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{57) Abstract: Providing traffic information by using operational

data developed by a wireless communication network to generate

traffic information. Location information from the network can he combined with computerized street maps to measure the time
o it takes to get from one geographic area to another. By aggregating and analyzing anonymous data from thousands of devices, the
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to determine real-time and historical travel times and velocities between cities, intersections and along




Abstract: Providing traffic information by using operational data devel oped
by a wirel ess conmunication network to generate traffi cli3imdroh2edg on.
Location information fromthe network can be conbined with conmputerized
street maps to neasure the tinme it takes to get from one geographic area to
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STATEMENT OF RELATED PATENT APPLI CATI ONS This non provisional patent
application clains priority under 35 U S.C. 119 to U 33 Nroni280®nal

Pat ent Application No. 60/318,858, titled System and Method for 20

Provi di [ jc Information Using Operational Data " rgbess Net wor k,
filed Sg‘g{%f?‘%é%i 13, 2001. This provisional applicati O%T@O%%rse y fully

i ncorporated herein by reference. FIELD OF THE | NVENTI ON 25 This invention
relates to a systemand nethod for providing traffic information. Mre
particularly, this invention relates to using operational data devel oped
.by-a wirel ess tel ephony comuni cation network to generate traffic
information.: 30 BACKGROUND OF THE | NVENTI ON Traffic congestion has reached
crisis levels in nost major cities throughout the U S. and is becomng a
maj of problemin 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

ot al congustppt AN pET tfpggﬁf%y‘ggﬁﬁ@ e AR, 02 20385 6
otal con ' | ,
U. S10yrban ar B8NG E{iﬁ%w o) W HROse €lt1es with popul ati ons

of 100,000 is $78 billion, which was the value of 4.5 billion hours of
delay and 6.8 billion gallons of excess fuel consumed. From 1982 to 1999,
the tine that travelers wasted in traffic increased from 12 hours to 36
hours per year. Research has shown that neaningful travel information can
reddée comute 10 tinmes by 13% and demand for traffic data is grow ng
exponentially. A recent Gllup study showed that nearly 30% of all

comut erSTATRMENT OFHELATRRPATENZAPPMTCATIONS 0 pay $1 to $5 per use and
nearly 50% of commrercial vehicle operators are wlli n%est10 pay $10 per
nont h; howev @his nbhgratisicnal mtent aplivation clainspricaty wnderdd Peh€l § 119 r ansport ati on

agenci-es col |l ect, _hi traffic.da . 5 j vi deo
caner as, 0 %@g@%@g@ﬁé’%ﬁs@w i) e%‘ﬁ%iﬁ»%%%%r a‘ﬁ’%’r‘ﬁ”ggﬂéip Rsi ve
20  Providing Traffic Information Using Operational Data at a Iﬁreles,s: _Ngnvork, 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 parficularly, 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 '




field installation and mai ntenance. Transportation agencies currently.
spend nore than $1 billion per year for traffic nonitori3idarshg0es
covering less than 10% of our national highway system Data is delivered
~to a TrafdéseManagenent Center (TMC) via high-speed {d '

conmmuni catlons where it is organized, analyzed, and t en elivered to
the public by overhead or roadsi de nessage boards, Departnent of
~Transportation Wb sites, and through partnerships with radio, television,
and other nedia outlets. This hardware-oriented field equi prent approach
to collecting traffic data and providing information is costly and is
practical I n select urban areas only. An energing concept is the idea of

usi ng Ql?l?a!n %%glﬁdﬁ@&gy&@tﬂ:@&@&b thétd Mlmﬂn tpopulatioms ifne a series of
p03|t|ons of no e communi cati on devi ses ﬁ ra(%f]@lt %I@eég data via a
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cal cul t he, spe ’ ©bm 108 Beiogehé Gmelibat taReledet er m ni ng
trafflgﬁ"ﬁ* all%ﬁ %w“tc’ Isugfa%gg%géah ca‘ﬁ give very accurate information for a

smal | nyahel inehffitdviressl famy2 howretns6 howrs geryees: positioning information from
a large 30 nunber of devices will use up |arge ambunts of scarce bandw dth
fromthe w rpdsemch has ahovo maamdmmgﬂﬂdmvd ipformatiop cazeduge CHERPEi onal |y, GPS
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represent a small fract] t he nunber. ehi cl es usi ng
t he roama?]stﬂ Khrmer éSGr'?@ﬂtne%ﬁYr%Q"/e%c?’:%'F@B'ﬁg 5’?e REEPHE 480, %‘9'{3 tI\"élave GPS dat a
capabil | t| ;Iggﬁﬁ?q]gwg@éfe[h@dﬁﬁtsnhﬁ h@SbsilaBleur e of communi cati on
facili t?aé’ Tese tacilities genera e data routinely to enable the system

to properly éurr éﬂro an)sfor&twn fé@%ﬁe&-%ﬁﬂa%'b&ﬁc deangoisi@ds to pl ace and
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recei ve call connec to these calls as  they noye though the
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via high-speed fiber-optic communications where it is organized, analtyzed, 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
~ {ransmit these data via a wireless network to a central compiiter 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
2 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




expected to be fully inplemented until 2005. This systemuses GPS or signal
-characteristics to |locate the cellular phone. Regardl essi3oarch@0@d ocess
used, limted network capacity makes it inpractical to nonitor traffic
using th ility as the primary source of |ocaty .20 In view
of the oérego%ﬁ%, there is a need for a traffic inf orﬂréﬁsgﬁbg?stemthat i's
capabl e of using existing data types generated routinely by wrel ess

t el ephony comruni cation networks that can be extracted fromthe wrel ess
network's infrastructure wthout adversely affecting the perfornmance of
the wireless systemor taxing the networks' resources. 25 13 March 2006
SUWWARY OF THE | NVENTI ON Enbodi nents of the present invention may overcone
the defci . DBbn dSN Sk Seid Btlck¥BhBedShibled represstit dismgllt r af f i c

i nf ofna?ofﬂl@%&%%ﬁ%’g%ng%per%t?‘%na?{%at a extracted fromexisting wireless

t el ephofiyction bfiha nmabérofiveiadasmsing khefrpafsiaitict ure wi t hout adversely inpacting
network res es. A wreles ARl 1N Saastived k consi sts of
base stati oﬁ‘gﬁ@?me§|W??§&ée?%’i°‘§3ﬁléﬁ%‘9§%ﬁﬁﬁg’Pcate%ﬂ rm%ﬂial e_phones and ot her
Wi 1 el eSghef QRMBHYE CAkAD NsfaRNiae sofudimymidatioe fedities.adlThese desdlifeaci es. Wen a
nobi | e phone i s powered on it periodicall egisters it location with the
net wor kgengraiendata seimely 19 pophle the aed, WOi;?fb'uﬁm&téq%afig" ‘%cﬁ a?%nal ly, the
mobid e  phane ph eilﬁeﬁ(w}pﬁt@éaﬂ&fehei{r&@alléﬁah@sﬂsis;omﬁbﬂad)ltd(ﬂmm]sm phone makes
or recerves “phone calls. Accordi ngeglgo a first as‘?act .0 he..i nventi on,
there ithepnove twughtheysH sepicrnpf @ fystert 1 Prgplerithes ?taﬁQP@‘{él{?ECﬁ{l i nf or mati on
usi ng operat o t Rbde SlialdeRtaPREEAkLNT i N a

previ ougﬁﬁgffr&?rgﬁcéggwﬁarng gg@l_e%e’p%on 1corr?‘runi ciéteiéon network the system
conpri sing: roces SW% ; ' s ERNBL 8bhdot Sdmeanidst i ng wirel ess
t el ephony colaHTﬁfEﬁe §?ﬁ°§ﬁbg ne ﬁoﬁ?}%%gracllesto. generéag?le a }Ele%lr ality of
traffi cadlivhtingphondsdisat baddls locntedie voibir H0inmtes indas eyeniofe il h&dlf r om t he

exi sting wreless teleph o ni_cat i r ic data
rechtd LHEAIUITRRRY 15 19 g‘?ﬁ%t%d‘ﬁ%ﬁ % If?g&ge P@eg%r@qgg\l/fezﬁ‘%% area of the
wirel esg)ﬂka[e@@@@,@yﬁﬂ\}\ﬁmﬂbﬁad nefl PEISWO Tkisf systemnesen fGRSher mghéll e stations at
a particdlar tine,

erein the rocessor nodul e conpri ses. . ri vacy nodul e
adapt edchapctesistissdo docatsihe @‘v‘ué‘%aéﬁ’}lgﬂ?' iclﬁeéﬁidiqels? %‘?ﬁe process used, Tnited” Y
network capacity makes it impractical to monitor traffic using this capability as thg

primary source of location data.

20 Tn 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




nunber identifying one of the nobile stations fromeach of the traffic data
records, to replace the nobile station identifier nunber3March80draffic
data record with a unique identifying nunber, and to maintain a

rel ati onship between the uni que identifying nunber and the replaced nobile
station identifier number; and a novenment filtering and detection nodul e,

| ogi cal | YUMMARYESFBIE RVENHON sor nodul e; operabl e to generate a novenent
record in reEERASHEenkO oP HIRC %S Gnventddl faPlovirbeind 1Rl férkicdabaof @@eF ds
associated with_a wireless comrunication activity by a sane one of the
mobi | e sEatemsFad metiofs fsEtkiding faidp dgformalom by I5ipg OP‘?W‘tg)Palafﬁ%f sHegr

| ocat i ongoml dxlitifle WileWd eRbRDS dofhRRRAIN AP0 RhifdinidiRe REhWAIMvertedf the same
nobile station at different times. According to a second aspect of the

i nvent i oMPPAPTHIGIETTOEK 153NS ed a nethod for determining traffic velocities
al ong traffi cAnarlastcRIERY cORmMIRYALIR Hetvdlrk B8NRIsls ©f Bdsabtht@MS or @N&FWAd Ng Wi t hin
a previously-existing.Wwreless tel ephgny communi cati ons network . conpri sing
a cel | sH@t ermEEyRiaEh grebile phenes BdioHET Wikelrsy FRERYLGaHns deyigPLUsBhg havi ng
a 13 Mar ghengdQ6dip fidfithditsy Wien @&hdbils @E&RIS pow8Dbn §ipdGodidaRy $éc@RSs B .

creating a plurality of traffic routes between _any fwo ({i,th cell sectors
by procelositing it the nispogk s Hipk Fallyeram P8 Prochoet H%f%l?%ﬁie‘a&rr“? donally, <hg ng
Wi r el essmbBileepHdnaYs GOsMAB A HRNGird&h \Wefsoria tler0R0 Phamingkes Ik @édeREd on f or
roadways within the cell sector coverage area of the wireless tel ephony
conmuni cBiMeflSnet work, and identifying a particul ar one of the traffic

- routes travel gekobdingo\ueiitht Gk cPETIRCInPdnE6h, hekdlis RFidRE a stdhdn FRRkthLLiSE at i ons by
procesmgegqnovemant records for, the nobile s atglt?gn wi thin a  geographical

cont ext HIIRE gRopgen, dnfymstion psine opfratiopalsdatactor mePEe stalions wPEANAEEHR recor d
conpri si pgvibislyséxisting viRLE kldpBedt bsunidation Retbfk el bt Scobphiaphany

communi cation network for a same one of the nobile stations at .different
tinmes anPfoRSIF JEQdulfy IncAtlinerinied te Hie eXisting WiBFsetelophRny opmIIRFAon cul ati ng
~an est i NRtRoRf opRALRVE k@ BRIVLHINETE of BRfic Aats k@DRIB beked 8N RtdperBtidhl davel oci ty of
t he vehicle associated with the nohile station along the lF:ar%cc%l ar traffic
route atobpingpiemsthe existing wirgless iteigphopy commuRirgion et gt Letlisr 2 conbi ned

Wi th conpud:8hdeatSinkld BedtioNBRthin thi@Ml BRtok 8Rrded afRaT Wewhées tdidphoyt t akes to "

get from one geqgraphic |ocation to another. By ag reﬁgtl ng and anal yzi ng
anony o uSTRIHAEFAHQT AT AR 98S OB fheinpliicedwiony Ak AT o ige, WRRIFR die
real - ti NBrogRghr Riohie thififised & gMRlcy hioBHE addptbd (6 kddidvh ia@Soblle kiv@MNid&itikeS ,
i ntersectiaons, and . al ong speci.fic routes may be determ ned.
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 unigue identifying
number, and to maintain a relationship between the unique identifying number and the
replaced mobile station identifier number; 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 locations within the wireless telephony communication network
for the same mobile station at different times.
According to a second aspect of the invention, there is provided a method for
determining traffic velocities along traffic routes based on movement of mobile stations

operating within a previously-existing wireless telephony communications network

comprising a cell sector coverage area overlapping with the traffic routes and having a




The aspects of the present invention may be nore clearly understood and
appreciated froma review of the follow ng detail ed desi@riathaaodf the
di scl osed enbodi nents and by reference to the drawi ngs and cl ai ns. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 depicts the operating environnent of

an exenpl ary enbodi nent of the present invention. Fi ége 2a _presents a
bl ock di & hh %fr?ﬁl\]/vﬁeﬁtj’rse FETRHIS ﬂ%?oﬁ‘@é RE sreatingr 2 plprality F§7°“t‘?§ PESEFhent of

the preseamiiwody 88 lPfkctofdy brodedVil 68l 200PcHEL34EitfbadatiBh TorRbAdsa8385 5
Figure 2b _presents an overal| process fIOM/%%ggranlpf an exe

ral. mpl ar.
enbodi neMfreisss telprRhopy enupniqations RetwgFK angiggegraphisnioRpaten tf%éoatdgﬁ%st“r@%m D
bet ween geDadliasdeit rcdedrig@Narbd e aidless tdiphény”\BahiisliGtiadgetiverkaanexenpl ary

enbodi ment of. t he present ia¥ e . 3b shows the relation

entjon. Figu [ hi p
‘bet ween [SSREYRE £ PATCHETONNO] thedetlifquigs F%‘fe!fd bY@ % lefé?r"%‘a?%d"ét i%Re 3?1
al t er nat {néemeHROsthtidp tbyO hrobRSin® meSeMbnt] RYQH iféNthe FnghileestdnShaWE 4 he
rel ati onship between a Data Extraction Npq%%e and Data Anal ysis des in
an al t er BperapRicd npsBterharined by fhe RIpalEnet fraffie ovieh. cath JIovemasl €8s t he

r lel' ati ons&aﬁlﬁisbnlgtﬂé\ﬁaﬂd E&bz]gu lE?rS]aItibﬂsC\Htlﬁﬂ bt @as teﬁﬂﬂﬂor@%@muﬁﬂﬁio}i&igﬁvoﬂodes in an
alternative enbodi nent of, the present invention, 15 Figure epicts a
process- [EFSFIHPRCK Ia@hﬂamae?lgtah@%%&ﬂwm%e%eﬁwgm e of i S%xenpl ary
eLrbodl mMeAbbitd stdtidg; 48 eﬁgﬂ:itthlglaﬂeﬂﬁﬂa&fbf aEIa?mg@ v@lr(r)gilfygﬁﬂ&ts&n&e}r&) Hﬁﬁdﬁoﬂ bAigr am of
t he Data tra tion,gb ul e q£ an. exe) ar i ment, o e present
nvent | QRSB L e AEPicln estolgeoith b o talioh 1088 e U PIFCEIAT S8t # gur e 6
pr esent Sgcifit G£ESS flow diagramfor a File Polling and Parsing Process of
an exenpl ary enbadi nt of the present invention. Figure 7 presents a
process flow anaa%nfﬁEf?@eu%{l %Wﬁwtwr ceRRbinsel Wl comeBiEErs 9B BE rent of
the presgBy bé (8é@ R mSRure the time it takes to get from one geographic location to another. By

aggregating and analyzing anonymous data from thousands of wireless communications

devices, real-time and historical travel times and velocities between cities, intersections and

- along specific routes may be determined. A
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.

. 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 exemplary

embodiment of the present invention.

4a




Figure 8 presents a process flow diagramfor a Mwvenent Filtering and 25
-Detection Process of an exenplary enbodi nent of the pres@idaicheeddi on.
Figure 9 presents a block diagramof a Data Extraction l\/bdul e of an

exenpl a j ment of the present invention, focusi

Conf i gurwa %ﬁtr%ﬂgind Monitoring function. Figure 10 de ﬁg‘is a pr ocess | evel

bl ock di agram of a Data Anal ysis Node of 30 an exerrpl ary enbodi nent of the
present invention. Figure 11 presents a process flow diagramfor a Route
CGeneration Process of an exenplary enbodi ment of the present invention. 1
3 March 2006 WO 03/024132 PCT/ US02/ 29385 5 Figure 12 presents a process

fl ow diagram for a Rout'e Processing Process of an exenplary enbodi nent of
the gresent IpNENDH OffescliisUM ®védE Pro6se Mo alfagkdnh Usht emtdxemplranpl e of a
cell sector/roadway overlay. Figure 13b presents an enhanced view of an

i |1 ust r zibedimsntefilepresentinteation. sect or/r oadway overlay. 10 Figure 14
presents an q;;rqig rm tleddhd £1 gure 15
presents a prcgtc%ss ﬁé’ |5€ig)grtg?ns Orb&tg%%g%?fgfasm ecti oﬁﬁ%r ocess of an

exenpl aa)ateﬂhﬂyhmmnmﬁn@:dempbneedmdlmfmt/eﬁMmﬁsenﬁﬂWl@ﬂlG presents a process

fl ow di agram_f or out e Tri el odi nent of

t he present %%13?’ Eﬁ ‘?‘%fﬁiﬂ"’&fﬁh&g‘ﬁ&’&?@z&‘n trag t‘?d?lrl\géess B?Pow i agram for a
Vel qoi t%%is'lﬁdbﬁfhnﬁlﬁt&@im embdmnmfemraemmebm ment of the present
invention. Fi gure 1 g}fse focess O}ﬁx& ?.g %uger 3 bile

Posi tioning & ?‘P"B‘E’e% atp FXEFFURY P ersodi ment of the
present Aﬂ&g,% t Qﬂ%ﬂﬁ%@%ﬂﬁ%' Pibb phsddt 1 'GHEloEXEIVPLARY EMBODI MENTS
Exenpl ary ngN(fg%elﬁt s of the present OI nvgr?tsl olri1 pr ‘Sﬁﬁ%‘aﬁt em and net hod

for using op&igutd Bhdibwel theaelptionship betyteen PatpifxEpdwd onmuni cat i ons
Bf;‘g’gﬁfz‘*&ﬂ%g%‘lm@%ﬂ%@ u*vgﬁﬁﬂ&ﬁﬂaﬂtof{h%fé's’&z@%htﬁnt raffic system Figure 1

€SS phony communi’¢at 1 ons networ k operating
envijsonnent  fFigurehdsphriseamuprsaleyeldidebdiagent ofthe Dite BxtreetiontModweent i on, the

Traffi ¢ St Sxemp a[ryg le%/dlsment b89 present invention.

Figure 5 presents a block diagram of the Data Extraction Module of an
exemplary embodiment of the iJIGSGIlt 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

exemplaty embodiment of the present invention. ‘
~ Figure 8 presents a process flow diagram for a Movement Filtetijlg 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 fhe 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 émbodiment of the present invention.




Mobile station (M5S) 105 transmts signals to and receives signals fromthe
radi of requency transm ssion tower 110 while within a ged@rivabh 20@8! |
covered by the tower. These cells vary in size based on anticipated signal
vol une. Transcei ver System (BTS) 115 is used i.de service to
mobi | e ?@o@@?ﬁ%rs within 30 its cell. Several Base #@6‘%@@"’3 r Systens are
conbi ned and controlled by a Base Station Controller (BSC) 120 through a
connection called the Ab;s Interface. The Traffic Information System 100
can interface with the Abas Interface line. A Mbile 13 March 2006 WO

03/ 024132 PCT/ US02/ 29385 5 Switching Center (MSC) 125 does the conpl ex task
of coordinating all the Base Station Controllers, through the A lnterface

connection, KeephNY plkdfka Mocdk HonGlidpyen fFRRIuS Frubasing PRSswEi Ng t he
Visitor Location Register (VLR) 140, mmintaining the hone subscriber

recor ds asixggplancenodimeanbeidbs presepagyetien. (BLR) 130, and connecting the
nobi | e subscryg. { PG i PSTN) 10 145.
‘I'n-an Enhanceﬁcllglgé fﬁp‘a}%srgﬁiga{%@%&a@y?@éﬁ%ﬁeﬁ%@%}eﬁ;%@?@% 3N(E';}l&elrfrlte)t ile station 105
can be det er rHigurel 1Bl pesstatcieh eohaace@P8ew hif pni ilugitatvenereniple of atcelbn 105, or by
measuring certain si Iginal ing characteristics between the nobile station 105
and the LI0p4waY QY.+ her scenario, the process of |ocating a mobile
statjpn 105 Wijle t9presehtsdf getesl cRimye 614 Gll edi@ho@iay @verldye Enhanced or Phase
1-1911 system.s nmanaged with a Mbile Posjti i ng stem (MPS) 135. The
VPS 135 Uses Hifo SamesHEnRBI%ess Jaedasandorrigits Sdecda Fcssmg ge and
process %&a éﬁg dNPGRe predchBinfit@ba.abi | ity sonmewhat |imted. The input
out put Gate E? OG) 150 processes call detail records (CDR5) to 20
facilitate sUiguradé pesatsapmoeiss flewslidesam fayer Reite TimgingrPecesosi 150 recei ves

call -rel ate%glggla aeniﬁfgﬁleh?&ﬂ@%es]eﬁtﬁn&ﬁﬁoﬁan interface with the Traffic
St'em . n exenp

| nf or mat1%0 ary enbodi nent of the present

i nverst i on shd@guré 07 plegmtsen frocdsh Bow Tizgfdn for larif docity tBstimatByskrecesi 00 may
receive data frgqma yariety qgf locations in the wreless network. These
| ocat i orf¥ 3 GEFRRIEY £ °‘E§@tf§%‘e£ﬁ‘?§eqttl%"eptfﬂnerface, through the 25 Abi,

Interface, Wigfiré e pRIRtsld Procd®@ok2dagrirh For-h MobBO Posifichid Sy 135.

Determination Process of an exemplary embodiment of the present invention.

20 DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

Exemplary embodiments of the presemt invention provide a system and

method for using operational data from existing wireless telephony communications

- nefworks 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 aod receives signals from the
radioﬁequency irarlsmissioﬁ tower 110 while within a geographic cell covered by the
tower. These cells vary in size based on apticipated signal volume. A Base
Transceiver System (BTS) 115 is tsed 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 Ay, Interface. The
Traffic Information System 100 can interface with the Ab;s Interface line. A Mobile




The input conmmuni cations processes nonitor the wirel ess service provider's
network el ements and extract the rel evant information fridmsehgodteed fiel ds
of .sel ected records. The Traffic Informati on System 100 can use data from

any net nt that contains at a mninumthe W{& ation
|dent|fwd§"0 er, cell IDand atime 30 stanp. Sone © %Ermre common
data sources are discussed below. CDRs may be requested frombilling

distribution centers or the distribution centers. nay autononously send
the records via file. transfer protocol (FTP). 13 March 2006 WD 03/ 024132
PCT/ US02/ 29385 5 Alternatively the CORs may be extracted as they are
routinely passed fromthe 10G 150 to a billing gateway, possibly utilizing

a rogt egwﬁt& Ao Cupks g&ik@f ﬁ@ﬁo@%ﬁg% Eleﬂ_ BRK o?%ﬁﬂdfﬂaﬁn@ﬂl‘l medBaged will depend

fent. an pre erences he wireless servijce prow der.
HandoveStaauijEﬂ‘golbtsmhmngh meésm@omegnnmoabk@pwsdmﬁly f’rﬂhla%B’tel ng the 10

proprie st.andar d nt MaC 125 and the

BSCs 125‘0%%(‘7131@5??1)6’(‘,50 tﬁgmsf’tﬁ?ﬁf&ﬁ% ?CQF@Q ne?tbﬁgh Syste 100 may nonitor
t hat ISI %h%'tdﬁﬁscnﬁw @&Ffd}t @ing therrﬁymebLmtatlomllgwgtste:r n@ILR) f Iﬁﬂmﬁﬂdoln I [ om a
signal nmonitoring s em s Qco a atter case

" the si gfenmestng;the BPRig FU8sF t%&‘fsgah@" 8%“"’? %I‘Fﬁél}oggif[awolﬂéﬂﬁ}f! 3extraneous

i nfqpmayyen (see Figure 7 for a discussion of the 15 Prlvacy process for

t he exenplary enbodi nent of the present i nvent ively, these

| ter
messages mayInb@ Enb@n@étﬂé(?hﬂﬂedlr?]d aisw. tedesayan Rgﬁgﬁ’éﬂe i %ont i nuously
moni t or s mﬁ&% %9%]%&1{1?% &S ¢ %5111 ffﬂérzﬂbﬁi& Ltfxidni GD8L @r 23, in an

exenpl af§ 50 an existing wreless telephony communications
net wor kniéaﬁlnngthN\nsrgea]ngfcémaetmshgs hefwgen/the ghehils SN@PMP’-?(E‘H s exchanges

I nf or mat | ta Extraction M 4 f nf ormati on
System %ﬂ% lglh sg:&apgt@[a Bf?cfsf)l‘:}%focﬁgntﬁi?‘ gnsogg4% exc 0gn‘j‘}g{gﬁ:ltﬂr?f ormation with
Dat q5An@L3%f§d (?fgtsﬂé : ﬂ%&)foﬁﬁ?]inﬂdﬁceﬁmﬂmasetﬂ ﬂlbslxgt{stemng::mnageﬂ %ﬂm;t i ont t of e{lﬁ
users 0 e traffic infor erpative i ment o e
pr esent 2 Mglle: Passionmgnysiom (b ﬁ%wsaiﬁﬁﬁ?ﬁéﬂ? ﬁal’:‘ber?é? n directly

W th Engli3elsSinatie dséli & iﬂaﬁagg%&i%ﬁic%rcaﬁé twhiGR kakes Roibedibtit of the

present ‘Tnvention, a process other than DEX
somewhathnuted

The Input Qutput Gateway (I0G) 150 processes call detail records (CDRs) to
20  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, thiough the

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

The input communications processes monitor the wireless service provider’s
| net@rk clements 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 (FIF)..




Modul e 240 may supply novenent vectors to the DAN Modul e 260 for anal ysis
. for an end user 280. The end users 280 may i ncl ude the 1dapach aedd s of
transportation, nedia outlets, private transportation conpanies, or

i nformat.i o vice providers. Details on the types ' rimtion
exchanggg”ggﬁﬁé%n t he nodul es are di scussed 30 belodﬁﬁﬂkg%ggggb presents
an overview of the traffic information system process 200 for an exenplary
enbodi ment of the present invention. The DEX Mdul e 240 13 March 2006 WO
03/ 024132 PCT/ US02/ 29385 5 interacts with the Wreless Network 220 to
extract vehicular novenent information from operational data on wreless
communi cation devices. ‘In step 241, the DEX Module 240 polls the Wrel ess
Net wer K 4320, Al PIE TR hilbd BltRENM@bLS thbP aled6itiniefyYpakdedtirond thb@SGand FTP files
contai ning operational data, 1ncluding |ocation novenent data, created by

the W r a5essa Mitnggaevagopassihtyatilisiag agouterbpy dupljcatesfhe paskgenticor | and 10
parallel to, this,pakli ‘ ' | | oper ati ons
ot a 11 IFRETaReo) Rl o dpREin B2 G BT bR o f R P or k. 220

I n st epsaé4ike ptilePDEX Mdul e requests nobile station |location data fromthe

MPS on the rel ess Network 220 in response froma request fromthe DAN
Modul e 260. fandvapadRegidittion atasdeed amy heectsiineidby mymitotieg WWer el ess Net wor k

220 ot - conf i t i ic data fil
2 4B S meompaesar Baaid Adnenaeaimaing toavees fpdsC MEAERSC 120, e TIte
Det ecti Qi ?&ﬁh@ﬁ; T BhfR RdRmaliReSRHms 200 dalyansmotds sipnelimgent to the

ul e

Privacy no I'n step 247 of the exenplary enbodi ment, the Privacy nodul e

acts on dirkefly quatmadobiaie signatingivioreption fromat S@h moREERESYSIFR §"Pht or mat i on

about the mohile aﬁﬁlfie%ﬁﬂgh@ @gggi@tﬁ%é hréhRtisie by afeafythe The process

assi gns a3 aLPr{?que serl unber, or ot Wse referred to as a unique
i dent i f ifffered Uptrempve exttaneous cinfirmationefstaEignry 7hler angisrupsiors phithcon i dentifier

nunber. _Addi ti onal | if the record,is: o af e 5.0 . ne call and
Che LaunBEvasy A 15 r’i%? SRR t%boélgr%glédﬁdgieaq)fégg}gr i e%lﬁ(;e}ﬁcal | is
cat egor i Zpehatibély, aBGE in@a%sa'f:eyniap bk UstRactsiek @R ncPase Atiton(Marger theavel er

)

information 25 calls (511), operato &fgiisstance call's (411), or other
call's. IcAntiugpshpmenitorsiacssigesheas on the BIS 115,

Turning to Figure 2a, in an exemplary embodiment, an existing wireless

telephony communications network 220, otherwise referred to as a Wireless Netwotk,
20  exchanges information with Data Fxtraction 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 oﬁﬂets, private transportation companies, or information service providers.
Details on the types of information exchanged betwesn 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




data records are sent to the Mwvenent Filtering and Detection nodule. In
step 249, the Myvenent Filtering and Detection nodul e crisatiash 2008rovenent
record associated with each uni que serial nunber contained in the data.

recor dswdr&g)gﬁsgoverrent records are then stored in auW%?ﬁecor d

Hasht abl' e and serve as the output of the DEX Md n step 246,
t he Configuration and Mnitoring nodul e constantly nonitors operations of
t he ot her DEX Modul e conponents. |f operations are outside a preset range
of expected operations, then an e-mail or other type of alert is sent to a
system 13 March 2006 WD 03/024132 PCT/ US02/29385 5 adm nistrator. Al so,
reports on configuration and operation status can be sent to the system

adm ;pi g wit] HSWRAE: Nt 6R100 t6 Bftradt Sehichbe envehbie iFdnadodul e 240 and
nodity e con%lguratlon parameters. In this exe l%t% 'th ment, the DAN
Mbdul e 866 arettyas dateveneeiess OBEURERSLY dewitehe IE&P u to estimte
traffic, vel ogjties al i {feaN@hvals @y i@Rtify BatSt ep 261, the
DAN md%ﬁ“@% rpgﬁﬁﬁ\ti@gg%%ﬁﬁ%&%%o@%ﬂggelgﬂgg{e%p‘s fsrom t hg} Wrel ess Network
220 andgee agdi@TPNERS cdntaiing besritivanisdate, tisdlidog logrtion rmensmenbfaibomer ci al

vendor. These nmaps_are receiyv erigdical | y. have been
updat edereptad &y dpe Htelesy @Vé’ﬂfrgg% g’é’f’%aﬁs@% %dylmg@%%ﬁ@ﬁ%ﬁé%ﬁfl ation Modul e,
or 9§ Nepwhsé 18, 9hi€ po1iise &t@:,a@?uhummhmmem oprratioyis data fideithe, to generate
15 cel | “sector/roadway overav\ﬁy ggps. ogﬁébaé}%ﬁlﬁ# %%nbhky whi ch road
segnent include docatien mpyrawns data oV Eepss s ese naps, all

possi bl g, t.raffi BEINEEH 1 Gl PS of e WiteledsiMateorkand stored in
a Rout e%ﬁ%géiugmgﬁlgﬁﬁ%m?gzte ‘ V%Fdo%{i)t i es ang standard devj ati ons are

i ni ti al 22eis redponsetiiop 26Guestihan eI AN Madsledblr A dpcAdfete dRE ) |
ovenenteREEbTED FF OMURE R0 L ko Bees P b R " ol er
S 5700 o ot ks e b o 1
al ong tﬁﬁ@ﬁ%m@ewnm‘fﬂgs'tﬁtsg@aé@ {ﬂgpﬁ'ﬁﬁia%,agadr%\%ﬁr%??ﬁgmﬁg%er oute velocity
| nf or MagL;:00 module. | o
| In step 247 of the exemplary embodiment, the Privacy module acts on the
parsed data, removing any personal identifying information about the mobile station
20  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
fecords. 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. '




25 In step 265 (for Wreless Networks 220 with MPS capabilities), the MPS
Determ nati on nodul e nonitors the Traffic Mdel er. The M2Svéeh006 nati on
nodul e evaluates the statistical quality of the data used by the Traffic
Model er Traffic Model er velocity estimates R n a nunber

of data rde(I:oH}s | ess than a threshold val ue needed %&metﬁg%sgti stical
quality requirenents, then the MPS .30 Determ nati on nodul e requests nobile
station location data fromthe MPS on the Wreless Network 220 through the
DEX Modul e 240. These data are then processed as any other data in the DEX
Modul e 240. 10 13 March 2006 WO 03/024132 PCT/ US02/ 29385 5 Figure 3
presents alternative enbodi nents of the relationship between the Data

- Extract i;gninedior e A240repbes SRtdfifRalionsind obedtor?Gftus tau tersentgniiodi ment 300,
shown in Figure 3a, a Single Data Extractlon e paired with
a si ngISﬁtM@mawl Thigpdwiniebgier caaleRRPsS; %ﬁ#@ﬁ@g‘? ﬁ%‘ﬁ%@lo in Figure
3b, mulf Eﬂglgg.ﬁ({ RidVodul es 240a, b, and c can exchange

N nfornatl on V\n% a 10 Sn?[%%a e E)ata Anaéﬁm s Node 260a. For exanple, Data

Extract i on MbuéHieexdnyiaty euhbadiment, fiieceP AN Marple| 268 AualyesioReVeBISBt at ors in a
met r opol | t%aﬁ @g@f@ﬁ@%@ﬁ%ﬁt& ok fé‘?fa.'fﬁ}!‘velc‘}{&ﬁéé afong Z%Et@m%é@ Anal ysi s

Node t h3§® W& C Tntormation Tor the éntire mnetropolitan
areqq Fitgweigodes. dapiept261] the DN Modelt i26@ resnivoti¢oliesectoBagetage WaPTh a single

Data Extractjon Mdul e 240 cha nf or Data 15

Anal ysi $orbdae WEplsss E\I g ﬁﬁ F‘b‘f *;ffg‘%l %’q&t i%g[%%%fx%a@ %ﬂagr{]ewbdul e at a

wirel €S YepaRfeicht SCcoRMtEPVentd) TeNangard febelvetbpdriodicully, whElver Anal ysi s

Nodes Iocat ed at unique end users. Fi gur%gﬁg gﬁiﬁplé%{‘f e al.ternative

enbodi méley taveten updaied. di stepdb? lsEemens e 21 V\@&gﬁ'—f@ P40a, b, and c

exchangeM@E or Egtﬂegﬁsé/\@gfg}@b% me%agﬁkéoﬂ@ﬂréﬁﬁh%m&eﬁ) gélae b, and c. For
raction

exanpl e ul es at mul tiple wreless service providers
can 16xcha]mgmtorh¢bmwwtqvmlayvmma Fhe averlesimaps sdeﬂR@d%@lcll EREASERMENS uni que end

DEX. Mo oomneaiRPER ol apdah ) Bl ik e M s SR phueEl el ary

i nf or matyeQReMMcE 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. In 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
roﬁte 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
' fhreshold value needed to meet statistical quality requirements, then the MPS
| 30 . Determination module requesté mobile station location data from the MPS on the
Wireless Network 220 through the DEX Module 240. These data are then processed
: as aﬁy other data in the DEX Module 240. ' |
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the Wreless Network 220. Data received fromthe Wreless Network 220 is

- sent 25 through a Privacy nodul e 444, where personal i d&EWakyi2006 dat a
about the network subscriber are renoved. Data | nput and Processing nodul e
442 and ' nodul e 444 conprise the Processor ngﬂl The cl eansed
dat a aréﬁ{ Sé%ﬁg%nt to a Mvenent Filtering and Det ectlonof]m%ﬁ e 446. The
In the exenpl ary enbodi nent of the present invention, this nodule.
converts the cleansed wireless network data to 30 novenent records
associated with a nobile station. The novenment records are sent to the
Dat a Anal ysis Node 260 through a HTTP Query Interface 450. The HITP Query
Interface 450 al so sends information queries through the Data | nput and

Processi ng LT AL Gemfebgtieat i on and 11
13 rch 208%%%??%%5%&%#@% ZS%tg\fgﬁélt/tr)ni ton?ki&%g,cgrrponent 448
provi dePatdiextnedorsMbdule@40 smirDath dnplpsis Nedeatde Infone pabodiment308, i nf or mati on
System and set_system oper at.in ar ' ' hghts a Data
| nput af Vﬁf@c@ﬁéﬁe ﬁt?ﬁlﬁliee ﬁ%%x%ctﬁﬁé%gi%%@ﬂwg%@ng&g%f t he present
i nvent i QielefDdR galyEip Noda goLr dsahsinnin amdubedivd® 318xicFiggedb.data with a
Wrel ess twork 220. A Da | pput, and Processi ng. nodul. 42 incl udes
file i nmefipie Data Extasiion, MPé‘ﬁ?Sa’g’g%a Wﬂbcec@p%‘c?ﬁﬂnﬁg "E%‘?”%t{g%é’%?;% nfile type.
In tge %ﬁgﬁ%eﬁ% )Af]ﬁg}ygﬁio&@ﬂmad%%kﬁbh% Makd Buiftidn ModElas ocataput and

a

Processin nodul e” 442 1 ncl udes a File Interface 542 aﬁod an FTP File
| nt er f ackffdend wirtlesssuetworkopeIRiords aaairopriltan afea fan sKehaBENDIRBC1220, each

P71 s ol g el BEg ARERAREL thl floocs S AR, LS BB e e 1 serve

files o es) and files at 15 an FTP server
(FTP fi lng@opéliart lies. Bigmp3ardgpictsiibel altemative Audiodimsntp20,in whiph 2| ess Net wor k

220 may send_a cgntinuo r of .dat a. -he Hawous Fil e
| nt er f adiglsy Bate; Exiraction ﬁ?‘fﬁ’iﬁ 23@ exGhanEs, %gér%saléé\hg%duue 4 Hldoes not need
to pgl | AfiysisAakies %504/15; and EhEseodape, ADsta Bakattiof Mok BS@iSRS MSC and VLR
524, and HCR 526 and may include call . ehail r cor%s h@nagovetr 20 nessages,
and r egisstvicatriredereass LFEansOREOTRIOR JHihy a"lah%”‘aifsfs_ O??s FAFL& ate that a
Cata | Dl ARE JGAC CREhRBATRYHE i Arckitfivh enfRaikicat B5w! ik avidet | ect

in

I nf or mat’ . .
‘multiple Data Bxtraction Modules 240a, b, and ¢ exchange information with multiple

Data Analysis Nodes 260a, b, and ¢. 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 Tnput 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 W}.ﬂl 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




what ever forma Wreless Network 220 generates. In the exenplary

~enbodi nent, a Data Input and Processing nodule 442 is al3darcapats e of
receiving positioning data from Wrel ess Network 220 that include a 25
‘nobi |l e S | ng system An MPS Interface 548 inter lLectly with an
MPS Gatg%ds}‘]@gi to request specific nobile station I&@gﬂbé%t a, based on
a request from a Data Anal ysis Node 260 delivered through an HTTP Query
Interface 450. The MPS Interface 548 delivers the nobile station |ocation
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
mslps 53 NHE sheaf0io [ ofrinkaeeshd N a Data
Inpu an roc %ﬁﬂﬁrﬁhﬁbﬁ%Z seﬁﬂc? t he %(gtﬁtg;tmgepegﬁ\/\or king directory.

Fi I'es i Mraffie Infouniati Syﬁtmwd@ptwystauweréma@me@fﬂae generated and 12 13 March

orocessi ng. FiRHeUEHGHS A DECIRD SRRt ot paREueRRkiRaR0) 100

par sed. efribodindch 6f thapeeserit iaventiad. ap fratppai mdpﬁns&ssmgwﬂdak 4@ sel ected and

the file i s parsed. ct f.or I bodi ment  of

t he pre§§?ha“$‘?ﬁ\¢éﬁt"i’l h@b‘p {eiﬁgﬂ%wﬁq‘p%ﬁ’ e& bét s]ﬁ%‘ﬁ fg@fgé?sgg‘ ?ﬁ S1es

confygi n|4ag RASEHR inBrfRed)| TERE intddfack 1Bayfibe §etife Yor alhetainditenypt. the jar file
must match a class nane in the 10 jar. file and 5hat % ss nust i npl enent

t he par derths exegpiany: embadiment depictedeint Hgure h @ Dalgy P& he extract ed
dat a 'nt el A TPl 8 1af il RferbiSe Susdl RATRHiNAR 80| 12 and Noverent

Fllterl I on no en the processing of the file is
conpl et éntetfives &dnl pelliaWinedese Wetwork 220, cedadingdhe retwerk gompgrsat that art up of t he

Data | nput. and Pro e 44 cessed 15
di rect 0P9n%%&ﬁﬁpﬁﬁsﬁ? %ﬁ%gﬁleé‘ B4 glgca?ftﬂragg&vfeé 5‘5"}1&‘“’28‘5 %ﬁlﬁgét? of days.

Fi gyse GnBTeseRtSFURERE) S tiedchplappéhbodgnennd par si ng process 241 under an
exenpl ary enbodi ment of the Data |nput and Processi n &e‘ﬁ&l n step 615

of the. procésditionglyes BhmlesgNeigork 2t mayigd acﬁ”“%‘f‘ﬁ’?&? red to as
operat | ahah otk Bontirheo Pl RRH A AELY, £mwmmaﬁ@pmedsmgqmuﬁes' gnated data

storage Tocation on
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 m the working directory cause events to be generated and '
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20 Traffic Information System 100 for other data formats 636. These data
files are parsed, at step 640, based on the specific fii3avargpeocodarall el
to step 615, step 620 periodically polls the Wreless Network's FTP server
and | oc file storage drives for operational I ew data files
are fouﬁJ(Bﬂ d¥ci si on step 625, the files are sortegeﬁﬁm%¥%$£627 For
exanpl e, BTS activity data is send to file storage |ocation 632 25 for that
data type, CDRs are sent to storage |ocation 634 and A Interface and Abi 8
Interface data are sent to storage |location 636. One skilled in the art
woul d appreciate that the present invention can accommpdate a w de variety
of file data types in this step, as evidenced by other data types 638. If

no new fil 8.4 cRROC@RRirsThd 8 hakn® st ep 620 and
pol | t?‘?@ Sens%ﬁﬁé’?wo okf%t)gIB éﬁ% at the next preset 30 tine interval.
Dat a fltlh@&laﬁrﬁiettdsma pamed. Froomihisheanss, dhearpost] appwpTiza P2BFYIBEAS and 636 to
the parser t 6540, this st ckfic to the

dat a tyif%ec’ffé §1 ?ﬁ‘b‘rs pag anHtﬂé’f"%a”& ect&er?g?rgtéég% nh]ﬂ%énﬁb e used for CDRs
as corrpﬂrtﬁgl feSenBinvehicshibis 4 Barder’ smhmceqoamw3¢mmgpM/ Us02/ 29385 5
data. T rsed data is then se

ﬁt %Nbbtletit cb'son Dg?{lam ecord file
645. Eawh plaged i this dsedoryn ThHnang ¢ tge_]ag Jepst mgte Lolom he data needed
to syppor tﬁlea?.n-ﬁrtﬁzftt A!le&s ol E{p'[%iehpﬂie Pisbiciteldts. Ohe itphidenteddita record,

ot herwise re to as raw data record, is_extracted }Fn step 655 and
sent tOpr;tmae cPnvertadiye mdtheled dafa imtoen Tt thefican be used PE WEFEYa%cor d cont ai ns

.vmreless ephon c t gl Hohedata used for
assessﬁ’ﬁ'@ h‘ﬁg T‘%dri{[)orrvg#l lgltcﬁﬁnt% aﬂfﬂgééﬁoﬁgﬁg%én% gry er?bodl ment of the
pr esent propassiag bOthe ﬂlélisScohlptetd ite filaisamoeddo d m@yﬂﬂedldlrmt RpoBtart and end
tines for a call, the cell ID or start and end
of the gantup, of; the Dauiopyt and Precessing ﬂgﬁﬁ? #JII% ah rrg‘{ fhﬁ mée%%(eir di al ed, the
caI ﬂ &fan tgpaeﬁﬁdfméncbftdhﬁ cell IDs and times for
the %‘F@’W &?g%se&k?ﬁllled i n Etrhe grt would 15 ag g at e ot her data can be

incl uded in Elg@erﬁawesﬁatSadqt@wﬁdhe ppliog 809 PRSEEHT s processed
247 | 0 LS YRGB e the'ia Ay a&@m@mﬁm'm% 6@5 ome present
i nventi

a recor s assom ated wit
process, ereless Network Data 610, or otherwise referred to as operauonal 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
penodmally 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 fo file storage location 632
25  for that data type, CDRs are sent to storage location 634 and A Interface and Asis
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
ﬁrocess 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 épeciﬁc to the data type parsed. For
~ example, a unique algorithm would be used for CDRs as compared to BTS at:tivity
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a nobile station are received fromthe Data I nput and Processing nodule in
. step 710. In step 720, the hashtable 730 is searched for3 éveh2obs | e
station identifier nunber 20 contained in the data record. Hashtable 730
contain i station identifier nunbers matched t seri al
nunber g‘é@%’ﬁ%@zto that identifier by the Privacy m%qﬁgﬁdﬂ%gﬁk%gem sion step
740, if the nobile station identifier nunber is not in the hashtable 730,
then a unique serial nunber 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 exenplary enbodi nent, the serial nunber is generated
with the followng algorithmin Table |I. One skilled in the art would

appr at a ¥ t fper ate a uni que
o bnSnuep o et i) B e tont LRI SaiaPBl Mo emE a1 B O arch
2006 10d)1’@r£b3£¢ﬂ£14t11&2ﬁl§1§/\¥mdm stﬂiaﬁﬁlleaﬂdt&&at(i@dedegl(l@@wp@ﬂrﬂdﬂ? c100)) * (log,,

(n) 10) _+n PCTI US02/ 2938 =.uni.que al upber. f year (1-365)
= nunieiprmgtion Syt alpt@% aﬁﬁp@? H %m?%hfm&f unct dotﬁasnrg@}ﬂaﬁ mber of entries
'” “the $&htdls Swabel iae taabla@dggmtmthstreﬂsyaczmpdmamsepuaao fhisber associ at ed

with that |dent|f|er nunber, is retrieved fromthe h hta 730. These
st eps c ItxaSestata ngeord sewfpins Sfirelsat Elsphony GP'aBWPﬁcﬁﬂﬂﬁde q}og‘ﬂ In this

g 'Uﬁédr}gr JSE&EI%F %ﬂl&{)&r Htd Rvenis! htQRemplagsenitotinRateti at e novenent
r ecords W t

le station identifier nunber. In an
al terna&ha@esenﬂ:mcbnnmmhmﬁaﬁhéatpr@glémaylwm ostart prsh@addimes foids - c| eansi ng

step 20 could Ben9Th heitho fOBRioRPE R GuRRA ofid ol o b ciddbifd t ernative

station identifier number, the number dialed, the call category, and the number of

handoffs and the cell IDs and times for the handoffs. One gkilled in the art would

15 ' appreciate other data can be included in the raw data record.

Figure 7 presents how data is processed 247 in the Privacy module for an
exemplary embodiment of the present invention. Traffic data records associated with

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
90  comtained 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
 number and the serial number/identifier pair is stored in the hashtable 730 at step 742.
25 Tn 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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enable the systemto track a given nobile station as it noves, for exanple
a parent tracking the location of a child with a cell ulirMabhreos | n

deci sion step 750, a determ nation is nade whether the phone nunber dialed
is part aw data record. If so, then step 760 .zes the call
based o@‘?&’g‘ﬁﬁ% characteristics of the dialed nunber&gltﬁ@?%«ggsgrocess noves
to step 770. Table 11 below summari zes the categorization for the

exenpl ary enbodi nent. Table I1. Cellular Phone Call Cate ones 30 1. "X" is
any string of dialed nunbers Dial ed Nunber Cat egory 911EMERGENCY 911

511, * XTRAVELER ] NFO 411, OX OPERATOR ASST O hersDI ALED CALL 15 13 March
2006 WO 03/024132 PCT/ US02/ 29385 5 |If the phone nunber is not part of the
trafgic data record, the process noves directly from decision step 750 to
step~770. In step 770, the Privacy nodul e 444 <creates a Location Record.
This record is passed to the MovemdlbleFi |l tering and Detection nodul e 446
in-step 780. In the exenplary enbodi*ment o% the present invention, this

| ocation record may (46000 mode 100N {logefd) dWd™ i nes for a call, the cell 10
| D or specifWheteocations for the start and end of the call, serial nunber,
t he nunber dial e8l, thke oaighe watlbmotbgr registration informati on, whether
thejgal | was handgd ol dayohead@dtbyver, and the nunber of handoffs and the
cell 1Ds and timgs foe t hembandeadkfags couee skilled in the art woul d

appreci ate ot her gai a=Ccamddgloifixkivgled i n the Location Record. 15 Figure 8
depi cts the Mvengnt E | Lehbaofafted?8 tRGEIAAIAbGGasttabBAD. As

15 In 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.

Tn 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 I. 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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shown in Figure 8, in step 810, the Mywvenent Filtering and Detection nodul e
446 receives |location records fromthe Privacy nodul e 44MMaréth 2606&p 820,
each location record is |oaded. For each record, step 840 interrogates the

Locati o table 830 and retrieves the |last know | ' or the serial
nunmber g@sﬁ%@%é ed with the record. 20 In decision stgg%@éb)z?ﬂfﬁﬁe | ocation

I ndi cated on the location record is conpared to the |[|ast know | ocation for
that serial nunmber as recorded in the Location Hashtable 830. |If the

| ocation 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 Mvenment Record Hashtable 880. If the

| ast ;known pgﬁf;l% g',ﬁs)o%e Elﬁmgé};is ﬁ(ﬁt;ﬁiétfc;f%ﬁ@ﬁfﬁfs U bdaRy, B Fr6ddks B@Bdst i on at step

850, “step 86 I ppe n process noves to step 870, This process
i s repediredlyffum dbdisibm stap 760 tor sreFHb . IrFtgu 720, Shoy Brivacy aedglectddssi ng 246

performed b Configuratiqn and . Monitori ' DEX Modul e
240. A Gi?ﬁtf’gl 6&08??%ﬂ%9§{ l\/gﬂ]lstrgcfof%és par?%e u]:ogtg i%@%’?@?@gﬁ@wﬁ% each ot her
modul e iDateaidENolie uke 12 4Rp 1780.298 aBS esygilameabodipenied daprestntConf i gur at i on
and Monitoring nodul e 448 of an exeppl ary _enbodi nent f tions to alert a
syst em MWWHSW%WOPF@WW%%@Bgﬁa%?@die‘g‘P&P%fF8ﬂ#%§e ‘J(;)eglt side a preset
opengti nE PR st ANl TR 41, s@filrniildry the @nmber set

con ?gufﬁg?)!rg &pi%?ggr&étﬁers 916. In the exenplary enbodi rretfetéﬁ 16 13 March

2006 \OAREADD4 talk careghiy Seistatseisfsmajen; whethenharalyashgn Yonfigure the
Traffic, |l nformati S bk @ fofih hiddedk. Privat e
‘net wor khﬁ%%fv%ya@%%%b%%%%ﬁ%ﬂ%% @n ac'?{%l?l?y 916 using a secure
connect i0p8,skifled in tHpasswould apmeciSe othee d8a chebe incinded iy BsiDocaion; | f i cat es.
This configuration activity 916 may include the foll ow ng tasks, as shown
in Tabl &e¢qr. 10 Table 111 setting the frequency of polling the Wrel ess
Net yor k 220; gighRt & idBficts tBe MRO¢EREHT RiltéiigaandODitketiontfmbdeqn24%n A5i t i n one
pl ace before its serial nunmber is rel eased, .
' 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 inferrogates the LocationIHashtablc 830
and retreves 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
1ast know location for that serial number as recorded in the Location Hashtable 830.
 If the location differs, a Movement Record s 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 ouilines 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 - opeiations. 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-
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- setting the maxi num anount of time that individual cached record can 15
reside on the DEX before it is discarded, setting the m3hacmeodere bet ween
position requests. This is used to pace requests to the nobile positioning
system /rel ess Network 220; setting the m ni i bet ween
posi ti oworoég%égs for the sane M5. This setting is u@g}sﬁ%ggsasce requests
to the nobile positioning center; 20 setting the |ocations 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
entige WAIREkr caPcorfighROhb Thdibc ¥emiktbai dystenf 160 overbar for i ncoming
cal Ié t%%'l'éﬁgﬂéc Ivere _%o c{% he DAN 260 for ‘each. _event not,i fd %ati on (e.g.,
not hi ng jntanetloas sirtiat privabmnetwork (VEN) b condgetingigepfigraiondetivityi 90t of fi ce code,
or the entire called purper). e KL EEAlI SO dcnfricateRi | e stations
t hat hax}‘é‘n%f‘@eé?ﬂreﬁglr]n%l’cgii}’5‘%’%’%@%@3@% S?OC}SNI inforn%lti_on for the
appl i catrih@ncohfievrdtion HCWNNy2HIE. mdy intBdd/the dhlleaas tado, @8 semmB LapleT/ US02/ 29385 5
Addi tionally, the Performance Statistics Cache 914 can store statistics on
syst em pBr f or mance as defined by the systemadministrator. This statistics
cachg can result in alert and reppbldlly activity 918 to report nonitored
system behavi or, either containing routine_inf gr rr@ti on or alerting the
admi ni stratos tstiting thh&eguenexeehfoBing WE?IPESE\E? ¢¥e specifications. This
alert and reporti.ng.actiyi . 09 cdd SR Unk tpBde By of e-mail,
pagers, tel eghﬁﬁé?gfhﬁ&aé‘#g%n%é%g%@hegﬁnot her si m'nl r alert or reporting
actions. In theef)eiabarisrelRageddi nent, the cached statistics may include
tplhgcl(;g!slag\;m ng] Isgt]lc:iggr %%trlnggﬁmgsanfoqlng %inrJe Il%l lil?dix'fié(ﬁal -I(-:grgxle& rtlac\c{rd caﬂunber of CDRs
15 reside on the DEX before it is discarded;

o sctting the minimum time between position requests. This is used to pace

requests to the mobile positioning system of the Wireless I\TéfWork«ZZ{);
o setting the minimum time between position requests for the same MS.
. This setting is used to pace requests to the mobile positioning center;
20 o setting the locations authorized to be delivered to the DAN 260 for each
event notification (e.g., nothing, area, cell, edge, or position};
o authorizing the details of a dialed number to be delivered to thg'DAN 260
for each event notification (e.g., nothing, a classification, the three-digit
NPA, the six-digit office cods, or the entire called number);
25 e authorizing the details of a number for incomning 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 ‘
¢ 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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| 5 nunber of A-interface nmessages processed, i.e., BTS interface data,;

- nunber of cell-based position requests solicited; nunbers Mdrcieetds based
position requests cancelled; nunber of nobile station identifier base
positiop requests solicited; nunber of nobile stati | i.fJ er-based
posi ti OWQOQ&E‘E? s cancelled; 20 nunber of solici tegﬂ}:&lgg%%%}%%# requests

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

Anal ysis Node..260.i n : i Madstice 0360 conprises a
DAN > Contf i gu-gg‘ilﬁ%l}?ﬂ?(zbt&glrbee RS SRR AP D14 ﬁ%&% 1060, and DAN MPS 18
13 Mar chysta0feronRitt 024dRiad ROH6 B0 2adsBbir@onctus sirtitics b ¥8ul e 1070. A

DAN Confi gurat.ion dul.e 1050 r ives. data i ; ell sector
coverag@slg]ﬁﬂsa@ﬁ@‘{\/gep?}ml%ﬁ vazggosrsepﬁg v%irﬁil?(ﬁe@%rt%?g%/h?&g%’ ,%ithgrnd r oadway
maps  1040haibi@Mobid® inf@RBR6 latdeting @pandmiaistrator tht cthemsysteials vendor .
These maps are used to define rqutes use

i _ , b)é I he .r%ffg"ig Model er 1060 to
trans| apeforming ewpife specifisations ¢ Bhig &% FPOTHRE AW ROV HE naps are used
is detail ed . fur REk10BhcetsN tApRGME, AstaBmidshiesSbgeth@ssichilar14. These dat a
areqﬁpdate‘ Wuer?gsrgel J)?ﬁgﬁ"(%llél¥M:';1geSsource changes. F%br exanple, if the Wrel ess
Net wor k aR@ior conigresactibnsi rIn thi exemplary embedimends e cpshgd SRUSICR &BVcel | © sect or

cover age p .10 L he.new.da IS - jfed to the DAN Configuration

Modul e ?ﬂfﬂgg%@m\gﬂ@)’é%%‘é%?%@ﬁ@?DAN Traffic Mbdel er 1060 accepts
15 novenent records from a MovemableIRecord Hashtable 880 in a DEX Mdul e
240. A DAN Traffic Mdeler's 1060 function is to output traffic

i nfor mati on #noumberisCRRsgrocessefliel vel oci ty estimates al ong desi gnated

routes. This information is stored in a _ . .
15 o number of A-interface messages processed, i.e., BTS interface data;

s number of ¢ell-based position requests sp]icited;

e number of cell-based position requests cancelled;

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

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

e number of solicited position request responses received;

¢ 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 o 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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Rout e Dat abase. 1080. A DAN Traffic Mddel er 1060 devel ops these estinates
by determning the route taken by a nobile station base marchl2e0sovenent
records and 20 the routes generated in a DAN Configuration Mdule 1050. A

DAN Traff ] eler 1060 then chooses one route out of ntial routes
and use?’(i%%gz data associated w th the novenent re%%'?@s(%%’ggséssti mat e t he
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 trinmng are discussed in association with 25 Figures

15 and 16, respectively. A DAN Mdul e 260 al so augnents the novenent
records 880 it receives froma DEX Mdule 240 with nobile station |ocation

data_from an, MPS on | re . : ' i on nmodul e
10705 f uPeﬁeWﬁéﬂqnomP‘B@? ?%r fﬁéﬁﬁ’éﬁ%@%ﬁ&%‘%?ﬁ%ﬁ% a&&{a&ﬁ%}t y of the
vel oCi t .88 FPdeBSeéth:0dpvEiag: nhipR5B0.cidv del Wireldg Npe@k ¥ pravideneeded, sends a

request for specific nobile station,.logation data throu e DEX Modul e
240. Thendvpgiwanemyilddd ifem %HW@%@&%E?WWWPW%%P%%‘%E t el ephony

conmuni gL AR koudRRET by WRIraftid Mdteldan 660 BALMSMO 03/ 024132
PCT/ USOE?%S%%@S%%%%FO?(JH sohows theyroute gener tiiﬁg\gﬁferdo S 262a in a DAN

Conf i guthatdet mectdvi@utos plysioalflonations Hew ikt Aaps ERHHY; el |l sector
coverage .maps are. .St or. calyl t Qo arb Bodiicd ARGV eLhedta | N Sstep 1110,
a c'g{)l E@B‘i"o‘r“ ais§oc§ag?%§/§t§g’iqu%%?q{4hg§\ at&aafaasféeﬂ%BO. In step 1140, the

geogr apkiwed Rh@ipe®t | Dor exatmlen dateb Adiceless oNetwiork 280 r dhaagasy thelips 1040 s

queried to determne, all road Sg nts that ' :scell sector.
The r esiHasYciuEeTe t’é‘gdﬁé‘rV“éF%Fg%ﬁ’ﬁc@V?a%og‘ég gg%“ﬁeethfg% 1%%8lsassoci ated
. With thg coll 1566 DAN Configiratiod MRdule@gsent s that cross the boundary of a
cell settor, connecting a cel| sector toélaqrhiaﬂ#a‘? nt lg@ll se stor. The
boundary roalh 2segeeplasy lemodinsaty ca JRAN, dTafp Hogedy HIY 8°¢PBcessing 1160,
di squssed ' 37 ‘R"f@ et Hrisatdbie 88@ in 4 DEX WBklE 246.r om rout e
 process é’glfiée]ﬁ\t%dr?pdést S g(gdll 8‘?15_ The overall process, is repeated for each
cel | se@i DAN TraffiveMddslertsaki60 fitnctioneds tq owipnt treffic IHuBALEER 16 4 e det ai |
bel ow, thi s PLASES eASNRE 3hEP Rilaha RARE. Hnid ARk is 5OHdTA 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 agsociated

. 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 reco;ds 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 quahty of the velocity estimates from the Traffic Modeler
30 1060 and, if needed, sends a reiluest 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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used by the Traffic Mdel er 1060. The route generation process 262 is run
by - a DAN Configuration Mdul e 1050 whenever the cell se@tMdrcie 2@ age maps
or the roadway maps are updated. 20 Figure 12 details the routing process
262b by DAN Oonflgur ation Mbdule 1050 for the exe ry enbodinent. In
step 12?@) G{REST out es conprising the boundary segne %mﬁé%( B¥%red in the
Rout e Dat abase 1240. For exanple, a boundary segnent that connects Cell
Sector Awith Cell Sector Bis aroute fromCell Sector A to Cell Sector
B. These routes serve as the initial building blocks for the routes in the
25 Rout e Dat abase 1240. In step 1215, the intra-sector route between two
boundary segnents is determned. This route is the shortest path, in.
teen of di st.anc "d L ODARY apepdary segnment
over exi Stlﬁ% 3&&%@7@‘% 5‘1*68 N §ﬁ¥r 3%?2?%}%@ frogb?ical S dat abase of

r oadway §fodiiei 1056 &rodraeenipldry edfhbdlmmr oFlkk calbepetomtoovesegon@eps &e boundary

segnents. The GISdatabae S s to define
thg r oasfored il secterom %W%S%ae@ég’ﬂéﬁocac%ﬁgggéﬂ %%%ﬁe@é%ﬂ@ﬁ road from
one i nt §.SefiHaQNs5® ANOLBST1190, theC BdREGhit Ninfomaakiona systent hiatabases ent

invention can use the G data in V\/nat ever formthe databa has been

est abl i etrédning Goaivaymnas PHdsisvayenisd @?%%56’%/ Eﬁafhe short est

pat f ggg%wgee{e%@% Lo ﬁeﬁﬁe&gatsdﬁsﬂlmqaay'a%%mmt@ﬁd Beuoftis a route from

one an adj acent sector, to a third Sector. Figures 13a and b
depi ct aps0 dsbdaﬁteﬂahﬂwthe esibiseploe, m md segments ek crasithe bormdagy of aFor

Il lustrative pur e ce e squar es of
uni formc%ll% tog g ﬁ%ﬁé"ﬁﬁl eclg‘?r ﬁ-{fgén§ ﬁf\\é\%togl %gcei%fu%el r(is%'gctors | abel ed
) A'l' to Segﬁxentsﬁhs? @‘aw}slals ltmesnpuﬂ@cbmﬁte ﬁrmshmmol@hséusged belm‘sblnsﬂows an
enl arged 1 mage of cell sector acent sect this exanple,
an mteﬂssg@,l@i?o}ﬂd’ﬂﬂ’rﬁgt“@ Woulke ﬁ@llﬁerhﬂﬂw Ijé"ééf"&g 9 oa?cepllllztector D over
theysrogguayefif V%‘H&}egé)ib%}grelt%&%rt&clpeélmect&ﬁﬁ(}hé atilaksa it stp20180Adat her i nt er

sector rout romcell sector Ato cell %ector F Qv er t he roadway
f r om poidiatusis@1L0 ntove dgsail below 3R nrecepogenerates 2 @latahase i Pﬂte‘th“?gé‘?“ Sector route

it et RS MG 100, B Py kG S0 B ity DANGRY  from

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 connects 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

95  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. Th13 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 © wvariety of ways to define the road segments. For example, a segment can be a stretch
of toad 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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Figure 13 depicts a sinplified representation of a cell sector/roadway
overlay. Figure 14 presents a nore realistic depiction.i13Tgackbaskd

pol ygons represent unique cell sectors. As can be seen in Figure 14, the
cell sectors vary in size and the roadways within a s [ n be conpl ex.
20 Ret U}Vﬁ’.‘ﬁéz“[l{? Figure 12, step 1220 initiates a Ioo;)‘)cfei'g[w%ﬁ’g% defi ned

I nter- segnment traffic route devel oped in step 1215. In step 1225, the
segnent velocity is initialized to the posted speed limt for the segnent
plus or mnus a variance of twenty-five percent of that posted speed
limt. This initialization step is performed for each of the 168 hours in
a week. In an alternative enbodi nent, the time 25 increnments can be set to

every 15 m te%@%ﬁﬁﬂ?ﬁét%&l n%o%d%{r %?%'n{bﬁfs%ﬁﬁl%s%n iRescatok kdvela i n the art

would apprec € nunber me increnents can be based on any 21
13 Mar clouldféin W &30 B4RR aPElAteB0RtRe 385 thid settpie Kigwesidssndd g. | per hour,

per half-hour, per. fifteen m nutes, o ' | ation for a
per houfleni¢ts ilfispiye GrATRRIC géeﬂgpﬁg(ﬁgpé 5"@,8‘5“3@ @glt m\?sét%-a!a??p: 05%% * Vp, 10
\1/295 8: {he:Ce% Qﬁctéo}gﬁﬁve@geﬂ ﬁ@n\e@d b%squfaif@ﬂf tmiform 568 andvali gnnteint anmel bet ween

12: am an : 00 am_Sunday, i ng,, % 1.0 eqne | = average

vel oci t y3ashowys eixtepn qoll S@‘ﬁ?rscla‘?fg"é’fn gAd tgf)‘ged e-?ﬂ%ktslu%g P%“SS%S%‘EW&%’ Svar,, =

var g&ncﬁ%é%%ég%wsvﬂe@@gemﬁngm becf@IC MEMERIj@entebiterk. Tfdbisr esent s t he

range f: o +2 As stated above, the A S dat abase defi nes what
Conpri semnipls egimetsection Toute wopld bel frams eqlberigpAds sAHhFStor b e 13, a

SEOTENt Y SR Bl TR o, Moot ussediZuand anolher
, to F woylbdidos 68 ckieegtd Hto calasbaiy Fdefer thedossiway Houe peinb 1310 to
point 1320 to point 1340. A third inter-sector route would be from cell sector D to

15  cell sector F over the roadway from point 1330 to point 1320 to point 1340.

Figure 15 depicts a simplified representation of a cell sector/roadway overlay.
Figure 14 presents a more realistic depiction. The shaded polygons répresent unique
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

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

in the art would appreciate that the number of time increments can be based on any
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segnents. In step 1230, the route velocity is initialized to the weighted

. average velocity for the traffic route, weighted by theanaembogsed | ength
oLleapP ssgnent. 25 Ihe ﬁalculation is as follows: vr.7 '- - r dr average
vel oci route r for hour | road segnent s where t [ roi [

by the %&0%5‘&% segnment average vel oci tg at hour | &Cg‘ﬁ&ﬂ’g’g%%f ro;dOlefl ned

.segnent distance of route= ds Were: 30 V"I s connection vs | ds dr 35
22 13 March 2006 WO 03/024132 PCT/US02/29385 5 In step 1233, the process
initializes the variance of the traffic route velocity to plus or mnus
twenty-five percent of the weighted average velocity calculated at step
1230. The calculation is as follows. 10 varr,ryr0.5

5 time division, e.g., per hour, per half-hour, per fifteen minutes, or per minute. The
calculation for a per hour time division is as follows:
v.r,! = Vp 5
var,; = 0.5%Fp,

10 Where: ‘
I = the hour of the week, from 1 to 168, with the hour between
12:00 am and 1:00 am Sunday being 1
5 = road segment s
v,, = average velocity at hour I
15 Vp, = posted speed limit for segment s
var,, = variapcerange of velocity at hour I for segment s, which

represents the range from -25% to +25%

As stated above, the GIS dataf)ase defines what comprises a segment. In the
20 illustrative example in Figure 13,2 segmenf 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 w}elocity is initialized to the weighted average
velocity for the traffic route, .weighted by the normalized length of each segment.

125 The calculation is as follows:

ort]

r

vr.I = d

Where: _

- v,, = average velocity for route r for hour I

30 s = road segment s where the route r is defined by the
' connection - o ~ ofeach segment
| v,, = average velocity at hour I

d, = distance of road segment
d, = distanceofroute= Y d,

35
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Wher e: var, . =vari ance of velocity for router for hour I Vr taverage velocity
for router for hour | The traffic routes and initialized3wrespbdes for
those routes for each of the 168 15 hours in a week, the tinme increnent in
this exenplary enbodi nent, are stored at step 1235 in the Route Database
1080. AFQEP@ﬁbe4o, t he nunber of handoffs for each gqyﬁEZQ%$§muculated.
The nunber of handoffs is the nunber of tines a route crosses over a cel
sector boundary. For exanple, in Figure 13, the route fromcell sector A
to cell sector E would have three handoffs, one when the nobile station
noves from 20 sector Ato C, one when it noves fromC to F, and one when it
noves fromF to E. - In-step 1245, the sector where the route term nates,

the "to sector,” I he sectqr.,. ere . r i oi the "from
sector," to SF?@ﬁ&?’tﬂﬁeIFﬂ%es?lgﬂ}agzq\g%mavﬁﬂa‘{r%gﬁggl?%g% ﬂﬁ%%@%ﬁ?toare stored in
t he RoulgsBainaha seentPRE: pefbeat pf the asighted avapgeatledity calowaehat sfept er - sect or
route associated wth the boundary segnent. The process then returns to 25
t he Roul@dlcdhecaleylafionis f8e™s n step 1255. This process is di scussed above.
The entire Route Ge);grbi ation process is repeated at step 1250, and buil ds
on prior roult®s, ™ nint t he Route Database 1080 contains all possible
routes fromeach cell sector to each cell sector. Figure 15 presents the
Routl@ Sel ect Wherepr ocess 264a for an exenplary 30 enbodi nent of the present
invention. This prggess vafidwedevdlovity farhente r fok bowr Ir oute for a nobile
- station and is perfornmed by the Traffi 1060. In step 1505,
novenent vectors 'afe Fetaﬁ?lé’%eeﬁe‘?‘fc% e %GWJP%? a given serial nunmber. In
the exenplary enbodi nent of the present :invention, these vectors are
retrieved 23l e AP0 Ridkiali Plrbid1tRe 29 3 Jf tpetggodi cal [y at
specified ti intervals, tinme intervals based on the configuration of the
DEX15! n hlue n d&ddh, the tims! inérement @rf thisrrsemplonyrmathodimsah ereoitereddisiPi ated with the
nobi | e fion_is ner at ferry i f 4 xanple in
Froure 1555 abe Roverigs (b, 8 Gpii2A0, b8 nblifer SRR Y BT DT 1
cel | segtfd islRalcliiRdC ght nh@bér ofakmikfRtis 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 toute 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 refrieved from the DEX for a gwen serial number. In the

' exemplarj* embodiment of the present invention, ﬂ1¢se vectors are retxievedr
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10 tine t2 while the nobile station is in sector G The sane nobile station
a short tinme later, tine 't3, places a call from sectori3\Nagn 200 cal |
termnates at time t4 in sector O The DEX woul d have devel oped three
novemnen , one fromsector Dat tz to sector ne from
sect or g,dé@%%glgfo sector Mat t3, and one from sect or%ﬁ&%gsfo sector O
at t4. The polyline associated with 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 previous paragraph, the start and
end sector pairs would be DG DM DO GM GO and MO, In other words, the
start and finish pairs conprise the conbination of all points that

conpti se Lyl vl heseal aRfiapgi@est or pairs,
stepg 15%\%@?%%3% P@@g}sg&c&]uerl %g’qé[ﬁée dat asgg%g& ?lgr&@al I fg?affi Cc routes

bet weentielBEX st art and end sector pair. This query returns all information
about the r e red.i.n t Rout e t : enpl ary
enbodi nment o]f%u#t%fglﬁ’rae%o@mneioﬁglg r‘R‘%VS%?“Q?%?@@%%‘?%? ?}vil)t;nl ﬂlsér}%?]%%es the route

| D, the @auet A%enatabd Rdriagth thy Hluksteative exdmpidia Rigire d3.tagsumeghattehat route for
each of the 168 hours in_a week,

t.he 25 begi npi angd, endi ng _sectors
associ amedilgstenon plages p sl at tmahy Wil 18,661 é?cg%rtﬂuﬁg%ﬁﬂgﬁemﬁﬁtﬁ%%tf fs
assqgi ated Wohile B Snob@thtfionit & SYRAD. Ay sRhOMEbie Astbn)zsherigiaeh of the
possi bl e rotit es, as shown by the 1loop initiated ijg?i}.ep 153(8. In step
‘h

1535, t heterhtimeltf placss & call fram septer M audsie cathlermpyesst 568 ¢h 2006 WO
03/ 0241 U 3 i | : ‘ | vat
iﬁ? %i}f ng%% ﬁéfe %ﬁ%lg%eggtﬁeg moveritht FEEHE) Ak ?frohfé‘ehﬁi' oug if at eval uates

how I ik e station traveled the route being
anal yzegectdi@atsts; onefiom seddrod bt eseator Modt i et oneifisgoseetoshbatdate BH + (co x H)

X 1 Ah 1+njz Were: O H= n er of h fof t iven polyline
L1h = aBeHng & i h"eﬂ%‘%”é& aﬁggﬁﬁgmtﬁgggwggnﬁgﬁ@%ﬁb} %’%%DJQS%% ed handof f S
nx Fsnugpgyoof routes where & =0

Tn step 1515, the polyline is broken into start and end sector pairs. In the

example presented in tﬁe. previous paragraph, the start and end sector paits 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 velécity 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 aésociatéd 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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BH = base handoff score (default is 0.9) Co = handoff weight (default is
0.01) 15 In step 1540, the handoff score is conpared tolzaMarcht?ofid val ue.
If yes, the route is saved at step 1545. If not, the route is discarded at
step 15 saved routes, the velocity over that cal culated in
step 15 nggﬁl % based on the | ength of the route a,ﬁﬁk’tﬁgﬂi@ég, nni ng and
endi ng tinestanps associated with the novenent vector 20 as supplied by
the Data Extraction Mddule. The velocity is: yr = -a-' ts ti Wuere: v,. =
velocity of route 25 d, = distance of route t2 = tinme of tinestanp2, the
end of the novenent tl = tinme of tinmestanpl, the start of the novenent in
steps 1560 and 1563, this velocity is conpared to the nmaxi mumand 30

m cut o [ t It tafdn val ues are
basegu off’ 0\15%1%&63( '"'lmylgcl@g%h%%gﬂlg%ﬁ%?%c}?&tlgtha%m%ﬁ!t)ﬁe&%at abase 1080 and
a pr esetratdddtherue beimpemblyzain Thescos iptaltiedasfollowsof st andard devi ati ons
used to cal culate the maxi mum and m ni mum cut of f val ues. For exanple, a
systemwith a wide tolerance may set the nunber of standard deviations in
the acceptable range tg t or four, while a system 25 13 March 2006 WO
03/ 0241 Fan®EFSddB2/ 29 * &Q?I)h—ainarrow tol erance may set the number of
standard deviations to ohtAer tdd-7z The maxi mum and m ni mum cutof f val ues

are cal cul at 8deras fol l ows: Vmax !~ Vvr, tt + (Cll v~r,, 10 15 20
10 H = the number of handoffs for the given polyline
A = ahsolute difference between observed handoffs and expected handoffs
71, — numberofroutes where A, =0
By = base handoff score (default is 0.9)
1) = handoff weight (default is 0.01)

15
In step 1540, the handoff score is compared to a cutoff value. Ifyes, the route

is saved at step 1545. Ifnot, the route is discarded at step 1550. For saved routes, the
velocity over that route is caloulated in step 1555 and is based on the 1ength of the:
route and the begimming and ending timestamps associated with the movement vector |

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

dr
T =4
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 tfo calculate the maximum

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

pumber of standard deviations in the acceptable tange to three or four, while a system

25



Where: V. V,t, Cv vary,,, maxinmum cutoff velocity velocity of route at
. hour tx cutoff for velocity conparison in nunber of standansrci@uogmti ons
vari ance of velocity for route r at hour ti tine of tinmestanpl, the start
of the pmpvenent. V,i,i < W t, - (Cv varr,t, Were: :F = . mum cut of f
vel oci ty 0%;'152: velocity of route at hour tt CV =c¢ t@‘?“’f’%’?&va ocity
conparison in nunber of standard deviations var,,, = variance of velocity
for router at hour tl tl = tinme of tinestanpl, the start of the novenent 25
Routes with velocities that are |l ess than the maxi mum cutoff velocity and
greater than the m ninumcutoff velocity are saved at step 1570. Routes
with velocities that exceed the nmaxi mum cutoff nove to decisional step
1565_to deternmine . if the route b ' : t etrimed if
it i3 'cB"ﬁ‘Srq LWOPIERATPT Ry & %8&%@%?3& Sﬁnh ﬂ?épgﬁ?%qgéﬁe%g@??i med, the

pr ocess TRPH@Sinuth Mt efinikfibeutdff vahids aretcaleuld®@dmofoilewss di scarded at step 1550.
The results fromthe,route trimmng process return to the route selection
process 264 gt §t,,ep+ﬁg§8 .vallfo; routes that are saved at step 1570, the
process noves™ o deci si dn st ep 1585. If another route nust be eval uated,
the process Eetyrns to step 1530. If not, the process noves to velocity
estimation a ep 1590. 26 13 March 2006 WO 03/024132 PCT/ US02/ 29385

10 Ve maximwm cutoff velocity
| | Vy = velocity of route at hour t
C, = cuioff for velocity comparison in number of standard deviations
var,, = variance of velocity for route r at hour i
t = time of timestamp,, the start of the movement
15
Viin SV — (Cv * /var,,,l )
Where:
Vua = minimum cutoff velocity
.20 Vi = velocity of route af hour t;
C, = cutofffor 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
segine_nts. If the Toute can be trimmed, the process moves to step 1575. If not, the
30 muﬁe 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 vglocity estimation at step -

1590.

26




5 Figure 16 presents the process for route trinmmng 264b for an exenplary
- enbodi nent of the present invention. This process 264b i3 Maicb@plid hat
conpares the <calculated route velocity with the nmaxi num cutoff velocity
for thalygRiiis, The process then renmoves segnents frfqg:pﬂ_[ HEhgut e and
conpares the new velocity with the cutoff velocity. 1 She Initial

cal cul ation of velocity, the Traffic Mddeler 1060 10 assunes that the
nobile station is at the farthest end of a cell sector in relation to the
end sector location and simlarly that the nobile station ends at the
farthest part of the ending sector in relation to the starting sector.
These assunptions make the route distance the |ongest it possibly can be.
By rgmoving o8R0l Hescdls B iiSesseitfl rifte tik@ming0264B. fof AR dkemplarybecomes
shorter and the velocity cal'cul ated by the Traffic Mdeler 15 1060

decr eas emb¢dimsttmfikerpresouttiovention e Thig pivgess 264 isadecn thaecoswares dhsyi el ds a | ower
aver age r.oute.vel.ocit v LI'S oop (counter
equal tSal ﬂate%é?utgﬁ elé%ﬁ}e}’pwit@&hg%?%{nﬁﬁg%\?}tg ogﬂfi‘t"’é?\]?gf lﬁﬁeﬂ ?g tg'ulg_]%éed in the
rout e segtozedsithun emoeasegrientefirfinghe mukbind dDmparss the neweyslacdy Svithooks t o

determne if the route velocity is.le ' vel ocity for
t he rouﬂ@. c“l‘*‘g% V%B‘Eﬁye I{?éﬁleo@iltﬁll géc?lﬁté‘%n ¢ rvgiq%@@gtﬁ{ﬁgaﬁ? e rérfaeg}f%m vel oci ty,
t hle 107 0§ %ﬁﬁ]ei @b sobile ét.‘fiﬁtnri@atttbe ﬁﬁh&%ﬂd)dhf apﬂenﬁm intelstiongo |11&20. For r ??t e
velocities that are equal_  to or _greater than,t i num vel.ocity cutoff at
step 16¢8 sectoplocpionad smilgdy thagthe mostle 3@&“86%@?%%&@5‘ O%éhfo | f the |oop
count er e%c@%&‘&;bﬁ ih D8aticR "0 G8S SarkifP sct@! T RSEHMIYNE Gnake @hdfouteN the route.

At step e process 25 determnes if there are nore than two segnments
conpri siistntethe langes it postiblp obebe. nBYy ngmovieg 3 segmenigat cither ed of thée process

renoves the first .s n e L rocess

I ncr erreﬁ‘f"ge’tﬂi"?emlu obﬁg%%n%n#‘%grtér%?h ?Ebe‘f)&%g%%?h@?w? hg ?%elgr%gicnlt\)@gﬁﬁgfe than two

: igggsn'lt ?0@({ ﬁédﬂ@sé%egi dhoitargroote ml'dgzlce;dcnme a ﬂxlaétipwqwst d muéidrse_g lb‘ﬁ'eldeci ﬁi ont ﬁt ep
. e answer, to_step i 00p ~count er _odd, i S, en the

pr ocess 2YR5ESIONS VERE) 3 dp %%ocﬁﬁoét‘?pefq}bhtg‘g gﬁ? ror‘?e 3?‘?“&%? Sﬂltlag k aﬁ’ni s step

exi sts RECAYRE 1608 iPHRGRRRIL Yalie calBElated LMk thifte Sdlewtion peocBssesed S even”

branch, so a yes result neans that the process is flawed. If the result in
step 16&uwrsld)o, the process noves to step 1635. 27 13 March 2006 WO

03/024132  pegision 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 arc cqual to or greater than the maximum velocity cutoff at step 1615,
the prbcess 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 fo 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 ro'ﬁte. This step exists because the process just came

from the “loop counter is even” branch, so a yes resul{ means that the process 1s

flawed. If the result in step 1640 is no, the process moves to step 1635.
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PCT/ US02/ 29385 5 Step 1635 determines if there are nore than two segnents
conprising the route in the ending cell sector. If so, {3Wackkeogrocess
renoves the |ast segnent at step 1655, increnments the | oop counter at step
1660 and is returned to the beginning of the process aé{s tep 1670. The
process WOHPUHMIL t 0 the Route Selection process when H4h izng?g not nore
than two road segnents at either the begi nning sector ending sector 10 of
the route or when sufficient segnents are renoved so that the velocity is
bel ow the cutoff. The Traffic Mdel er 1060 estimates a velocity, based on
t he possible routes the nobile station followed, as indicated in Figure
17. In step 1710, the velocity estinmation process 264c is triggered by the
route sel ectj,on SsS .264 n el S selected
fronall th ég#gﬁ e%etselgﬂ*eka%réts‘%?%#z/%%ﬁsgy%gﬁtpg%&rfﬁ%i&on process
(see Fi ghukinihd enditl tdleseenor nTflsay there iHequioasemntemotest the 13st ssgwaet #nventi on, the

"best" route is based on,a statisfi.c nal,ysi s. of gi!”%'ti es and

handoffS%é?@s“\"fﬁmenﬁatﬁ%hﬁlﬁgwgﬂré%?tﬁ@ a5 epy eldst{):a%a\é anafysis results

in‘a z §eqL ?,ﬁ,t;% aBRE1 6705 Tinb bRcesk utiirhs to@heRSutE Stlectionprachss velren woul d

appreci ate at a variety of statistical alglal ses %0 egﬁgixul d?oge performed to

sel ect there drémot more tham Bwo padsegments alsither thebeg S RPPRSERE i ni num of

e ho! | Ok IS LRIES ShRienMoBE& ard rcARALA §d thitthd doldd s Beldy fhe2S Where: 032
[ ef au

gﬂ fouScore s 0.3 weight of handoff score default is 0.7
z-scor eg@tbffvel ocity at tinme t, handoff score tinestanpl the start of the

movement 28 %‘I:?e %{"fchl\mz)g&gr 106 Ottt ]a%ld?:ﬁ}-,/ 345026288 §mssible routes

the mobile station followed, as indicated in Figure 17. In step 1710, the velocity
estimation process 264c is triggered by the route selection process 264b. In step 1720

15  the best route is selected from all the possible routes that survived the Route Selection
- process (see Figure 15). In the exemplary embodiment of the present invention, the
“hest” route is based on a statistical analysis of the velocities and handoff scores for

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:

 winl(w, *2, )+ (@, * )

25 Where:
@, = weightofz-scoredefaultis 0.3
w, = weightofhandoffscore defaultis 0.7
A = z-score of velocity at time 7,
h = handoff score
30 Y = timestamp, the start of the movement
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5 For the best route, the process then calculates the route velocity at
step 1730 The velocity is calculated as foll ows: *s vi3 Macth 2006, d r 10
Wher e: = average velocity for router for hour | = road segnent s
where t i s defined by the connection of e vs , =
averagegeeéocﬂgy at hour I 15 ds = distance of roadqgggﬁgggg dr = di stance
of route Y ds At step 1740, the process cal culates the route veIOC|ty
based on the overall route distance and tinme. In other words, the route
~velocity is the ratio of the total 20 Iength of the route to the tine it
took the nobile station to nove fromthe initial location to the ending

| ocation. Step 1745 begins a loop for all route segnents. At step 1750,
the differe { 1B6te veloGity Mstept1gsl. Thi s

di ffgr ence, nfoj_}ﬂébetsﬂ%égd Pﬁr& esqgéf7%lgﬁ?fgb(@f cul ate g}nev?/psegrrent vel ocity,
as fOIIQthde@unmkmhﬁdméﬁﬂbﬁm vd fj * vas v Where: 0 V., V hour(fl) s
vdf 30 vary ' Z varat,~ the current velocity on road segnent S average
‘velocity for segnents for tine stanpl

.
vr,I - d .
10 Where:
v,, = average velocity for router for hourl
s = road segment s where the route r is defined by the
connection of each segment
v,; = average velocity at hour I
15 d, = distance ofroad segment
d, = distance ofroute= 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

dlfference, Vaip, 18 used in step 1760 to calculate a new segment velocity, as follows:

' haur(tl)
0 haur(l,
y, = + V
- ZV

25

Where:

v = the current velocity on road segment s

v "™ = average velocity for segment s for time stamp;

Var = the difference of the observed velocity and the calculated
30 var, = variance of the velocity for road segment s at hour 4

Y vart, =  sum of the variances for each of the segments in zoute r
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the difference of the observed velocity and the cal culated variance of the
-velocity for road segnent s at hour ti sum of the variantkMafchi2086@ch of the
segnents in route r 29 13 March 2006 WO 03/024132 PCT/ US02/ 29385 5 The
differ ewosi{ggﬂgpe two velocity estimates is a measur epcolfmstoi}%:aé’sa” ance in
the wvelocity and the cal cul ati on above establishes a néw variance (as
conpared to the initialized variance fromstep 1225, Figure 12) based on
the calculated difference. In step 1780 the average velocity by segnent and
variance is updated in the database. These values are determ ned by the

foll ow ng equations: 10 15 Vs 20 25 30 vary - hour(t,) 1 - nr | n hour
(11) hour (!',) + SS Vs - Vs nhour(t,) _1 1 nhaur(t~) + (VI nhaur(4) s
5 The difference in the two velocity estimates is a measure of the variance in the

velocity and the calculation above establishes a new variance (as compared to the
initialized variance from step 1225, Figure 12) based on the calculated difference.

 In step 1780 the average velocity by segment and variance is updated in the
database. These values are determined by the following equations:

10
p o (1) oo () 4
hour(}
hour(8) |, hour(t) % nsﬂtﬂ‘ v -1 +v D g 1
Vs =|, hour(#) s nhnur(tl)
n.ﬁ' ¥
i b 0 howr(n) )2
oty _ (i@ (lor ~2))+ ("s ~v
15 var, - hoir(4) _ 1
n, -
- Where:
plor® = mumber of samples for the segment s at hour t;
v, @ = average velocity for segment s for timestamp;
20 var @ = variance of velocity at hour t; for segment s
At step 1790, the process updates th;' average velocity and variancg for the
entire route. These updates are based on the following calculation: '
25
hour(t)) - hour(t
n' @) = n, (%) +1
Z[v hour(t,) *f—i‘LJ
oo s .
. hour (4} = dr
r . dr
i 1) 1 )y 2
—_— (Var:ranr(q)*(n:our(t,) _2)) + (vr -V, ourt )
30 var, - hour{ty) 1
n, -
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lwur (11} hour (! ) r haur(tt) * hour(tl) - a hour(tp 2 hour(!)" ~ lv~s Ins
-~ ~+ Vs -Vs vats ho{rr(tj) n -1 s Were: nhour(ti) s fsaMarck2Dosunber of
sanpl es for the segnment s at hour t1 average velocity for segnent s for

ti WEStaWnam?ﬁEi ance of velocity at hour t1 for seg ﬁ%ﬂﬁs tep 1790, the
process updates the average velocity and variance for egnf?si re route.
These updates are based on the follow ng cal cul ati on: nhour(t,) nhour(t,) +
rr Vr hoar(g) dr ~varhoar(t~} * rnho w) - 2))+( Va - y hour(tg)"’ ’
hour(!) - r rr 23,013 March 2006 WO 03/024132 S 10 Were: s

5
‘Where:
8 = road segment s where r is defined by the connection of all
segments

d, =  distance of road segment

10 d, = distance of route = ) d,
a"® = pumber of samples for the route r at hour t;
v, hour®) = gverage velocity for segment s for timestampy
var*®) = variance of velocity at hour t; for segment s

15 In the exemplary embodiment of the present invention, a separate module, the

MPS Determination module 1070 of the DAN Module 260, operates to 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 2646 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 wvelocity
estimation process 264e (see Figure 17 at 1795). Step 1810 initiates a loop for each

road segment analyzed in the velocity estimation process 264c, the MPS

25  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:

_ zi/g Varshour(tl)
n= e
30 _
Where
Zyra = 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 = ishalfthe width of the range (e.g. +/- IOMPH)
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- d., dr nhour(t,) - r V haur(fi) - s varha"") - s PCT/US02/29385 road
segnent s where r is defined by the connection of al | stgMerhL006 st ance of
road segment distance of route= Y d, nunber of sanples for the route r at
hour ti w@ﬁéﬁl%ﬁgf velocity for segment s for ti mastarrpl;lC Emggce of

vel ocity at hour ti for segment s 15 In the exenplary érr%sgcfl nent of the
present invention, a separate nodule, the MPS Determ nation nodule 1070 of
the DAN Mbdul e 260, operates to assess the quality of the velocity
estimates fromthe Traffic Mdel er 1060, based on the nunmber of sanples
used to generate the velocity estimates. Step 1795 fromthe velocity
estimation process 264c serves as a gateway for the MPS Determ nation

m)dug e 1070 20 polling the Traffic Mdeler 1060. Figure 18 presents the
operation of the MPS Deternination nodule 1070. In step 1805, the process
pol I's t hedT{mﬂ]{emnwdmﬁaamplesescdim&miTm@ﬁ@ rodelie aquabito grrRetst thaB| ocity and
varianc a romthe | oGl t estl ' : ar8Re Figure 17 a
1795) . é"ﬁg%%_g?rn‘i Ci“ﬁ%sa?%e %8018’ ?%1# mgtg%:ﬁf%ﬂedr?%a ?ginslﬁe@%% anaﬁyzeg in the t
vel oci t 3 septiigdmtifest, Heaegnmt Radded tb He NIFESr@BesDitt of siemidd end fdul e 1070

determ nes, at step 181 t he nunber of sa [
evel " olop i EPeeh e BMICPh b ot 360 ol fRapeg pare beshic, “o o
req?‘ﬂ: r e&agﬁt%,ﬁerh? ocSRIRERS 1843] reiedésfodin fHeuuts Mutabaei8B0 2l raxedscul at ed as

fol [ ows: )
' 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® resoutces, revealing a desired element

15  of the exemplary embodiment of the present invention.
Tn summary, the present invention relates to a Traffic Information System
. 100. An exemplary elﬁbodiment of the system comprises two main ébmponents, 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
20  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.

Tn 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 t_hé geographic layout of cell sectors and roadways, 2
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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Z, , , 2var3 E2 30 Wiere xal/2 - is the z-score of the confidence
interval desired (e.g. 90%or z 1.645) vars"'(.) = varitidach200he
velocity of the road segnent 35 E. - is half the width of the range (e.g.
+1-10 N%OSE)JMI}ZB March 2006 WO 031024132 PCT/ US02/ 29%’3[/&0%{593§;1e nunber of
sanples used In the Traffic nodel is equal to or greater than the target
nunber cal cul ated at step 1815, then the segnent is not considered further,
at step 1825. If not, the segnent is added to the MPS request |ist at step
1835 and the loop is repeated at step 1840 for each segnent. Once all the
segnents have been 10 eval uated, the process, at step 1845, retrieves from
the Route Database 1830 all routes that contain the segnents in the MPS
request | I st M)Q%@%e}eéé NotvRRk 286 inift6ve @E opeskal guligsoftheequest to the
DEX Tor nobile station |location data for nobile stations on traffic routes
cont ai ni¢lepitylestichatest ed segnents. This limted use of MPS data mnimzes the
| oad on the Wreless Networks' resources, revealing a desired elenent 15
of the exenplary enbodi nent of the present invention. In sumary, the
present invention relates to a Traffic Information System 100. An
exenpl ary enbodi nent of the system conprises two main conponents, a DEX
Modul e 240 and a DAN Modul e 260. In this enbodi nent, a DEX Mddul e 240
extracts data related to conmmuni cation activity of nobile stations from an
existing 20 Wreless Network 220 with m nimal inpact on the operations of
the Wreless Network 220. In an exenpl ary enbodi nent, 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

~ categorized based on the type of phone cal
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made. These traffic data records are further processed to generate novenent
records 25 associated with individual nobile stations. {3Maehesespl ary
enbodi nent, a DAN Modul e 260 conbi nes the novenent records fromthe DEX
Modul e 240 with data associated with the geographic |ayout -of cell sectors
and roadways to estimate travel velocities along specific travel routes.
Wth the data associated wth the geographic |ayout of cell sectors and
roadways, a 30 DAN Modul e 260 generates maps that overly the cell sector
grid onto roadalM$raps. These overlay maps are used to generate al
possi bl e travel routes between any two cell sectors. The DAN Mdul e 260
may al so retrieve nobil-e station |ocation data 32 13 March 2006 WO

- 03/ 024132 PCT}- UBO2#tom S@xtgting wehicalir mPBmsat infoppation asise Nesrajiondt dgp dort o
inprove [hhigeSlaalds Shdrstl ifhigliboslyistifEwirdl &b Rfchbhohy 8SthiiBLa6Sn nedwork theMar Ch
2006 CLAIMS 1. A system for extracting vehicul ar” novenent information using
operéiioﬁ@?mﬁﬁﬂﬁmﬁﬁi nobi |l e stations operating in a previously-existing

wireless tel Sprgniﬁlo@égm%%})&ﬂé,i Q:@ilcﬁlg,l }(’&@ﬁ;{i@ﬁi he 1;h5t ;s;aﬁﬁlgmlaea@r teﬁdpllitglyha
processor nodul e, | ogi ca coupled to > existing Wreless tel ephony
conmuni cEPITBRICHMNRSH ,rk»&@@%'as % g%nafa&e%alfl@ﬁ@ o Lb"tﬂllfr‘gﬂ‘ﬁ fegor E*’E'?“;P‘? M€ data
rerorﬂs ERf66haDdath BBain@P /6@ the BAdting atiRleedicRbiad chihdhitdion axiweik, BghW r el ess
t el ephon 0 ni cat.ion.net wor eagh .traffic data record jdentifying a
et ontac Fith MoRa HERATE Rsron o Ditn s B b ot e e RS2 eanony
comiti celepl@ny cedavmidgtidnatetvanniefop bnet df thenmbilé sathadtiapasicasr tanepahdréic thear ti me,

‘wherein the rocessor nodul e conpr,i.se privacy nm e % ﬁﬁ 0 renove
2 mobi 1 el BRSSPy bRl BRE SRl S (RIS BRE RS 2, Lo
from eacihnbtr itléntifyingeint pfthel apbilersationsdmm ¢ach ofdn teattc datrerecandshiolreplase Biei on
I dentifi 851)&1@ WIRS ialdfibd Mo biAh tleGrafiftt rr?c%f?f i &ﬁﬂ% ittt gnh Gt dn?y! ng
number, and to maintain a relationship between the uniqué 1dentifying
nunber aldnaintein ¢ eepsfionshig batwieed the wrigueiidentiflyng njnglean pad thereplacadieobile gatign
15  identifier number; and _
a movement filtering and detection module, logically,;;goupled 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 locations within the wireless

20  telephony communication network for the same mobile station at different times.

2. The system of claim 1 further comprising a configuration and monitoring module,

logically coupled to the processor module and to the movement and filtering detection module,

operative to configure the operational activity of the processor module and the movement and
25  filtering detection module and to monitor the operational activity of the processor module and the

movement and filtering detection module.

3. The system of claim 1 wherein the processor module cqmprises: a plurality of file
interfaces to extract location movement data from the operational data for the mobile stations as
30  obtained from the wireless telephony 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.
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a novenent filtering and detection nodule, logically scoupled to the
processor nodul e, operable to generate a novenent recorid Marcheepdnse to
processing a pair of the traffic data records associated with a wirel ess
comuni cation activity by a sanme one of the nobile stations, each novenent
record conprising first and second | ocations within the wireless 20

t el ephony comruni cati on network for the sanme nobile station at different
tinmes. 2. The systemof claiml further conprising a configuration and

moni t ori ng noHuilee systegypialkimy 1 dethst eemarvingya igtedeces ogicallyoepyprled héhet o t he
novenent mghshehd ﬂilieﬁﬁg 5}91 di;%‘eh%t thQReTRAPEE to corRfRhike \teoht BoveRet: rdbfdao tahe
operational activity o praocessor. nodule and the novenent an 5

filterintptaroelsis posk t‘rﬁﬂﬁflaé e‘éﬁlfaﬂ?rbofﬁ‘slﬁwt B tratiig chaprisrisigs dor g velenlan il %59 of the
pr ocess OjredTBbtifedaRh tHiCceli ngRMENRIVErag ed bl BRI WiRgess @dl@BbdyosdniRgichdn 3. The
syst%‘n of claim1l wherein the processor nodule conprises: a plurality of
file2int®f%ces to extract |ocation movement data fromthe oper ati onal
data for the nobile statl ons as 30 obtained fromthe wreless tel ephony
comruni cationg n engine logically coupled to the

i nterfaces tgs gg-h Sryﬁf% ?ﬂ%‘ pl’g"%é?r Pt ™t raffic data records in response
to the extract edn |apdgdis (oonﬁgmummmodde,t Bgicdly toplebroch REH6Goné. datdhesesyst em of
claim1l [ i.nte | eqi Gal u t novemnent
filteri nlgolﬂ{ Eg‘%e{é Jc{c’? Mg%e ag%ldg&?ﬁ?opo?(g ?lni%:run}lylsctfaEl e%e@g;n &1% ment record
t o al0 datomnamizhtjoss memde apd geegsAphic lafonwm uiat ireadways wihin obe aell tsecdrf i ¢
charact eédv&%%céreaf OF it ééfré? s§ H'éléyhorfy &rrhnfag cf n§%eé%§o§19 GpabBe Vot ddrdid reCel |
sector cover area of e wreless te ormuni cati an . net wor k.

The systBnaly qf |tegffip putes mtwmﬂr ang gpraf sthfhgﬂll %ﬁﬁmﬁnlaﬂ professingothe icgil seetaron

. nodul e, éo%l'hé‘e%l’éa)fnf&%éﬁ&?ﬂdmé g@(gg?:' dpBR HfordABorBf RRARSs; akPNPr i sing cell sector
coverage area information for the existi n% W releSs tel ephony 10

conmuni cati ons AdRisrRodglcE mgede resealy cPHG Rebs Wlﬁﬁﬁommg‘owl?’hl n the

cel | 15 ecRfable Y 8éndae aa;?:'lﬁﬁht?fof Eeﬁ@re%rﬂﬁﬁyeﬁﬁceﬁﬂgQQMWntQm RirGR bl net wor k,
operabl e to generate

lity tr rout es between any two of
the cel | Stigpy m@nwcq%ba@@i%%f fhe el lesog asffc ToB ey BOKTRR FHF8r mat i on
iand t hlel @ﬁ@gﬁlagi)ﬂiscmméﬁhm&u@ﬁs ittiin ﬂﬁ?ﬂmyssteleﬁ{bdy acathrhlaﬁcfatl&h tebekek e{;l modul e,
ogi ca coup to.the i s confijguratjion modul e 0 eto
gener at e%‘é S%?eu‘fl@"‘ldlf Siptigy at eée"¥ g’i’i‘ﬁst’ 8%°H tgﬁ?c&de COPH S SR a“l"g(?% s for the
- nobi | e average velocity for a vehicle along a particular one of the traffic routes at a specific time.

20

6. The system of claim 5 further comprising a mobile position system determination
module, logically coupled to the traffic modeler module and a mobile positioning system for the
wireless telephony communication network, operable to request mobile station location data from
the mobile positioning system if the average velocity along the traffic route aSsoﬁiated with the

25  particular data record at the specific time is below a confidence level.

7. The system of claim 5 further comprising a route database, logically coupled to the

traffic modeler module, operable to store the plurality of data records for access by an end user.
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stations within a context provided by the plurality of traffic routes, each
-movenent record conprising first and second | ocations vi3tMamh20@6 wirel ess
t el ephony communi cation network for the sane nobile station at different
times, each data record conprising an identification of the average
velocity for a vehicle along a particular one of the traffic routes at a
specific tine. 20 6. The systemof claim5 further conprising a nobile
position systemdeterm nation nodule, logically coupled to the traffic
nodel er nodul & dn@ethodfebilqteminéng traffisnyelngitiss 4 prerfrafifisy roptrpbassg enapessgente| ephony
comuni gt inGkleN@AioRY $perBRe WG previb@UMEEtindRRELR BlkpiohP Borh&adatio dat a
from the nobile positioning systemif the_ave_ratge vel ocity fal ong the
traffic POUIE CHBRSIESEY STRof Foverpae MEGOY?QPRPF‘@JYI HEHC Fus Ve Re

speci f i Cpltualify of &llkediycansRRE idenRpeofl evel . 7. The systemof claim5 further

conprising a route, database,. |l qgically coupled to th raf fi c nodel er

modul B, oper abl EHIESEHA SR T AT O THAY S ] ST BEEBYE by an

end user cell3&ctdk cveldae araa AfMbatidn fo ekt Wiedesdieleghiony conigtnica@dnk newurkl oci ti es

along traffic [ out es ba}seq on movenent . of m)tp | e station geralti ng within
. and 39%?(9 ic; information for 10a “fag‘f within the cell séctor. cov%ra%a arca Birgless .

a previ ousl%/ Isting Wreless ephony” comruni cations™ het Wwor K conpri si ng

a cell sekplony covewmagtorangwodyad| apping with the traffic routes and having

a plurality of; . : I a
ural ity of tr EFIimRE il ORI ElROIbRRLSEERG, Zloncl S EA
proctlsi eng ofcth¢ mobides stafiong by eraagpeing mwacthent aecomls ifenthé anobilh slatéoni withimg wi r el ess
t el ephony.,cOMmUNLdnaki RARed M alitd BE - BROQEAL BAR rodERRLoA Rohsingoadway s
within the cell sector covérage area of the wireless telephony

cormmuni cimst a9 seqeud lnentiens wighin the strelessyiplppiiony prapmpunicaiionmetoek B9F a s3ee eaf fi ¢
routes tgmayah@ie Mids ¥ATrerdnCiARS0E teAbSitly Woldhentld? RREndhoiRStatidPhdde st ations
by processing novenent records for the nobile station wt

hin a

geogr aphi cal coftiedaing @ ssiwefe plAnaerags iosity 1y astandarddeviation of peloeity dach
MOV eTBeNt thé Géhvlehs§oRiAiRl with thd mobild sidtioR MAnSBE Riibul P RBG alM SpBlific e Wi r el ess
t el ephony conmuni cation network for a same one of the nobile stations at
different tines and reéftecti ng novenent of the sane-robile station; and
- calcul ating an @hd mehddef ohind8) fisther @@@rived tcitépi oind a standard devi ation of
velocity of 15 the_.vehicle associ.ated with the nobile stati al.ang the
bar i cul ar tr af FIPEE s SE REEF e Fiehd S o ghenonh B et IR s
further eduipg ivdicke tehphsy epanahicgnetcdtdrkgeaah plafficadatd yecodl idemiffing adat a

recoidjs 1ba ed_an operati Qnal data fr

ocation’ wr e cell ‘sector covefage area o met“bn%less telephony communication network

for one of the mobile stations at a particular time; and
generating 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.

25 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.
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exi sting wirel ess tel ephony conmuni cati on network, each traffic data record
identifying a 20 location within the cell sector cover dgManck200F t he

wi rel ess tel ephony comuni cation network for one of the nobile stations at
a particular tinme; and generating a novenent record in response to
processing a pair of the traffic data records associated with a wireless
communi cation activity by a sane one of the nobile stations. 10. The net hod
of claim9 further conprising the step of receiving a continuous f|]ow of
the operati ond TH%Fﬁ‘thEGFrF]PWb 9\futhsr sxuprisivp din¥eR OlcRiRTFETRECHE PEFLHor k. 36
13 Mar chuz@0 Eata, ﬂelcora-@iﬂ( ﬂ&iﬁbh?gﬂ c@tfainﬁ@ﬁd&iat&l fn!ﬁfrﬁlhlﬁfnda@@giﬁtééi %ith ¢helop@atidng@lp Of
processi plurality of traff.i ata recqrds renpvi ng certain

Cont 1 denfiifor FisPiaTfHsH: SRers Ritkib he i erHE ISR ST O, e t he

nobi | e ‘spratdsonsstepeemprisinggfontdeh bithé fdfivdatat@ss, thedtgplbdny comuni cati on

net k, the processi S conpr. si.n Qr ch of the traffi.c data
rec\glr)gds, the stéps o ﬂ?egp O{é{gﬁoﬁtaucfnhléle%%v L?Pe[hgt%a?ﬁcogatfl %cﬁ’fd:af”il tfér"”l Fi%he
traffic dattdyinemober, wmd h a uni que identifying nunber; and maintaining a
rel ationshi p betugenihe rélﬁi%hﬁﬁaeget\%@thee 1l Qbbilc A0 fideGlindda e uni que
identifying nunber to assist the tracking of novement records generated for
t he sameunignsifidndiytngaimber. toassist 2he Taekingnef hovenwht sraing@enmiad faithe sdme st ep of
creati ngyaniflsfi@ ity of traffic routes conprises, for each of the cell
sectors, the steps of: determining all road segnents intersecting one of
the ¥l sectors based upon the geographic information for roadways; 15

determ ni ng aPiTi akinby oPtlaP YNGR HRA%N TGRS a PRIali 6f G8KL rSRGE Or based
upon all road segnents intersecting the cell sector; and cal culating the

traffic TS B theesl secloruiaseR? ofoad segment in the cell sector. 37 13

March 2006 13. Fhemiigsidread shabiifledhifiebdd dfiBe sdiiegRctels Haskanipbd Weng a
particul ar (P)ﬂ]g of the ?raf&i Cc routes traveled by a vehicle associated with
one of tHEEALDBT OB fBHEYEBMpri ses the steps of. identifying start and

end el | sect or dgéiniitng 4 lifakity PObythddteroall seFé@Bi thel @I Sdctod Bssed upon all
road segments intersecting.the cell sector; and i

calculating the traffic routes between each boundary road segment in the cell sector.
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~associated wth the novenent records for the sane nobile station; 5 for
each start and end cell sector pairs, determning all oft3XMarch2a86ic routes
between the cell sectors in the cell sector pair; calculating a cell
handof f score for each traffic route between the cell sectors in the cell
sector pair; elimnating any of the traffic routes between the cell sectors
inthe. cell sector pair that 10 are not within an acceptable range of the
handof f scores cal cul ati ng@g velocity along each traffic route between the

cell sectors Themetayd of clage § oyhergigithe stopf 1dgpttlyipge pastiquir Arg Edbesipfiicne
handof f ek &a\!ré&ti BYa wﬁ&e StRARE with otértﬁ tmtv&n@atuong &ﬁ@h@bs telstepddfng each

traffic route fo chavs &rﬁ?/ uIateg, he event that the 15
cal cul ated vel od¥t od gngrggl FﬁSWW’ S0t ¢ RO II‘B?P mRYSFPHISERERY any
traffic ﬁ@bﬂi@ﬁi\ﬁtﬂlﬁhﬁl\[ﬁm@ﬁeﬂr&bﬁﬂd@ﬂrﬂiﬁsMﬂém&ﬂlb@ﬂdﬂ;catt ed in the event that the
calculated vel ocity .excee xi mum.yvel acity. c and t etrafflc
Ut 6% cannot - be TP S gpd R A e L S e e i ks

vel oci t ytheadl wabsid tt ed seawortphie event that the cal cuI ated velocity is |less
than a mi ni num vel of.f re | cul at ed
velocity for al © thig "?&t %é Crglgiﬁraaﬁd%qfﬁcﬁpeotﬁgea%lh% (91«;[ é‘lercglﬁ eé:Iso tlﬁ&? not been
el i m nat edl;secorgaisiel ecting the particular traffic route fromthe renmaining

traffic routes . I d the
handof f score. g%ﬁ‘%%m%a {)}%lig%g llitgs'I!%ew etr?r%tﬁﬁg‘%ﬂ S%#u)é?rgt?%% S&?dr%lf %&t he step
of il cubranptriithinranasentable @ngﬁofﬁwhm@ffag@?s vel ocity and standard devi ation

of velocity of vahigisharvelde® Blbﬁ% B R NBuP BE kUL B kel Slofsl i helstile for a
specific time further conprises the steps of. deternmning an average

vel oci t ysegtor gaiy; gt arp go érmléfet%bsf thgthan tusing tioeestananstip dhp mpvermsntt ¢ af f i ¢
route byredsghng the novenent records associated with the parti cular traffic
route segnent; determnin anaerage vel ocity of a clefor atraffic
route conprisi n&%ﬁﬁ?"ﬁlt’i&&v r?)‘fte % Fhigh §é’§'ﬁ%‘tﬁ‘§astﬁlc‘é}§qﬂ¥ e FeLhH e of the
partizul adlcutateafvétbﬁtyremte@aaﬁvdnntdmevetdcayaitoffl me over the distance by using

t he novenent recgrds. associ.ated the gartlcul r.traf

det er mi ni ng t he “SPRFTREAR- RIS REED 8P‘°‘t elogry Ay g %eéct@ise‘feattﬁaé%em cle

f or eachcalalited 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 event that the
calculated velocity is less than a minimum velocity cutoff;
20 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.
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10 segnment in the particular traffic route by using the difference of the
sum of the average velocity of a vehicle for each rout el3&MagnekiRD0Gonpri si ng
atraffic route of the particular traffic route and the average velocity
of a vehicle for a traffic route. 15. The nmethod of claim9 further
conprising the step of determning if nobile 15 positioning system data
are needed for calculating an estinmate of the average velocity and the
standard devi afi.on of. yelocit f vehicul a raffic along the particul ar
Cratt et out BnBF mpodr e ¥ et Bt e O st B B000 A5 R PR he of eps
of . det erelvdiy agl aadirt devidiheofaslotitgadl eectdduldr breffia viengiepargdulae iriffic mutefehi cul ar
traffic QL%% tilt’nQ arti CU'&E,BEJaf dc route for a specific tine is based on

a confidéfice fevelrrat Brragove™®” %50 t hreshol d; for those traffic routes

where the vel ocidetymegtg meiveragesvelyeitoof a tebicledod dactemste ségewatlin thepejvdst i ng
mobi | £ Shakl %telb?(ﬁgﬁémﬁg g@eﬁx@nt&é&%s%&ﬁci%d @%tlft?@ aﬁ’t%uﬁpgﬁﬂé’ roﬁﬁ L& .at lon
e th the ar tratfig e sp

network —associa A particu _ route at t ecific time,;
recei ving the rdefomsniegianayprageeveloriat ¢fgrvehigle fariadnitgacwe ¢omprisinhie plaialiel ess

t el ephonyr rofie sGRERNBY Gahd £ Bisile WPk 'gm%egaﬁt&yﬁéﬂoag add'@e e fihabl@meof the

estimate of the average velocity and standard deviation of velocity of
vehi cul afisiereapy pengihemeyremprt resards peeniased withthe pagticplatratfig rgpte he specific tine
by using the r qeginieeh iDRAJdISd AEadtioR Bf thOSRELORIGR] Bor 2 3&hicle for each route
10  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,

15. The method of claim 9 further comprising the step of determining if mobile
15  positioning system data are needed for calculating an estimate of the average velocity and the
standard deviation of velogity 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 confidence level at or ‘above a
20 threshold.;
for those traffic routes where the velocity estimate is below the confidence level,
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
25  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 routé for the specific time by using the

received mobile station location data.
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