from the requesting device may induce the responding
devices to retransmit their responses using other pre-identified multiple access channels
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
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 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 a

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



True Current Tinme = (value of clock cycle counter)*(scaling factor) + 30
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that is unique to each device; and 25 3. The eo-Poijtiongl éeg sequenc
may be daheriusquirFompengns Ristach 85 e sPBIPRBHAT may also be considered components o

the system. For example, particular software modules executed on any component of the
system may also be considered components of the system. The hardware configuration 1000

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 connecting
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 mainstream of software design and development, 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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20  objects 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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20 simulation, electrical components in a circuit-design program, countries in an

economics model, or aircraft in an air-traffic-control system.
o 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.
. 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 ‘any logically
separable matters, OOP allows the software 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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and it greatly sinplifies comunication anong objects.
20  Tanguages 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 organization of data into
25 small, independent objects that can communicate with each other.
Encapsulation protects the data in an object from accidental damage, but allows
other objects to interact 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 it ﬁossible for different

programmers to mix and match characteristics of many different classes and
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personnel file or_a .table of e.. 25 latit s and | ongitudes of cities.
An obj ect can rep?’é’ggﬁqg W§§W9%‘EPP388‘[8 a:a%fhg rlfj@g%%&%pﬁcaﬁm& t%‘?n?fe, angl es, and
conpd ex nunbgrs,  PlhrAMsHfSedibik BRsfts aftusel ifmbhy SinRABhIBUStHERRROhAVE Y Of

an object to represent just about any logically ~ separable matters, OOP
al |l ows the soft wasenebmifabpes: Roo exlesplgn and i npl enent a conputer 30

programthat is a_nodel .of sone aspects of realjity, whether that reality is
a physical efti t yCom egggc%mgfpgtsgﬁmo&egﬁg%%@q}wsoﬁtqr E?flatﬁ‘g‘??¥Fs. & nce
the object can I epianRilaRMeh diusidd Gt IR Rl EndISLORRIEADIIR-Le an
obj ect which can be used as conporént i'n arger software project in

the future. WO 02FRR3@0cInEdl. USHidghin4dittentwit fheA0Pofflasa libeatieOfRtilof t war e
program consi sts of proven, existing conponents nmade _from preexisting
reus@bl e obj ect s, raspersibpfar thyBow SEPIHIN di-a Obanyst qamEohbg IRERENISENNG] ect
has to be witte . S . S 0% L% an
i nventory of ext g‘%?ﬁ?"e‘ﬁ&%%g%té%ﬁg}&uﬁéﬁgﬁ%%%@??“H%‘%E%tent ih%?mé%gr?ggr?

from whi ch an err ahichouhétions t@taibdtavlias timed Ofowifich kiadpobdarjeols. As a resul t,
OCP enabl es software devel opers to build objects out of other, previously
bui It objecte. ThPspheasivasd etpris dlthopghselpss| bsarics #HPW-PIASIEMIKET bp USe ARG bui | t

f nbl i d b- nbl ies.
Cof twar o engi neor 3. MERY S SRS ok Sobh bOERAn AP AORE - RonlRESF

bui |5 from existi pdifEQBRARENIBro Miffefdht programatrs abh ase the biiRe 46 ofleMsd oper as
objects. Al this adds up to an inprov?ﬁjtguality of the software as well as
al

an increased spelBrages {q SriteWe| BREFANE o 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 have 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



Programm ng | anguages are beginning to fully support the OOP principles,
such as encapsul ation, inheritance, polynorphism and
conposi t ivomo2/¢322 i onshi p. Wth the advent of the C++ | anBORGE8)1/43648y
commerci al software devel opers have enbraced OOP. C++ is an 15 OOP | anguage
that offers a fast, machine-executable;gode. Furthernore, C++ is suitable

for both .co rcial -application and syst . pragr.anmi n L QJ : now,
Crv appRapt oty perBE Rl AP tio Rl BBl ¥ B R P il =y
there |%mgraﬁpﬁltat@a‘ec@&mg{ju@g&le\b@nguages, such as Smal |l tal k, Comon Lisp

Obj ect System (CLOS), and Eiffel. Additionally, OOP capabilities are being
added toI nor Bhe rdavelopeeat ¢fommandicat ongsut Bvterficeyrbegennde oo | BifguHgessiusalch
as Pascal . The benefi f. | S |.z :
o) et PagrREe ek ieRondih gtk ARSRRAER Bl U RrE i3l gt
proly enkgichicdrivRtie proprart and Gedlid ®hepc@tiieaGions EiwaAdbe batforarede Moday,asodat a
abstraction through the organization of data into 25 small,, i ndependent

gb j ect sparspmel eempEensaiyaa eecomnlishessbis Bt mepns ofEcelsstlo9p; Whch PEetssthe e
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St r uct up@gramnettict@tesicogrdanpdio adtiens tiemclee n3k Peifornmos Thelpeogrameret @ndonged

nodi fy objects 30 through. deriving new kinds of obj.ects fromthe standard
cl assesdgeainesghe order it whichyeyertsnocsty dnsteadaa PEQEAHN| 15 Eciwédseddp@ CPEatedeces

w t hout ' . . . ' j .
9% LA A TS 8o RIS 0 S8 0 et
char act tiis why ¢ usdrs,nthe yleddlbpez ropsrtescd pxgesn drad iVDUOR/e4887® RET/ NSGEIheREs18

-18 create . specializ obj ects that till K with | at ed. ohj [
predi ct dvddu JFeos ngci’(fs%‘Joﬂ’l’aé? Mﬁ?@g’%ﬁﬁzielﬁ%}ﬂ?e\g%&ﬂﬁe‘%l ﬂl'i’rréﬁ%tsfﬁli??ivgggbr%g Sdlana
f1exibl éi‘?cﬁ%as?faé b corMER! deRGintRRks -8 th&poBlBGher rAmd still Aetfefhie RGPS

anong t hem LI brari es of reusable classes are useful in nany situations,
but t heyf aintrol wathin eash pieceiafiiet #isicatied bFtre excatioop: Appbinpticax¢ady stillyy’sifs on
corrf%ex syoz,tem the class hierarchies for related classes can becone

ext rreToSV oﬂ?eusé'?‘ti‘?ﬁi,' with many dozens or even hundreds of cl asses.

Even event loop programs require programmers to 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. Instead 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

25  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 and 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 relinquishes control to the user
(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.



Fl ow of control. A programwitten with the aid of class libraries is still
10 responsible for the flow of control (i.e., it nmust control the

i nteract ivoag2/#asong all the objects created froma parti ceCEUSOI48648ry) . The
programmer has to decide which functions to call at what tines for which
ki nds of objects. Duplication of effokt. Al though class libraries allow
programmer s use and .re man nma i eces..of. code, each progranmer
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maj or mechani sms that inplenment the common requirenments and design in a

speci fi c appli cat fremedoriaion.therpidgr hande pravides ngegely hsbavienbitradse thpproteeali on

progyamers fromthe chor l,nyoal v LN di spl ayhn ' ,.al og
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Framewor ks al so 1 giehgisgniulé PRHHE a ipfodr@menys $HppasedoBRrsvitld ivalsuabaut thehe
30 interaction between the code they wite and code witten by others. In

the early days of ﬁa@ﬁ‘d@d@f@&ld%r ogramm ng, the programrer called libraries

provi ded by the opepati ng system,i. erf.arm cgrtain. task t .basically
Phe progr am Sxecup e TSURCTHE Ragatys Bty s Pub pishroapaity mities
programer was sobjkts 288 RANS kk¥iembMbet Aficlibv Bfs $BibIOto intahSatsasd call
appropriate for WD 02/49379 PCT/US01/ 48648 -19 printing out paychecks,

cal Bul ating a nat blieets intile spaipvay voith & §pwewgrkofi Reto raithefamarerk 4 2 gassgr am
that executed | h Jiiaby0f WBY tad i SYCIPREERE 20biallBRNLC Bley USRS delibgr haces

one
began to turn this paF}Qte(%r al progr anm n% arrangenent

interfaces allow plograne@es typRbMEwritddande tagoedtidés dndds callddbydhe fienicherk.
program and deci d%hg\/n ifatr]ne(%?c;rli arilart]naggg itlgen %O‘?thfu lc(()jntrtzﬁ a%?&fgoirtﬁ)%j ec‘;gf)dz\i?e/lfitinngo Sat
program involves dividing responsibilities among the various pieces of software
20 that are called by the framework rather than specifying how the different pieces
should work together.

o 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 to 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



personal conputer software acconplishes this by nmeans of an event | oop
whi ch nonitors the nouse, keyboard, and ot her sources of external events
and cal | wohz4Bppropriate parts of the programer’'s codeP@@S0IdSHS t O
actions that the user perfornms. The programmer no |onger determ nes the
order in which events occur. Instead,_fkprogran1is di vided into separate
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creat esy tREPEGAMAIEMAL 1S nuch easier to use. Nevertheless, individua

pi eces of the programwitten by the developer still call libraries
provided by the operating systemto acconplish certain tasks, and the
programer nust still determine the flow of control within each piece
after it's called by the event | oop. Application code still " sits on 15
top of' the system Even event |oop prograns require programrers to wite a
| ot of code that should not need to be witten separately for every
application. The concept of an application framework carries the event

| oop concept further. Instead of dealing with all the nuts and bolts of
constructing basic nenus, w ndows, and dial og boxes and then maki ng these
things all work 20 together, progranmers using application franeworks start
wi th working application code and basic user interface elenents in place.
Subsequently, they build fromthere by replacing sone of the generic
capabilities of the franework with the specific capabilities of the

i ntended application. Application frameworks reduce the total anpunt of
code that a programmer has to wite 25 from scratch. However, because the
framework is really a generic application that displays w ndows, supports
copy and paste, and so on, the programrer can also relinquish control to a
greater degree than event |oop prograns permt. The franmework code takes
care of alnost all event handling and 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 programnot 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 framework. This approach allows the
creation of nore conplex 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. WO 02/49379 PCT/US01/ 48648 -20 Thus,
as is explained above, a framework basically is a collection of cooperating




cl asses that nmake up a reusabl e design solution for a given probl em domain.
It typically includes objects that provide default behavior (e.g., for
menus andvowngons), and programmers use it by inheriti ngP€DWBIIGMB648hat
default behavi or and overriding other behavior so that the 5 franework
calls application code at the approprigje tinmes. There are three main

di fferences between franeworks and i braries: Behavior versus
protocol. Class libraries are essenmol | ecti ons of behaviors that
you can cal | ywhae cyemeait those individual behaviors in your program A
framewor k, on the other hand, provides not only behavior but also the
protocol 10 br sef méthed fassletemminigghy Weptiame! amiyelessloxitectP RS or s can be
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i mpl emrentodd dietagt knwinar-lpastion wirelbssategivos;ks, they reuse design. A franework
enbodi es the way. a fam I%/ of rel atggW rograns or heces of softtware f\{l\}mk'
It 25 repr esEEYINg gepmmstctodhe regHe 081 P’%%O‘EIP?Q’EC (E,fg e55d SSPRAS PRY RIS et y
of specjfiges: Problens in a given domain. For exanple, a single franmework

can enbody the way a user interface works, even though two different user
i nterfaces creatmadicating withhelesstrapoiticmefithe tespongling etben/wirglgss devisies foeolimn

interface problens. Thus, rough the deyel opnent .of. fr Wor ks .

ol 111 ofgoREPRTPBHac i BediRERaRatess F S5 Sy Prsr el e el Ehprion
reducti gf‘ﬁmiré‘s bhGng 88icoWiRNds daN&dsonpent effort for software can be

achi eved. Wi Ipe vari ous enbodi ments have been described above, it should be
under st ood t kstimatingey Idvatien bfthe frsewisalestiddycamaging theeipdrpiation pbizinedniomot
Him tat the lgapsg%’po}t?o% gf %%qgs%o%&%g other wireless device and the positioning information

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

20

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
25  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

30 coded.



scope of a preferred enbodi nrent should not be limted by any of the above
descri bed WO 02/ 49379 PCT/ US01/ 48648 -21 exenpl ary enbodi nents, but should
be defi nadoon#9s79 n accordance with the follow ng clains RETUSHIRISH4S
equi val ents. WO 02/49379 PCT/ US01/ 48648 -22 CLAIMS What is clained is: 1.
A nmethod for determning a |ocation Of_zzfl_ W rel ess device, conprising:

el e

transmtting.an initial,r St. 10, Wk Ss, devi ' KnQuu jons
for 5 posi t?'oni n’gfﬁf ﬁ’f‘gpﬂ‘g?t#gﬁla%r Ld&h&eﬁﬁ ﬁcp%gadgﬁﬁ%%g? ?%dr%gto pgg\?ﬁalflgﬁﬁgeh
wirel esgergﬂydag?awef&m&dmﬁbf@m@g | ocation, wherein wreless devices
havi ng known | ocations that receive the initial request transmt

positioning information to the first wireless device; if positioning

i nformation from fid gj . e i i
moon T ocat 1o FE RSB ESR L BB WA G EhELe MR
t r ansmi high&gp&eralddélt ifosainsuffiRiene Guaer b redpeagsnae sefaived of hsponsiertel thes
devices that may derive their own |location fromeven nore distant

knowin- | Bresious Frangmissien of e priditienal requestyi ng responses to the request from
one or nore of these responding other wireless devices; comunicating with
at least a portion of the responding other wirel ess devices to obtain 15

i nf ormati on gel at Thg hé&hbdefdélaibars evhetinethe biteinkd riaformiatied askting o ctheand

the at | east a portion_ of the responding other wrel] ess. devices;. an
est i mat flisignee pefwgen die Brst trieeless rdgtflcwafléﬂg% at G‘é?ﬁi % BotHonRf fgﬁéeﬁpﬁ’fl%‘%’%&?#%n

obtain e@irﬁafeﬁ’ﬂﬁevﬁ&@ iud aa.%alcﬁ*a’?é?ir dikibeWFotd OB thEBRE WG s AENES and the hERSst
devi ce and the

positioning rnformation received fromthe | ess than
suf fi ci epbrtiouniére redponiding| célser vdeléss dsvibesy amba keabing fdcderat i ons. 20 2. The
met hod of claim1, further conprising storing the estimated |location in a
menory of the first wireless device. 3. The nethod of claim11, further

conpy i si ng dgt er mrpi REiHAH REALT, Hrtd chRBribing BhilizWo'tBé 65inde Y6 dtioart

i nformati on obtained fromthe wireless devices having known | ocations 25
utili zi npdatd appmirhal ehickepfithef frstreireloss deyiceecei ved from t he sufficient nunber
of wirel ess devices :

10.  The method of claim 1, wherein at least a portion of the wireless devices

comprise impulse radio devices.

11. The method of claim 1, wherein the location of the first wireless device is
15  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 location of a wireless device, comprising:
logic for transmitting an initial request to wireless devices having known locations for
20  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
25  additional request for responses from these responding other wireless devices;
logic for receiving responses to the request from one or more of these resppnding other

wireless devices;



havi ng known | ocations. 4. The nmethod of claim1, wherein the sufficient
nunber of wi rel ess devices having known | ocations conprises at |east three
Wi r el ess wi@ev2/¢s39 havi ng known | ocations. 5. The net hod of PCT/@RoV4Bs480her ei n
at least a portion of the transmtted requests are 30 coded. WO 02/49379
PCT/ US01/ 48648 -23 6. The nethod of chai m 1, wherein the additional

request is re- S 5]5&55%9 f Wildigs- 7.
The net hod og)g%{ gﬁ;}m‘EH \%ﬁg?&e}&;{vgﬂ E%Yta?g Hféefg%lggse?f\egg re- ngreis glt ted at
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in response to the 5 previ ou nsnj ssi of the additional request. 8.
The et Hdaashi pertionaf thesgrspen ngﬂ CNE ??e‘gavicﬁf tion relating to the
di stance bet Yé% gSth‘hé’[ﬁlg W bed ﬁ)ﬁ_sofj@ﬁ’é 1 felobe dalict GRRg tePRIShRMORT
t he respondin | ess eV|ces I ncludes a cal cul ated di stance

bet vieenobthimed IfHOHI theiat kﬂamﬁsaspcd’em oftha me‘spbh@ngtothee Jsteless dp\oc@ amghthefpositiening

respondi other w.rel ess ces, a scal. n fac 10 9, The.net hod
o 6 a IR TR o GF 1S QR SPGB eGP AR PERE koD
updat e fRadidHsernal clock of the first wireless device. 10. The nethod of

claim1, wherein at |least a portion of the wireless devices conprise
i npul se radi o devices. 11. The nethod of claim1, wherein the [ocation of

the first wrel ess, device i td mated usin nf rratl
obtained fro thesrg? Sy g °§°‘68Ptf1§rf“u T ﬁoénl?résél&)ﬁ?ﬁ%dgr 8&%‘8 % ﬁle%ts?d
devi ce jdcatiéh RAShEMBR! $¥ahé REQIRldsOdeviige.  €Cei ved by the first rmbl le

wreless device fromwreless devices having known | ocations. 12. A system
for determning a |location of a wirel ess device, conprising: logic for
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Wi rel esgheOfdt GarelRy ueﬁcantonuﬂﬂmlﬁnrmmmpﬁbmome Wifﬁés@ldeWei qalmﬁg kdewhces
havi ng known | ocations that receive the initial request transm

posi t i officAgonisrftidizmeif pesitiening efpination ij respiaed fragthe éufﬁc%enba@nwdﬁ.%eless

i nf or mat,i I t sufficient nunber of wreless devices of
known | 8% ] ?Sglngm?{?lég’gllgeg ﬁy the first nobile wreless device, logic for
transmtting an 25 addl tional request for responses fromthese responding

ot her wirel ess devices
15.  The system of claim 12, wherein the sufficient number of wireless devices

D)

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

16.  The system of claim 12, wherein at least a portion of the transmitted requests

are coded.

17.  The system of claim 12, wherein the additional request is re-transmitted

periodically a predetermined number of times.

- 20 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
25  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.



l ogic for receiving responses to the request fromone or nore of these
respondi ng other wreless devices; WO 02/49379 PCT/US01/ 48648 -24 logic
for conmwiOozsd3my with at | east a portion of these responBCHySa43643
wireless devices to obtain information relating to the distance between
the first wireless device and the at jgast a portion of these responding
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devi ces having known |ocations. 13. The systemof claim 12, further
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utilizing if positioning information is received fromthe sufficient nunber

of wirel ess evi i wR, | i.ORS. . T : = Cl.ai.m:12,
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16. The systemof claim 12, wherein at |east a p,o%\%' on of _the jra itted

al ns
r equest ethenwirelesy davice ¥ nopesiggRing ntormation 1 Locivith by e frplemabily Fisless
req‘JEStdéﬁcéﬁérﬁ%@fﬁ%@%ﬁge?s}&%ﬂ adio¢ahbdatidnPr edet er m ned nunber of times. 20
of claim1l7,

18. The system rein the additional request is
re-transmtted at a higher power level if an insufficient nunber of
responses are received in response to fhe revious tr.ansm ssion of the
addi tional rejuest computerFogiaay Biedpet 1£€F QFWB’E@}“%Z?‘&UH% é BBPaThedcs
infﬂgna{:&g}gﬁsrhgé.ati ng to the distance between the first wrel ess device and
the at l'east a portion of these responding other 25 wireless devices
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having an undetermined location, wherein wireless devices having known locations that
receive the initial request transmit positioning information to the first wireless device;

15 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 these responding other wireless devices;

computer code for receiving responses to the request from one or more of these
responding other wireless devices;

20 computer code for communicating with at least a portion of these responding other
wireless devices to obtain information relating to the distance between the first wireless device
and the at least a portion of these responding 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 responding other wireless device and the

25  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.



20. The systemof claim 12, further conprising logic for utilizing the
obtained information to update an internal clock of the first wrel ess

devi ce. 2O 0¥ks75ystem of claim 12, wherein at | east a poPCT/WR0IMB648he

wi rel ess devices conprise inpulse radio devices. 5 22. The systemof claim
12, wherein the location of the first yreless device is estimted using
only the infgormtion obtained fromth l.e rtion. of t S di ng
ot her wirel €5s de eccéorpglﬂﬁroprﬁgrgm P%ﬁ?ﬁgO%C%%lﬁa%tﬁ%lﬁgi%? mg)glé{eﬁ Ve u&/&t(ﬁgg
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23. A conputer pr og]'raam product for determning a_|location of a wreless

devi ce, wirglgsscdavines Spvigs knowpdeeatiops yilitig if pegiioning iermationds recgived dipmst
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determ nrng a Toc on o ess device having an undeterm ned
| ocation, wherein wreless devices having known | ocations that receive the
initial request transmt positioning information to the first wreless
devike: 15 i#6-posThS epmpiefer progFamh Prasuck phptpie 23, ¥ éﬁ?lfh&@bﬁl\fﬁ%?r&ﬁu@mﬁﬁ’ér of
wirel es&/irgﬁys! G857 naviile Wo Cl@édh%ﬂ% 'cﬁm?ﬁgc%' Ye oy e vwhilefes! dEPREd Raving
wi rel ess”devi ce, conput®er code for transmtting an additional request~for
r esponslesovit lotatidnese respondi ng ot her wi rel ess devices; conputer code for
recei ving responses to the request fromone or nore of these responding
ot her wirel ess devices; 20 conputer code for conmunicating with at |east a
portion of these | g%ﬁ 1 : i : I Nl r Lon
relating to the d’lfgfgﬁggﬁtgg{)& en lp ﬁ%ﬂu% ?théﬁyx}q?\gf g@%regrgsfi)?gﬁ' gﬁgﬂ{oﬁe%b
| east atrpontiitabhreqhestdwes eodsdspondi ng ot her wirel ess devi ces; and conputer
code for estimating a location of the first wirel ess device using the
information obtained fromthe at |east a portion of the respondi ng ot her
W rgl ess devyge a Wi d-Omd L 1 ¢ i al FeRmiedtherd-ess
thafld suffici 2egf:it ngﬁ%‘téér}ﬁ%l%ta%rrgglﬁgslgeg“e%iggggﬁﬁ%ﬁ%ﬁaﬁﬁgﬁdﬁig?at ié(glns. 24. The
conput etrapsnogedparpdodily b poédetdrmined 28mbeuef firees. conpri si ng conput er code for
storing the estimated |l ocation in a nenory of the first wirel ess device. WO
02/ 49379 PCT/ US01/ 48648 -26 25. The conputer program product of claim 23,
further conpgg si n‘ﬂh&&}ﬂ?}%ﬁ‘[@fpr@@‘éﬂl prb@ict SEERIATB] WHerkinghé eEtidrAN réfuedtherd i r st
in

w rel ess device from ormatron obtained fromthe . _
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 wireless 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



W rel ess devices having known |ocations utilizing if positioning
information is received from the sufficient nunber of wrel ess devices
havi ng kivoom2/4wseati ons. 5 26. The computer program produckCoUSel48b48 23,
wherein the sufficient nunber of wreless devices having known | ocations
conprises at |east three wirel ess devi_ges haV|ng known | ocations. 27. The

{r anam P aatpeginedt 8ot el Beur gy porfioficd BlvhFRh 45 B0 Be BAF

cl ai m 2gobidaireless ddvecedisth ik dé\ﬁaéselﬁltrmgslmbem lbdatinagn tted periodically a
predet er mi ned nunber of times. 29. The conputer program product of claim
28, wherein the additional request is re- transmtted at a higher power

| evel if an insufficient nunber of responses are received in response to
the previous transm ssion of the additional request. 15 30. The conputer
program product of claim23, wherein the obtained information relating to
the di stance between the first wreless device and the at | east a portion
of these responding other wireless devices includes a cal cul ated di stance
between the first wireless device and the at |east a portion of these
respondi ng other w reless devices, and a scaling factor. 20 31. The
conput er program product of claim23, further conprising conputer code for
utilizing the obtained information to update an internal clock of the first
wirel ess device. 32. The conputer program product of claim23, wherein at

| east a portion of the wreless devices conprise inpulse radio devices.
33. The conput er program product of claim23, wherein the |ocation of the
first 25 wireless device is estimated using only the information obtained
fromthe at |east a portion of WO 02/49379 PCT/US01/ 48648 -27 the
respondi ng other wireless device if no positioning information is received
by the first nobile wireless device fromw rel ess devices having known

| ocati ons.



