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to U.S. Provisional Patent Application No. 60/318,858, titled System and Method for
20  Providing Traffic Information Using Operational Data at a Wireless Network, filed
September 13, 2001. This provisional application is hereby fully incorporated herein

by reference.

FIELD OF THE INVENTION

25 This invention relates to a system and method for providing traffic
information. More particularly, this invention relates to using operational data
developed by a wireless telephony communication network to generate traffic

information. -

30 BACKGROUND OF THE INVENTION

Traffic congestion has reached crisis levels in most major cities throughout
the U.S. and is becoming a major problem in smaller cities and rural areas as well.
Not only is traffic congestion a source of frustration for commuters, this congestion is
also costly and a significant contributor to air pollution. The Texas Transportation

35 Institute’s 2001 Urban Mobility Report estimates that the total congestion costs for 68



10 tinmes by 13% and demand for traffic data is grow ng exponentially. A
recent Gallup study showed that nearly 30% of all comuters and through
travel er swar@/omi3ki ng to pay $1 to $5 per use and nearly Psa%sob/2¢38smer ci al
vehicle operators are willing to pay $10 per nonth; however, the data is
sinply not available. Currently, transportation agencies collect highway
traffic data fromradar 15 devices, video caneras, roadside sensors, and
ot her hardware requiring expensive field installation and maintenance.
Transportation agencies currently spend nore than $1 billion per year for
traffic nonitoring systens covering | ess than 10% of our national_ highway
systeg Raka ykisandfkhsy abedNeor dofk adifyi dowdariageorentitiGemitr pepmiations\ofa
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t hese “vehicles’ represent a small fraction of the nunber tﬁ}g vehj cl es using
t he roadwayld. inallateonmost meintelapss (ThespROHIEINREEROCR SUHERO SPHEVEEPS dat a

capabilit ’ich%rsl '$1 billion per year for traffic monitoring systems covering less than 10% of our

national highway system. Data is delivered to a Traffic Management Center (TMC)
via high-speed fiber-optic communications where it is organized, analyzed, and then
20 delivered to the public by overhead or roadside message boards, Department of
Transportation Web sites, and through partnerships with radio, television, and other
media outlets. This hardware-oriented field equipment approach to collecting traffic

data and providing information is costly and is practical in select urban areas only.

An emerging concept is the idea of using a Global Positioning System (GPS)

25  device to determine a series of positions of mobile communication devises and
transmit these data via a wireless network to a ceniral computer processor. The
processor can then calculate the speed and direction of the device for use in
determining traffic flow. While this approach can give very accurate information for

a small number of devices, any attempt to gather positioning information from a large

30 number of devices will use up large amounts of scarce bandwidth from the wireless
network and prove to be very costly. Additionally, GPS data is not available for most

of the wireless networks operating today. Although some nationwide trucking



they do have a vast infrastructure of communication facilities. These
facilities generate data routinely to enable the systemto properly
functi on, we @/024130 enabl e 10 cel lul ar phone users to pl acecankoeeessve
calls and stay connected to these calls as they nove though the cell
sectors of a system Exanples of these data include call detail records
(CDR), handover nessages, and registration nessages. |In Septenber of 1999,
the FCC ordered wireless carriers to begin selling and activating phones
that could be located to within 100 neters in the event of a 911 call. 15
This requirenent is referred to as Enhanced or Phase Il 911. Phase Il 911

i's nok expaffaais havdePubdayion dpyiessintiedr trndks| thegOeshicles rspyent epmdles GPS or
signal characteristics to | ocate the cellul ar phone. Regardl ess of the

process Lfs@dpnbfthwbeﬁefmﬂesc‘%%ﬁ:' F{/"We‘é% it inpractical to nonitor
traffic using 6\@51% 80 W keids ¥el§ﬁ10tn9‘?1etv%ﬂ<§r@6)ho$ Quve GPSf ddtoeaabiliticdat a. 20
In view of the foregoing, there is"a need for a traffic informtion system
that is wapall Bawf ausdshgnfeastractireg oflabmmunicationefeitiieed Fhsse ifAlijedy
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i nvent i onthey ercventbsugththe dell isedtens sifdssystenpt Heamples pEHes g I‘i‘fg‘(“%’oﬁaiﬁ for

providing traffic, i ti.on - af4i8h La extracted from
exi sti ng Q\?t‘f“&e&g’é‘ist@bg{)ﬁaﬁ]gm&%%Fﬁ%%gggpgg‘%%{%r Eﬂeisn rastructure without
adversely inpacting netwark res es. AT t D9RYo and
conmuni cat i onsIrlq%?RX%PEerégﬁg p%ttge ggcﬁ%@%reé&alﬁ%gﬁscg%ﬁszt& lfég%?omérgs t hat
communi ca4 & ahih pHRi hitt BOGNBS1RARAE Wehini 00ahetsss in dromvhoalta Wriscalldevi ces
using |license gdio frequenci es. When a npbil e p&ﬂne fls F}?‘@ﬁ'ied on it
15  This requirement is referred to as Enhanced or Phase II . Phase iS no
expected to be fully implemented until 2005. This system uses GPS or signal
characteristics to locate the cellular phone. Regardless of the process used, limited

network capacity makes it impractical to monitor traffic using this capability as the

primary source of location data.

20 In view of the foregoing, there is a need for a traffic information system that is
capable of using existing data types generated routinely by wireless telephony
communication networks that can be extracted from the wireless network’s

infrastructure without adversely affecting the performance of the wireless system or

taxing the networks’ resources.

25



periodically registers its location with the network so that calls can be
processed w thout delay. Additionally, the nobile phone is in contact with
t he wirel egso3reinaor k 15 when t he phone makes or recei ves piorse2egdsss. The
present invention uses location information fromthe network, conbi ned

W th conputerized street maps, to neasure the tine it takes to get from one
geographic location to another. By aggregating and anal yzi ng anonynous data
from thousands of w rel ess conmunicati ons devices, the present invention
is able to 20 determne real-tinme and historical travel tines and
velocities between cities, intersections and along specific routes. The
aspects ofUhhEARNYECOHEMHE INVENTIONRY be nore clearly understood and
appreciated froma review of the follow ng detail ed description of the

di scl osed e%’%@eﬁt aRebnbi¥n T SRR Ethb Oddfivtendicavbn @theangysiehrai amd 25
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without delay. Additionally, the mobile phone is in contact with the wireless network

15  when the phone makes or receives phone calls.

The present invention uses location information from the network, combined
with computerized street maps, to measure the time it takes to get from one
geographic location to another. By aggregating and analyzing anonymous data from
thousands of wireless communications devices, the present invention is able to

20 determine real-time and historical travel times and velocities between cities,

intersections and along specific routes.

The aspects of the present invention may be more clearly understood and
appreciated from a review of the following detailed description of the disclosed
embodiments and by reference to the drawings and claims.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the operating environment of an exemplary embodiment of

the present invention.

Figure 2a presents a block diagram showing the main components of an

30 exemplary embodiment of the present invention.



Figure 3d shows the relationship between Data Extraction Mdul es and Data
Anal ysis Nodes in an alternative enbodi nent of the present invention. 15

Fi gure 4 depisgesi3a process-1evel bl ock di agram of the Dat @dE@xsoaeeissn

Modul e of an exenpl ary enbodi ment of the present invention. Figure 5
presents a bl ock diagram of the Data Extraction Mddule of an exenplary
enbodi nent of the present invention, focusing on a Data | nput and
Processing function. 20 Figure 6 presents a process flow diagramfor a File
Pol ling and Parsing Process of an exenplary enbodi nent of the present
invention. Figure 7 presents a process flow diagramfor a Privacy Process
of an 5 exenpl amFyguesrinbdipreehts ofin tdvergil gsesess iftowendipgram P garr eexgmplaggent s a
process flow diagramfor a Movenent Filtering and 25 Detection Process of
an exenpl &RpodimsBHPHEAPTESFIIREIBPRsent i nvention. Figure 9 presents a bl ock
di agram of a D%‘l(ﬁurgéﬁrsﬁ%k% Mgkt Rhip bedReenSX ©p Bita@ioRONiodelet ardf at he
present invention, focusing on the Configuration and_, Monitoring function.
Fi gur e 10DdepAnslgsiaNpdomemseempiry bmbedimtinhefrthepissert IDENHORNal ysi s Node of
30 an exenpl ary,.enbodi,nment ., of .the present i i } ents a
process fl ow d?bé@}r%gl? Fllf’rwsath%%?tboneglﬁg)re a ?68%3%%%%9 m[cl)@I %&e%éﬁpg?ﬁﬁy
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Figure 12 présents a process flow diagramfor a Route Processi Process of
an exenpl ary emigude feshovet the pelatipnshiprictverpehbrigxtiecyon OEQE %ﬂﬁg@%tﬁts an

illustratiyve ex . O ) QuarihéhtionFi gure 13b presents
an enhancésﬂla\lpfsés\?ql{}%ﬁfeg%;l}ﬁﬂfeglg.dygt%ﬁgo%a@%ﬁgfj%@g a cleI_I 101slector/roadway
overlay. 10 Fi gysge 34 showes értrslatinnshif betveex Dafal Bxtofotian doduleseanddPite oadway

overl ay.

Analysis Nodes in an alternative embodiment of the present invention.
15 Figure 4 depicts a process-level block diagram of the Data Extraction Module
of an exemplary embodiment of the present invention.

Figure 5 presents a block diagram of the Data Extraction Module of an
exemplary embodiment of the present invention, focusing on a Data Input and
Processing function.

20 Figure 6 presents a process flow diagram for a File Polling and Parsing
Process of an exemplary embodiment of the present invention.

Figure 7 presents a process flow diagram for a Privacy Process of an
exemplary embodiment of the present invention.

Figure 8 presents a process flow diagram for a Movement Filtering and

25  Detection Process of an exemplary embodiment of the present invention.

Figure 9 presents a block diagram of a Data Extraction Module of an
exemplary embodiment of the present invention, focusing on the Configuration and
Monitoring function.

Figure 10 depicts a process-level block diagram of a Data Analysis Node of

30  an exemplary embodiment of the present invention.
Figure 11 presents a process flow diagram for a Route Generation Process of

an exemplary embodiment of the present invention.



Figure 15 presents a process flow diagramfor a Route Sel ection Process of
an exenplary enbodi nent of the present invention. Figure 16 presents a
process fwomsdeageam for a Route Trimming Process of an ecammoanysss

enbodi nent of the present invention. 15 Figure 17 presents a process flow
diagramfor a Velocity Estimation Process of an exenplary enbodi nent of
the present invention. Figure 18 presents a process flow diagramfor a

Mobi | e Positioning System Determ nation Process of an exenplary enbodi nent
of the present invention. 20 DETAILED DESCRI PTI ON OF THE EXEMPLARY

EMBODI MENTS Exenpl ary enbodi ments of the present invention provide a system
and nét hod f orFigaient? presamés 4 proaessdinva diagram éxi sRowtg Ppaessing Eracessephony

comuni cati ons Tet V\D@é’kﬁ to &éthi mat e .traff.i ¢ novenent throughout a traffic
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operating envi rgpiRNM3afRéscMB ar AIRKSHR daihphdradicmettoffoatiRey Brafsnt
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subscribers within 30 its cell. Several. Base. Tr nscg'bs(er_ Syst ens ﬁng
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connectio LS aARnEof At 8fkaG8nvehi6n. Traffic Information System 100
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records using the Hone Location Register (HLR) 130, and connecting the
nobi | e subsfenigzemplary emhedipgnf afdhapreging &1vpeliethhone Net wor k ( PSTN)

Figure 18 presents a process flow diagram for a Mobile Positioning System

Determination Process of an exemplary embodiment of the present invention.

20 DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

Exemplary embodiments of the present invention provide a system and
method for using operational data from existing wireless telephony communications
networks to estimate traffic movement throughout a traffic system. Figure 1 presents
the wireless telephony communications network operating environment for an

25  exemplary embodiment of the present invention, the Traffic Information System 100.
Mobile station (MS) 105 transmits signals to and receives signals from the
radiofrequency transmission tower 110 while within a geographic cell covered by the
tower. These cells vary in size based on anticipated signal volume. A Base
Transceiver System (BTS) 115 is used to provide service to mobile subscribers within

30 its cell. Several Base Transceiver Systems are combined and controlled by a Base
Station Controller (BSC) 120 through a connection called the Ayis Interface. The
Traffic Information System 100 can interface with the Ays Interface line. A Mobile



10 145. In an Enhanced or Phase Il 911 system the location of a nobile
station 105 can be determ ned by enbedding a GPS chip in the nobile
station 10% 03024183y neasuring certain signaling characteriKic®2besseen t he
nobil e station 105 and the BTS 115. In either scenario, the process of

|l ocating a nobile station 105 with the 15 degree of accuracy needed for the
Enhanced or Phase 11 911 systemis nmanaged with a Mdbile Positioning
System (MPS) 135. The MPS 135 uses the same network resources that are
used to manage and process calls, which nakes its availability somewhat
limted. The Input Qutput Gateway (105 150 processes call detail records
(CDRs)s5 t OSw?thﬁﬁ?@érﬂtdra(ll\@S@)JQbS alotd tescomsplem sk eofservsdinativey albith Base The | OG
150 receives call-related data fromthe MSC 125 and can in{.eﬁfaﬁe wth the
Traffic | Rfagemsdangelieysihapnaiotie A dnterfareesQumpstiony kechRR)taeh Pt 8¥ 3FHYC pr esent

| nvent | on SRgMLdibh Ysthelte Wisitor Rk RLBSEE TRLRON4GY ShBidAR iy
receive data froma vari elgy of Tocations in"the wreless network. These
| ocat i onshime! sibecritee RBSGdE20siandhe tBormet eodation, RegistoudhLR)el13@52m¢): s

| face, with the BTS 115, MSC 1 IR 1 h
ot comreesns Bragmiscabiatbem s e P Shes Dkl MM rRedy Toe

netwoFg e nts and extract the relevant information from selected fields
of selected records. The Traffic Information System 100 ,_ian use &gta from
any network el EnmenEnharesd or Press BO1Amsysieny Herpeationenifpmopile sptign &
identifier nunber, cell.lD an t] S : iokh ep$onmon
data sour &85 L[I’Sr t@pgl&edlsggacr%eq%gg\}_g %@ss %g? gﬁ@ea@gg?esg&ﬁioﬁ%ﬁrl i%g

di stri but iRR.ERR @IBiOEighilhgdiRkicdistiésobetweenther siohiy sativod8fwod|the send t he
records via file transfer protaocol (FTP%. 7 VO 03@)2@_132 gq%r/ EQ§/29385 5
Al t er nat i BdISy1 helceitker pasnape, teracsse gt ecating g meRle $aii9, Wg s88d from-.
the 106 150 1 kel t : Slddryphatd 1ioAi RYst8mfi9 Wakoddnadth

dupl i g?t e?e ﬁ%oﬁg(g%%cg%?%% ﬁé\@eécl?f ?1?: matrhod used ng?l ndependg on the

equi pnent aamdbids beitienimgsSytent MAK) r185esEhe MPS 135 uses the same network

resources that are used to manage and process calls, which makes its availability

somewhat limited.

The Input Output Gateway (IOG) 150 processes call detail records (CDRs) to
70 facilitate such actions as mobile subscriber billing. The IOG 150 receives call-related
data from the MSC 125 and can interface with the Traffic Information System 100.

In the exemplary embodiment of the present invention shown in Figure 1, the
Traffic Information System 100 may receive data from a variety of locations in the
wireless network. These locations include the BSC 120 and its interface, through the

25 Ay Interface, with the BTS 115, MSC 125, the HLR 130, and the MPS 135.

The input communications processes monitor the wireless service provider’s
network elements and extract the relevant information from selected fields of selected
records. The Traffic Information System 100 can use data from any network element
that contains at a minimum the mobile station identifier number, cell ID and a time

30 stamp. Some of the more common data sources are discussed below.

CDRs may be requested from billing distribution centers or the distribution

centers may autonomously send the records via file transfer protocol (FTP).



service provider. Handover and Regi stration nessages nmay be obtai ned by
nmonitoring the 10 proprietary or standard A-interface signaling between

t he MSC 196 @nd4she BSCs 120 that it controls. The TraffirRCT/Usoonysasi on
System 100 may nonitor that signaling directly or it may obtain signaling
information froma signal nonitoring systemsuch as a protocol analyzer.
In the latter case the signaling information may already be filtered to
renove extraneous information (see Figure 7 for a discussion of the 15
Privacy process for the exenplary enbodi nent of the present invention).

Al ternatively, these nessages nmay be extracted froma Base Station Manager
that gonilruetstly thoGDReMmayThs saigetat ascthay awroutiesBPassed SronTiheniMg t o

Figure 2a, in an _exenpl ary enbodi nent.,, an exi st wireles I ony
communi cadfBie ahiiling rgﬂte?@é’, p‘?ﬁs’%gf \ﬁﬁ@@ng éfrgvtP’éﬁlat gl%g%ca WY §?°ééelses' ﬁg?wor K,
20 exchangges. 4 tis O vl tdbp &Rt Gn Bt d@finheR b Prdfesn b lofahe Witlebsaf fi ¢
| nf or mat i gﬁ&é@é;{ng%%?d%e@me ta E}<t racq[%iﬁ;g?] (a Modul es 240 exchange
i nf or mat i eervidetpoviddat a Anal ysi s Nodes (DAN) 260, which in turn exchanges

information to end users 280 of the traffic infornation. In an alternative
enbodi ment of tFhadpree sadt Registeatidnomessagére nBRbaVobiaingd ey uneniexiasathge

information directly wth, End ers 280., | n stil t ative
enbodﬂ@renﬁ’r‘lﬁﬂef%%?t@géﬁr Aflm?é#?? 61ﬁflaaﬁlg6’re{%eggiheo¥|§e%rsl %ﬁl qﬁﬁgbkg?ﬁ e 240
may suppl yp 1Oy §aBRs.V ASkOTBMO AN Hakih 4 0868af aondoaltiai Sgrfaing an end
user 280. e end users 280 may include the departnents of transportation,
medi a out ldatestly prit walyebtaiasigpalinginfamatiomban &signymen g sEH g‘@g‘vi ce
providers. Details on the t f r 00 ange he
nmodul es ard %Prgg’ﬁg]z%t&?ynge%e%gﬁvgﬁ icélh?tel%Z%B%Irhggelﬁ%&ggan O\G/llea ﬁlﬁéﬁv@%fb tt:t he
traffic i BfiRrdRid JEMs bamnpe e agsr2adn (se¢ Fagurexkiipl ardisewtiodiafethe of t he

present invention. The DEX Movdul e 240 %OWD 03/ 024132 PCT/tUSOZI 69%&5 5
i nt er A8t s Ruivepy t precesp r &redhe NStSRINRY2 20080 St t 1 e RIEGR ™ nt

| nformat i %tematively, these messages may be extracted from a Base Station Manager that

continuously monitors message streams on the BTS 115.

Turning to Figure 2a, in an exemplary embodiment, an existing wireless
telephony communications network 220, otherwise referred to as a Wireless Network,
20  exchanges information with Data Extraction Modules 240 of the Traffic Information
System 100. The Data Extraction (DEX) Modules 240 exchange information with
Data Analysis Nodes (DAN) 260, which in turn exchanges information to end users
280 of the traffic information. In an alternative embodiment of the present invention,
the DEX Modules could exchange information directly with End Users 280. In still
25  another alternative embodiment of the present invention, a process other than DEX
Module 240 may supply movement vectors to the DAN Module 260 for analysis for
an end user 280. The end users 280 may include the departments of transportation,
media outlets, private transportation companies, or information service providers.
Details on the types of information exchanged between the modules are discussed

30 below.
Figure 2b presents an overview of the traffic information system process 200

for an exemplary embodiment of the present invention. The DEX Module 240



from operational data on wireless conmuni cation devices. In step 241, the
DEX Module 240 polls the Wrel ess Network 220 at preset tine intervals to
i dentify Woats/24iskes and FTP files containi ng operati onal pdareso2iesssudi ng

| ocation novenent data, created by the Wreless Network 220 since the | ast
pol i ng. I ndependent of, and 10 parallel to, this polling step, step 242
continuously receives operations data files that include |ocation novenent
data from Wrel ess Network 220. In step 243, the DEX Mdul e requests
nobile station | ocation data fromthe MPS on the Wreless Network 220 in
response froma request fromthe DAN Mddul e 260. At step 244, the data
filess ragekadwithane Wissls Ndhessk 2t teonitrag ¢ehigudaraeicenent jfpyaation

configured to receive 15 each specific data fil.e type.. Thg:pars extract
data for fiore amerafiongl d¥d ONOYERETH CO@PP][“@%?%dgﬂ‘besDe]?lesctF rggl’mﬁf u ggi In step

245, the pay r i i Rifnhe/ apdollidentifin flat ep 247
Xlﬁ@%ﬁ%%;ﬁgﬁglg Jﬁg WiftesR et WO 23®af Hr@set et ifin P

of the e Iment, the Privacy nodul e acts on the parsed data,
renovi ng @By apé e filesi cetainifig operatierfad imsAuding ecatiore mRySMeBt 84t i on 20
associated with the data record e.pro NS j epial
number, oreHEdhEVWiLEe i‘régésr ﬁgﬁ"(}% Z}Q Ségct? nﬁlgﬁléStﬁ%g%%?f ihgééﬂ%% grd?’ %% t he
recorg rephiag it@,&hfs%llir?@éﬂ, Gtep i contilsalyi et evesrupetations Addiffleothat |y, i f
the record I's associated with a_phone call an)% ézge ]gunbeégdiﬂ?@%g&s

i ncl uded inoluthdogatios eepveaeent dast Hom Wirekess AYetWP atBghA 28, yori es
may i ncl ener gency I ioh & LB the WidSlegaldterofid11)
operatorulgjg’g}lgﬁﬁ eé%clgﬁgtfaﬁse S?%(fﬁ)]h,}éagpﬁg'?ﬁg%&%gh S. In step 228, thg cl eansed

data r ecosgipindteonedirona refessibuarienD AN Modplerkflard spt2ddt thedatecdes e. I n
step 249, the Myvenent Filterin n tection nodul e gr -ppvement
record aswoeived depnithe Wirgdess O¥f B‘g( A s%ﬁ%é)prsgrgn % ﬁg[%ﬁﬁﬁ It%fﬁeel{)%d)at a
records. Ihes eSO S Fdrferd BePact taclr the Faividby eng Moveacat d
Hasht Ieeacgé%gﬁgxggﬁﬁleég&t he Oﬁdérplﬂt of the DEX Modul e 240. In sgep 246,

the Conf i Pilfesihjz @nd retechibm intodnleng Imsten 245 ctha persad KHgta perordnis sefg@rtdt i ons of
t he ot her DEX I\/bdéjl e conponents. |If operations are outside a preset range
of expectBBVWéF‘é ‘}l?ms, then an e-mail or other type of alert is sent to a

system In step 247 of the exemplary embodiment, the Privacy module acts on the
parsed data, removing any personal identifying information about the mobile station
70  associated with the data record. The process assigns a unique serial number, or
otherwise referred to as a unique identifier number, to the record, replacing the
mobile station identifier number. Additionally, if the record is associated with a
phone call and the number dialed is included in the parsed data record, the call is
categorized. Categories may include emergency calls (911), traveler information
25  calls (511), operator assistance calls (411), or other calls. In step 248, the cleansed
data records are sent to the Movement Filtering and Detection module.

In step 249, the Movement Filtering and Detection module creates a
movement record associated with each unique serial number contained in the data
records. These movement records are then stored in a Movement Record Hashtable

30  and serve as the output of the DEX Module 240.

In step 246, the Configuration and Monitoring module constantly monitors

operations of the other DEX Module components. If operations are outside a preset

range of expected operations, then an e-mail or other type of alert is sent to a system



9 WO 03/024132 PCT/US02/29385 5 administrator. Al so, reports on
configuration and operation status can be sent to the system adm nistrator.
Thi s adm wicst3rra41i32 can al so access the DEX Mddul e 240 and paTokobgoishe
configuration paraneters. In this exenplary enbodi nent, the DAN Mddul e 260
anal yzes novenent records fromthe DEX Mddule 240 to estimate traffic

vel ocities along predetermned 10 travel routes. In step 261, the DAN
Modul e 260 receives cell sector coverage maps fromthe Wrel ess Network 220
and roadway maps fromthe transportation departnent or conmercial vendor.
These maps are received periodically, whenever they have been updated. In
step 262, athsarampsAkoerepsgsobyortfigardian aad wierptiontsfasis caphguent toghe

el | sect SriopaduaySGer| Bt Syl ek gl 20 RR8 0 0
segments ,aner GROtAMRthiod piinsdierse! | sectors. Fromthese naps, all
possible traffic routes between cell sectors are identified and stored in

a Route Dat abade thindxehplary sneodipens ctheiRANaNipdyte Aol apalyessi BOYERD ar e
initialized. |n.st Tyaffic. ks :
sector/ro¥ %%ﬁﬁ%@%%@%%i @rté r%gttlﬂzfgg%} lccg%? ﬁgﬁ%glto ?gﬁreﬁ/g’égﬁ?gegnd
novengpt ;eGardateh! Minstepe6DEXe AN Modi2d Q60 kevebies pel2 8dstort draeffigaffiaps Model er
determnes the traffic route traveloa%g tés/ i ndi vi du?rl m%ﬁ)l l.e stat it.ons

associ at edrom tthet Waralesse Aehvorke 22} Andn d039RRY\ 81988 | fF§mofle (THOSRIUCE st ati on
al ong that, r : a§Bed ot e hiB@ CREN wHeAB S

vel ocity chthéy ol BnlFReH G gg{ggngges'(e%%ﬂa%\% Bl beHOBB AN s

capabi | i t itles)have beerlVaRlatddet lerstapr62; hrsemes are weer Poths DAY Cundizprationbdel er .
The MPS Determ nati pn .noduyl e eval uates the st ati Sii al i t he data
used by t AGOdHIG{9Y; @gﬁﬂﬂﬁﬁ ‘.’“mfdfetot arf‘et%e ﬂlﬁﬁyﬂs ccoﬁﬁ%%rﬁ{m& %ng(r:éf i thn%}fate

er ve ty~estimates are

based 9N . H@é%ﬁ{/ro‘afiwgffo%eﬂ;gﬁﬁaﬁbs TS svérhgmaps idbitefshatich yakduegmeatded to
neet statistical quali requi renents, then the MPS 30 Deterpi nati on nodul e

request s mobicomamedtinomhich salli sseforsat Hrom dhese Haangpalloppsgifle tratlic routes
between cell sectors are identified and stored in a Route Database and the route

velocities and standard deviations are initialized.
In step 263, the Traffic Modeler receives the cell sector/roadway overlay maps

20 from the DAN Configuration Module and movement records from the DEX Module
240. 1In step 264, the Traffic Modeler determines the traffic route traveled by
individual mobile stations associated with the movement record and the velocity of
the mobile station along that route. The Route Database is updated with the new
route velocity information.

25 In step 265 (for Wireless Networks 220 with MPS capabilities), the MPS
Determination module monitors the Traffic Modeler. The MPS Determination
module evaluates the statistical quality of the data used by the Traffic Modeler. If the
Traffic Modeler velocity estimates are based on a number of data records less than a
threshold value needed to meet statistical quality requirements, then the MPS

30 Determination module requests mobile station location data from the MPS on the
Wireless Network 220 through the DEX Module 240. These data are then processed
as any other data in the DEX Module 240.
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Wrel ess Network 220 through the DEX Mbdul e 240. These data are then
processed as any other data in the DEX Mddul e 240. 10 WD 03/024132

PCT/ USO2/ ®@3B8524132Fi gure 3 presents alternative enbodi mnentPCTofSoRRE385

rel ati onship between the Data Extraction Mdul e 240 and Data Anal ysi s Node
260. In one enbodi nent 300, shown in Figure 3a, a single Data Extraction
Modul e 240a nay be paired wwth a single Data Anal ysis Node 260a. As shown
in an enbodiment 310 in Figure 3b, nultiple Data Extracti on Mddul es 240a,
b, and c can exchange information with a 10 single Data Anal ysis Node 260a.
For exanple, Data Extraction Mdules located at different wirel ess network
operators in ap[mid Qﬁﬁ%ﬁ&%nal@érﬁﬁi@aﬁn‘@o&m&n&fi thé aelationship beiivteln dhsi ngl e

Data Anal ysis Node that processes thetraffiéerinfo rrwationh‘%:d(fi]rél tt entire
net r opol i Dete Bxtestionr 240 ahPatesAnahwsisiNeods 20{) i 10T fth 320 in
which a sjngle Dat tract : 308 ndnbOHaREd YRthWA L h

mul tiple E’ch‘gn l%%g? 3%1 é@@ﬁ;ﬁ%@g{r&g’gﬁlgﬁ%&fg%w exyznirrpll.)e, a Data
Extract i oginRdphe AdalgsiniNode @58a. sks shaven pr avievibpdiozant S0 Hardgeur or mat i on

with Data Anal ysis Nodes, | ocat ed ni gye end users.. Ei . depi cts
the al t er maliivle RaibByiragion 96“1%%\%’3% aﬂﬁm AP %eamli_?(r?ﬂr%glg ?"gﬁl dul es
240a, | b, CHSAG : i Py WiakdpldWatd BkRactioat Modilas ksbed Modes
260a, 1(2, gﬁl lec].jgtéor g}%gsn}gp(fééjﬁ%z% a Ext ragici:bti orfl l\/bduellces at 020 myl tiple

wirel ess siffarertavipsleors ndbyak operatots frangetrppalisamencs 68 GRANESRPTEREPY s S
Nodes | ocat.ed at unjque end yse Fi gure 5 | bl ock
di agr am of‘"’@na @9@&3}%& émeﬁgs%ﬁp%t IE% > Sei%‘%gﬁl‘ég%%{ﬁ gﬁ%‘p ?z?:%érg#ﬁg modul e
442 exchanges,hRberE | $reu B ddhts Wer sltepsaivblednimdkma2032(at svhiccei ved
fromthe Wreless Net wor k™ 220 i s sent 25 through a Priv cwqulé 444,
wher e per songid Datie ftxiragtiony Medwle 2408t eichangset tiog,, gy plg et e ppved.
Dat a | pput, and. Rrocess} I j siVe dutdd aGaradsk se t he
Pr ocei or }Sewf%i?%q}gg)’gﬁgghg:é)g%%@g’adﬁg%?gnmsent' toua la\l/bverrgnt

Fi | t eri ng saiikbeDeloeti @an radhenge 4dformiEtien witht Petaeanlyisisr Nodesbloghtad it

unique end users. Figure 3d depicts the alternative embodiment 330 in which

multiple Data Extraction Modules 240a, b, and ¢ exchange information with multiple

Data Analysis Nodes 260a, b, and c¢. For example, Data Extraction Modules at

20 multiple wireless service providers can exchange information with Data Analysis
Nodes located at unique end users.

Figure 4 presents a process-level block diagram of an exemplary DEX

Module 240. A Data Input and Processing module 442 exchanges information with

the Wireless Network 220. Data received from the Wireless Network 220 is sent

25  through a Privacy module 444, where personal identifying data about the network

subscriber are removed. Data Input and Processing module 442 and Privacy module

444 comprise the Processor Module 441. The cleansed data are then sent to a

Movement Filtering and Detection module 446. The In the exemplary embodiment

of the present invention, this module converts the cleansed wireless network data to

30 movement records associated with a mobile station. The movement records are sent

to the Data Analysis Node 260 through a HTTP Query Interface 450. The HTTP

Query Interface 450 also sends information queries through the Data Input and

Processing module 442 to the Wireless Network 220. A Configuration and

11



of the present invention, this nodul e converts the cleansed wrel ess
network data to 30 novenent records associated wth a nobile station. The
novenent wecmrodsizare sent to the Data Anal ysis Node 260 tRaTousp/2988HTTP
Query Interface 450. The HTTP Query Interface 450 al so sends information
queries through the Data I nput and Processing nodule 442 to the Wrel ess
Net wor k 220. A Configuration and 11 WD 03/024132 PCT/ US02/ 29385 5
Moni t ori ng conponent 448 provides the neans to nonitor the performance of
the Traffic Information System and set system operating paraneters. Figure
5 highlights a Data Input and Processing nodul e 442 of the exenplary

enbodi srenivigfitobiig QhgBaeit 448vieoviden theAmPatsatol mpuitorghel perfoveaserny thedul e 442

exchanges data wth a Wrel ess, Network 220. A Dat% | nput and Processing
modul e 10 Trafficilpiormation Fystean 6 SF FI5ES08 OPFRLUEPTHE Paces may be specific

for a certain fi . bidme 4 epietsdmpryi gure 5,
a Data | nput a%ﬁggg%&g%%%%%@éﬁgﬁ%?%& udes a Flat File Iﬁitperr:‘face 542
and an FTEmboliendnntofrthe peestatdinvaiimpe A Pty fpve end Xrogsesing anoguledl s
Net wor k 220, each_ pollin he n [ np, t ' specific
file typeSXeRpges ﬁl*{%%yl%r’f‘gg& e%é%ﬁ%?%&a%@‘ dg %ga ?]%Pg%ndf ﬁ%gé ln%f\l}:}&@?fjes at

15 an;fTP438hNahddsFliP idtbdtRe). Thedelh®rR¥@MahRbY sputiedioraniertaiAdiliettyonal |y, a
Wreless Network 220 nay send a continuous stream of data _to an O her

Cont i nuoudn Fh¢ ex¢mpleryt ebodiment fepicted 4n figure| hjuPakentept ded FLPef5SHBdul e

442 does not, ne to I i o) om a BSC

527, O NeCHIHE: AR ) FlabiERe 1Bk RAaEM L HPPERHBIRCARS SO E DT

handover 2@effRses 28€ poll arWlirclegi Nétvatli 220, racspuisg thOmetvedck cbmgonent theé ar t

will appreciate that a Data Inpuf. and Processi ng .noduyl e..442 n b

conf i gur egopiginsdhe Wlﬁi"rﬁl%i”yﬁﬁi‘?%%}eﬁ on\gg¢ @@Fagpglppﬁe gﬁﬂﬁlgﬁ%@é%ﬂﬁta&or k 220

gene_r%es.anlﬁlgstéﬁbe? fhg@yingmggg&ﬁﬁg{,y eﬁbd&héﬂt! nput and Processing nodul e
§ 0

442 is” al'so capa receiving posi'tioning data from Wrel ess Network
220 that incl udedditioraBy o Witebesp dittp3r2Hymey sershs cOHinvPss srragt Phdeiasas
'nteracts tg Ia;gl%:tuzly C%t}nﬁogsnFi%Pﬁlterface 546, i.e., a Data Input and Processing module

442 does not need to poll this data source. These data are taken from a BSC 522,

MSC and VLR 524, and HLR 526 and may include call detail records, handover
20  messages, and registration messages. One skilled in the art will appreciate that a Data
Input and Processing module 442 can be configured to collect information in
whatever form a Wireless Network 220 generates.
In the exemplary embodiment, a Data Input and Processing module 442 is
also capable of receiving positioning data from Wireless Network 220 that include a
25  mobile positioning system. An MPS Interface 548 interacts directly with an MPS
Gateway 528 to request specific mobile station location data, based on a request from
a Data Analysis Node 260 delivered through an HTTP Query Interface 450. The
MPS Interface 548 delivers the mobile station location data directly to the Parsing
Engine 550. Details on this request are provided later in this description, in
30 connection with Figure 18. Also discussed with respect to Figures 11-14 is the use of
cell sector coverage maps 530 by the Data Analysis Nodes 260.
The file interfaces in a Data Input and Processing module 442 send the data to

a working directory. Files in the working directory cause events to be generated and

12



Gat eway 528 to request specific nobile station |ocation data, based on a
request from a Data Anal ysis Node 260 delivered through an HITP Query

| nt er f acewdbB3/02dide  MPS I nterface 548 delivers the nobil e FiTatSoen9dsvcat i on
data directly to the Parsing Engine 550. Details on this request are
provided later in this description, in 30 connection with Figure 18. Al so
di scussed with respect to Figures 11-14 is the use of <cell sector coverage
maps 530 by the Data Anal ysis Nodes 260. The file interfaces in a Data

| nput and Processing nodul e 442 send the data to a working directory.
Files in the working directory cause events to be generated and 12 WO

03/ 024132, RCH MPari2988Ene 556 &itpré@seingailhé npsEaggicostabBohd Gle pmoreSsi ng.

The nessage contains the file nane of the data file tg be arse,;d. .Fromthis
name, thetheolta Slsptcope parsed-pdiram this, g, the mask IaB‘?;rf’BlaatSrP&rs?%@"? H&is

parsed. The progr : RORbAS Hr BIERQSBRIA emBbditdeat pr esent
i nventi onsei% ?d;?qlrﬁlgﬁg%%%gg%%’eé’ Egigllto?gdél?gry. 1?::irrfi | es cont_grjnni ng parsers
are pl acegr ihe pidtest idivemivhaoytainEepansns sobditdetory adarf fileg CORIBININZNHIFTH cl ass
name in the 10 jar file and that class, must..i npl { ars i nterface.
Once i npl @gdacsd I fhe drpcieye /T odis by HE fﬁ?&qﬁlggglgghc?a %SSP]r lgq{altt é;r mat
that gan Bhdsy ERcuE §akér irédadybV@nenimpfndreed, nige and

Det ect | onjg?mﬂé%?gd%aé%%en St iﬁr{é‘hylenplr oces?i ng of the file j | ete, the

co

file i s npaee tanvertptior estasteddiate dntors foropb ihatseay bepset %Y fee BEVACY nput  and

Processin ule 442 _all the £l LNyt Cessh di are

pur ged if%[oﬁg@ 35% %%dﬁo‘{eﬂja?ﬁ{agfﬂ%eﬁle%i faﬁ%dﬁﬁﬁﬁg@r of a;?%.a Fivgﬁﬁq%ypresents

details o?roh&%iﬂgoc&ﬂ B gile Rdcdrarsk e MO temevakib upreessad directerypl Hpyn

enbodi mrent of the Data | nput and Prpcessilﬁg%dahﬁgé{é St?lf 615 of .t he

process, Wertep of sha\PetgolnpuDarhPyeersing mggd 5 F &y TSoPR8e88L s at i onal

data, .. flgws .conti J . ed data storage
Fon OHCRRS PR ey APEIARRELSBdnEEnd AR aRr

| ocat rmation System 100 for other data formats
636. These dat @iduird GSpresents petnikeon tlet pelliag dOparkiag auowss 2k vadecktic file

. |l el 615, 20  odi cal | I ;
Nl vor k. scrermplaiararodgnent i5¢hs BRediy Pl Tepispafe el A e dithess

process, Wireless Network Data 610, or otherwise referred to as operational data,

flows continuously from the network to a designated data storage location on the
20 Traffic Information System 100 for other data formats 636. These data files are
parsed, at step 640, based on the specific file type. Parallel to step 615, step 620
periodically polls the Wireless Network’s FTP server and local flat file storage drives
for operational data. If new data files are found in decision step 625, the files are
sorted in step 627. For example, BTS activity data is send to file storage location 632
25  for that data type, CDRs are sent to storage location 634 and A Interface and Ag;s
Interface data are sent to storage location 636. One skilled in the art would appreciate
that the present invention can accommodate a wide variety of file data types in this
step, as evidenced by other data types 638. If no new files are found at step 625, the
process returns to step 620 and polls the Wireless Network Data 610 at the next preset

30 time interval.
Data files are then sent from the storage locations 632, 634, and 636 to the
parser in step 640. In this step, the algorithm is specific to the data type parsed. For

example, a unique algorithm would be used for CDRs as compared to BTS activity
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for operational data. If new data files are found in decision step 625, the
files are sorted in step 627. For exanple, BTS activity data is send to
file storagensleedti on 632 25 for that data type, CDRs are PKAMISORQ9IBE Or age

| ocation 634 and A Interface and Ab;s Interface data are sent to storage

| ocation 636. One skilled in the art would appreciate that the present

i nvention can accommbdate a wide variety of file data types in this step,
as evidenced by other data types 638. If no new files are found at step
625, the process returns to step 620 and polls the Wreless Network Data
610 at the next preset 30 tine interval. Data files are then sent fromthe

storage | ggat TARHE3E dafB34 thé@nsknt &6 a MobileeStatpar Deta Recosd dipe 648. Ereh t hi s
step, the algorithmis specific to the data type g&er(fed. For fx le, a
uni que al dgariredond inihisl fbisusad in siep GDfend dhe datgdicedra © BPBOY & ’i??ﬁ@ 13 WO
03/ 024132, PCT/ US0Z/ 2938545 2 e o | heno $8hwidata Mobi |l e
Station Dalfgml‘-?i{(%r% S?e?rf 20%’4@9%£g%-ﬁc%t%@érgbgﬁhgﬁflﬁe f[r ﬁfie%sr fi?e [ swr ead in step
650 and t hrofidifenertadint aes6fPant santToahé Priva¢y edmte inosiesPpdf.e o, t he

traffic data record, otherwise referred to as raw.data. r .
ext r act edipHicsiaiprasonl goRIEs HEreLSsS ?‘ﬂ@’%ﬁw SHHUBSAL P Ill?ltwg ﬁég}g%%én%lrhi s

Uraf i} dalg, LACRF doEOR Al aicuhd P18 ok BhaRN A e GmmMirg akitadinae o k

operati ona a use or assessing vehicular traffic nmovenment. In the
exenpl ar y tieheshinanention, thisteaffic detarecardvapiindwde thastart andrand dngesar 3 ecor d

may include the s t and d times for, a e I cific

| ocat i onsc?'u)rtﬂ? I‘?@ﬁ gf)a?’i Spfﬁﬁpce]r?(‘iatb?nst Eﬂ}?aﬁr?%b heenknﬁ ﬁlg éaélf g’%e?félrﬁ’ﬁﬁgent ifier

nunber , t beigRRALAM AkABlr, titenGabir Gatagmeallxattebhe andnbemuoter hindof fs

and the ce IDs and tines for the handoffs. Owgskl}ggdl the art woul d
g sl 4n B

15 appr echandofistand rthel gelh Ios and sinjes dpthe handeife IO gure 7
presents how data..is jpro -] i¥Qkgy nodule for an exenplary
enbod?#mnf"p]g?m?tﬁé)ﬂ}?f;ggéﬁgﬁ?’g\%}l@é#}nlfﬁrgkﬁfdlg%rdata records associated with
a nobi |l e stati gpuas g pressisyhei fdatmist precddatda24h puthealdvaRyowedsr fgr Addul e in

:: :? i Zﬁoi @gégplgéy;enbgzglgﬁfg@tﬁt%% t]c?eagrre]:ge%? gn%er?t?o%. I’lsrafffcaéa%{] ree%o;cﬁraséo%%témmﬂll e

a mobile station are received from the Data Input and Processing module in step 710.

In step 720, the hashtable 730 is searched for the mobile station identifier number
70 contained in the data record. Hashtable 730 contains mobile station identifier
numbers matched to a unique serial number assigned to that identifier by the Privacy
module. In decision step 740, if the mobile station identifier number is not in the
hashtable 730, then a unique serial number is assigned to that mobile station identifier
aumber and the serial number/identifier pair is stored in the hashtable 730 at step 742.
25 In an exemplary embodiment, the serial number is generated with the following
algorithm in Table I. One skilled in the art would appreciate that a variety of
techniques could be used to generate a unique alphanumeric indicator to represent the

mobile station ID.
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20 contained in the data record. Hashtable 730 contains nobile station
identifier nunbers matched to a unique serial nunber assigned to that

i denti fi ewdmg/oede2Pri vacy nodule. In decision step 740, iMCTVUs®2nwdss| e
station identifier nunber is not in the hashtable 730, then a uni que
serial nunmber is assigned to that nobile station identifier nunber and the
serial nunber/identifier pair is stored in the hashtable 730 at step 742.
25 In an exenpl ary enbodi nent, the serial nunber is generated with the
following algorithmin Table I. One skilled in the art woul d appreciate
that a variety of techniques could be used to generate a uni que

al phanuneric indicator to represent the nobile station ID. 14 WO 03/024132
PCT/ US02/ 29385 5 Table I S = ((d *1000) + nmod(r,100)) * (log,,, (n) *10)
+n Where: S = unique serial nunber 1hatje L day of year (1-365) r = nunber
of restarts counter = dul o, f LON N < er of entries in the
serial number hashtéﬁ?&gfgxﬁ +§?%%“¢@§54 %%“?Z?pggpnunber associated with
that identifieWheerber is retrieved fromthe hashtable 730. These steps

cl eanse the record 8f personaiquepeteniipeing i nformation. In this
enbodjgrent, the Trafifi ¢ £nf dayraf yean (I5§63)em 100 does not associ ate novenent
records wth a specific aobnlimbetdftrestatd @anterfi er nunber. In an

al ternative enbodi ngplg of thedalemastond nventi on, however, this cleansing

step 20 could be omytted- OjgmBeSsH ddtifesan Blei seailimmbephashiibse al t ernative
enbodinment is to enable the systemto track a given nobile station as it

moves, for exanple a parent tracking the location of a child with a
cel lulsr phoneln step 744, the serial number associated with that identifier number is

retrieved from the hashtable 730. These steps cleanse the record of personal

identifying information. In this embodiment, the Traffic Information System 100

does not associate movement records with a specific mobile station identifier number.

In an alternative embodiment of the present invention, however, this cleansing step

20  could be omitted. One possible application for this alternative embodiment is to

enable the system to track a given mobile station as it moves, for example a parent
tracking the location of a child with a cellular phone.

In decision step 750, a determination is made whether the phone number

dialed is part of the raw data record. If so, then step 760 categorizes the call based on

25  the characteristics of the dialed number and the process moves to step 770. Table II

below summarizes the categorization for the exemplary embodiment.

Table II. Cellular Phone Call Categories

Dialed Number Category

911 EMERGENCY_911
511,*X TRAVELER _INFO
411, 0X OPERATOR_ASST
Others DIALED CALL

1. “X” is any string of dialed numbers
30
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I n decision step 750, a determ nation is nade whether the phone number
dialed is part of the raw data record. If so, then step 760 categorizes the
cal | basewoors/02232t he characteristics of the dialed nunberpcanicsorhesspr ocess
noves to step 770. Table Il bel ow summari zes the categorization for the
exenpl ary enbodi ment. Table H. Cellular Phone Call Categories Dialed
Nunmber Category 911 EMERGENCY-911 511,*X TRAVELER INFO 411, OX

OPERATOR ASST O hers DIALED CALL 1. "X" is any string of dialed nunbers

30 15 WD 03/024132 PCT/ US02/29385 5 If the phone number is not part of the
traffic data record, the process noves directly from decision step 750 to
step 770. |n stemeHine nbhmbEr iswme yarod tiketrd#fié datr eatwmls the firooss ingyveRecor d.

This record i s passed to the M t_Fil
in step 780%cthn md@@%p@gys@ﬁgg’éﬁ%@m bt Steng 70! ooy SR S Chi e
| ocation rP% tio%cké'%‘?dt iStbid ?s“ﬁ%ﬁﬁ td R Vahed Eidtbting tthe cel | 10

| D or speci ocations for the start of the call, serial nunber,
t he nunbeDetdttiah efodulbd46ahl st@pa?&igoiﬁy the egarsplmaf[ pwhodiment e heopressttiet her

the call was handed off. or ded

LB CFob SmmbopdtiatioRseniingy sud! 8 e 0 HERMTRE 04 TGOS ond che
appr egpat ED ckr/b@gkmﬁeﬁécﬁl%ﬁs s thoGlaktdd dod dthtle b@ﬂaéeh@hnurﬁ@c&pﬂﬂ milBbefFi gure 8
depicts t ement Filtering and Detection process 249.

Fi gure 8, dialed; tlepcaliGtegons gisteatentinformatéon, wgiethed ﬁ@e‘iaélc"t’ffs&ﬁm?jﬁfﬁﬂﬁhé’r446

oot i on e ter e i bagy hafiafls ke FRL G inestor HoRnliod. F2CT
Locati on kdgshiidindeiB8@ art would appreciate other data can be included in the Location
Record.

15 Figure 8 depicts the Movement Filtering and Detection process 249. As
shown in Figure 8, in step 810, the Movement Filtering and Detection module 446
receives location records from the Privacy module 444. At step 820, each location
record is loaded. For each record, step 840 interrogates the Location Hashtable 830
and retrieves the last know location for the serial number associated with the record.

20  In decision step 850, the location indicated on the location record is compared to the
last know location for that serial number as recorded in the Location Hashtable 830.
If the location differs, a Movement Record is generated and stored in cache in step
860. Then, in step 870, the Location Hashtable is updated and the movement record
is recorded in the Movement Record Hashtable 880. If the last known position is not

25  different from the current position at step 850, step 860 is skipped and the process
moves to step 870. This process is repeated for all location records.

Figure 9 outlines processing 246 performed by a Configuration and
Monitoring module 448 in a DEX Module 240. A Configuration and Monitoring
module 448 interacts with each other module in a DEX Module 240 to assess system

30 operations. A Configuration and Monitoring module 448 of an exemplary
embodiment functions to alert a system administrator if the DEX Module 240 is
functioning outside a preset operational range 916 and to allow a system

administrator to set configuration parameters 916. In the exemplary embodiment, a

16



and retrieves the last know |l ocation for the serial nunber associated with
the record. 20 In decision step 850, the |ocation indicated on the | ocation
record i swoorspasisel to the |ast know | ocation for that serAicaluseanysss as
recorded in the Location Hashtable 830. |If the location differs, a
Movenent Record is generated and stored in cache in step 860. Then, in
step 870, the Location Hashtable is updated and the novenent record is
recorded in the Movenent Record Hashtable 880. If the |ast known position
is not 25 different fromthe current position at step 850, step 860 is

ski pped and the process noves to step 870. This process is repeated for

al | | ogat isggemesantsstaforgodre confbgtd itiee $raffio defsinagor S5stgar 14} veer &y a

Conf | gur atHERCGTR NBRAL BTAG Reroan [ Cisey PhiiptRE R 16 oo o
in a DEX mggggfaﬁgcm ,%%.,%ﬁé%v@dﬂ@& RBEadcRAS Lafer@SBL) gutifiddtan and

Moni tori ng e 448 of an exenplary enbodinent functions to alert a
syst em adfihi amnfighmtion factivity PEKmaydotledeothe fpHowngdasksoas sPYBUISTYR® a preset
operational range 916 and to allow a system adm nistrator to set

confi gur atilon paraneters 916. In the exenplary enbodinent, a 16 WO

03/ 024432 PCT/ US02/ 29385 5 System Adriableslii at or can configure the Traffic
I nformati on System 100 over an intranet or_ a virtual private network (VPN
by conducting e®ondeitingthe ﬁ@qu@@]vioﬁmlllnml@WH@heﬁﬁgN‘éFwé’él&E?‘g connection, e.g.,

asswords or Secure.Sockets.Layer (SSL) .cert: fi } LgLration
Bet i vi ty 916 my JeHEEy & PR %émaﬁ%‘}bt‘%ssﬁats“,ohé’gﬁltssﬁgr\}vr?“%@g%?%% m 0

Table I'l'l settingqbhgudbequensye®f polling the Wrel ess Network 220;
setting the maximumtinme a nobile station can sjit_ in i)ne pl.ace before its

serial nunber ies setfingathedmaxigwm amguetnef Wagithinndividnel caghedtgeord (raR
I ndi Vilgiual CaChedreléi %%El(%heCBEX bleéorlé?tslis gl%ca(}ae&;he DEX before it is discarded;
e setting the minimum time between position requests. This is used to pace
requests to the mobile positioning system of the Wireless Network 220;
e setting the minimum time between position requests for the same MS.
This setting is used to pace requests to the mobile positioning center;

20 e setting the locations authorized to be delivered to the DAN 260 for each
event notification (e.g., nothing, area, cell, edge, or position);

e authorizing the details of a dialed number to be delivered to the DAN 260
for each event notification (e.g., nothing, a classification, the three-digit
NPA, the six-digit office code, or the entire called number);

25 e authorizing the details of a number for incoming calls to be delivered to
the DAN 260 for each event notification (e.g., nothing, a classification, the
three-digit NPA, the six-digit office code, or the entire called number);
and

e Identification of the mobile stations that have given permission to release

30 CPNI information for the application in this DAN 260.
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setting the mninmnumtime between position requests. This is used to pace
requests to the nobile positioning systemof the Wrel ess Network 220;
setting twe windmem ti me between position requests for thecgame2®385 This
setting is used to pace requests to the nobile positioning center; 20
setting the locations authorized to be delivered to the DAN 260 for each
event notification (e.g., nothing, area, cell, edge, or position);
authorizing the details of a dialed nunber to be delivered to the DAN 260
for each event notification (e.g., nothing, a classification, the
three-digit NPA the six-digit office code, or the entire called nunber);
25 auf hori zi ngdiftRnsl8y, ahé PeeformaneeniretisticorCache Ot#nepnc sibtes statistiss @kl i ver ed

to the DAN 260 for each event notificati nip£§e. . Hothin b &

cl assi fi cestshanm perferananeisederiged by tbmst%@ﬁ@' ifaﬁ%ﬁi ThisteH LG8 B 1 he

entire call . N er ) t dfal i ; binl sehatiat, @Mmsr t hat
glgll%g@ okt 1‘?%0?‘?12% b2 4118 ©ALPA nhitbRE B I

have gi velf® ion ease” 30 CPNI information for the application
in this DAhtZGhe oM BRIrMRAANSDrPUEtIg0 He2 9d8BlstBlosdthat i thaYSiPm dhe

Perfornmance Statistic¢cs Cac 914 can.stpre statisti e f or mance
as def i nepeiIming S FROGHHFAHPEY ¢ g[?’bsr ?Pe”fth?% §?pa‘1)?t ?Ig%(%{s?at aﬁ% {:Qgﬁ% resul t
in algrt anod Lapehliveg SCEMHL Yadld RpAGROidstdidMcssiges] aysthansiéhavi or,

eithet containing’rodtine information or alerti n%elp':]he adm ni strator that
the syst ealeitsor ppportiog mctiansoUinsthe exepplent pubedipeat, empachsd SRS Eport i ng

activity 918 ¢ 10 transm.tted mai |, pagers, telephone,
i nst ant WHECS-QQSE? Poi]lowbqugiorgaighgl?,gg Sg%’l’%%ﬁ%%%porti ng actions. In the
exenpl ary enbodi nent, the cached staiilsivcs may include the follow ng

information, as shown in Table |V. Table |V  nunber of CDRs processed; 15
number of A-i neeriuder nE€DRg@s09spsdiessed, i.e., BTS interface data;

15 e number of A-interface messages processed, i.e., BTS interface data;

e number of cell-based position requests solicited;

e number of cell-based position requests cancelled;

e number of mobile station identifier-base position requests solicited;

e number of mobile station identifier-based position requests cancelled;
20 e number of solicited position requests launched;

e number of solicited position request responses received;

e number of unsolicited position request responses received;

e number of event notifications generated for each DAN 260;

e number of event notifications delivered to each DAN 260; and

25 e number of bytes delivered to each DAN 260.

Figure 10 presents the process-level block diagram for the Data Analysis
Node 260 in an exemplary embodiment. A DAN Module 260 comprises a DAN
Configuration Module 1050, a DAN Traffic Modeler 1060, and DAN MPS
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nunber of cell-based position requests solicited; nunber of cell-based
position requests cancelled; nunmber of nobile station identifier-base
position weyusegts2zsol i cited; nunmber of nobile station i dedgsoersisased
position requests cancelled; 20 nunber of solicited position requests

| aunched; nunber of solicited position request responses received; number
of unsolicited position request responses received, nunber of evént
notifications generated for each DAN 260; number of event notifications
delivered to each DAN 260; and 25 nunber of bytes delivered to each DAN
260. Flgure 10 presents the process-level block diagramfor the Data

Anal ysi s pNogden 2660 idodar RI¥eITPA a5 ANdEHuraidh. MédlEhé\NOEﬁdedeB/eﬂﬁﬁta:imrrpri ses a
DAN nfl guration Mdule 1050, a DAN Traffic_Model 1068 and. (PAN MPS 18
WO 03/ 024h8 TomCHT CSDSCRS 305erass mepsci it fam s WoalsreNTraeK 220 BN

Confi guration dule 1
maps 530 sty aerops SR ESRER SapdRhRid el B o et e a0, O
fromthe {5aR5RP;tR Ly Wefdint MBines msreddoycthaﬁihfaﬁicdﬂoci!@ﬁdwﬁﬂ tottmskteraps ar e

used to define routes used by the Traffic _Mdeler 106
cel | sectibe celh Sﬁ@ohﬂbﬁ?@@é(ﬁwiﬂde%‘%n MW W@p%ﬁtﬁsusﬁgés @%%1 @mﬁ&fal Itgg

furt hey 10,06! o JBuaSa0fh Hdoa 11 Fhadian Kuduedhaseveate ate updat ed

whenever source ¢ ges. For exanple, it the Wrel ess Netwo
rk 220
changes thgirde chafgesst rEmt exemplesuf tthegWireless niiatveask | 220 ghgreesoisiage map

1030, the new data is rovi ded to,.t he DAN Conf
exenpl ar yin&iasise t‘f*FErﬁesuﬁg AT 2TRGY 1P SI?/gtﬂléI°8Yeri€)%8%§cg@ggghé\@§ylr%&%qn€gt ' an

records f
Toeor s I\é@@}ggdw HETSAN CaushibaMUmid 205880 in a DEX Mbdul e 240. A DAN

form of travg£1im}gggm;ﬂggt%ﬁ;ﬁ%;m%fdgéggggﬂ%%%%ééﬁx% i&ﬁ&'on i the
| nfor {]SHt ! r%%v!ar?ler?ttrgcr:c? gs onfa Movement Record Hashtable 880 in a DEX Module 240.
A DAN Traffic Modeler’s 1060 function is to output traffic information in the form
of travel velocity estimates along designated routes. T. his information is stored in a
Route Database 1080. A DAN Traffic Modeler 1060 develops these estimates by
determining the route taken by a mobile station based on the movement records and
20  the routes generated in a DAN Configuration Module 1050. A DAN Traffic Modeler
1060 then chooses one route out of potential routes and uses timing data associated
with the movement record to estimate the velocity along the chosen route. Potential
routes are identified from the Route Database 1080 and modified, or trimmed, if
necessary. Route identification and trimming are discussed in association with
25  Figures 15 and 16, respectively.
A DAN Module 260 also augments the movement records 880 it receives
from a DEX Module 240 with mobile station location data from an MPS on a
Wireless Network 220. A MPS Determination module 1070 functions to routinely
evaluates the quantity and quality of the velocity estimates from the Traffic Modeler
30 1060 and, if needed, sends a request for specific mobile station location data through

the DEX Module 240. The MPS Determination module 1070 is used with wireless
telephony communications networks that support MPS.
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Rout e Dat abase 1080. A DAN Traffic Mdel er 1060 devel ops these estimates by
determ ning the route taken by a nobile station based on the novenent
records awd @®24132 routes generated in a DAN Confi gurati orrdvickeReozs®50. A
DAN Traffic Moddeler 1060 then chooses one route out of potential routes
and uses timng data associated wth the novenent record to estinmate the
vel ocity along the chosen route. Potential routes are identified fromthe
Rout e Dat abase 1080 and nodified, or trimred, if necessary. Route
identification and trinmm ng are discussed in association with 25 Figures
15 and 16, respectively. A DAN Mdule 260 al so augnents the novement
records 880 i tpib@eeiVaowsithe fnge REderhivhiprocass4 262 tih arBAN Corfigurativn | ocat i on

data froman MPS on a Wrel ess SDetermnatlo dul e
1070 f uncMiodnls 1050r@mapn@qegpplwaqngbégggertthé?leﬁ,gﬂipﬁ}oﬁﬁ‘awd%&ﬁ FH} 6f” the

vel ocity esti i A 840sertyt is kdledie@@eth sends a
request f%? g’p cfé‘sﬂ gec%]bﬁridééﬁs?ggowgg%?%fgata tshrougl% (tahe DEX Modul e

240. The {MBSddPesaes rHi3nat ilanstapdlil4®, Jtﬂe?(gepgraplsledlnﬁﬁﬂmﬂlﬂprwswt databpggrhony
comuni cat i ons. net wor ks t hat ort 3 29385 5
Fi gure 1lcofainiastiead W@ﬁtnéapﬁeﬁ@tb; @Helﬂﬁds te% g: élg%;éﬁézﬁﬁ%ﬂﬁsg% ation

Modul g, 10 N & §duRirar vh e paads MRl thisl Qeergedrt boaadary roaﬁ/eeggmtmps are
store b%l(?eggei%f ﬂgee%e?l)(;r |rn a dat abase 530. t1I n step 1110 ctor is

sel ected 1t3Mmssddisediwitibbseclbgator, des regs SP&@GntStﬂPf’é s dhe a{ynq dt mat i on
syst em dﬁgﬁ{)gesé{eqqagggnltﬁ Lol n?,g]ié{ic V\ﬁyo %?ﬁjaée%lgeﬂ SeQHE" TRE tobndigl §6ad ne al |

road seg € ce sector. The results fromthis
query are ég%ﬂ@ansor Qs%de seghrenhsut bl s6utagsossingd 1001 Histhssed belovs &tt or |

i.e., road segnments that cross the boundary of a cell sec é n@g@nectl ng a
cel | sect@ssom@tlfanwﬁhjljag‘@ﬁtl%erlfhe sesetty fromTHU G BIATEEI 154G 2 SEPntts 1150

Ser ve][ i £ gﬁe \R/l{[?r} procggs is %%& %.tleﬁri%?@ &9 stdtBPin dﬂeiﬁt&‘éﬁ@jattb@épowsm As

assoc ure e results fromroute processing return at
step 1170disdisddidr auver (ﬁtzhl pelowe tiss | E)ce&srgacr@ws fagitatabase of et B IPYES i n t he
database %edsbtyet e TraftQ ‘¢ Modeler 1060. The route generation process 262 is run by a DAN
Configuration Module 1050 whenever the cell sector coverage maps or the roadway
maps are updated.
20 Figure 12 details the routing process 262b by a DAN Configuration Module
1050 for the exemplary embodiment. In step 1210, the routes comprising the
boundary segments are stored in the Route Database 1240. For example, a boundary
segment that commects Cell Sector A with Cell Sector B is a route from Cell Sector A
to Cell Sector B. These routes serve as the initial building blocks for the routes in the
75  Route Database 1240. In step 1215, the intra-sector route between two boundary
segments is determined. This route is the shortest path, in terms of distance, from one
boundary segment to another boundary segment over existing roadways. This path is
determined from a GIS database of roadways. This database will define road
segments between the boundary segments. The GIS database may use one of a
30 variety of ways to define the road segments. For example, a segment can be a siretch

of road from one intersection to another or a change in road name. The present

invention can use the GIS data in whatever form the database has been established.
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di scussed in nore detail below, this process generates a database of

potential routes wused by the Traffic Mdeler 1060. The route generation

process 2@® 3®2413m by a DAN Configurati on Modul e 1050 whergavieso2eéssscel |

sector coverage nmaps or the roadway nmaps are updated. 20 Figure 12 details

the routing process 262b by a DAN Configuration Mbddule 1050 for the

exenpl ary enbodinent. In step 1210, the routes conprising the boundary

segnents are stored in the Route Database 1240. For exanple, a boundary

segnent that connects Cell Sector Awith Cell Sector Bis a route from Cel

Sector A to Cell Sector B. These routes serve as the initial building

bl ockss for theTh@uh®esi putti Bew2bn RonidarDedgairassedefid40an infersiestor 1048, 2 t he

i nfra-sector route between two boundar seg nhf i s determ ned dﬁpis rout e
SSPoE, 10 A e

is the shoutefempnersectpitbiauehnsdiageat oieary Tgtent to

anot her b@ébggct AR GAHTE xS oBX1B LR hRREDNBYEys. TirSIlRatative purpdedser mi ned

froma d ase of roa ys. This database wi || define road, segnents
bet ween t e deliusedaryhave hrendsfinetire squgesiaf apfum sigganbaligmeenst Figwe variety

of ways to_define.the rgad se t S 5Qr : a
stret )éh 32 shoxes FiETH %?ﬁée‘?f—fsﬁsggggéﬁi ‘ct)\n(%? oﬁémigarrk gl%lésgﬂlcqﬁééﬁg%a@‘ﬁ%%bad name.

The pygsept %Pyﬁ% ' il ¥irda € ot drtor G mahabdjmesnt bentonst fie thlat abase
has been established. 20 03/ 024132 PCT/ US02/ 29385 5 The shortest path
bet ween bexmuaeyarsiatprseation dewteveaild he ffionpeelkassion A foogalkbseclr IhaYE ¢ om one
sector through adj a tar, ot eCA Qther in®s88tod 3dutend b
depi ct anrqq%a'&¥ta#f](§?i}{95%§§g(r)r§$§)o§# lgtgﬁltgs%)@tofrkszéanéﬂé o%dv%ayss.. For

i |1 ustrat ipgaidbE BRSESel sdche Aablceaetior § dvay ¢cheomedwale fiione goims 18404e es of

uniformsize and alignnment. Figure 13a shows Si en cell,, sect | abel ed
A Do ppoimtASZerr RO FAY. | AdREh frer sainragas v pe gt tell SEfb R X
enlarged i f &W{ idt 183 @R HERNB26 &Speins1340n this exanpl e,
an i n?ﬁgr-géeiggeﬁgoﬁﬁgﬁ“eheagu ybig‘m?r%glrﬁtggl I s%gtor A t% cell sector D over

the roadway f iFoware®B depidid 2Gimplifiesi repres@agianofparetiseatgpadyay oneiay.
inter-sector route wou

roadway f ﬂﬂgﬂr?’g mesilgiélngcgg ?eafhrs 3 dgpell:tlions. et Clhafed 1901§§Arls refeidk uligayer the
cell sectors. As can be seen in Figure 14, the cell sectors vary in size and the
roadways within a sector can be complex.

20 Returning to Figure 12, step 1220 initiates a loop for each defined inter-
segment traffic route developed in step 1215. In step 1225, the segment velocity is
initialized to the posted speed limit for the segment plus or minus a variance of
twenty-five percent of that posted speed limit. This initialization step is performed
for each of the 168 hours in a week. In an alternative embodiment, the time

25  increments can be set to every 15 minutes, for a total of 672 increments. One skilled

in the art would appreciate that the number of time increments can be based on any
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point 1320 to point 1340. Athird inter-sector route would be from cell
sector Dto 15 cell sector F over the roadway from point 1330 to point
1320 to pwioni3/02848®. Figure 13 depicts a sinplified represadratioondss a cel |
sector/roadway overlay. Figure 14 presents a nore realistic depiction. The
shaded pol ygons represent unique cell sectors. As can be seen in Figure
14, the cell sectors vary in size and the roadways within a sector can be
conplex. 20 Returning to Figure 12, step 1220 initiates a | oop for each
defined inter- segnent traffic route developed in step 1215. In step 1225,
the segnent velocity is initialized to the posted speed limt for the
segnery plips @isiohNEg., Pe bird pechaf-hour\éit fiftdenvipinpesscenperahintiteat Thost ed
speed limt. This inrtialization step is _perforned for each of the 168
hours in calewlation fon ager hourdinrdivisiondsdo@llA®St | the time 25 increnents can
be set to every 15 mnutes, for a total of 672 increnents. One skilled in
the art woul d apprecratéPthat the number of time increnments can be based on
any 21 WO 03/024132 \ReT/A82/29385 5 tinme division, e.g., per hour, per
hal f- hour, per fifteen m nutes, or per mnute. The calculation for a per
hour tinme divi Meﬁn%is as follows: wvs,1 = Vps vars,l = 0.5 * Vps 10 Were:
I =t hour o week, from1l tao 168 i th 1t hehql :00 am
and 1: 00 am Sunday bei ng 1 ti‘egoqrégoafgles% %‘& ml%/o fo ’%tg%ag%%\gm%éi ty at
hour | 15 Vps = posted speed [1Z¥emxgd ?mﬁt“na% 7% 1 = variance range of
velocity at hour | For s&EgniAd segmeph$ch represents the range from-25%to
+25% As stated above, ,t he: Geragatvaleiteatdeir hes what conprises a segnent. In

the 15 Vp, = posted speed limit for segment s

var,, = variance range of velocity at hour I for segment s, which
represents the range from -25% to +25%

As stated above, the GIS database defines what comprises a segment. In the

20 illustrative example in Figure 13, a segment may be the length of roadway from point
1310 to 1320 and another segment the length of roadway from 1320 to 1340. The
entire route from A to F would be the length of roadway defined by those two
segments. In step 1230, the route velocity is initialized to the weighted average
velocity for the traffic route, ‘Weighted by the normalized length of each segment.

25  The calculation is as follows:

dr
Where:
v, = average velocity for route r for hour I
30 ] = road segment s where the route r is defined by the
connection of each segment
v,, = average velocity at hourI
d, = distance of road segment
d, = distance of route = Z d,

35
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20 illustrative exanple in Figure 13, a segment may be the |ength of
roadway from point 1310 to 1320 and anot her segnent the | ength of roadway
from 1320wmoo0303462 The entire route fromA to F would be rdteudoengish of
roadway defined by those two segnents. In step 1230, the route velocity is
initialized to the weighted average velocity for the traffic route,

wei ghted by the normalized | ength of each segnent. 25 The calculation is

as follows: |I ds (VS'I dr wvr,l =dr Wwere: Vrj = average velocity for
route r for hour I 30 s = road segment s where the route r is defined by
the connection of each segnent vs 1 = average velocity at hour | ds =

di stance of ropfdygeemENthe stooess MifklaRe theohrinmietof the tiafficIbuR X eldCitpBs 024132
PCT/ US02/ 29385 571 n step 1233, the process initializes th? varj gnce of the
traffic rpliserwehecinepttBvepersensof theweishind avsrags valoghy calch at8$ a{ %8" wei ght ed

aver age Vi#?(fiﬁgﬁ'ec%goluwfoﬁti§gs Bloskep 1230. The calculation is as foll ows.

Varrl -wr ere: vary = variance of velocity for route r for
hour I Vr r = averagesye ocity for route r for hour | The traffic routes
and initialized Véloéities for those routes for each of the 168
10 Where:
var,, = variance of velocity for route r for hour I
v,; = average velocity for route r for hour I

The traffic routes and initialized velocities for those routes for each of the 168
15  hours in a week, the time increment in this exemplary embodiment, are stored at step
1235 in the Route Database 1080. At step 1240, the number of handoffs for each
route is calculated. The number of handoffs is the number of times a route crosses
over a cell sector boundary. For example, in Figure 13, the route from cell sector A
to cell sector E would have three handoffs, one when the mobile station moves from
20  sector A to C, one when it moves from C to F, and one when it moves from F to E.
In step 1245, the sector where the route terminates, the “to sector,” and the sector
where the route originates, the “from sector,” together with the route ID and number
of handoffs, are stored in the Route Database 1080. The process is repeated for each
inter-sector route associated with the boundary segment. The process then returns to
25  the Route Generation process in step 1255. This process is discussed above. The
entire Route Generation process is repeated at step 1250, and builds on prior routes,
until the Route Database 1080 contains all possible routes from each cell sector to

each cell sector.
Figure 15 presents the Route Selection process 264a for an exemplary
30 embodiment of the present invention. This process 264a defines the traffic route for a
mobile station and is performed by the Traffic Modeler 1060. In step 1505,
movement vectors are retrieved from the DEX for a given serial number. In the

exemplary embodiment of the present invention, these vectors are retrieved
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15 hours in a week, the tinme increnent in this exenplary enbodi nent, are
stored at step 1235 in the Route Database 1080. At step 1240, the nunber
of handof W® d3er48ach route is cal cul ated. The nunber of IrarTdicfoRR2938S t he
nunber of tinmes a route crosses over a cell sector boundary. For exanple,
in Figure 13, the route fromcell sector A to cell sector E would have

t hree handoffs, one when the nobile station noves from20 sector Ato C,
one when it noves fromCto F, and one when it noves fromF to E. In step
1245, the sector where the route termnates, the "to sector,” and the
sector where the route originates, the "fromsector," together with the

rout e 4 D gaghdianber sp@ifidipndefifittrvahl enktinteeehls basshenRbetcenfiuratiersef 1080.
The process is repealtoed for each inter-sector route associated with the
boundary thedM&X¥t. The process then returns to 25 the Route Generation

process in st efgne%t%?sﬂ iRt AN hsvahée }b%aﬁ&saa@éfb\é&tedmﬁh fIRNhbbigs Rout e

Ceneration pro Pidtyé at step 1250, and | ds on prior routes,
until thegfigett B doatratds @eir@ﬁﬂg mmem1mm¢ exeosé b Elgnmwe@ssnmmh@ta%h cel |

sector to each cell sector pre Qut process
264a for ﬁlﬁbéﬁéﬁﬂpﬁﬂ’%ce%@%l}rﬁfoﬂﬁ%ﬁéhw 1 ﬁgﬁ Cz%relﬁt nveaﬁltt?%?\ﬁgéfhlgg process
264a (ipf | | 1d @i QA s@etor@PITHE sﬁfhé‘iﬂdbﬂe angiiohs speriftanered by
t he Tﬂgffﬁlgl% gfﬁ]ﬂ% tﬁ]‘Jllf(l)lté(ﬁ)l I'n stlgp 550%, novenent vectors are retrieved

from the DR, fime ta phicoencalldiomlseeiomdeamd thecalhisrmigaiespl Bg UdRSEHPHENt of the
present i ”Vegﬁf gfoaw%g.dé‘z {)é’er . emgxgeftlﬁéng‘(z?&orsZ&evﬁﬁ%e%f‘ﬁgt t; to

PCT/ US02/ 2B speC| Ime’intervals, time intervals

based on thena9af i,06HcXkdRBed¥r Glahg tBEXtod M #bttgpnd bidfrom eoloyM Akl 66 t he

novenent | ocations associated with the nmobile stat |L§€ e er a(;?d

Ref er ri ngsdctort B et 141 | Thstpokitling assogistad) with HH’F:F@HP@“!ESWO 953@ nobi | e

stati Mgea acall at time tl while in cell sector D. The caII

termtates 8110 tine t2 while the nobile station is in sector G The same
mobi | e st ati on @ seporsls) ieepolylateeis brokemeint stap| aad endzseetar pafrs.orfndbet or M

and the Cg)l(allmlg grlogsgr?ttceg m %te ptrelzvrlrgust éar;llgr%apsh (%he stanQ and end sector pairs would be

DG, DM, DO, GM, GO, and MO. In other words, the start and finish pairs comprise

the combination of all points that comprise the polyline. For each of these start and

20  end sector pairs, step 1520 of the process queries the database for all traffic routes

between that start and end sector pair. This query returns all information about the

route stored in the Route Database 1525. In the exemplary embodiment of the

present invention, this information includes the route ID, the average Velbcity and

variance of the velocity over that route for each of the 168 hours in a week, the

25  beginning and ending sectors associated with that route, and the expected number of
handoffs associated with the route.

The exemplary process analyzes each of the possible routes, as shown by the

loop initiated in step 1530. In step 1535, the handoff score is calculated. The handoff
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The DEX woul d have devel oped three novenent vectors, one fromsector D at
tl to sector Gat t2, one fromsector Gat t2 to sector Mat t3, and one
fromsectwodgloas13t3 to sector 0 at t4. The polyline asso®caresd2asish this
novenent would be fromDto Gto 15 Mto O In step 1515, the polyline is
broken into start and end sector pairs. In the exanple presented in the
previ ous paragraph, the start and end sector pairs would be DG DM DO
GV GO and MO In other words, the start and finish pairs conprise the
conbi nation of all points that conprise the polyline. For each of these
start and 20 end sector pairs, step 1520 of the process queries the

dat abase fQe & dn dxcafflirg téduiqas thavevalestes hdwatikslyait is thatdhendbiestaton pai r .
This query returns all informatjon about the_ r Ut? tored in the Route
Dat abase r5eded the rowie beinarpprlrs- ditssaricdnealgilated as 19Mo¥Sent i nvention, this
information includes the route ID, the average velocity and variance of
the velocity over that route for each of the 168 hours in a week, the 25
begi nni ng and endi ng sectpf;&;(@&s@yi ated with that route, and the expected
nunber of Hahémﬂi&tm@%ssoci—aregwi—vh—r’rm‘ route. The exenplary process

anal yzes each of the possib & Mout ekl"’b«s shown by the loop initiated in
step 1530. I n 1535, the handoff score is cal cul ated. The handoff 24
WO 031024132 PET/ USE?/ the 8@sber 5f kepdntls fordhegivennalling, v t echni que t hat

eval uates how | Mrel ¥ | dbsolatetdifékentdieetwashioberet tndoffs andreapested dandeéls r out e

bei ng anal yzed. The score is ca%éscqlelaetx ag follows: Handoff Score = BH i
(co X H x 1 1#hR helBeeq i iPHES WIS I\b@r of handoffs for the given

pol yline Ah = dasol gt ebasp handpiéprer Befte-99bser ved handoffs and expect ed
handoffs nR = munber bindofiwaghtifiretign 0.0 0 BH = base handoff score
(defaubt is 0.9)

In step 1540, the handoff score is compared to a cutoff value. Ifyes, the route
is saved at step 1545. If not, the route is discarded at step 1550. For saved routes, the
velocity over that route is calculated in step 1555 and is based on the length of the
route and the beginning and ending timestamps associated with the movement vector

20  as supplied by the Data Extraction Module. The velocity is:

— dr
T L=
Where:
v, = velocity of route
25 d, = distance of route
t, = time of timestamp,, the end of the movement
t = time of timestamp;, the start of the movement

In steps 1560 and 1563, this velocity is compared to the maximum and

30 minimum cutoffs for the velocity for that route. These cutoff values are based on
velocities and variances contained in the Route Database 1080 and a preset tolerance
level, in terms of the number of standard deviations used to calculate the maximum

and minimum cutoff values. For example, a system with a wide tolerance may set the

number of standard deviations in the acceptable range to three or four, while a system
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CO = handoff weight (default is 0.01) 15 In step 1540, the handoff score
is conpared to a cutoff value. If yes, the route is saved at step 1545. |If
not, the wou®2i#s2di scarded at step 1550. For saved rout eCTiibs®2/293850cCi ty
over that route is calculated in step 1555 and is based on the | ength of
the route and the beginning and ending tinestaraps associated with the
novenment vector 20 as supplied by the Data Extraction Mdule. The velocity
is: V=dr r t2 _ti Wiere: Vr =velocity of route 25 d,. = distance of
route t2 = time of tinmestanp2, the end of the novenent ti = tinme of
timestanpl, the start of the novenent In steps 1560 and 1563, this velocity
I's compar Wilthtcﬁnéﬂ’(ﬁv BN aBeT R Oset 3R ArbaFUT statidefd Sevitiorishie onel arcivoy f or

that route. These cutoff values are based on velocjties and variances

cont ai ned ThantakizmRo ané nbeimyyaewoffiyaicans calcplatedas P ance Ievel, in
terns of the nunber of tan&gid.deviations used to cal cul ate the maxi mnum
and m ni mum cutvf f<wal €5 * ,ﬁgxanple, a systemwith a wide tol erance may
set the nunber of standard deviations in the acceptable range to three or
four, while a stem 25 WD 03/024132 PCT/ US02/29385 5 with a narrow

t ol erance may “The nunber of standard deviations to one or two. The

maxi mfn and m Aesaunic URSHFLEY V%P@“éalculated as follows: vmax U, ti +
(Cy vary tt Wegre: =10eldtity of rom¥athom ut of f velocity Wr t, = velocity of
route at hour Hgﬁ

. = cutoff for velocity comparison in number of standard deviations

var,, = variance of velocity for route r at hour t;
t = time of timestamp;, the start of the movement
15
Vinin < Vi, — (Cv * Y var, )
Where:
v = minimum cutoff velocity
20 Vs velocity of route at hour t;
C, = cutoff for velocity comparison in number of standard deviations
var,, = variance of velocity for route r at hour t;
t = time of timestamp;, the start of the movement
25 Routes with velocities that are less than the maximum cutoff velocity and

greater than the minimum cutoff velocity are saved at step 1570. Routes with
velocities that exceed the maximum cutoff move to decisional step 1565 to determine
if the route can be trimmed. A route can be trimmed if it is comprised of multiple
segments. If the route can be trimmed, the process moves to step 1575. If not, the
30 route is discarded at step 1550. The results from the route trimming process return to
the route selection process 264 at step 1580. For routes that are saved at step 1570,
the process moves to decision step 1585. If another route must be evaluated, the
process returns to step 1530. If not, the process moves to velocity estimation at step

1590.
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C,, =cutoff for velocity conparison in nunber of standard deviations vary
ti = variance of velocity for route r at hour tl ti = tinme of tinestanpl
the startwefostoaeiszovenent 15 Urin Cvr,t, (c,, vary tt \Mgaveso2vass = ’

m ni mum cutof f velocity 20 Vr,t, = velocity of route at hour tl C, =
cutoff for velocity conparison in nunber of standard deviations vary t, =
variance of velocity for route r at hour tl t, = time of tinestanpl, the
start of the nmovement 25 Routes with velocities that are |ess than the

maxi mum cut of f velocity and greater than the m ninmumcutoff velocity are
saved at step 1570. Routes with velocities that exceed the maxi num cut of f

nmove to deci si Gfdke i%e;ﬁeéeﬁ&&hquleéserfm Reute Itflm]nhﬁg 1264|b gocan dxempiarymed. A
route can be trimred if is conprised of mult ments. |f_the route

can be tr ﬁmbedllmqﬂh@f ﬁked\i%%t ippendion olhig Eﬁ?ci%?é‘d’ g a Fﬂ?&’ theteompres it e |
di scar ded I%{eﬁpro fSQelo& uﬁﬁSHth IZﬁa;(ﬁrﬂﬂﬁ thgofF QUfosi l_ﬁ EhMRR GoRicOCERS return

to the r8 Bagel 'ecti on process at step 1580. routes that are saved
at step 1piddess thee r@ﬁm&sgrﬁmtefromt}wemmm ol emgpres3hs new vedemtyheithr out e

Toves Lo’ $iA Gapiy et nelbbh e et "8 TooPsbia Ytk Bl 2050

> Figyse %%up{e‘é%ﬁﬂttﬁe LBEIPENEESS ot Be BRAHEE chd bibeIDscfttin helati@ntosthenpl ary
enbodi ment of the present invention. This process 264b js a | oop f,‘rithat
(O

](c:orrpar es bhé secte locitianedd smlaé1Y¢h4tdh¢ Wbﬂﬁ statiemendgat the fasthast Ratt OV8Foci ty
conpar s FHETRSRPOEIL R P e H LR - arrp P kel B BN
cal cul ati Qisiéce VIR RBkESY it pd3sibIRr @fnfbec Mdﬁh&ﬁng@&@gment at either end of the
route, the route becomes shorter and the velocity calculated by the Traffic Modeler
15 1060 decreases (a shorter route traveled over a fixed time period yields a lower
average route velocity). In the process step 1610, the first loop (counter equal to O,
set at step 1605) is the velocity value calculated in the route selection process (see
Figure 15).
Decision step 1615 looks to determine if the route velocity is less than the
20 maximum velocity for the route. For route velocities that are less then the maximum
velocity, the process returns to the route selection process at step 1620. For route
velocities that are equal to or greater than the maximum velocity cutoff at step 1615,
the process looks at the loop counter at step 1630. If the loop counter is even, the
process looks at the beginning sector in the route. At step 1625, the process
25  determines if there are more than two segments comprising the route in the beginning
cell sector. If so, the process removes the first segment from the route, at step 1645.
The process increments the loop counter at step 1660. If there are not more than two
segments at the beginning of the route, the process moves to decision step 1640. If
the answer to step 1640, is loop counter odd, is yes, then the process moves to step
30 1650 and returns an invalid route. This step exists because the process just came
from the “loop counter is even” branch, so a yes result means that the process is

flawed. If the result in step 1640 is no, the process moves to step 1635.
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10 assunes that the nobile station is at the farthest end of a cell sector
inrelation to the end sector |location and simlarly that the nobile
station ewdsizak4mBhe farthest part of the ending sector irpareisatizesssto the
starting sector. These assunptions nmake the route distance the |longest it
possi bly can be. By renpoving a segnent at either end of the route, the
rout e becones shorter and the velocity calculated by the Traffic Mddel er 15
1060 decreases (a shorter route traveled over a fixed tinme period yields a
| ower average route velocity). In the process step 1610, the first | oop
(counter equal to 0, set at step 1605) is the velocity value calculated in
the ropte sel egichOrs3sr @t@atindssi€eherbiageineord Man Dew ssgromts ceppriBas thooks to
determine if the route velocity is |less than the 20 ximumvelocjty for
the rout etoufoin thepndingetelcsertops If s thed) theRracess H%OY%EEMNFWGHVS# ocity,
the procegs %%5" A& eh@nts e fo%gtcguﬁtgtl AGHAPT6HV 2GS FetBined i@ Fhelpgtmildr rout e
vel ociti e¥ R nat-ar e equal to or greater ‘than the maxi rumvelocity cutoff at
step 16150f thtoqesostess 1670k Thetpradess tebups ol Reuteabelentiop PIEIEs When t he | oop

t [ , th |, 00k t .t {.nnj ' te.
Aot op 18w el Bot DR gl ek R e e Bn B REF patnd b8 (0 o

conpr gl nﬁfﬂx?ﬁoﬁt@ B} &R stiffidAesichiRhRGre ffhdves 86 tok thel Velaity it beowrtheess
renoves the tirst segment fromthe route, at step 1645. The process

i ncr enent sutbffe | oop counter at step 1660. If there are not nore than two
segnents at the, begiani f t g JPHESotPo1ee6htes ON St ep
1640. If the iﬁg\?&g?f%tcoﬁgge %r ﬁ@o{sg]%é%ﬁgoﬁ%og%?g% odd, ﬁ)g yes, then the
process npuesioble stafibn J01EG&T) aanadicaéd imFigure ilfy dii der dTk0s theThplocky ep

exi sts because the proce just cane. fromthe "I t i "

br anch, S estmgiion e Sodos SaerA Y e T orEon gro el  FBAE asul ¢ i n
t 40 i . _ 24LRR1]

oo kb sy PisheaProutelf sBEQSEROATIRMAS pORLHS AR GRT sy TvalhOROAG L RCtion

PCT/ U eternines If there are nore than two segnents
conpri si ngrdche (sediFigurarl Hhenehe Exegndatyl ensdiment dffthe preserthdgveptianfhecess

ermoves the ast, seqrent 2t . stepy 1095, LPELSTRRIAUIA thARMr SOURIE Al step

each possible route. The statistical analysis results in a z score for each possible

route. One skilled in the art would appreciate that a variety of statistical analyses

20 could be performed to select the “best” route. The best route is the route with the

minimum of the following expression:

Min((a)z e g hour(t) )+ (w, * h))

25 Where:
w, = weightof z-score default is 0.3
@, = weightofhandoff score default is 0.7
Z =  z-score of velocity at time #,
h = handoff score
30 t = timestamp, the start of the movement
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of the process at step 1670. The process returns to the Route Sel ection
process when there are not nore than two road segnents at either the

begi nni ngwoemstoe#132ndi ng sector 10 of the route or when suffdrciseakmsegnent s
are renoved so that the velocity is belowthe cutoff. The Traffic Mdeler
1060 estimates a velocity, based on the possible routes the nobile station
followed, as indicated in Figure 17. In step 1710, the velocity estimtion
process 264c is triggered by the route selection process 264b. In step 1720
15 the best route is selected fromall the possible routes that survived
the Route Selection process (see Figure 15). In the exenplary enbodi nment

of the present e Bedt@bute} the prodessthin calutletes shevmyteavaderity aistepilBPcal

anal ysis of the velocities and handoff scores for each possible route. The
stati sti cBhe welegitysp salewlated @8 I9lp™s 2z score for each possible route. One
skilled in the art would appreciate that a variety of statistical analyses
20 could be perfornmed to select the "best" route. The best route is the
route with the mnimumof Yhe follow ng expression: Mn((co * hour(tl) )+
(w* h)) 25 Wiere: %;g,i—%%ight of z-score default is 0.3 wh = wei ght of
handof f score defau is © z = z-score of velocity at tinet, h =
handoff score 3¢ t, = ginestanpl, the start of the novenment 28 WO

03/ 024132 PCT/ US02/ 29385 5 For the best route, the process then cal cul at es

t he rﬁyte veIogh&*Tat step 1730. The velocity is calculated as follows: ds
vs' | r '

v,, = average velocity for route r for hour I
s = road segment s where the route r is defined by the
connection of each segment
v,, = average velocity at hourl
15 d, = distance of road segment
d, = distance of route = Z d,

At step 1740, the process calculates the route velocity based on the overall

route distance and time. In other words, the route velocity is the ratio of the total

20 length of the route to the time it took the mobile station to move from the initial
location to the ending location. Step 1745 begins a loop for all route segments. At

step 1750, the difference of these two velocity estimates is calculated. This

difference, vy is used in step 1760 to calculate a new segment velocity, as follows:

var hour(t;)
0 hour(ty) s s
v, = v, + leﬁr _~

4
. vatg,

25

Where:

vso = the current velocity on road segment s

p o average velocity for segment s for time stamp;

Vagr = the difference of the observed velocity and the calculated
30 var, =  variance of the velocity for road segment s at hour t;

Z varyi, = sum of the variances for each of the segments in route r
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Vr,I =dr 10 Wiere: Vr | = average velocity for route r for hour |I s =
road segnent s where the route r is defined by the connection of each

segnent WO o3m2amser age velocity at hour | 15 ds = di st ancETafSoreess segnent
dr = distance of route = E ds At step 1740, the process cal cul ates the
route velocity based on the overall route distance and tine. In other

words, the route velocity is the ratio of the total 20 length of the route
to the time it took the nobile station to nove fromthe initial location to
the ending location. Step 1745 begins a loop for all route segnments. At
step 1750, the difference of these two velocity estimates is cal cul at ed.
This sdi f fer enggs giv@tdhce inghe! 606l vélBcit @FmbiEs @s 4 measreof the eraranvevn gegnent

velocity, as follows: hour(q) O ltour(tl) Vans .VS = VS | V‘? bﬁ;lr seg

25 \Mer e: velgaty=anchthecaataquiation\abpwe eetpblishes 8 19Ws Bt (& (UNpBg ?‘i/)t % average
vel ocity for . segnen (g Stk , beadDnt i 4 giFeegerRb. t he
observed Wﬁf%%?‘?‘)?%ﬁ%%@ SE‘%DI %Fhlflgg}% 1?%%859 éo n:tﬁ%%a?_(ihgé]tge of the velocity
for road segnentstsp av8(hthraverage valotity by ssgmensfant hverigrge isvpdated ¢p theach of
the segnents in route r 29 WO 03/0 41?%%?/ Uso2/ 2,[9038,5 5 The difference in
the two véateuse.yTheseivalesaedgtermigd by, OV I8 Mce in the

10
n ;zour () =7 Shour (1) +1
hour(t)
hour() _ [ howrcey 5 Bs - 1 4y 0 1
Vs =1 Vs n :lour(tl) s njxoltr(tl)
hour (¢, hour(t;) 0 hour(t‘l)')2
15 hour(t,) _ (Vars o) (nsmm V- 2))+ (vs Vs
5 n :zour(tl) -1
Where:
nlow® = number of samples for the segment s at hour t;
v "® = average velocity for segment s for timestamp;
20 Vars""“'(") = variance of velocity at hour t; for segment s
At step 1790, the process updates the average velocity and variance for the
entire route. These updates are based on the following calculation:
25
hour(t - hour(t
plow®) 2 o) 4
Z(V hour()) *i_]
s
v hour(ty) = dr
r dr
y hour (¢ 0 hour () )2
hour(t)) __ (Va‘rrm“r(tl)* (nrw”r ) - 2))+ (vr —vr '
30 var, - nhour(tl) -1

r
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velocity and the calcul ation above establishes a new variance (as conpared
to the initialized variance fromstep 1225, Figure 12) based on the

cal cul at edodisfoeesence. In step 1780 the average vel ocity ICTSesyoRyEss and
variance is updated in the database. These values are deternined by the
foll ow ng equations: 10 n hour (tl1) = n hour (tt) + 1 S s nhour(t,) _11
hour(tl)l[hour(tl) *s +V* Vs Vs jZhour(tt) s hour(tj) n. -2 01 B
hour(tt)' 2 hour(tt) hour(tj) hour(tt)' - (vats (n))+ (Vs - Vs ) 15 Vars
hour(tj) -1 ns Were: nhour(tt) = nunber of sanples for the segment s at
hour"tl hour(ti) vs = average velocity for segment s for timestanpl 20
vary"agur(t') = variance of velocity at hour t1 for segnent s At step 1790
the process upg@atgs the average velocity and variance for the entire

route. These updates are ok r n |
hour (tj) + 1 ug; 1 [_hOUrr(%ta%fil}gﬁ\gagg@reflng dddbycb eometiicnof 26 hour (tj) _

d, =  distance of road segment
10 d, = distance of route = Z d,
phow@ = pumber of samples for the route r at hour t;

r
hour (4
v, )

average velocity for segment s for timestamp;

var™® =  variance of velocity at hour t; for segment s

s

15 In the exemplary embodiment of the present invention, a separate module, the
MPS Determination module 1070 of the DAN Module 260, operates {0 assess the
quality of the velocity estimates from the Traffic Modeler 1060, based on the number
of samples used to generate the velocity estimates. Step 1795 from the velocity
estimation process 264c¢ serves as a gateway for the MPS Determination module 1070

20 polling the Traffic Modeler 1060. Figure 18 presents the operation of the MPS
Determination module 1070. In step 1805, the process polls the Traffic Modeler,
extracting the updated segment velocity and variance data from the velocity
estimation process 264¢ (see Figure 17 at 1795). Step 1810 initiates a loop for each
road segment analyzed in the velocity estimation process 264¢, the MPS

75  Determination module 1070 determines, at step 1815, the number of samples needed
for the desired level of precision and determines, at 1820, if that level is met. The

required number of samples for a given precision level is calculated as follows:

_ Z;/z shour(tl)
= e
30
Where
Zysn = is the z-score of the confidence interval desired (e.g. 90% or z
= 1.645)
var,”"® = variance of the velocity of the road segment
35 E = is half the width of the range (e.g. +/- 10 MPH)
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hour(tj) r =r (y r hour(tt) * hour(tj) -hour(tt)' )2 30 var our
( r_ 2))+ (r yr - nhour(tt) -1 r 30 V\DO3/024(132) PC2I'/ U802/293g5{ 5 %Qe:
E = road weyseni13s where r is defined by the connection ofpcalisozesgsents ds
= di stance of road segnent 10 dr = distance of route =Y, ds nhour(ti) =
nunber of sanples for the route r at hour tI r y hour(t’) = average
velocity for segnment s for tinmestanpi s var '"r(t') = variance of velocity
at hour tl for segment s 15 In the exenplary enbodinent of the present
i nvention, a separate nodule, the MPS Determi nation nodule 1070 of the DAN
Modul e 260, operates to assess the quality of the velocity estimates from
the Trsaffic Mbdel er 1060, based on the nunber of sanples used to generate
the velocity estinmates. Step 1795 fro thef; vel ocjty timtion ocess
tZﬁgcTse][ ¥es %zlféh@mébﬁwfﬁémpkﬁéswst&%%ﬁ?Hé’(dlei)ﬁ eﬂB@&PéﬂW réﬁ pol I i ng
ra [0 el er. | HESEM sk
Det er mi na'%’? (tﬁ’{g%v RS %%gk%la {%Id%lltl étt%%%&l%& t Ege%@grggggmgd(ﬂn?geﬁ eml?llimar{‘vrisc

{\/Egel elr, at?tgprmsj DOndthibe vpetadm i sidgdtmthe MPD edqupst distiatsian B8 anddhea from
vel OCl
1001))/ is repeated at step 1840 for each segment. Once all the segments have been

10  evaluated, the process, at step 1845, retrieves from the Route Database 1830 all routes
that contain the segments in the MPS request list from 1835. At step 1850, the
process issues a request to the DEX for mobile station location data for mobile
stations on traffic routes containing the listed segments. This limited use of MPS data
minimizes the load on the Wireless Networks’ resources, revealing a desired element

15  of the exemplary embodiment of the present invention.

In summary, the present invention relates to a Traffic Information System
100. An exemplary embodiment of the system comprises two main components, a
DEX Module 240 and a DAN Module 260. In this embodiment, a DEX Module 240
extracts data related to communication activity of mobile stations from an existing

70 Wireless Network 220 with minimal impact on the operations of the Wireless
Network 220. In an exemplary embodiment, a DEX Module 240 processes that data
to remove personal identifying information about the mobile station. In this
procession, the traffic data record may be categorized based on the type of phone call
made. These traffic data records are further processed to generate movement records

25  associated with individual mobile stations.

In an exemplary embodiment, a DAN Module 260 combines the movement
records from the DEX Module 240 with data associated with the geographic layout of
cell sectors and roadways to estimate travel velocities along specific travel routes.
With the data associated with the geographic layout of cell sectors and roadways, a

30 DAN Module 260 generates maps that overly the cell sector grid onto roadway maps.
These overlay maps are used to generate all possible travel routes between any two

cell sectors. The DAN Module 260 may also retrieve mobile station location data
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estimation process 264c (see Figure 17 at 1795). Step 1810 initiates a | oop
for each road segnent analyzed in the velocity estimation process 264c,
the MPS 2&aDsteesms2 nati on nodul e 1070 determ nes, at step IIASoehgssnaunber
of sanples needed for the desired | evel of precision and determ nes, at
1820, if that level is nmet. The required nunber of sanples for a given
precision level is calculated as follows: 2 hoar(d) nZa/2yars E2 30 Were
za/l2 = is the z-score of the confidence interval desired (e.g. 90%or z =
1. 645) varshour(tj) = variance of the velocity of the road segnent 35 E =
is half the width of the range (e.g. +/- 10 MPH 31 WO 03/024132

PCT/ US02/ 29385 MPS! én hwirelesh aletwbrksz2oplocisnpreed therstatissicalr qualite ofigel i s
equal to or greater than the target nunber cal cul ated at step 1815, then
t he segnevdlodity esigmaiednsi dered further, at step 1825. If not, the segnent
is added to the MPS request list at step 1835 and the |oop is repeated at
step 1840 for each segnent. Once all the segnents have been 10 eval uat ed,
the process, at step 1845, retrieves fromthe Route Database 1830 al
routes that contain the segnents in the MPS request list from 1835. At
step 1850, the process issues a request to the DEX for nobile station

| ocation data for nobile stations on traffic routes containing the listed
segnents. This limted use of MPS data mnim zes the |load on the Wrel ess
Net wor ks' resources, revealing a desired elenent 15 of the exenplary
enbodi nent of the present invention. In summary, the present invention
relates to a Traffic Informati on System
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100. An exenplary enbodi nent of the system conprises two nmain conponents, a
DEX Modul e 240 and a DAN Modul e 260. In this enbodi nent, a DEX Mddul e 240
extracts dat@/eeldated to conmuni cation activity of nobil e KiTarSoeng3ssr om an
existing 20 Wrel ess Network 220 with m nimal inpact on the operations of
the Wreless Network 220. In an exenpl ary enbodi ment, a DEX Mdul e 240
processes that data to renove personal identifying information about the
nobile station. In this procession, the traffic data record may be
categori zed based on the type of phone call nade. These traffic data
records are further processed to generate novenent records 25 associated
wi th igndi vi duaEmeg e stations. In an exenplary enbodi nent, a DAN Mdul e
260 conbi nes the nmovenent records fromthe DEX Mddule 240 with data
associ at ed wi t Whah® ofpemgd &phi ¢ | ayout of cell sectors and roadways to
estimate travel] velocities al L] oVl dat a
associ at ed W tL‘ thes é%tﬂl gﬁﬁ?cg&%ziégﬁﬁtagb%g e@%ﬁgﬁ%ﬁg@gﬁgﬁéng\ﬁ%ga\}gg{ a 30
DAN Modul 1265 HEHRS sitRss FRRstindiata wirelsdsytelepleonyeomnaedtaion geiveprbtheo r oadway
maps. These overlay maps are used to generate all possible travel routes
bet ween asyptameomp§ing:sect ors. The DAN Modul e 260 may al so retrieve nobile
stati | ocati on dat 0 P 202 383 Steldphbio MvasleBPS on a
Wreless thrkﬁ%g%eg%?mw@gggtﬁé@ggt igas_lﬁi%gl to ual it elé,of }tohe vel ocity
est i mat eSgod@uMic.d A2waE2oREIBILIBD R4RBBE 5 phEa]dIUNE mgfﬂméqta ragordshagedy is: 1.

A t f tracti hi. t inf tl ' ti |
Gat s for mBeReEAEHIHE DR P9 o PBEET SRR BT L Ten

network t %%h PHAL BRaGOIR i hf8jingd Q 16caBbA SO therBell uketor bogiasl drya obupl ed to
t he tel ephony wreless

the telephony wireless communication network for one of the mobile stations at a

o

15  particular time; and

a movement filtering and detection module, logically coupled to the

processor module, operable to generate a movement record in response to processing

a pair of the traffic data records associated with a wireless communication activity by

a same one of the mobile stations, each movement record comprising first and second

20  locations within the telephony wireless communication network for the same mobile

station at different times and reflecting movement by the same mobile station via a

vehicle.

2. The system of claim 1, wherein the processor module comprises a privacy

25  module adapted to remove a mobile station identifier number identifying one of the

mobile stations from each of the traffic data records, to replace the mobile station

identifier number in the traffic data record with a unique identifying number, and to

maintain a relationship between the unique identifying number and the replaced
mobile station identifier number.

30
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communi cati on network, operable to generate a plurality of traffic data
records based on the operational data obtained fromthe tel ephony wreless
comuni cawicons/opeB3nor k, each traffic data record identifyipag/esokee®si on
within the cell sector coverage area of the telephony wreless

communi cation network for one of the nobile stations at a 15 particul ar
tinme; and a novenent filtering and detection nodule, logically coupled to
the processor nodul e, operable to generate a novenent record in response
to processing a pair of the traffic data records associated with a

wirel ess communi cation activity by a sane one of the nobile stations, each
movenmgnt recordl QRERYiSIG ddimSt fiiher saEMKnZ A cooatratirrsand hbmitorirge

t el ephony wirel ess comuni cation network for the same nobile tation at

di f f er entmodutesoginelly edupbet forihe provessarmodile and toshganeysBenkang PR via a
vehicle. 2. The systemof clajm epel 0, rises a
privacy éﬁecﬁ]ﬁalﬂlégﬁﬁaﬁ?e&m{%{or %O#I%}é{%a{hﬁo |6F'°gﬁ)él tggtg ?Wi %%{rﬁa?%{:ogisg%pnber

i denti fyi fgq@pea i enoveRiehi anét fltdrimgs déteaione anidulyf andgot mahitore that a
records, to replace the nobile statiop idgntifiertnu r.indﬁg%kﬁ{affic
dat a recoombrationhl aptiviy @ e raeseeior Mady crrndis moxprgentsnd fierps ARCY

rel atjonshi 1bet ween the unique identifying nunber and the replaced nobile
station ilﬁgﬁ‘flefi er nunber. 30 34 WD 03/024132 PCT/ US02/ 29385 5 3. The
systemof claim1l further conprising a configuration and nonitoring nodul e,

| ogically coupled to the processqr dul e and t and filtering
det ecti on nodufe ThepsrsiEn i ¢l nVVSDSWFb%%(Qr%:ﬁgspgt}lg%&r;{g%{%g%?}i\?%)y é’]Ec)f t he
processor lufg?lggbﬁﬁl%ﬂﬂte}ﬂ@es@)éﬂi‘&mocm fbldreérit dgtadeire did aperatiodsil datand t o
moni tor the erational activity of the processor nodul e and t he novenent

and fil t efornie ceblitd isttions @s mbdained, from thee telgphoay, Wirelessa FOHRURTEYM n t he

rocessor nodul e conprises: a
P 15  netwot ;ang Al

a parsing engine logically coupled to the interfaces to generate the plurality of

traffic data records in response to the extracted location movement data.

5. The system of claim 1 further comprising an HTTP query interface,

20 logically coupled to the movement uﬁltering and detection module, adapted to
communicate each movement record to a data analysis node to assist an evaluation of
vehicular traffic characteristics for a vehicular traffic area associated with the cell

sector coverage area of the telephony wireless communication network.

25
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plurality of file interfaces to extract |ocation novenent data fromthe
operational data for the nobile stations as obtained fromthe tel ephony

wi rel ess wanoswpéicati on 15 network; and a parsing engi ne |ragicsabhkysssoupl ed
to the interfaces to generate the plurality of traffic data records in
response to the extracted | ocati on novenent data. 5. The systemof claim1
further conprising an HTTP query interface, 20 logically coupled to the
novenent filtering and detection nodul e, adapted to conmunicate each
novenent record to a data anal ysis node to assist an eval uation of

vehi cular traffic characteristics for a vehicular traffic area associ ated
with ghe cell g sactafesOvelREEmaNRR taffid heotidbe phogya wilwreligsef deffituni cat i on
network. 25 35 WO 03/024132 PCT/US02/29385 5 Q.. A system for determ ning
traffic vientssihy esingl ensgptiongl de@) pssgeiged oyith 1R llreoffﬁé‘%‘lsb)?pﬁgﬁl% "ger at i onal
data associated wih I |SORSwy I i svitbret et ek@phon
comuni ca‘f’}rglﬁis WgP@%“WEPWE%ﬂgS a C%F&g{é}é?glrgl af:lge\g/%rage area havi ng g

pl ur al i t yhfingeplurasiecbect, settoss, thesysameomprisisgng: an anal ysis configuration

nodul e, logically coupled to_at | east e . 10 datab onpri.sin el |
sector coverage &Re#! Yﬁsorcﬁ’éﬁg‘gﬁtl‘?lbﬁn?(ﬁlge’v&og]ézﬁ %s(%tugfegp oo% leg%rr%lueﬁi cati ons
net wofk apg igheo g(;l@ﬁjﬂﬂé\% baf S4Bt doQ8rab® bireh QBTN Henwirblesscielephorsect or

e

coverage area o rel ess tel ephony conmuni cati ons net,worh,Ee o&erabl eto
gener at e ¢diemphivatins tnetwdrkt anelf géograpbis wEorpatigR At ERdWYD Ve e ¢l |

sectors by processing t cell, secto oV, i J d the
geogr aphi ¥R {CEVHARS ?}%a oggmef‘g}rellﬁ%satg&lg@%g %’%ﬁgﬁ? %g)? ? inlg%n(gfé’mérr%%l e,

I ogi cal | y gl g6k tphrbhg analayid Sowed beweeatdnyntworaduthe, calpeecidss et o
generate %1 plurality of "data records ,b%ésr Qcess ﬁl]g rmverrﬁnt. records for
t he nobi | prosessingdhe coll s¢rter eOVEHBE asa 1B P%H“Ht/t HEEOBTaRPIG PAUMAYOY | af £ i ¢

[ﬁgt els5 e oc%r%oa ‘%(}a,gr;earﬁh record conprising first and second | ocations within

a traffic modeler module, logically coupled to the analysis configuration
module, operable to generate a plurality of data records by processing movement
records for the mobile stations within a context provided by the plurality of traffic
routes, each movement record comprising first and second locations within the

20 telephony wireless communication network for the same mobile station at different
times and reflecting movement within the cell sector coverage arca by the same
mobile station, each data record comprising an identification of the average velocity

for a vehicle along a particular one of the traffic routes at a specific time.

25 7. The system of claim 6 further comprising a mobile position system
determination module, logically coupled to the traffic modeler module and a mobile
positioning system for the telephony wireless communication network, operable to
request mobile station location data from the mobile positioning system if the average
velocity along the traffic route associated with the particular data record at the

30 specific time is based on a number of the movement records less then a threshold

value.
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20 tel ephony wirel ess comunication network for the same nobile station at
different tinmes and reflecting novenent within the cell sector coverage
area by twe san®i32nobil e station, each data record conpri SICTYUSAN/29385
identification of the average velocity for a vehicle along a particul ar
one of the traffic routes at a specific time. 25 7. The systemof claim®6
further conprising a nobile position system determ nation nodul e,

|l ogically coupled to the traffic nodel er nodule and a nobile positioning
system for the tel ephony wrel ess conmuni cati on network, operable to
request nobile station |ocation data fromthe nobile positioning systemif
the ayerage vel gukteysi@hosm clabie 6 rfafthérccamprisingas souteatiatabages hogi¢pdly
particular data record at the 30 specifjc tinpe i.s has 0, n r of the
movenent coepledds thetsaffie madeler mpdald, GPEVa{’I\?éP glore %’@ Paﬁaﬁg}? 6@‘2@% Eéégpﬁ

PCT/ US02/ 29385 .5 8. ystem of claim6 further conprising a route

dat abase,foF BFEM 3 %nl&lr}lg?%d to the traffic nodel er nodule, operable to
store the plural iA pedbd datextmeting Beverhent inforeattonpisingnorariiopabdata 1 A net hod

for extracting novenent information. using operati a_f ile
st at i ons Toplitet StaEPDS n OBCTHE| Bs & t‘@ﬁréﬁﬁoﬁ‘f}e Or‘}&u r‘ﬁgca qng%h?{gt \%(%tr“f(dﬁe’ 10

conpri,si n . ;5 generating a plurality of traffic data records
baseolloon ‘%’ﬁ@}%b%tgl??tg a? data fromthe tel ephony wrel ess cow' cation

network, each tr abfidratimz pluradity pfitraffigedita Toppidy based R GREARfP he cel
sector coverage area of the tel ephaon LLe C @At | rk for
g}ahgp}' O\Ngglg§s go%g}%rﬂca%ﬁ ﬁe@%&rk, & AFRL USE RRLMD

one of tH&EHpHE &l ticular tine! and 15 generating a
movement uesethd N1dc8SRORARIN e RERGESST Bgyetagpairea of thetelephonsf Wirelestat a
records associated with a wireless conmuni cation acti Vifi b sane one of
t he nobi | eonsmanicatinn nebuerk fopeneAite mebids gal Fgﬁﬁulﬁr éte’ d second

| ocatjons  wi thi 1 Guleh SROAMNenbELE ST SYBIMNLS pldcassimebygik of the L he same

mobi 18 station a®dF%fent times and refl’ecting novenent by the sane
nmobi | e st @hfifeNiata records associated with a wireless communication activity by a same one

of the mobile stations, each movement record comprising first and second locations
within the telephony wireless communication network for the same mobile station at
different times and reflecting movement by the same mobile station.
20
10. The method of claim 9 further comprising the step of receiving a

continuous flow of the operational data from the wireless telephony communication

network.

25 11. The method of claim 9 further comprising the step of processing the
plurality of traffic data records by removing certain confidential information
associated with the operational data for the mobile stations operating within the
telephony wireless communication network, the processing step comprising, for each

of the traffic data records, the steps of

30 reblacing the mobile station identifier in the traffic data record with a

unique identifying number; and
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20 10. The method of claim9 further conprising the step of receiving a
continuous flow of the operational data fromthe w rel ess tel ephony

comuni cawicons/o2ee wor k. 25 11. The nmethod of claim9 furt lrT/csoepeissi ng t he
step of processing the plurality of traffic data records by renoving
certain confidential information associated with the operational data for
the nobile stations operating within the telephony w rel ess comrunication
network, the processing step conprising, for each of the traffic data
records, the steps of 30 replacing the nobile station identifier in the
traffic data record with a wunique identifying nunber; and 37 WO 03/024132
PCT/ U§02/ 29385 gndighiniidl & kdlgiionshifl it eensihe pefiletademobitcheatiapldgsbiiemnobi | e
station identifier and the unique identjfyjng nunber.to assist_ the tracking
of movenemt thecvrigye identdyiag sammhsy HOh%SS%r%be 3@6&“@ gk &%QVSWG@E‘?C% Sret hod

for determ ni ffi itligs along traffic routes based on 10
novenment %?Pewgeglliigéﬁlsetsa |e\(§lﬁdsbﬂgps){glﬁlgt°i ng wwthin a wirel ess tel ephony

comuni cations network conprising a cell sector coverage area overl appi ng
with the traffic routes an havi n lurality.of | npri sing
the steps of: HB-dnincHy Ob%EtFEP]iI‘FSgg{S‘?fﬁgrvfhci‘tbesra U tg 185@%%\%%9 c%ipwo of the

cel | 1%9Ct1§5fe19 t FRSGERSHABNE BhéraBBE WRRICH VIcRES tadéphany bbmmmmicationd or t he
wi reless tel ephony 15 comunicati ons network and geographi ¢ inforpation

for roadwaysok ddniprisieen ol sectos evierage GiRAcTvEHaPRIRS ¥ 1Hhg Al IGTPWPS

t el ephony, conmunj cati ops .networ k nd. 1 . fxkng a particular one of the
traffic riying?p ’éYBgc%(}e to{feﬁ?%ﬁ%gnélgg%ggpfgt%gd with one of the mobile
stations by processking aPensf thekofotsesietwddneny nwbiof thesteditsednradyt hi n a
geographi cal context defined by the pl,uralit[%/ 2‘53 traffic routtfs 20 each
movement precessuigc salbr Festarg opvarage AFRP JRIOBMALIL CAY | Bfis WHEISSF nelRBOTLI ephony

15  communications network and geographic information for roadways within the cell
sector coverage area of the wireless telephony communications network, and
identifying a particular one of the traffic routes traveled by a vehicle
associated with one of the mobile stations by processing movement records for the
mobile station within a geographical context defined by the plurality of traffic routes,
70  each movement record comprising first and second locations within the telephony
wireless communication network for a same one of the mobile stations at different
times and reflecting movement of the same mobile station; and
calculating an estimate of an average velocity and a standard deviation of

velocity of the vehicle associated with the mobile station along the particular traffic

25  route at a specific time.

38



W rel ess comuni cation network for a sanme one of the nobile stations at
different tinmes and reflecting novenent of the sane nobile station; and
cal cul ati wg @r2esti mate of an average velocity and a standarmdussendmsi on of
velocity of the vehicle associated wth the nobile station along the
particular traffic 25 route at a specific tine. 38 WO 03/024132

PCT/ US02/ 29385 5 13. The nmethod of claim 12 wherein the step of creating a
plurality of traffic routes conprises, for each of the cell sectors, the
steps of determining all road segnents intersecting one of the cell sectors
based upon the geographic information for roadways; 10 determning a
pluralg ty of boundary road segnents for the cell sector based upon al

road segnents intersecting the cell sector; and cal cul ag}ié tl}% géaffi C
routes bet weenl®athe bthedaficlainald woeaiarthe sigp oh sreating p p glg%o P19 4. The
met hod of claim 12 whereij [ 1fM ng a particular one of the
traffic r@eréscoF}Pé’\?%ﬁ’g?f BY éﬂ\g(éa%lg?egpofé%é%%}%ése "with one of the nobile
stations conpri skReeri@ns ipsadkegnahenintéryéatigs smardf thedel mertes| hasekct or
pairs froma polyline of novenent |ocations associated with the novenent
records fepon the ssegraplieiPEnadiOa{o1gRad%H i or each start and end cell sector

pai rs,, determ ning.alk, 8% 4 Pﬁréli‘cﬁfoffiﬁ‘ouh@&%%adbéégﬂ@ﬁﬁ fohencebll sseetors in
al Cu

t he c]eql sector pair; ¢ ating a cell handoff score for each traffic
route betyeed upbiealt eddd segmento ingerserting ¢hecesllseelertagd pai r; el i mi nating any of
the traffic routes_bet

) th | t i h | : i
that are not wit Hfalf %@Q@Hﬁfgﬁﬁgu éﬁg@%ﬁse?%bﬁ%nﬁ%f}ﬁw%ég egl?qglg %5?2&'& ng

a vel oci té,’elf“ée%ﬂﬂ. each traffic route between the cell sectors in

15 14. The method of claim 12 wherein the step of identifying a particular one
of the traffic routes traveled by a vehicle associated with one of the mobile stations
comprises the steps of:

identifying start and end cell sector pairs from a polyline of movement
locations associated with the movement records for the same mobile station;

20 for each start and end cell sector pairs, determining all of the traffic routes
between the cell sectors in the cell sector pair;

calculating a cell handoff score for each traffic route between the cell
sectors in the cell sector pair;
eliminating any of the traffic routes between the cell sectors in the cell
25  sector pair that are not within an acceptable range of the handoff scores;
calculating a velocity along each traffic route between the cell sectors in
the cell sector pair that are not eliminated by the handoff score using time stamps in

the movement record;

trimming each traffic route for which a velocity was calculated in the

30 event that the calculated velocity exceeds a maximum velocity cutoff;
eliminating any traffic routes for which a velocity was calculated in the

event that the calculated velocity exceeds the maximum velocity cutoff and the traffic

route cannot be trimmed;

39



the cell sector pair that are not elimnated by the handoff score using
time stanps in the novenent record; trimmng each traffic route for which
a vel oci twomsg2edbcul ated in the 30 event that the cal culraitackozedissi ty
exceeds a maxi mumvelocity cutoff; elimnating any traffic routes for which
a velocity was calculated in the event that the cal cul ated velocity
exceeds the maxi num velocity cutoff and the traffic route cannot be
trimed; 39 WO 03/024132 PCT/ US02/ 29385 5 elimnating any traffic route
for which a velocity was calculated in the event that the cal cul ated
velocity is less than a mninumvelocity cutoff; calculating a z-score of
the ca cul ated veligahdtihef &ty @dffic @butbhfer it aivetpcitprves cficuldted tn 4 i c

routes that not been elimnated; and selectin t?qe. art(i?#_ul ar traffic route
from t he evenhibat thg celcafatadevelastly éslogsdbaya my “B\%“Y 8oy Qi of the

cal cul ated vel ocl by, flidle 2 LR00TEe saiBed WRiockSfofBlINGITe frobin 12
ca f an

wherein the step 0 ulatrng an estimate o average velocity and
st andar d gexicthemaffit rmebotbitnot béenedimivatedrantr af fi ¢ al ong the particul ar

traffic route for a specific. tjne further. cogprises.t adlD
det erni ni ng an apeless 1g|pag}cyi';\r H'f‘ffﬁéi o i@%%&?mgl%qr&gﬁé g&lzeesggr%endfl in the

parti gyl aBn{l{eazf-§ci Co &OUL Ba1bYlatd vBEcitend Y BARTYEF d00g0r ds associ ated with the
parti cul ar Fatt1c route segnent; ‘determi ning an average velocity of a

vehicle for a traffic route conprising a plurality of route segnents by

using a distan th réicular fraffi . : tinme
over the dist aig'e%?nl?gl?(ﬁigoﬁchaé@@v‘gﬁﬁ%ﬁ? tb‘g%%ggg%gg@g%%é;?}ae \%1%%@?%2
parti cul agydrhaf {h16citP uh@ staainar devistiog dfheclsdigndfivehideei anffsnalongtthe average

velocity for a vehicle for each route segnent. in the particular traffic
route by patinglar tieffigirpnte ferrweeific time rthergomprises 1§ 8By vel ocity of a

vehi c 5? for each d R niRE gﬂ%@éraé:eo‘yg%cji@li J19 Rhid@fdieac RutcseBient in the
particular traffic route by using the movement records associated with the particular
traffic route segment;
determining an average velocity of a vehicle for a traffic route comprising
a plurality of route segments by using a distance of the particular traffic route and the
20 travel time over the distance by using the movement records associated with the
particular traffic route;
determining the standard deviation of the average velocity for a vehicle for
each route segment in the particular traffic route by using the difference of the sum of
the average velocity of a vehicle for each route segment comprising a traffic route of

25  the particular traffic route and the average velocity of a vehicle for a traffic route.
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25 the particular traffic route and the average velocity of a vehicle for a
traffic route. 40 WO 03/024132 PCT/ US02/ 29385 5 16. The nethod of claim 12
further cegsiiny the step of determining if nobile positACIMSeg2%385t em
data are needed for calculating an estimate of the average velocity and

t he standard deviation of velocity of vehicular traffic along the
particular traffic route for a specific tine, this step further conprising
the steps of: determ ning whether the estimte of the average velocity of
vehicular 10 traffic along the particular traffic route for a specific
time is based on a nunber of novenent records at or above a threshold; for

those graffic nguiiRsmMaRidCot BRI El20firth¥r esthpidihe the stepsetid@emdningnifer of
novenent records bel ow a threshold, requesting nobile statiogon |ocation data

fromthe mubilelpesitioninkesysionydatoamnsedas ooealeitting % extdeate af B¢ aEtaget he

particular traffic.rout . j fd LR calyd guest ed
o | o st aetogty e Rkt Rlish OF 3035 L BubbIF ipBREALNS B8 el 00
network; angiduteSong Sﬁé&ﬁi&t&héﬁh'ﬁ&te@ﬁuﬂlﬁeﬂchﬁpﬁﬁhg tieet epsfoft he aver age

velocity and standard devi atjon_ of vel ociH/ of vehicular traffic,along the

particul ar traf fidtorgiriagrupetherothergstiggiccp he pysrass,yeloeith E (Pl ei ved
Mot ! £0 5! AliefllaloRs @?angﬁpgg trafht MRARE 934d3fc RER 14H0REPRAMuribel or A

system for frc velocities along a plurality of traffic
rout es by nusiengnopesrds aoorabodat thradhebli at ed with nobil e stations operating

ina wreless te] ephon muni cati ons_net.work overlappi n ragffic
routes and corrprﬁl"%ﬁ'f?éeﬁag%l@u@é@&ﬁetﬁ?ﬁgp%} eesgmeﬁéD@F%go%a}bﬁnﬁl?%lo?ty of
cel | sect Qf SuenfeliEresdidll 88 wCLAMRIshSId M qudsHn @ nidbil6 QL6 Iovation ata fogi wal | y
coupled to the tel ephony wirel ess ~communicati on network, oper able to

T

gener at e avipdless &lérthpnpcommanidation aetworleasseaiated #gddhe particular traffic route
15  at the specific time;

receiving the requested mobile station location data from the wireless

telephony communication network; and
revising the calculation of the estimate of the average velocity and
standard deviation of velocity of vehicular traffic along the particular traffic route for

20  the specific time by using the received mobile station location data.
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on operational data obtained fromthe tel ephony w reless comunication
network, each traffic data record identifying a location within the

t el ephonywa :3@keisg comruni cati on network for one of the rmalise22936i ons at
a particular tinme; 15 a novenent filtering and detection nodule, logically
coupled to the processor nodul e, operable to generate a novenent record in
response to processing a pair of the traffic data records associated with
a wireless comunication activity by a same one of the nobile stations,
each novement record conprising first and second |ocations within the

t el ephony wirel ess comuni cation network for the sanme nobile 20 station at

di ffersent ti mﬁ.%gﬁtaﬁlﬁgqefe@mM§mﬁc R¥lobities SiviR AQditlitysbAtiafiy an

anal ysis configuration nodule, logically coupled to at |east one database
conpri si ngutsl by swiigospecasivnph gataaassaciptef owitatmelrler gationse ORFrAAIEIR & el ephony

conmuni cat | ons twor k and geagraphi ¢ jnfa I f LtHin the
cel | sec‘fVHng%ng 3 af B 1c%th0é1%wh§tg:ogis sorvtgpe}%ﬂéjg%o r%@é c%%%ﬁ%gef :"%1?]&;

net wor kK, L a col] ISet@enenize atdachaving ablurlitpfof tcekifsbetorsy thet systebet ween
any two of the cell sectors by processing the cell sector coverage area
i nf or mat | ympmring:he geographic information for roadways; and a traffic

model gy modul e, |oglcally (ﬁ%ﬂlﬁ;eedl ?cailgecﬁ%%&{m@t thé | {eRiphbaly afételeget ect i on
n ul e

modul €@ and to the dnal’ysis confflgurati e, operable tog?enerate a 30
pl ur al i t ye@hmdaicatisrenswoik, byerpile ¢e gsiengje aiplurhigyafitiaffic dap redeedshnsed e
stations as identified by the novene ecords.within a. r i eal

cont ext pPRWPEEHOPA) QaF?eObtﬂPE‘iaﬁqn? eo?etl‘fﬂi’ﬁﬁ i@re}%ﬂtcgg]fn%%%ﬁlggai a ?%%or d
conpri si ng, an b AaNtdfi caltPndelithe avecagsn widlifCikey telbphivgy awp@tdss cul ar
one of thgac?lr éﬂfaﬁﬁg draf)autgcts? at a }sﬂ'egi fic tinme. 42 WO 03/024132

PCT/ US02/ 28aBfmnicatidBnetTik foy sneoh thé mobip statins apaepdicHla HEpr ocessor nodul e

abelS | dent i 1y rfg ERegs SRapsan e R e B L MG 1
data recopfResshPmlofRledGiRrdtie o Biketabe a movement record in response to processing
a pair of the traffic data records associated with a wireless communication activity by
a same one of the mobile stations, each movement record comprising first and second
Jocations within the telephony wireless communication network for the same mobile
70  station at different times and reflecting movement by the same mobile station;
an analysis configuration module, logically coupled to at least one
database comprising cell sector coverage area information for the wireless telephony
communications network and geographic information for roadways within the cell
sector coverage area of the wireless telephony communications network, operable to
25  generate the plurality of traffic routes between any two of the cell sectors by
processing the cell sector coverage area information and the geographic information
for roadways; and
a traffic modeler module, logically coupled to the movement filtering and
detection module and to the analysis configuration module, operable to generate a
30 plurality of data records by processing the locations for the mobile stations as
identified by the movement records within a geographical context provided by the
plurality of traffic routes, each data record comprising an identification of the average

velocity along a particular one of the traffic routes at a specific time.
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station identifier nunber in the traffic data record with a unique
identifying nunber, 10 and to maintain a rel ationship between the uni que
identifyiw®awwabee and the replaced nobile station identiMdTevSonaydser. 19.
The system of claim 17 further conprising a configuration and nonitoring
nodul e, logically coupled to the processor nodule and to the novenent and
filtering 15 detection nodule, operative to configure the operational
activity of the processor nodul e and the novenent and filtering detection
nodul e and to nonitor the operational activity of the processor nodul e and
t he nmovenent and filtering detection nodule. 20 20. The system of claim 17
wher ein the processor nodule conprises: a plurality of file interfaces to
extract |ocation novenent data fromthe operational data obtained fromthe
t el ephony wi r el &shec oystami afaclpioh e twiaran glﬁdpfac‘?ﬁé?rsm‘i’&u]@nﬁ‘?fﬂ@“ﬁeég? cally
coupled to.the interfaces ta ner at e. . ELY. s f Al R a
records iPYa&Y 5%%@‘26? i ?ﬁletoéﬁlgg\éec% %18%}1(%%%%1?1'6%He%@%rn%lﬁiﬁbeagegfl ng’g g?é The
syst em of ochpi fibBile ktatibhe fFomosaehiofithg taffididi queds, tontelréeate, mobidgi cal | y
coupled to the novenent filtering_ and detecti.gn nodul e a g.to the traffic
nodel er nedioridendfen wEles 1%81?11‘{?% ¢ dpla TeCRr LHEEC ?d&:‘ﬁ g P‘b‘ﬂf?rhe

nove t _fil i-ng-and il I - daRe; fdeCniimB&! ehd mReul e. 30
43 3/ 6%fé%ﬁég%}%%o5%%®g@bo%t§g%%ﬁee%@'? elr%re %t?ﬂyclg;i m 17 further

conpri si ngpeaced hiobéle ptativh identiSgrstuerhedet er mi nati on nmodul e, 1 ogically coupl ed
to the traffic nodeler nodule and a nobile positioning systemfor the

t el ephony w rel ess comruni cati on network, operable to request nobile

station |ocati 95 Ha §slehPoR 1B MORither RgiHsinkd Behfipyadiomand nidnttoringr age
velocity along the traffic route associated wth the particul ar data record

at the 10unmdels fogicallyrweupled buhe prasesser madbker andfto theemaperasht 3hd fdeERgs | ess
then ?5 ' hagtsecr:]t%ndmodule, operative to configure the operational activity of the processor
module and the movement and filtering detection module and to monitor the

operational activity of the processor module and the movement and filtering detection

module.

20 20. The system of claim 17 wherein the processor module comprises:
a plurality of file interfaces to extract location movement data from the
operational data obtained from the telephony wireless communication network; and
a parsing engine logically coupled to the interfaces to generate the plurality of

traffic data records in response to the extracted location movement data.

25
21. The system of claim 17 further comprising an HTTP query interface,
logically coupled to the movement filtering and detection module and to the traffic
modeler module, adapted to communicate each movement record from the movement
filtering and detection module to the traffic modeler module.
30
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val ue. 23. The systemof claim 17 further conprising a route database,

|l ogically coupled to the traffic nodel er nodul e, operable to store the

pl ural it ywofosdatia2zrecords 15 for access by an end user. 2TVB003$B24132
PCT/ US02/ 29385 5 24. A nmethod for determining traffic velocities along a
plurality of traffic routes by using operational data associated with
nobi |l e stations operating in a wreless tel ephony communi cati ons network
overlapping the traffic routes and conprising a cell sector coverage area
having a plurality of cell sectors,, conprising the steps of: 10
generating a plurality of traffic data records based on the operational

data 4£rom thejs ef1pBaym T @higs S 7CRMAEN ce@plising e hybils, psitivh $yseiii c dat a
record identifying @ |location within the tel ep%lon]é Wi rel ess co ni cation
1y

net wor k f detenmisatiasf moHelenisigidally spunlpdiesthgttrafi modpler maduls apd: 2 mapile
generating a.movenent record. i n.r i aj e 15
traffic dgf’%tl?%%rs& elﬁs@&@ileaﬁllae&’ h\?ﬁf ﬁ‘g{aéfe\% ?cg esugl f“?@%%@é% : nerag{%? |tt(?/| ty by a
sanme one réh[ﬁleétﬁhﬁbmmdti@nﬂé@tibﬂ dsta fac themotdleptitioamgrsystemnpthesivergegé i r st and
second locations wthin the telephqny wirel ess cg£$un%%ation gﬁéﬁork for
the same welepite alang: thentrafific wufs arseriptedi vith e dapteaiar 44t eored ¥ by the
same 50! feciPtitnBs HEEROEA ARl W thd Fioveihed RESIS 168 haPa BkYRAD any [ v
of the ceff*sectors by 20 processing cell sector coverage area information
for the wvalRkess tel ephony communications network and geographic
information for roadways within the cell sector coverage area of the

w rel ess tel ephony conmuni cations network; identifying fromthe plurality

of traffic rouég.STd@e efs%érh%ﬂ @hinPNe REthéeohprafifd @ roupuisbdse,aloglcally by a
vehi cl e associated wwth one of the nobile stations by processing 25

movenent reqdedi® thertraffie nmadbiet modulet praable e Borothe pieliyefuiabh €67 i si ng

first and _second.|l ocatiions within the tel ephony wirel ess conmuni cati on

net wol® 69T 4SFesS by @ end user.
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nobil e station at different times and reflecting nmovement of the vehicle
associated with the sane mobile station; and calculating an estimate of an
aver age veloowiceyisand a standard deviation of 30 vel ocity refT/usehiesss ar
traffic along the particular traffic route for a specific time by using

t he novenent records associated with the particular traffic route. 45 WO
03/ 024132 PCT/ US02/ 29385 5 25. The nmethod of claim24 further conprising
the step of receiving a continuous flow of the operational data fromthe
wirel ess tel ephony comunication network. 26. The nethod of claim 24
further conprising the step of processing the plurality of traffic data
records by rempyi ng fahdifey EQeilifRBtAic ivelbeitieRtiods a pRrdig ofitafid with
the operational data for the nobile stations operating within the tel ephony
Wi rel ess oomesuby amingopparetionst ldata pesopipsd cW i RORie staHoRH OPERHBE PR each

of the traffic ta records t 2] bj S ion
i dentifi errﬁmgae&honghgowgp #c?x@o%aﬁ gt%vrog% O({VEHL}%Q?%QL%& Bﬁ?fggefoilugeg n%l?(% yi ng
nunber; a Bsifi@ b RER St OiicFefagl atdadnstiign pletatieof téibsaceps,aceupmatg | e
station identifi er nunber and the unique identifying nunber to assist the
tracki ng thestﬁftp&@iﬁ-jant records generated for the sane nmobile station. 27.
'2I'he hod of cl e%@lﬁréé(\/?%ﬁlﬁhlﬂ?t%ﬁﬁ@ﬁatﬁ)frec%fcﬁ;af;a‘s&go@t@ SPeddtion)] @ftatraffic
O routes by processin e cell sector coverage area information and the
gteogr appl ﬁgm nhortaeplicny fdreless asbnaysnicasiopr pework,f eache reficdiata gserdr, the
steps of: determning.all .road se nts intersecti t he r from
the geogidepHibEng afsFiaR Mawh tfﬂ% y‘gl;reqasgtcé’ ] '%I?%démg Ibq%ﬁéljgl fi%fgjh%f
boundary pead Saa1RRkEnS Ha fgcls! imgagdor from 25 all road segnents
intersecting the cell sector; and calculating the parti.cul ar .on f the
traffic routes begenewtingschmopeupatafegord in response to processing a pair o% tl(')xe

15  traffic data records associated with a wireless communication activity by a same one

)

(D

of the mobile stations, each movement record comprising first and second locations
within the telephony wireless communication network for the same mobile station at
different times and reflecting movement by the same mobile station;
creating a plurality of traffic routes between any two of the cell sectors by
20 processing cell sector coverage area information for the wireless telephony
communications network and geographic information for roadways within the cell
sector coverage area of the wireless telephony communications network;
identifying from the plurality of traffic routes a particular one of the traffic
routes traveled by a vehicle associated with one of the mobile stations by processing
95  movement records for the mobile station, each movement record comprising first and
second locations within the telephony wireless communication network for the same
mobile station at different times and reflecting movement of the vehicle associated
with the same mobile station; and
calculating an estimate of an average velocity and a standard deviation of
30 velocity of vehicular traffic along the particular traffic route for a specific time by

using the movement records associated with the particular traffic route.
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road segnent in the cell sector and all other cell sectors. 46 WO 03/024132
PCT/ US02/ 29385 5 28. The nethod of claim24 wherein the step of

i dentifyi wg @/opasti cul ar one of the traffic routes travel edTnysoa2938ki cl e
associated with one of the nobile stations conprises the steps of:
identifying start and end cell sector pairs froma polyline of novenent

| ocations associated wth the novenent records for the sane nobile station;
10 for each start and end cell sector pairs, determning all of the traffic
routes between the cell sectors in the cell sector pair; calculating a

cell handoff score for each traffic route between the cell sectors in the
cel | sector pajd; T8LIRMEE iot%iARY 29f filiher tompfisiag rtheltsed betrvetving e cel |
sectors in the cel 15 sector pair that are not within an acceptabl e range

of the hanatffiowciovesf theatmeuitonahdata fipgl i vijelegsGalgPRAVHCARHIRICEI G, yt e
bet ween t he Ci!l sectors in the cell sector pair that are not elim nated
by the haMdBP¥ score using time stanps in the novenent record; trimming

each traffic regtmef QenvdioftlamvVel daitier cvasprishigctk attegpd of pradessing Ghevent
that the cal culated velocity exceeds a naxinun1ye|o%%%%rcpto %h el i mnating
any traf fploraligut ofs thfic htac Fecardse bycreYOVIRS CHPRUCHRLEHA &%ht ¢ hat
the cal cul ate el oci e I : biksY osdthidd wameh tthe traffic
r out %can?fﬁ?mdtg(\{t‘?”?hmtr%%?&e%ﬁﬁﬁlgﬁgttaﬁng&%$r%l?%}é?igtgﬁdr)%syutlg&f o.rg_c whi ch a velocity
was cal CUeRipBeny Wirklees cobmeniestiont tatotkh thequbessing elgp wempeising, fos epelss t han a
m ni mum vel ocity_cutoff; calculating a z-score of the calculated velocity
for all O‘pfthﬁga%{f@nﬁtweﬁ(gd&& %%tePﬂ‘O{'he traffic routes that not been
elimnated; and Sehieghi R hi6ilP3fdkiof Uhdtifier alber fouicetrfiiontaih eccoedrai ni ng
traffic routes bas n the z-score of the calculated velocity and the
handof f swithe.unique identifying number; and

15 maintaining a relationship between the replaced mobile station identifier

number and the unique identifying number to assist the tracking of movement records

generated for the same mobile station.

27 The method of claim 24 wherein the step of creating a plurality of traffic
20 routes by processing the cell sector coverage area information and the geographic

information for roadways comprises, for each cell sector, the steps of:

determining all road segments intersecting the cell sector from the

geographic information for roadways;

determining a plurality of boundary road segments for the cell sector from

25  all road segments intersecting the cell sector; and

calculating the particular one of the traffic routes between each boundary

road segment in the cell sector and all other cell sectors.
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30 47 WD 03/024132 PCT/ US02/ 29385 5 29. The method of claim 24 wherein the
step of calculating an estimte of an average velocity and standard

devi at i onwaroswedisezity of vehicular traffic along the particausae/2938affic
route for a specific time further conprises the steps of: determ ning an
average velocity of a vehicle for each route segnent in the particular
traffic route by using the novenent records associated with the particul ar
10 traffic route segnent; determ ning an average velocity of a vehicle for
atraffic route conprising a plurality of route segnents by using a

di stance of the particular traffic route and the travel tinme over the

di stance by “Sié‘gntaélﬁetﬁ@d’smaﬁn DEGALA ASSRHITiRALINiLHa bhticupaohé ofil ar

traffic route; termning the standard devi ati on_of the_average

vel oci ty thertraffivebited gaveded byaﬁchemdataéscse&j%ﬁ@thl net oo thsamebie SRHORS af i ¢
route by USIR;}'gSE BF ?ﬁp rence of the sumof the average velocity of a

vehi cl e fY™ (s egrrent conprising a traffic route of the

particul ar traff ijgedigphe s@ndaidenduel sgrorvgdincirn mpolglive bf chevehmsnt a
traffic route. 48 WD 03/ 024132 PCT/ US02/29385 5 30. met hod of claim 24
further cloogidnsiasspciated vithethe spovgriert seperds &t the %m@b'l%ﬁf‘?%m ng system
data gre needed f | cul atii n ]@ke F qgetraffielroges y and

t he sﬁ)andard dewfg]f?gﬁs% a\%glegglc'?ﬂ S@%‘;ﬂ c%#%rirﬁlﬁlrﬁa?gl c al oﬁfg t he

particul aBetw%é@ﬂfe'c@ll%émirelﬂthbcallsqﬂ:emﬁanrc time, this step further conprising
the steps of determ ning whefher. t esti mate of..t he av ty of
vehi cular 10 tr#*qu@tlag&nﬁelig o ??OE?JI%C?L‘ aiF§ifig rrogutgé’ %gn\zgﬁésggl}: 1¥

time is b eds ahma oy fr movenment records at or above a threshold; for
t hose tra |c routes the velocity estimate is hased on a nu&?er of
novement records eﬂmhmtmg me&ﬂngltwfﬁcé@ﬁue%bﬁtwgeﬁrﬁlﬁ el ggciars g thocsli on data

from i[She sector pair that are not within an acceptable range of the handoff scores;

calculating a velocity along each traffic route between the cell sectors in

the cell sector pair that are not eliminated by the handoff score using time stamps in

the movement record;
trimming each traffic route for which a velocity was calculated in the

70  event that the calculated velocity exceeds a maximum velocity cutoff;
eliminating any traffic routes for which a velocity was calculated in the

event that the calculated velocity exceeds the maximum velocity cutoff and the traffic

route cannot be trimmed;

eliminating any traffic route for which a velocity was calculated in the

75  event that the calculated velocity is less than a minimum velocity cutoff;

calculating a z-score of the calculated velocity for all of the remaining

ones of the traffic routes that not been eliminated; and

selecting the particular traffic route from the remaining traffic routes based

on the z-score of the calculated velocity and the handoff score.

30
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wirel ess tel ephony comunication network associated with the particul ar
traffic route 15 at the specific tinme; receiving the requested nobile
station | woatsicensgdata fromthe wireless tel ephony conmunircarison/29ess wor K;
and revising the calculation of the estinmate of the average velocity and
standard deviation of velocity of vehicular traffic along the particular
traffic route for 20 the specific time by using the received nobile
station |l ocation data. 49

5 29. The method of claim 24 wherein the step of calculating an estimate of an
average velocity and standard deviation of velocity of vehicular traffic along the
particular traffic route for a specific time further comprises the steps of:

determining an average velocity of a vehicle for each route segment in the

particular traffic route by using the movement records associated with the particular

10  traffic route segment; \

determining an average velocity of a Vehiclé for a traffic route comprising

a plurality of route segments by using a distance of the particular traffic route and the

travel time over the distance by using the movement records associated with the
particular traffic route;

15 determining the standard deviation of the average velocity for a vehicle for

each route segment in the particular traffic route by using the difference of the sum of

the average velocity of a vehicle for each route segment comprising a traffic route of

the particular traffic route and the average velocity of a vehicle for a traffic route.
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30. The method of claim 24 further comprising the step of determining if
mobile positioning system data are needed for calculating an estimate of the average
velocity and the standard deviation of velocity of vehicular traffic along the particular
traffic route for a specific time, this step further comprising the steps of:

determining whether the estimate of the average velocity of vehicular
traffic along the particular traffic route for a specific time is based on a number of
movement records at or above a threshold;

for those traffic routes where the velocity estimate is based on a number of
movement records below a threshold, requesting mobile station location data from the
wireless telephony communication network associated with the particular traffic route
at the specific time;

receiving the requested mobile station location data from the wireless
telephony communication network; and

revising the calculation of the estimate of the average velocity and
standard deviation of velocity of vehicular traffic along the particular traffic route for

the specific time by using the received mobile station location data.
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