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(54) Title: METHOD AND SYSTEM FOR PROVIDING TRAFFIC AND RELATED INFORMATION
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g (5T) Abstract: The invention provides a system for providing traffic or related information including: a database storing historical
traffic data being operable to receive substantially real time traffic data and associated data; means for integrating historical, real
O time and associated traffic data with respect to traveller profiles to produce customised forecasted traffic information with respect
to those traveller profiles; and means for sending the customised forecasted traffic information to an intended recipient wherein the
customised forecasted traffic information includes predicted trave] delays for travel routes deseribed in the traveller profiles.
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For two-letter codes and ot her abbreviations, refer to the "Cuid- ance
Not es on Codes and Abbrevi ati ons"appearing at the begin- ning of each
regul ar issue of the PCT Gazette. 25 January 2005 1 Method and system for
providing traffic and related information Fiel The

ﬁ of the |nvention _
present invention relates t IMOOZDIS32 nAdr nat I&HWIIIHIHIIIHHHIHIIHH!NIIHW&IIIIIJlllil[lllllI!IIIIII'

particular to a systemrtor providing forecasted trafffrc informatTomto

i ndi vi dualg,t.).z a f.the Invention The nonitoring and
reporting a&twﬁﬁgﬁfﬂéﬁﬁ%&éﬁéﬁ%ﬁ%mﬁmmtant factor in the managenent
of traffi oindd evrehrom dhebiroeeet S point of view, it can be vital in saving
comuting tinme and unnecessary del ays. Substantial 10 effort has been
directed to providing facilities which allow a notorist or other wuser to
access traffic and related information in a tinmely manner. One type of
known traffic reporting is by use of a "spotter”, nanely designated
persons or nenbers of the public who report traffic incidents to radio
stations or a central controller, for subsequent dissem nation to the 15
public. Such a system however, cannot sustain the demand placed on it by
today's user requirenents. Mdre devel oped prior art systens include the use
of sensors on roads, such as caneras that are linked to a central facility
for the dissemnation of traffic information. Sensors may be strategically
| ocated at exits/entrances to 20 freeways and ngjor roads. O her systens
‘are cellular/nobile tel ephony based w th sensors or designated spotters
stationed on major roads and freeways. Such systens are integrated with a
central control facility to provide cellular network subscribers with
information regarding traffic flow, accidents, detours, road construction,
etc. Subscribers may al so have the opportunity to 25 dial in and retrieve

i nst antaneous information regarding a particular aspect of the traffic
network such as a freeway.




The above-descri bed systens, however, are limted in thelr ca city to
provi de useful custom sed information to subscribers. %ﬁp erally
limted to providing the status of current traffic condltlons suppl enment ed
by so updated/incident reports that may give a clue to the duration of a
problem This does not satisfy the needs of the notorist who requires
information relating to what the condltlons will be at sonme tine in the
future when he 25 January 2005 2 will beltravelling past |ocations that are
currently congested. Additionally, these systens do not provide an

i ndi cation as to Lh ar av, bl e gnd/,or. t.he details
of those alternat w?%ﬂﬁgs&}"ﬁ?%%ﬁgﬂﬁ E?Pé Gfﬁ glgt gst ens is
‘the lack of customi sed and 50r|t|qﬂfb ﬂlnformtlon provided to

i ndi vi dual subscribers. It would therefore be desirable to provide a system
for reporting traffic information to individual notorists in a tinmely and

custom sed nargiekd. ofltheméhqoﬁurt her be desirable to provide individual
subscribers of a twork Wwth fore steg}‘fW i nformation ri Ievant to

“those i ndi vi dual eg{pggg}llnmx}%onr f@e 9@‘?[0‘??};‘3' afion srpHies ang dn

materi-al s, deagdenlanford systemn for provading ferecasted traffizsinfrermtibn ¢ uded | n the

present speci fihngRtddal tlaelbgbel y for the purpose of providing a context for
t he presept invention. It is not to be taken as an adm ssion that any or

all of these rratters form part of the prior art base or were 15 cofmon
general know i thd bivaniien evant to the present invention before

~the priority date 'PEE ﬁ@ﬁﬁoﬁhghﬂa ffpo Hi%g%ﬁpﬁﬁé eaﬁdﬁ ns RUH B porfhe t he
| nvention The res.erlﬁ1 | nventlo cﬁ&%@% é’e‘g prow%’ t_rafflc or
related 20 i | 8 %?W@PH}%P ?’19 Ftraffic
data and bei ngﬂ@bel’vﬁ ia ﬂamngmuanwtel§lnms aadlmaétqssmgaielaysmhstaﬁal c data
and assogd at edifeltas bERRASeHE bRt kit lmﬁ:}ich ahi6H b Bist s Of | cal
~and real ti rre ]:)fal o %ass{gﬁgi@%@ at 1t respect to at ast one
travel | er pro b7 ’f“(gﬂ’i‘%"g’d’nf Bra e SHARREES £ i ¢ i nf or mati on
with respect t o t r@n@w@éknoméraﬂncr wyettingris pyaise ofa "spotter’, namely
designated persons or members of the public who report traffic incidents to
radio stations or a central controller, for subsequent dissemination to the
15 public. Such a system however, cannot sustain the demand placed on it by
today's user requirements.
More developed prior art systems include the use of sensors on roads,
such as cameras that are linked to a central facility for the dissemination of
traffic information. Sensors may be strategically located at exits/fentrances to
20 freeways and major roads. Other systems are cellular/mobile telephony based
with sensors or designated spotters stationed on major roads and freeways.
Such systems are integrated with a central control facility to provide cellular
network subscribers with information regarding traffic flow, accidents,
detouss, road construction, etc. Subscribers may also have the opportunity to
25 dial in and retrieve instantaneous information regarding a particular aspect of
the traffic network such as a freeway.
The above-described systems, however, are limited in their capacity to
provide useful customised information to subscribers. They are generally
limited to providing the status of current traffic conditions supplemented by
30 updated/incident reports that may give a clue to the duration of a problem,
' This does not satisfy the needs of the motorist who requires information
relating to what the conditions will be at some time in the future when he




means for sending the custom sed forecasted traffic in%gtgptiOEPhg
i ntended recipi ent wherein the customni sed forecasted. trarfigay mat i on
conprises at least a predicted travel delay for at |east one travel route
30. described in the at |least one traveller profile, wherein, where there
I's insufficient traffic data for a link of the travel route, the neans for
integrating is operable to use available data in respect of a further |ink
in place of the insufficient traffic data on said Iink of said travel route
inorder to provide the predicted traved delay. 35 In a preferred

enbodi nent, the custom sed forecasted traffic information is transmtted
to an infornathQ di stribut t he 't January 2005

di st ri but ra l er
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store histori gatwordwiftedbrebasteri ttrafifcl liffordhation aRdA&it &5 IRGdeatiividlat a for
frequent rleotrl @?(%h rl'he historical traffic data stored in the database
pref erably i 8% ‘a sanple of previous traffic data relating to
geographi cal ar eaMﬁlswwmgﬂwﬂ%%Qrﬂm@ﬁ@S devieas, adicas peipeike| ude data
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Summary of the invention
The present invention provides a system for providing traffic or related
20 information comprising:
a database storing historical traffic data and being operable to
receive substantially real time traffic data and associated data;
means for deterministically integrating the historical and real time traffic
and associated data with respect to at least one traveller profile to produce
25 customised forecasted traffic information with respect to the at least one
traveller profile; and
means for sending the customised forecasted traffic information to an
intended recipient wherein the customised forecasted traffic information
comprises at least a predicted travel delay for at least one travel route
30 described in the at least one traveller profile,
wherein, where there is insufficient traffic data for a link of the travel
route, the means for integrating is operable to use available data in respect of a
further link in place of the insufficient traffic data on said link of said travel route
in order to provide the predicted travel delay. _
35 In a preferred embodiment, the customised forecasted traffic information
is transmitted to an information distributor who distributes the traveller




15 network. (eg holidays?) Associated traffic data stoEgg in t e at abase
preferably includes information on incidents, accident

construction, alternate routes and weather information. A5500|ated dat a
.may be obtained fromany print, electronic or radio comrunication which is
then converted to data for storage 20 in said database and subsequently
used by the system The neans for integrating historical, real tinme and
associated traffic data nmay include a nodel that provides an indication of
the expected delay for a particular |izak based upon historical records. .
Using a nodel as conpared with referencing base data shoul d reduce storage

reqU|renents a . al so. reduce co tation time a hence rovide nor e
timely resultd? OWB\?"’E%W&? Yo Ea\éeygx{bé [@Bé?ﬁmﬁ 'ﬂfﬁr@%‘oﬂﬁgwﬁ’r"gé‘?ﬁ thenvent i on,
a subscri ber puspasbloéreceiving traffiv énfonmetkibn oelwanf&lth&rehiauehfequmherﬁm lm th
~respect to hi Sm@nnstbﬂnee it .5%Vé?é&&okhépéub§crﬁx%mﬁda%t Jn@ A &r pour NEY.-

The system nmay S ers e evant | med

i nformation V\H?gqll tbe %‘9"8?%@3 \M{'Fle e %'T LRIFIBRY e 'gecustomary
travel | i ng spatforsromsnunicatian faqmpthe@ahswha'stoﬂmﬁygﬁen‘sed that there is a
"space-time window' in which a notorist requires personalised, custom sed
and localised travel information and that information received before or
after that "space-tine w ndow' period is of limted use to a traveller. 25
January 2005 4 O course, the systemmay include a database of information
relating to subscribers and may supply custom sed forecasted traffic
information directly to subscribers. In an enbodi nent of the present
invention there is provided a system 5 for providing traffic and rel ated
information to subscriber termnals including: a subscriber database; a
plurality of subscriber termnals in a network capabl e of receiving at

| east text nessages; 10 a database storing historical traffic data being
operable to receive substantially real tinme traffic data and associ at ed
dat a; :




means for integrating said historical data and said real tinme data with
respect to subscriber profiles stored in said subscribet {PraFAY0? to
produce custom sed forecasted traffic information for individual

subscribers; and 15 neans for sending said custom sed forecasted traffic

information to individual subscriber termnals in said network at tines
that are critical to individual subscribers wherein the custom sed
forecasted traffic information includes®a predi cted travel delay for
travel routes described in a subscriber's travel profile. 20 In a

preferred for mg@fthé b@mﬂﬂeﬁdyggﬁoﬁde%oﬁwﬁ&ﬁhﬁ%ﬁoﬁ Frofh {H&ts%brﬁ{be?fﬂé thet N€

network is a celJular or a ndbil e communi cati ons network etvvork may

- support Short %tgglage Service (SM5), Wreless Application Protocol (WAP)

or third generati oHis{@izal and g @mdmdﬁdldatahﬂﬁmlyabkmm?h@r@mmtd)er

| ﬁ?LaSZ‘FSt e pommid %ﬁﬁgffg%hﬁbﬂ“?%uamiﬁrﬁgﬁbf‘r Bg‘gfgfahh?%?‘%?‘%? ALC I
i ncl udi ngkl nf% 'ﬁg Wl?cé'&gpﬁl tiadeatfic petwar i“tﬁé"@ﬂﬁ Raseimpasibe profii es

may al so i ncIO@d@btﬂaﬁoamaéusomaihnda'ealﬂm trhffim\dalta dndfesassttieteddatefousual |y

t ak dth
cﬁls'ta (r)]m 22d fg]%l;g?zg&%erv% I.I?g ]%}?ﬂ?ﬁ%&fﬂ@&aﬁ%@w@d ﬂ{Eieedatgﬂﬂw%)gi:éiéons IY der ed

critical by tA¥ é@a%aamﬁe & gensra BEEA595vi ded with
access to a mm&wlﬂaecwamr&mheimwmam@u&e ddta tioah sirmg'ﬁa]ﬂyerelahﬁt access

maybe prayi dedoca¥ibas amqaeegltmhseoﬁ%@ Mﬁ&ﬂb&eﬁ& psﬁc;mm B ncl ude

a nobile com"run‘illcat i,on. devi ce rnmati on

recel vi ng
and/ or ot her PBY5PE4s ﬂﬂngrsﬁ’ﬁﬂﬁﬁﬁ Wﬁeis%oﬁl%ﬁitéwn d&d‘i‘ﬁ%‘i’ql};ecieél ephone
formng part éomothsbiengorscmdidetacioisench 25sehantsdfoy maaaiig 4l popokingnd nay

be adapt ed t Otdi@sRhtife Sa! sihfAil mélﬁ@s Lge may even
i ncorporat e text t I\%ER{Et ec nlgh&‘ﬁJP%%ﬁ‘&?@%ﬁe evice is able

to request infBR ﬁ’l %OI C%ﬂ% émﬂ’&?%‘ﬂ?@gﬂ %@@’?fdﬁ}g eughpdeatieor real tine

traffic ¥nf or neiwaosk. (esholidays@lans for integrating historical and real tine

data may include Rssmeeh ¢ benerne &if&%@éﬁ%g&% ﬂalfy iBfbg af i c 1inks

based upon hig or| al  dat In thi,s | nstance eferably
%gm on mmdents accidents, road construction, ternate routes and

Weather information. Associated data may be obtained from any print,
electronic or radio communication which is then converted to data for storage
20 in said database and subsequently used by the system.
The means for integrating historical, real time and associated traffic
-data may include a model that provides an indication of the expected delay
for a particular link based upon historical records. Using a model as
compared with referencing base data should reduce storage requirements and
25 may also reduce computation time and hence provide more timely results.
By providing a system according to the present invention, a subscriber
is able to receive traffic or related information with vespect to his or her
travelled route before andfor during the journey. The system may provide
subscribers with updated and relevantly timed information which is
30 forecasted with respect to a subscriber's customary travelling patterns.

' The applicant has recognised that there is a "space-time window" in
which a motorist requires personalised, customised and localised travel
information and that information received before or after that "space-time
window" period is of limited use to a traveller.

i ncl udes an a




mat hemati cal nodel for forecasting traffic information. The nodel may al so
compare the historical data variables with real time det®lawagcd®edance
with .a 10 subscribers travel route. Statistical techniques maybe enpl oyed
to determine the effects of the data variables and may i ncl ude
mul'ti-variate regression, nulti-variate time series, spectral analysis

pi ece-wi se daily tenplates or the 1|ike, or any conbination thereof. In
‘addition to expected delays resulting fmomtraffic density, incidents may
occur that could significantly increase the 15 historically expected

“del ays. The occurrence of tgn i ncident that may have a significant effect
upon’ t he f or ecast eHf eese, the systernmeasrinplide edatahase efinforgadiongeledag ther

prior to his eubhefbencxid Mayeupple¢ustoptismioRrddasted &adid inf@midtion ditdedgr i ber
to perhaps sel; ternate route in an attenpt to avoid any increase

to the subscrlger S expected travel tinme. 20 In a partlcularly preferred
embodi ment, the syHt@hemhedimeans obthewaessnt inyentien dhere is Prgvilled pvFteEl pat h of

travel thsoughorpioriligs tafficwideelbife] inf@andiohdd sdbiceibet Rirhghdde optimal path
of travel thrquahiihe network may enploy a method that takes account of

the direction'of traffic flow on each individual travel link in the
traffic network. AeHscEhendajabese; is preferred that 25 the nethod al so take

account of the di féphnaﬂﬁtydﬂbay@nbmmxbys il shdtworis bapablesof rte@ivingiavi dual
traffic flows éa% %9 ?S% nal controlled intersection. In sone Instances,
there maiqonly m Istaorical traffic data available for any

particul 8 trafficadeiabgsestaingdistoricaldratde data beingonerahie to wasivet i me traffic
signal data nnubaamwmealﬂannbaﬂaﬁﬁ: daai and hésviiatsdl dutber of signal 30

C ! e v § e Sl L b ipyaft CHEAHENRA D ©

~instance, theT§f@8afidto Sﬂbﬁm‘ﬂF@%‘E ?ﬁﬁ‘i@feflhiés eigtsuhegriber dgiabageatdpiofretigh a
traffic netwockstpmédedrfaldicysted taffiafdrmationgériadivedudlgtibdtriderseabd recei ved

ol e MRl O B P 7
available tr a?‘?‘f sca‘aﬁratemahan@eidwemgéc & tiznes thak axp crifigalithe | nst ance
where a syst emdmdual agedbdrs wherdis ek wvtordised fabldstededifiRikioyhetien t here is
1B Ly S e R S e B 3 R e Al | <1 o
the system may | nc means erm ning an e€stinate
profi
' 20 Ina preferred form of the invention, the subscriber is a motorist and
the network is a cellular or a mobile communications network. The network
may support Short Message Service {SMS), Wireless Application Protocol
(WAP}) or third generation (3G) wireless broadband networks.
The subscriber database preferably stores individual subscriber preﬁles
25 in a non-volatile memory with each individual subscriber profile preferably
including information regarding the identity of the subscriber. Profiles may
also include parameters such as usual travel times, the route usually taken
and the times at which a subscriber would prefer to receive customised
. forcasted traffic information. These times may be considered critical by the
30  individual subscriber. A subscriber may be provided with access to a
* datebase to alter the parameters of their profile. The access may be provided
via a dedicated web-site.
Subscriber terminals may include a mobile communication device
capable of receiving traffic information and/or other related information. The
35 device may be a mobile telephone forming part of a mobile communications




of the travel flows wherein the neans inplenents a nethod of matching
signal ‘5 controlled intersections froma traffic net worde SAVAMERMRN data to
the traffic network with limted traffic data. This enables the systemto
at least establish a first estimate that may be refined over tinme as nore
Ctraffic data for that network beconmes available. In a preferred

enbodi nent, the matching of data fromtraffic controlled 10 intersections
t hroughout a traffic network takes accoult of various factors including

t he geonetry of the intersection the orientation of the intersection and

the ratio of ac traff resul ting, from artlclartrafflc
signal as i\”@ﬂ( Ifl?@ eF?’é’ﬁ/dG é@fiﬁ 3\( §’§§ﬁ @RYF: t hat sane
- .signal. Thi s Timdeemceflaayevenmcombmtewttmvmebhmmmpe&f

saturation" (DCS). ﬂf&gbﬁs,s
' throughout a traff (Pgrlﬁetvw &ﬁeﬁﬁcneéf}‘%;“m%%?&%?‘g suc Ehﬁ

hi stori cal dai’F&Ar glosicglyr v FTRELNS of the intersections.
- The vari odis factpr'ﬁhmmadnx fnrdmllegnaungmmrﬂmehd-rbxfltﬁmdataluﬁ}amhmlblaons may
be g1 ven a"prisbddl vt o oBRY dBfhyk foraflBls bseS %ﬁ@ﬁé@a Ao b

| nportance for, ea s or, or, \Wel ng, I'V1 CFuaI factors
may 20 vary wig ﬁi ﬁ@t ‘H tap?ﬂ gﬂms@é’fi? glegahly 1 C%PHVBa traffic
network to thmhemaueadanm farrdadetasting dtafibe kﬂemﬁhﬁs Theosedel magtdler cities,
In addition, ‘bbﬁlpﬁf 1m%ncmam4ﬂﬁﬂles:£y Péi’a%‘ﬂhi&'ﬂtai@ dBFRniBYpitps Y from

one reglgﬂ a.Ig %Pflc ntwor(l;? ans or perlo |caIIy
sendi ng stof'ﬂ1 SETOPEsFaYed "ouie itatisticahterRyiquss may be aaplgyed g
dat abase servéhke Mﬁhﬂﬂaﬂ@ab@saﬂd@%ah&tmﬂtﬂ%mﬁ%must om sed

traffic, inf omﬁlma@uﬁggg ;E%fgﬂ% EQvﬁseEBE‘ #e0f the

subscriber fre uenc ormati o e|n nulated and
di spat ched ma d‘gﬁ' H'%iﬂ OWEFWQ? eaﬁr‘ ‘P%S The

i nf ;)r ma'lt i on ngi}btl:b’e‘aﬁwrdenbéﬂy,anadax;s/may abgnr ﬂgisii:aoalnbsigmﬂbmﬂ}&nbmethe 30 .
route an st omi se
1L g @ﬁ%?g@éf et9d Hblag er]l%scrl 3 he ﬁ&&ﬁiﬁ&ﬁéﬂt%t%ﬂ& !

according to the,l ation or “position of

the subscrib&f %PBP% rgEpsts égpfqy&ﬁ,an‘@lbgquheg%aymng & obal
Posi ti oni ng Syd! ¢ E)r totib ot heﬂ?mxtmammmgtesgtﬂingmt(dvmﬁﬁbhng theher means.

35 According sens8RBEN®p éiﬁgfé%lec{ B aRrRER Toutd MR AR 19 WSty " et hod Of
providing tra{ﬂcclré:asgrto eelsalll scnﬂe@s%;pneacttédo val time.>' "9 the steps of..
20 In a particularly preferred embodiment, the system includes a means
for determining an optimal path of travel through a travel network. The
" means for determining the optimal path of travel through the network may
employ a method that takes account of the direction of traffic flow on each
individual travel link in the traffic network. Additionally, it is preferred that
25 the method also take account of the different delays caused by traffic signals
to individueal treffic flows through a signal controlled intersection.
, In some instances, there may only be limited historical traffic data
available for any particular traffic network or part thereof. In addition, real
time traffic signal data may only be available for a limited number of signal
30 controlled intersections of the traffic network at a frequency sufficient to be
 relevant for the purpose of predicting travel time, In this instance, the means
for determining the optimal travel path through a traffic network preferably
implements a method of matching data received from the limited number of
signal controlled intersections with remaining intersections in the traffic
85 network for which thers is no timely available traffic signal data:




25 January 2005 7 a) storing historical, real time and associated traffic
data in a database; b) deternministically integrating &/@HaRt28Pcal , real
time and associated data with respect to a traveller profile to produce
- custom sed 5 forecasted traffic information with respect to the traveller
"profile; and c) sending the custom sed forecasted traffic information to
an ‘intended recipient wherein the custom sed forecasted traffic
i nformati on conprises a predicted travel delay for a travel route 10
described in the traveller profile; whesein, where there is insufficient
traffic data for a link of the travel route, the step of integrating
conprises using available data in respect of a .further link in place of
‘the insufficient t 'H‘I”?"?yc fh'g'ﬁd"%?{‘c? % Brysiem '§é‘?tﬁ"‘:{epé§}é’ﬁ Y6t 2i n or der
~to provide t herafficomtitedre vheredhark idmhited. avaliablentrafiic daid adipenbaps nd reffipr esent
 including fhe SrEkSRalERIc) e sfiiof R 1RO & hiefhd bof dfemlifhg Ao Sstie Tt e
raffic data 9 VE Gaye tauutiral] b hehnd AP RGOS e atoed et S8 1 e and
associ at ed Tatceentiplied intersectiope dromt @ taifipvegtiverk withoknawasdata to thedtrafic cust omi sed
f O(rjec;:tst edd_t r a{ezwr;]&k Mtnis@ﬁmwfgham.hmis{magﬂqéf @sfeme%t rea?}@tdbﬁéh ar gf il _e; ;
and c) sendin e,.cust.om se ecas affi nf,Qr n to subscri ber
Corm hat ot hasrASER L eg be FADET Bk e dsthdrk frar gRa TR bl ek 2
net wor k -and atbecpmessavafighle.are critical to subscribers wherein the 25
?ust ?m' sefl f or ecasihedprefentd b@bbctmﬁm@ﬁmid @atching | dets fﬁ{nﬁﬂéfﬁ& eantmadte! flel ?ys
or travel fo r r S i . icularly
preferred %ng@tgﬁsﬂﬁﬁgtthﬁﬁ%m&tp ﬁccs: iﬁg@@gﬂ ?ﬁ{gss cg%%gfd ei@@%"%’r %Cﬁq?%g an
opti mal path dfclyding,the geameiig Rl thetintgiaertione thgo pienidtipe 19f ieeintarsastion t akes
account of t heanditherdtib @hacthial flowlof trafiit resuitng freac paricliiaritdfi! signapde!l 1ink in

the 30 ot BT Bl o BN 55 BPAURG Tie, 2

account of the i i Sigha | ndi vi dual
traffic flows latier Gk ig referred to'as the "degree of saturatlon"(DOS?. Of course, the

15  method of matching intersections throughout a fraffic network may include
additional factors such as historical daily averages for signal cycle times for the
- intersections. The various factors used to determine a maich between
intersections may be given a priority or weighting in order to establish an order
of importance for each factor. This order, or weighting, of individual factors may
20 vary when matching intersections with known data of a traffic network to those
of anather traffic network such as those in other cities. In addition, the order, or
weighting, of individual factors may vary from one region of a traffic network to
- another.
The means for periodically sending customised traffic information may
25 include at least one database server capable of sending at least text
messages. The customised traffic information is preferably forwarded to a
mobile network of the subscriber. The frequency and time of the information
being formulated and dispatched may be determined by the subscriber's trave!
profite. The information may be sent before and/or during a subscriber's travel
30. route.
in an alternafive form, the forecasted information may be customised
according to the location of the subscriber. The location or position of the
subscriber may be determined by positioning systems such as Global
Positioning System (GPS), Mobile Positioning System {MPS) or other means.
35 According to another aspect, the present invention provides a method of
- providing traffic or related information comprising the steps of: '




signal controlled intersection. In some instances, there may only be
limited historical traffic data available for any part4c{an¥at fic
network or part thereof. Additionally, real tine 35 traffic signal data
may only be available for a limted nunber of signal controlled

I ntersections of the traffic network at a frequency sufficient for that
data to be 25 January 2005 7a rel evant for the purpose of predicting travel
time. In this instance, the neans for determning the optiml path through
the traffic network preferably inplenmemts a nmethod of matching data
received fromthe linmted 25 January 2005 a nunber of signal controlled

i ntersections to renmaini.ng intersectjons in,the traffi¢c netwgrk for which
there is no tinely*av {&P%%Ir&sq?rfcéffrieé' g’f'ﬁnér'd d%ﬁsa<?'af33rﬁfﬁ* G IG7ta iy Rhe :

i nstance where a net hdatabasef nt ended to be used for a traffic network where
there is linited ayjai baehanibtically ihgRlih@sai®hisPREAABE e ahd ds3bdidted data is
avai |l abl e, the nethod gy Jtncl udaof hev\fteﬁ ofmﬁatchl ng Si %nzil .control |l ed

i ntersections froma PPar L SRRERO Ik AWPRTR nBIRAE 1Rt BIOPYCE: Friisterpised i ¢ '
network with limted foregesied tegdlicainformatipnpwitiy easpeddl te o trevadlet profilee et hod of
mat ching data fromtraghdic controlled intersections throughout a traffic

networ k takes accaynt _of. vari o f rS. | udi the geonetry of. the
intersection, the Bri %é&}dg%/gi 3iF _@S?&'{es}epnfogéc%%gi Eﬁ?‘lﬂﬁn' %?'H%"‘%“a?? o?bf act ual
flow of traffic resul iterged rigapignavherein| e cestemised foregasted atsafionpar ed
with the maximum f 1 owinfirmétichl ddnfprip@s ai frbdicte® tratd) adelaySRFe GavaNadutd i - €. the

- DOS). O cpurse, the %&H&% ir?{he%‘r%l@rgr%ﬁliemersem ions throughout a traffic
factor

network may include additiona 1CT suth as historical 15 daily averages
for signal cycle tWhegeinswhere feere ig insulfeientorafic date foraa ilinku of thecrawes” used to
determne a e thetstepest integratinge corprises WBig kRailiblcednta i Fdspedtiof 207 o
wei ohting i N Gadiek ik BREGH he e efic Bheal JIRAI BREP o SR8 Phfect or - Thi s
order, -or weighting, of rndividual factors may vary wWhéen matchi ng :

nt er Sect | ons TPERT R AENIdedaR Bredigod KBl dRY. anot her traffic network such as
20 those i1 ot her lwah embodihentattd btasert.inviehiongirdes arhethod giprbvidng of

i ndi vi dual fa‘frraFﬁE%rreriQé(d iﬁ%ﬁﬂatftoﬁﬂ{alﬂl?ﬁ tﬁeeﬁéﬁérbf:()f atraffic network to

anot her. S .
a) storing historical, real time and associated traffic data in a
database;
b) integrating said historical, real time and associated data with
20 respect fo traveller profiles to produce customised forecasted traffic

information with respect to those traveller profiles; and
¢) sending the customised forecasted traffic information to subscriber
terminals that are capable of receiving at least text messages in a
network and at times that are ¢ritical to subscribers wherein the
25 customised forecasted traffic information includes predicted travel
delays for travel routes described in the subscriber's profile.

In a particularly preferred embodiment, the method includes the step of
determining an optimal path of travel through a travel network which preferably
takes account of the direction of traffic fiow on each individual trave! link in the

30 . network. Additionally, it is preferred that the method also take account of the
different delays caused by traffic signals to individual traffic flows through a
- signal controlled intersection.

In some instances, there may only be limited historical traffic data

available for any particular traffic network or part thereof. Additionally, real time
35  traffic signal data may only be available for a limited number of signal controlled
intersections of the traffic network at a frequency sufficient for that data to be




Bri ef Description of the Drawings The follow ng description refers in nore
detail to the various features 25 of the traffic infordfdardays3f¥bem of the
present invention. To facilitate an wunderstanding of the invention, '
reference is made in the description to the acconpanying draw ngs where

the traffic information systemis illustrated in a preferred enbodi nent.
It is to be understood that the traffic information system of the present
invention is not limted to the preferred enbodinment as 30 illustrated In

the drawings. In the drawings: Figure 18 s a schematic di agram of an
enbodi nent of a traffic information systemin accordance with the present
i nvention; Fi | i I [ | of the.
-traffic for e%ﬁﬁfdrg}@@%@ﬁb‘%g%%@é%**@%83‘%‘?%@%94’%33%i on; 35
Figure 3 is a B&@WEWB% petipal pattBrough thertralic aetwyrsi reeferablydmplegents

i ntersection iateethod 9fi mafchingudath rédeivied framdhe limited dual traffic flows; 25
January 2005 9 Figure 4 is a diagranmatic representation of a typical

rel ati onship between vehicle flow and vehicle concentration for a typical
traffic link; Figure 5 is a diagranmatic representation of typical

rel ati onshi ps between vehicle flow rate and vehicle concentration for
various different 5 classes of roads; and Figure 6 is a diagrammtic
representation of the relationship between nean free vehicle speed and
degree of saturation as derived in an enbodi nent of the invention, 10
Detail ed Description of a preferred enbodi nent of the Invention A preferred
enbodi nent of the invention is described belowwith reference to the
acconpany Figures 1 to 6. Real Tinme Traffic Related Data 15 Referring now
to Figure 1, there is shown a schenmatic di agram of one enbodi ment of a
traffic informati on system | of the present invention. In the instance:of
the preferred enbodi nent, the systemincludes the neans for sending
custom sed traffic information directly to travellers who have subscribed
to receive such information. O course, the system could provide




20 the custom sed information to a third party informatjon distributor who
in turn effects the distribution of the custom sed i nf®? faua

i ndi vi dual subscribers. The systemof Figure 1 includes various sources 2
for providing real tine traffic related data and associ ated data. These
sources 2 may include 25 publicly available data, private data or
proprietary data. A database 3 stores historical traffic data. The dat abase
3interfaces with sources 2 to receive rgal tinme traffic data and

associ ated data. The database 3 al so includes neans for integrating
historical, real ti and associated traffic data including neans to
perform a st attfsRber of signal ontollsd intgeseqtigns to spmaining Huprseations ipEhsduce 30
cust oni sed tratnaéﬁd: aemmkwmmhichnhmakﬁ@ﬁmelfamabbru&fﬁc31glﬂ§mat@er dat abase

4 stores travel S sul t ed
when producin @%Haﬁgy F%rlﬂgﬂ{ﬂﬁ&mpraec %Q&%dﬁgrﬁ{tg%#ﬂ 1%3)33{88 rs]acrl bers
7. An SMB ser&@\ﬂg isdipitedsaafiably tratbc dateaprpash @salnd a

wirel ess Bet V\m'aﬁﬁdaﬁdshlvaﬁhbh EII&mb&odrm@Mblu'&E m&&mprdfmai&lﬂ gigasly 2005 10

i ch i3 oper SBpEIRGS recé%%&ﬁﬁgﬁ%%%@%ﬁg@@ﬂn@a@%& 76 i

the preferred?€ it {imitaddraifc da@. t ext nmessages are received on the
subscri ber's phondnrepefatiadpnitidimant, the mbitiod of MhLacimgiden fafWadicng to the

5 subscri ber’ h access
to his profil E ﬁﬁ@geﬁi (?Q érgééttL éﬁ%ﬁgﬁ&lﬁ %Hga%tawsogﬁ Xﬂlpe\%' |a§&gwtgfw&ﬁet or

ot her acg‘éss Wﬁéﬂc ?SW%M?MG%%FW%@WOW@WHPMQ eportunity to
edit and al teﬂntei%le@hdﬂm&thmﬁﬁlof@ctualf'@awafuﬂlﬁ&réﬂﬂﬁﬁ@&oﬁl@f)alﬂ@ﬁﬁrgenera' Iy

i gy 1 oop SorEGR ok CoBeltiai i Sliar %ﬁ%fﬁﬁi e SATAES

sources, and SURF éigeal @ Pt the PP koosrsge e@@gtho Q@Wh@ﬂ!@eﬁﬁcml | e .
conmmuni cat i ontldeugleas aftedffit hatwork inbdynigichlids addtionkl fagtors Qudﬂ”@ Hstegieglss of

h h . I
L0150 1, A Sl SRS e o e T ™
dat abase 3 anHS Bg azmﬁif’ QWBP h’é@ﬁ@@hms may bB glven a PI‘IOI‘IW or

.welghtlng in order to establish an order of importance of each factor. This
order, or weighting, of individual factors may vary when matching
intersections with known data to those of another traffic network such as

20 those in other cities. In addition, the order, or weighting, of individual factors
may vary from one region of a traffic network to another.

Brief Description of the Dravﬁngs
The following description refers in more detail to the various features

25 of the traffic information syster of the present invention. To facilitate an
understanding of the invention, reference is made in the description to the
accompanying drawings where the traffic information system is illustrated in

a preferred embodiment. It is to be understood that the fraffic information
system of the present invention is not limited to the preferred embodiment as

30 illustrated in the drawings. In the drawings:

Figure 1 is a schematic diagram of an embodiment of a traffic
information system in accordance with the present invention;

Figure 2 is a flow diagram illustrating an embodiment of the traffic
forecasting process in accordance with the present invention;

35 ' Figure 3 is a diagrammatic representation of a typical traffic
intersection identifying travel links and individual traffic flows;




automatically collected public information fromvarious web sites such as
weat her forecasts and other visual and voice informati o 4@y 209 recei ved
and keyed in by operators to add to the automatically collected
information. 20 Integrating Hi storical Real Tinme and Associated Traffic
‘Data The dat abase 3 incorporates software to integrate and process
historical traffic data and any real tinme data with respect to a
subscriber's travel profile. Nunerous techniques are avail able for such
processing. The software in the preferred enbodinent is witten in Perl
and in one enbodinent, the software 25 operates on a PC using the Linux
operating system Fene 4 isfydipgramybatic mprashainbon of siiyninalanlativashipe of the
BOTEXt DoStN T Tl o e L Oy on o CWPAEP pRaR Gl TYERL 1Y
i i stn Ti ng ox Hill6, , N .
Ta4abonval 66, 40SPRECHAEISA R RAIE AT AR Oh I B Reasin% cap
1345Kews, 40BRE8IwernOTricle faw mivasl vahicleiconemitmiispio: GolaopAiffoesD 1346S.
Vant i r na6s45SkREseUiehids3@aBD 25 January 2005 11 1347Wheel ers
Hi ||l 6. 50\WWEL6. 55PNT, 348Wheelers Hill 6. S0SPER6. .. S0BVDS 1349E.
Doncast er 6. 50DO\I7.%8&%%%0%@@%@%&&%@%%@@%@?%&@?%@% ¥1d en
Vaver | ey7. 00BMR$ER fiepryebicla spsro argdziegesedf|sparatdoye derieRNIESRO0BI RD

1353Rowvi | | e7 efihdBtdedtIPRISinhRBNES 1354E. Doncast er 7. 00BI LK7. 12HOD8. 00BNVDS
1355Rowvi | | e7. OOWEL7. 15PNT8. 20CBD 1356G eensbor ough7. UOBRK

10 Detailed Description of a preferred embodiment of the Invention
A preferred embodiment of the invention is described below with
reference to the accompany Figures 1 to 6.

Real Time Traffic Relaied Dain _

15 Referring now to Figure 1, there is shown a schematic diagram of one
embodiment of a traffic information system 1 of the present invention, In the
instance of the preferred embodiment, the system includes the means for
sending customised traffic information directly to travellers who have
subscribed to receive such information. Of course, the system could provide

20 the customised information to a third party information distributor who in
turn effects the distribution of the customised information to individual
subscribers.

The system of Figure 1 includes various sources 2 for providing real

_ time traffic related data and associated data, These sources 2 may include

25 publicly available data, private data or proprietary data. A database 3 stores
historical traffic data. The database 3 interfaces with sources 2 to receive real
time traffic data and associated data. The database 3 also includes means for
integrating historical, real time and associated traffic data including means to

_ perform a statistical analysis of the data, and is adapted to produce

- 30 customised traveller information packages.

A member or subscriber database 4 stores travel profiles for individual
subscribers which are consulted when producing traveller information
packages for individual subscribers 7. An SMS server 5 provides a gatoway
between the database 3 and a wireless network 6, such as a mobile or GSM

35 network. ' '




7.20HOD7. 50CBD Table 1 In this instance, real tinme data _has been integrated
with historical data 5 to produce predicted travel tirf@s/ayrYg@Pen rout es.
The exanple relates to travel fromouter suburbs to the Mnash freeway in
Mel bourne, Victoria. By way of illustration, the entry nunber 1345 will be
considered as an exanple. The information contained in this entry enables
the systemto predict that departing South Wantirna at 6.45amw || nean
entry onto the freeway at 10 around 7.00am via the Springval e entrance.

Exit at Hoddle St is forecasted to be at 7.30am The information contai ned

in the database 3 y b ontlnually updated. Referring ain to Figure 1,
the SMB server 5 rﬁéﬂ}ﬁ%m‘&ﬁg?@ﬁﬁ mapile pemmupieations macks, am%@@asmo Igld n t he

foorm of e- mai | ghorBhehiehiBbpealsiend aédaivetuta GhnuiseO WisRd ﬁ&ﬁwﬁ&mﬂcé raffic
i nformation f SG The forecasted time

I nformati on, %&E?ﬂ%@ﬂé&%ﬂxﬂ@hk her' i nk‘%’?{ﬁ%% Zegﬁmegsagﬁse?m\fg? éﬁec{/ ehe SVS
server 5 over T4nscHbass| ORe fegarding relovanidraffishinfamapionnecording fadhe ubscri ber s
7. The f obecastqibdcrilndre tamt] mﬁﬂﬁaﬂ'hb%uﬂﬁirib\éﬁf etk Bélﬁrbﬁﬂe&%ﬂpalﬁzeﬁdﬁe Wi ndows

nToute or | ok BEafsaidied i blclinet ot as%fﬁfr*%aﬁ e pRErapetss
alternative rdBeds. ¥ &H?@V’d@%iheﬁalbﬁ@ﬁbefg WPOMWItengt@@ﬁtaéﬁGned in
the subscri berhidataadlamefile. det er mi ne the frequency and tinme of the

forecastedlnforma v 2 il ustrate . shapshot of
custom sed nes eneras{%(ﬁ‘g&g&&éggad%ﬁ PVerdiory e %ﬁ%ﬁﬁﬁcgﬁ%&i}l bers.
25 Januar 20 u? F?E’IC%C@?‘“Ehldﬁ’lhlg’é%'{iléblopdﬁtq@mj&l‘mdﬂko caNera$.09 07: 16: 03:
sendi ng Sat hi qiublﬁl?lﬁﬂ)@n’k&télgIMeﬂ@oEﬁéés,t@d%bﬁl&M@z{th@Pmc&Om au

23/ 11/ 99 07: 1§; ) G ant,
APPROX 16 mans TO ?ﬁj %ﬁﬁmg g%&ééss%% n“""%%‘tgﬂﬁ ﬁ%giﬂgg% 25: 30:
Processi ng EadP éﬁlq]pr.pg;qsg ihyouglythedretic netweele s AddijiowsHasir + Fr eevay
23/ 11/_ 99 07: 23nﬁﬂe;ﬂﬁtne0m8bm@eﬂﬂstweﬂ dsadeferhl Wed@@Yorts.
15 The interface between the database 3 and the sources 2 of data include

automatically collected public information from various web sites such as

weather forecasts and other visual and voice information which are received

and keyed in by operators to add to the automatically collected information.

20 Integrating Historical, Real Time and Associated Traffic Data
The database 3 incorporates software to integrate and process historical
traffic data and any real time data with respect to a subscriber's travel profile,
Numerous techniques are available for such processing, The software in the
preferred embodiment is written in Perl and in one embodiment, the software
25 operates on a PC using the Linux operating system,
Referring to Table 1, there is shown an example of the type of
information stored in the database 3.

No. - Suburb Depart Entry Entry Exit Exit Destn
Time Time

1341 Box Hill 630 MDL 705 HOD 720 BMDS

1342 Donvale 6.40 SPR 647 HOD 720 SUN

1343 N. Balwyn 6.40 BUL 650 HOD 7.10 CBD

1345 Kew 6.40  BRK 6,50 HOD 7.20 CAR

1345 S. Wantirna 6.45 SPR 700 HOD 7.30 CBD
1346 S. Wantirna B8.45 SPR 700 HOD 730 CBD




23/ 11/ 99 07: 26;12: sending Tracey, APPROX 13 wins TO HOD

04191234561@f sms@ricn.comau 23/11/99 07:31:17: send’15n{§mw&?985 SPR - >
HOD 19 micas to 0415987654@enes. epa. comau 23/11/99 07:31:19: sent 3 nail
messages 23/11/99 07:36:23: sending George, JAC -> PNT 28 micas to
0419123458@xyz. epanyb. com au 23/11/99 07:41:28: sending Ceoff, APPROX 15
reins TO HOD to 0414333444@bc.eric.comau 23/11/99 07:41:38: sent 2 muil
nmessages Table 2 For exanple, the nessagaitsent to Sathish at 7.16am
forecasts that it 5 will take him 22 m nutes to reach Punt Rd. Simlarly,

< LAl T7OT CbaDL p=) L Ilal. I L V)

for Gant, th& TESSA ,

mnutes to read#t] " Tgﬁaﬂeiers%ﬁllwp@%n |y Whése 6B8sadB¥l ar &-8ent BMDS he
.subscribers prii#8 toWllmlersmiﬂEncﬁmmt ofprhei g 55 ourrey. Fogo exawphe, the
subscriber whoq fiﬁfﬁ[% m R I I m an ter he
Monash freeway éét V‘é agtél%d aggl\%dpprom te:?Q@ f@% %ﬁf gé?ﬁ
standard foreckt%d tr WY;HI nf or &8 on msag%ﬂ&t HOBam7.3¢ aBMDSci dent
occurs bet weenlds155aBlearWaveridyam =od ur tHIEK NMeps@ge HODSentqsvi a ¢fyg rnobile

phone to that cri hgtore h ter he Int t he
~subscriber is In orrre?a%t criti caleﬂﬁ] Wg“ th;eh?ra sﬁt@at [ ﬁﬁ]&n hi s
_route of 15 tripd| RowvilB| i ng JuMscriWBE t 7. 10 t ePNThei 8.%or nBMOS avel

route in an at135|4pt E.loa\tmei' del &y catmmd byr.1he Hmde@tooFurBjoﬁjs down

the tabl e, the{:)%5are tﬁHﬁﬁl&“”' es, ow} es% affic
i nformati on on the free This i ust rat| egrating
real time da%ﬁ?ﬁa{w dat?0 o LﬁRﬁ'l de?%Q) b st7éd | nf(i'rﬂﬂrat i on.

The processing is conducted periodically or when wupdated real tine data is

"received in the database. 25 January 2,9 13 Referring to Figure 2, there
I's shown a process flow di agram of one—ﬁ-ﬁ-&npa |l e of the traffic forecasting
process enploying statistical nodelling. The process flow includes the

fol l owi ng steps: anmangtan@p&ém RinRdat4 ﬁHéTHée%tﬁElag%&éd @\ﬁtﬂjﬁls{&i‘i%&pt?dtg dat a
whi ch coyj d bg ]% ‘?5 dgct"%gr Cltqﬁﬂ ntjﬁous %Oem téte av e‘gﬁtes of delay in
vari ous geogr % ca TESLATT GRECLTHORE PREYPRGOHeS é'é{aﬁ’fp 8% {02l deal ys
in travel from outer suburbs to the Monash freeway in Melbourne, Victoria, By
way of illustration, the entry number 1345 will be considered as an example.
The information contained in this entry enables the system to predict that
departing South Wantirna at 6.45am will mean entry onto the freeway at
10 around 7.00am via the Springvale entrance. Exit at Hoddle St is forecasted to
' be at 7.30am, The information contained in the database 3 may be
continually updated.
Referring again to Flgure 1, the SMS server 5 receives customised
messages from the database 3 in the form of e-mails, The e-mails contain the
15 customised forecasted traffic information for the individual subscribers 7.
The forecasted travel time information, incidents and weather information is
delivered via the SMS server 5 over the mobile network 6 to the mohile
phones of the subscribers 7. The forecasted information can be delivered
during various time windows such as the night before, just prior to
- 20 commencement of the journey, en-route or just before bifurcation point
offering the choice of alternative routes to the destination. Subscriber profiles
contained in the subscriber database 4 determine the frequency and time of
the forecasted information being delivered.
Table 2 illusirates a snapshot of customised messages generated and
25 delivered to individual subscribers, -




~time steps. 10 Step 2: Using conventional spectral nethods, seasonal trends
inthe historical data are obtained and renpved from t4elamuancddl8al data
and the result output and tabled as Traffic data. Step 3: Obtain historical
weat her data and splice it with the remaining 15 unaltered traffic data so
that for each entry in the traffic data table, colums of a) Days since
" last rain (DJ; and b) Rainfall in last 3 hours (R) are added. Then add
colums to the previously output traffigzdata ' table to indicate whether
the data is in sone or all of: 20 i) School holiday period (Sh = 0 or 1)
P UU Ch—0——1 reerKetio Wweeraay '\ =
' Rish geRfigket or e/ after (Ph, Ph, Ph{) 25 The above
vari abl es |aa1/exenplosSeflingFeton] APROX ki Ak ro p@ktdod PBbask §s.cdafaut N
types of gvents that can be nodelled into the process and simlarly, ofher
vari abl es r@@”ﬂ)%o@ﬁtoé‘rséﬁlé‘?ﬂ\%ﬁ%es By adding the additional col ums
- descri bed,} dahgoeiAA0y: SiaeRiRarrRGE iEHRSTO HOBl e_sméaasety@%m%&fegbs&g%.a% ent

and certgin time periods are added to the Traffic data ta
gener at e g 23848 07%:3p:Feockisivg Basierat Fdewayt suitable for predictive analysis,

the traffi Lo%. 5 6lipYd | Il es corresponding to each day | of
Sty Rl e, 194y

3
the week. |The data In ea I ned by averagi ng which represents
15 ni nut e (GP1EY MM ErossipgWes +dRasenBibevgyon what frequency is required|

Typi cal 1'y,| 2381/68 d74$k82:REHd ) il ﬁ@% ' D f
exampl e, - 32?/1%893}?32- ? ﬁ%ﬁg@hﬁ%;%g%tﬁ ; tgr%%%hga&sﬁb%ﬁc@%@%&?ﬁ% ]ﬁ’au The
repr esent gtv I 57'5 ’g%ﬁr'?' |18 Fusto A4 1GR87654@seees gpa-PR A |
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Table 2

For example, the message sent to Sathish at 7,16am forecasts that it
5 will take him 22 minutes to reach Punt Rd. Similarly, for Grant, the message
at 7.21am forecasts that it will take him 16 minutes to reach Hoddle St.
Typically these messages are sent to the subscribers prior to the
commencement of their journey.
For example, the subscriber who leaves home from Rowville at 8.00am
10 and enters the Monash fresway at Wellington Rd at approximately 8.15am
' ‘would get a standard forecasted traffic information message at 7.55am. If an
incident occurs between 7.55am and 8.15am, a further message is sent via the
- mobile phone to that subscriber before he enters the freeway. In this way, the
subscriber is informed at critical times of the traffic situation on his route of
15 travel thus enabling subscriber to alter their normal travel route in an attempt
_ to avoid delays caused by the incident.

Further down the table, there are three entries which show the
processing of traffic information on the freeways. This illustrates the
operation of integrating real time data with historical data to provide

20 forecasted information. The processing is conducted periodically or when
updated real time date is received in the database. -




continuous stream of data obtained fromsensors or the |like at freeways,

i ntersections, etc. The interval period maybe varied defeffuay #95t he
frequency that is required. Al such average del ay data gathered for 8:30am
on a Monday norning, 10 are grouped into a separate file and a | east
squares fit of the data is performed wusing the function: Delay = as+al

*Df (a2+D1) +a3* R/ (a4+R) +a5* Sh+ a6* +a7*W+a8* Ph+a9* Ph +al0* Ph+ 15 where:

Dr | Days since last rain R: Rainfall img3last three hours Sh : School

hol i day period 20 Ch : Comon summer hol i day period We: Wekend/ weekday
Ph: Public holiday_P efore public holiday Ph+ . Day after public
holiday 25 In the B?%F%‘F&édpi c?mﬁmss %BWésﬁMﬁlqg?ﬁnPEO%rforned

for each 30 raxamp cpiélhpcbﬁffcbrf foreabtinipproceds esepleyingdyaistiddlisodeting). ahes 336
sets of the ][Qoé\ﬁ‘%ﬂr’ls%clhﬁm s 12%o08 Vﬁ%ﬁ%@um describe the historical data

for each link t not necessar se of a nodel to describe the
hi storical data should 30 result in a reduced primary and secondary storage

~ requireneft asStepipar dbtais dihacuanilitgd abdiest dfigvtdl datewhichroagRbdinst or i cal
data in RAM Were a gpdsh Pcdf&ﬁﬁou%%lto%n%%%‘tre?g%etsrﬁsﬁ?lﬁg?n%?&s voul d be

regenerated every six erred
enbodi nent, the |east SQERP enfibys famjpg p geties ofhivorial dieé%rﬂ} si x
nonths to generate a rime 3®@s. set S of 35 the coefficients (a0 to a9) for
each link 25 January 2005 15 5 10
10 Step 2:  Using conventional spectral methods, seasonal trends in the
‘historical data are obtained and removed from the historical data
and the result output and tabled as Traffic data.

Step 3: Obtain historical weather data and splice it with the remaining
15 unaltered traffic data so that for each entry in the traffic data
table, columns of a) Days since last rain (D}; and b) Rainfall in
last 3 hours (R) are added. Then add columns to the previously
output traffic data table to indicate whether the data is in some or
all of:
20 i) School holiday period (S, =0 or 1)
ii) Common summer holiday period (G, = 6 or 1)
iil) Weekend/weekday (W, = 1/0)
iv) Public Holiday or day before/after (P,, Py, P,*)

25 The above variables are examples of associated traffic data that relates
to the types of events that can be modelled into the process and similarly,
other variables may be entered as well. By adding the additional columns
described, the effoct of weather pattstns relating to the various events and
certain time periods are added to the Traffic data table.

30 To generate a model of the historical data suitable for predictive

 analysis, the traffic data is divided into seven files corresponding to each day
of the week. The data in each file is combined by averaging which represents
15 minute or 30 minute averages depending on what frequency is required.
Typically, 30 minute periods will be sufficient. So in operation, for example,

35 consider the average delay at 8:30am on a Monday morning. The |
representative delay data for a particular or given route of trave] comprises




15 20 Step 4: Obtain real tine data fromvarious sources relating to
measured |ink delays of the network and associ ated dat a2 fauapi #P5% o t he

actual weather conditions for the links in the network. Step 5: For each
link in the network, determ ne the historically expected delay based upon

“the seasonally adjusted historical delay and the neasured weat her

condi tions and conpute for each link the ratio of the nost recently
measured delay for the link to the histggically expected delay for the
link at a tinme step corresponding to the neasured delay. This ratio is

- labelled "IVL'' Step 6: When predicting the expected delay froma
comrencenent hh@dedwnlual delayy glatha)mt&re@émnden nimewayserdfemedtd gl | y

--texpec]E ed del ﬁﬂllﬁléroﬁ&gdlrbmt?htﬁfa e&@alcdnﬂﬁ‘exﬁambﬁen%@&tcéaéﬁ‘ml f Cem%‘n}]
ime for each i nd_mul ti or ec del ay for eac
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the historicd 3%@%&%dephwedrﬁm@mmavmd¢fm minutdinderivelsm a
gr edi ct edSGXpﬂﬁrbﬁﬂ}éiﬁi@Ynﬁt@ eﬁé@"ﬁ#&fé‘ h &f%&ﬁﬁﬁﬁé& is gdle to the
estination nade,.. | nci dents e e _ex a elay on a
traffic Iink igogou Q'ésﬁ:eeta%ﬁ!ﬂ’i‘?@ @ﬁé@lﬁﬁ’?ﬁ? ‘P’ﬁ‘?%%ﬁ'&% ¥&Fase by an
operator. Due intersagtions, lettl. The dmigival periedimaydk varied depersling be teexpect ed del ay
that will OCCLffe%!u@nc 1 fhat fsi eq@iReddn affect ed link is necessarl ly reliant upon
the estimation o 13{1 uliH n obs(irver ﬁ@b ons O&P dent observers
and the expected ARCUBYHTES é@h?‘?tﬁ °oF & ®einto a
dat abase1®hat arhgrogped mtegrsaparn@ fileand adwesw&jﬁt of thedatads pbﬁemsed 0

updat e the datghgshe dinctidnst orically expected link delays. In another
enbodi ment, the expected delays to traffic |links caused by incidents may

remain in a separate database as conpared with the database of
historically J%@CFedaHﬂalfDd@aﬂ-Wﬂmﬂwﬂhéle*Sﬂat abases may be accessed at

the time of providing e Quagiwiad ot e - delpy+

15

where:
D, : Days since last rain
R : Reinfall in last three hours
S, : School holiday period
20 G, : Common summer holiday period
W,: Weekend/weekday
P,: Public holiday
P," : Day hefore public holiday
P,* : Day after public holiday
25
In the preferred embodiment, the above modelling is pexformed for
each 30 minute period of each day for seven days. This generates 336 sets of
the 10 coefficients (a, to a;) which describe the historical data for each link,
Whilst not necessary, the use of a model to describe the historical data should
30  result in a reduced primary and secondary storage requirement as compared
with storing all the available averaged historical data in RAM. Where a
model is used, it is expected that the model would be regenerated every six
months or so. In the instance of the preferred embodiment, the least squares
fit analysis would be executed every six months to generate a new 336 sets of
35 the coefficients (g, to a,} for each link,




35 for a traveller travelling froma comrencenent node to a destination
node in the network. Over time, as further observationd dianedds ed
regardi ng 25 January 2005 16 incidents, the incident database may be
updated to reflect any change in the expected delay caused by the
incident. In the preferred enbodi nent,, the incident database is accessed
every tinme a traveller profile causes the prediction and transm ssion of
the travel delay for the subscriber. Optsnmal Path Through Traffic Network
. In a preferred enbodi rent of the invention, the custom sed forecasted
traffic information, system.includes the deternmination of an optimal path 10
t hr ough-t he traf fi SR wo B0ty replims detacirons aaripws soawess mlading o her

destination in the |east méaveredilivk delayLdf the hetwitk apd asedkisat duthhr ough a

traffic network takes ac%%&gé t&a&%#%ﬂ&g%(ﬂhr fig%cir?@? ﬁﬂﬁ’s 1%}Dht%gvarl ous

different delays caused by tr I'C con stgnars ment
t hrough each intersecti oehiEo as operator input and other automatic
data feeds. 15 Wth reference to Figure 3, a diagrammtic representation of

atraffic interse nl Lnks
connecting it to Sie g’rse%‘gg)ﬁ?\dsﬂ?kgie&) %&Q%S&%ﬁigﬂ%gﬁéﬁiﬁnﬁ may be
bi - di recti onal and t here play a??@dﬁp f ARSPRY Y YR il
detailed in Figure 3. |In dghyandlthe ncabited waathericogditionBatidtopatefogue

termnnating at B) will ta%&qlﬂh{lf( eeﬂl'izo%QﬂH Eg?t rg%nr@zge&sMe%@eﬁas% E}?‘

intersection to C, D or ent upon

congest i & on each of - theﬂi'q hklét ﬁeﬂt‘#lbmpéci@d&ﬁw forthetlinkgf

intersection 11. For the pimasiepsoméspohiligp e anb@ﬁmcbﬂelajrhfhis&ﬁﬁb ledegree

of saturation" (DQOS) is %%ﬁe(? efer to the ratio of the actual flow of

traffic novement 25 resulting ma particular traffic signal as conpared
W th the maxi mum possible flow of traffic resulting fromthat signal. DOS
is a neasure of t HstepBnt eﬁlﬁmﬂpmmcdmggb@é ted iélayolyom Wide mSi¥enent

circumst gnces, be transfop es%nqmaﬁl%’loﬂtg{ d%’?e%ﬂ‘ﬂl?%theq{lstgﬁgal reicul ar

novenent . For t he purposes t an free
travel time" so is used P:quc 9?36 QTI‘?@CI%P%]&@# itprouid Bewhthe expARtedhen al |
traffic control devices commencement time for each link and multiply the

historically expected delay for each link of the route by the
link's corresponding JVL ratio prior to summing the

20 historically expected delays on each of the links to thus form
a predicted expected delay for travel from the
commencement nods to the destination node.

Incidents that affect the expected travel delay on a traffic link in a

25 network are entered manually into a database by an operator. Due to the
wildly varying nature of incidents, the expected delay that will occur to
traffic on an affected link is necessarily reliant upon the estimation of a
human observer. The observations of incident observers and the expected
link delays resulting from incidents are entered into a database that the

30 integrating means accesses on a regular basis to update the database of

 historically expected link delays. In another embodiment, the expected delays

to traffic links caused by incidents may.remain in a separate database as
compared with the database of historically expected link dealys and the two
databases may be accessed at the time of providing a predicted actual delay

35 for a traveller travelling from a commencement node to a detination node in
the network. Over time, as further chservations are received regarding




are renoved. Wth reference to Figure 4, a typical rel tlonshl B t ween
vehicle flow and vehicle concentration is detailed fo aPVW%Q traffic
link. As will be noted fromFigure 4, the relationship is a convex curve
intersecting the 35 vehicle concentration axis at a vehicle concentration
and saturation of zero. A value for the "nmean free speed" for the traffic
link may be determ ned from 25 January 2005 17 Figure 4 by dividing the
vehicle flow (expressed as vehicles per second) by the corresponding

- concentration (expressed as vehi cI es per nmetre). As it will be recognised
by those skilled,in the art "mean free speed” is a difficult quantity
" to deternine. Bofignts, 'E'Pé’f“"e‘fi? 5@19@6?1%#@ "cﬂdﬁgeﬁletoll‘ﬁﬂ@ﬁﬁpﬁﬁ hanggdndBan free

-vehicl e speedxpested de]aychuseldbyfﬂaaxmadéntagemy is obtained fromthe
relationship  Del Yoo yehbfba ol b 8 ML NEN B bSO NORALLRN bty O

various di fferent ses ur ban

streets). FigftReat 3?’"3 Pﬂ%@lﬁﬁﬁgseﬁﬂéﬂ B’f’ﬁ’alﬁ %W@#@ﬁﬁmﬂ aﬂhér’ffﬂf"lﬂbw on a
traffic |5nk dekyrfer the,subs@@ibet.0 Typical rel ationships are detailed in
Figure 5 for different classes of roads. It is also preferable to

determ ne a ftbrther re a I onghi pbet ween_ vehicle concentration and degree
of saturati on~=R&mala aindhreush trafiic Nety kproportlonal to vehicle flow, the
vehicle flow may ti[aa@adfmmd dmhndnmbet@(?ﬁemxiénhon,elhleethetohhﬁaﬂsfoi'ﬁ&ﬁhan t he

aturation fl @uefnng, e nmean free
epeed b et 3’. Ui M&i@ﬁﬂw c}etem??i&‘g“g Lot a254&005) by the
corres pox‘al ng%FBHééﬂ{ertﬁ e RS, %ﬂhﬁéubsm eb iR Tegek hisr heg dastinationat ur ati on
- flow, correspimthiedgast tints, Jhesedics fortthe optisiai ph’&:sthﬁ)t@ﬁra edftie netwaik d

decrease in nmgARs f&LBnER t]ﬁzkcf!l &Fﬁﬂ shet ween

mean free speed %m Ile%% cﬂéﬂgﬁ é[g“b;g Bﬂ’ﬁf 2) 3ti onshi p
beyond t he De G584 ?JP%I% Wﬂe‘?’én 4 4C8Bn fl ow may be
obt ai ned fromﬁmpeaﬂmﬁwe]l\as:opeiaﬂmghmuttahdoﬁﬁmﬁﬁdmﬁtdbo estimate a

fl ow rat g whi ch capideofliotcdss g?iﬁféﬁ%dﬁﬁfﬂaﬁ]ﬁ%&ﬁﬂ%%%{ag%%%h%ﬂﬂ{ ovi de the

mean free spee IS"to sumthe
un- congest ed ! ??S?‘f% {sllﬁ’@? Whﬁlnﬁ%mglEZQfﬁg@ngém’“ﬁchpﬁﬁlﬂél ay in the
movenent B t oinBrsections (nodes) 12, 13, 14 and 15. The links may be bi-directional and

there may be more nodes connected to node 11 than detailed in Figure 3. In
general, traffic arriving at B (or the queue terminating at B) will take different

20 times to move through the intersection to C, D or E. These times will be
dependent upon the congestion on each of the links and the traffic signal
settings at intersection 11.

For the purposes of this specification, the term “degree of saturation”

(DOS) is used to refer to the ratio of the actual flow of traffic movement

25 resulting from a particular traffic signal as compared with the maximum
possible flow of traffic resuliing from that signal. DOS is a measure of the
intersection congestion and may, under some circumstances, be transformed
to a delay in seconds for the particular movement.

For the puzposes of this specification, the term “mean free travel time”

30 s used to refer to the travel fime down a link when all traffic control devices
' are removed. '

With reference to Figure 4, a typical relationship between vehicle flow
and vehicle concentration is detailed for a typical traffic link. As will be
noted from Figure 4, the relationship is a convex curve intersecting the

35 vehicle concentration axis at a vehicle concentration and saturation of zero.
' A value for the "mean free speed" for the traffic link may be determined from




The un-congested travel tinmes are the nean free travel tines. These tines
can be calculated fromnean free travel speeds, which aSlageard0by
constant for all roads of a particular type, and the |link |ength.
Computationally, it is convenient to define a link travel tinme as the nean
‘free travel tinme plus the 30 tine to negotiate the i medi ate upstream
‘intersection. That is, the travel time on link BCF is the nean free travel
time on link CF plus the tine to negotidfe the novenent BC. The |atter may
be conputed fromquantities transmtted by the traffic control system at

regular time iptervals (eg. 1 . mnute)., For exanple, .in the SCATS. (Sydney
Co- or di nat ed &%ﬁﬁﬁ @b’#‘%\&’i’l‘ﬁéh%g%ﬁgtfm eE{P%ﬁSFeirgcoﬁsc‘fﬁl?%‘H%? pegpeeaiid) byhe

vari abl es needidé comespdislingptandentraiion @kprdssadeassehidlenparouatnidsdewdlys are:
er (e.g.
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a |link nunber) Rg,géﬁn?g%o%%%gpe%gﬁe nagﬁbt% %aﬁgﬁ%dﬁﬁtggﬁg%rgf ;ﬁ;c conput er
provi di ng dat ag %@/ FRIREnber Green si gnal time for the strategic
approach 5Si gnal cchereferred Embodingerd of tHedgiventhpyp tieamean ReSvéldtlet he
strategi c apprasddd Ikl Wal'd ' JJPE:E ' ove neans
that traditio s%la %dt?}ﬁéhf?gtﬂ%féggh%ﬁi@g#&%%gg ?l?or ez%gir'%ﬁgs%p kstra, may
be used. Fb\A/eI}:l?Fi,“e 1 velicls flopmie and, yehipls coaceniratiopdprvariqus differeptre s

associ at ed wi tdlassectf oadd feq Fmpwhys, krtelfals, sbarftpinastrebtyy. Figawet alsb mes

associ ated w [ | ] o | i nmovenent s
BC, EC, an?@%ﬁéﬁpﬁ%ﬁ E%ﬁgﬁf gn_ﬁ rgogt? %g%ﬂpggﬁgﬁt e, down | i nk
CF, that *I's, four TPAORSEPHEY iy Higure;S;for nhdasged ¢inks j oi ned
at a node, thavedsaritisrelsp preforeble t¢ Hetesmawsdiurthbetlatidishildtwoade.  Wen
o0, LSS Bl ool ST, S 00000 7T T2
known, in or d@;cg%pn%ﬁg V@B—PE%@SM wepie é‘PWtq“Webe ‘f?%ﬁcﬁ d¥#éS-can be
conput ed. For vehicle flows less than the saturation flow on a link (ie less than £, in
- 15 Figure 4), the mean free speed may be calculated by dividing the flow
(deduced from the DOS) by the corresponding concentration. For vehicle
flows greater than the saturation flow, corresponding to higher DOS, the
vehicles experience a rapid decrease in mean free speed to close to zero. The
relationship between mean free speed and DOS is shown in Figure 6. The
20 actual relationship beyond the Degree of Saturation corresponding to
' saturation flow may be obtained from experiment. Accordingly, the DOS can
be used to estimate a flow rate which can be divided by the vehicle
concentration to provide the mean free speed.
A mode] of travel time from A to B to C to F is to sum the un-congested
25 travel times from A to B and C to F with the delay in the movement B to C.
The un-congested travel times are the mean free travel times. These times
can be calculated from mean free travel speeds, which are generally constant
for all roads of a particular type, and the link length. Computationally, it is
convenient to define a link travel time as the mean free travel time plus the
30 time to negotiate the immediate upstream intersection. That is, the travel
* time on link BGF is the mean free travel time on link CF plus the time to
negotiate the movement BC. The latter may be computed from quantities
transmitted by the traffic control system at regular time intervals (eg 1
minute). For example, in the SCATS (Sydney Co-ordinated Adaptive Traffic
35 System) traffic control system, the variables needed for the calculation of
intersection movement delays are:

C—




In the preferred enbodi nent of the invention, for each different tinme of
day at which an optimal search is conducted, the Iink t4xAapi3R08 are
stored in a single continuous vector. Another vector includes indices of
the first 25 vector where information about the delays through a particul ar
node can be found. For exanple, suppose MOST is a vector of travel tines
and NI NDEX(nn) is the index of intersection nu at which link travel tines
start in MOST. If there amk links joinit&g at intersection nn, then the
link travel 30 times for links joining node nn occupy positions N NDEX(nn)
to N NDEX(nn) + k*k - 1 in vector NCCST. Specifically, if i = (NI NDEX(nn)
+ j*k - 1 +n) wth j<k and n < = k, .then NCOST(i) is the delay between
node nn and t-he JDhmﬂhmmstrean1node given that traffic entered node nn

from upstream nod nt met hod of
storing 35 link def;;gsec ﬁ%@ﬁ@éﬁ% é%h%ﬁ%e?t[ edn%l\lfvﬂﬂr‘\#%lgectlon del ays

becone avail abl e: gumbelr Eh%iﬂe?hﬁé@fébgﬁfnppﬂtﬁrst ore single
connecti ofis bet vveepromnﬁmgdstahce the travel tinme on CF given that arrival
at node 1 was .via gg:}, HBnkerdi fferent  position in the vector NCOST

than the travel ti %%I@é? hat arrival at node 1 was via FC.
Bi-directional” flo eP§S Phthe iz tegifappsodsh practice, NCOST may be two
di mensional , the fS$igsdl aycledime for the skategicngpioachhe tinme of day and the

second referri.ng tjgoglfgg&hggmgma% Sggcribed above. For exanple, if the
systemig running on 10 m nute~av rpage data fromtraffic control signals,

the first dinmension will be 144, as there are 144 separate 10 mnute
periods in a angiuik'awelumamsmmamuldbevéﬁﬁdn%ﬂfakﬁ:adfﬁ@ﬁ@m @ingalper manent

d cl t
5 very large f‘.ﬁﬂ%"ﬁq’%é"?‘@t. ke in%ﬂ ﬁ%p?.'%%ﬂﬁpg%%[v ?‘3‘?1‘9&?9@%&%?6? or the
known or est &R esqsp,oqlﬁ‘g e deeash pagiiculay Bekj onal
li nks, a veryFof exaggﬂb,l thk tﬂsbla;meaydsecmmﬂeﬁﬁdewmmjaﬁsd thettigegfasi ti on
of NCOSTyghi ¢ infbRotRlrhinBlohinls B, B, 08N BHE G ol LREL Btne Mok | N1 dont s

w11 be hand| %ee%v&qn rat (i{ té{ﬁ tﬂgtls fourhnktravelumes

Generally, if there are n links joined at a node, there are n*n fravel
times associated with that node. When conducting a search from a given
node for the next node in the optimal path, the upstream node on the path to

20 the current node needs to be known, in order that the correct link travel time
to the new node can be computed.

In the preferred embodiment of the invention, for each different time of
day at which an optimel search is conducted, the link travel times are stored
in a single continuous vector. Another vector includes indices of the first

25 vector where information about the delays through a particular node can be
' found. :

For example, suppose NGOST is a vector of travel times and
NINDEZX({nn) is the index of intersection nn at which link travel imes start in
NGOST. If there are k links joining at intersection nn, then the link travel

© 30 times for links joining node nn occupy positions NINDEX(nn} to
~ NINDEX(nn)+ k*k - 1 in vector NCOST. Specifically, if i = (NINDEX{(an)+
j*k - 1 + n) with j<k and n <= k, then NCOST(i) is the delay betwsen node
nn and the j'th downstream node given that traffic entered node nn from
upstream node n, This approach is a relatively efficient method of storing
35 link delays which is updated easily as new intersection delays become |
available. '




the incidents into a fiIe. The conputer programw | read the file
regularly (eg, every 5 seconds) and update NCOST. |f a#P Jaie6e#{i05has
occurred and the delays on appropriate |inks have been set to | arge

val ues, the data coming 20 fromthe traffic control system can be conpared
~with historical data for the part of the network affected by the incident.
As the incident is cleared, the dynamc data will return to "normal" and
the large |ink delays can also be returpggd to normal values. The dynam c
data thus provides a feedback path to the incident detecting operator. 25
Hi storical data fromthe traffic signals should be collected so that there
exists a conpl et e Itds miurrﬂecgqsawatb sthare singlet conpectémstbetisgerofodeheinnedhe Bef or e

10 m 00 AR R Al LR Bochy e (BRI bo
| oaded into N ttﬁ% %&@ﬁ8§§¥'§g%‘b%s§ ?hm’?é” b Bl AT "%cﬁ%l ect the
current si gnaIDOdﬂat‘ms yia §6e Ri-dinectionad fow da handﬂw:bimﬂmajwﬁyl | the rel evant
tine slotsof MOST miytha [ t he

hi st ori cal5 dat abase. \é%?r?cgwr(mllr es??ﬁgﬁsgﬁlﬁggfom%gfﬁﬂtdl%n?ﬁl time is
recei ved, the “PITHES 98 fioe, ‘:ﬁé(@flg ¢ peserd A e%t"]a%‘iéﬁsdﬁs of traffic
~si gnal dat a mapsdsibedmboveniier examplehif thesystem issponitignn 10 stiowiecabregat a, and
estimates nmay dag i ra?fic dMtb sindR0hedfs OdinRASIOn SR 40hs ARIPhR! ©

vectors of N for tgg follown N, t| steps using various nethods
i ncluding: - ORAgte 40 mifunie ners onential weighting - Direct
mul tipli&ati on of Trhﬁldimsld@ntscid‘te road—m@sksbyempmary@ermanénﬁmed ctosmresnt | y

avai | abl e del ﬁﬂdh&l&&%hhﬁb@hhﬁdﬂbd@ﬁ@aﬂﬁé s&ﬁeﬁﬁbbgé%mﬂﬁ @ery Bededent s are

eporto may- pUGFemsp S ”eczip;ﬁfﬁp@agw&epﬁﬂ BN e ek s%”é'xf'regf:t ed

el ectroni cal | gstirpatad tipag eucidentt E[mﬂlatmsequme@rmm@nal]mkss&egr}ed to the
dat abase of i napsiRAk dsRPMdyhe ckitbreR R iﬁéﬂ@dﬂlﬁﬁﬁﬁé’?&ﬁﬁ&n of NCOBT WHiAL | on

{ ﬁ?ggglhsﬁiet P?etiﬁt%%}:‘}&‘.‘? lesrﬁgwggt ri Edj;‘% AL ts he |11 nk delays part way
Most incidents will be handled by an operator typing codes relating to
the incidents into a file. The computer program will read the file regularly
{eg, every 5 seconds) and update NCOST. If an incident has occurred and the
delays on appropriate links have been set to large values, the data coming
- 20 from the traffic control system can be compared with historical data for the
part of the network affected by the incident. As the incident is cleared, the
dynamic data will return to "normal" and the large link delays can also be
returned o normal values. The dynamic data thus provides a feedback path
to the incident detecting operator.

25 Historical data from the traffic signals should be collected so that there
exists a complete 24 hour typical data set for each day of the week. Before
collecting this data, the minimum sampling period should be determined {eg
10 minutes). At the start of a given day, the relevant data set should be
loaded into NCOST.

36 As each day progresses, the system should collect the current signal
data, process it in a form suitable to fill the relevant time slot of NCOST and
archive it for off-line modification of the historical database.

When a request for an optimal or fixed trip time is received, the link
delays collected from the last few periods of traffic signal data may be

35 compared with the corresponding historical data, and estimates may bs made




15 that sane start tinme. As the search nmethod proceeds, the elapsed tinme to
each node in the trip is conputed and the vector of NCGEITJaqya Sate for
that particular tinme is used when conmputing the next link delay in the
trip. Cearly, in the absence or failure of a dynam c data feed,

hi storical data can be used, but as dynam c data beconmes available, it can
be used to nodify the 20 succeeding vectors of historical data in NCOST to
reflect current traffic conditions. Frogathe known origin and destination
of the trip, an approximate estimate of the trip travel tine can be nade
using pessimstic _ mean travel éggds appropriate to the tine of day. This

i's then used t% eaghselpmens of crmplawiiestoss of NeYSEder thesfollawingastimeséapsuhi ch a

~predi ction nmusisingXmrivts MetiodsNnchaigh the preferred enbodi nent has been
described in relation to the SCATS system it is conceivable that the
present invention nay be readily adapted to receive and utilise data that
is collected by al Tidpsariesanglysesic control systems such as the SCOOT
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that particular time is used when computing the next link delay in the trip.

Clearly, in the absence or failure of a dynamic data feed, historical data can
. be used, but as dynamic data becomes available, it can be used to modify the
20 succeeding vectors of historical data in NCOST to reflect current traffic
conditions. From the known origin and destination of the trip, an
approximate estimate of the trip travel time can be made using pessimistic
mean travel speeds appropriate to the time of day. This is then used to
estimate the number of time periods in NCOST over which a prediction must
25  be made.

Although the preferred embodiment has been described in relation to
the SCATS system, it is conceivable that the present invention may be readily
adapted to receive and utilise data that is collected by alternative traffic
control systems such as the SCOOT (Split Cycle Offset Optimisation

30  Technique) system.

Predicting Traffic Network Movement Delays

Some traffic control systems are unable to provide a completely
updated set of movement delays at each intersection in less than one hour.
35 However, they can update perhaps ten per cent of the intersections of the
traffic network in less than ten minutes. By carefully choosing the




I ntersecting |inks. For data matchi ng purposes, the orientation of
intersections are preferably arranged such that the |i r&Jaugsedios o
pointing to the Central Business District are aligned. In addition, both
i ntersections should preferably be as close as possible to being the sane
di stance fromthe 15 Central Business District. Al of the above matching
criteria are available "off line". That is, they can be applied to the
systemif only the network geonetry and appropriate historical data are
known. The nore matching factors that can be applied, the nore accurate
the match between the intersections will be. In the 20 preferred
enbodi ment , t HERIgqtions frogr whighdpicaljestrablie dates this date magitstmetched o om t he
_Central Busi ne&mr&nahﬁhgintﬁ@ébtmhh%ﬁﬁhﬂcﬁftﬁnéﬂ/kﬂhtariﬁ%ﬁﬁﬁaﬂhﬁlet hg Cenltlral g
. Business District . S o tehes are deterpine ol l ecte
intersection data er%"g" g@é%%#tcggs?@%&%ﬁqo\%gf?ﬂ mg%QWB{Hf,gEBPS@Wdi ng a
full set of t3keaPacifrrange of thedntansackiensfor wirikh tigglyath is eefyetlahle. t he
{rat gh![ ng ﬁrocle!éﬁe niekswr® of bR id M{ég@ﬂmevéﬂl?&ay@fﬂi@foﬁcal‘dht& al Mfwl _QE' aylsf
end to cance : raverse. a Fge _nuppe I'i nks.
traffic data i?gﬂgété%g{ﬁﬁé ré@?atéﬁg%rﬁéocﬁfcﬁaqﬁ]@f? ?%H%n%ﬁgﬁl s avail abl e
for another ci*iPriasEenmaAnE twp Perspeetisefipaichesoshayidhast smiler DOS. t o t he
fib rst, 30 i) nt eSinsl frl'gvpifhmt;ﬁdfﬂl@_@eﬂ%iigm#ﬁﬁi%afﬁ?sighglé}fcldﬂiﬁ@i@:%a%ﬂﬂ#lé,seah on
above can be t e the tr i ata.in,the cit or ic
no traffic datdgﬁgrg% {Sﬁggs 6@8%% d%ﬁ%ﬁgdif rlglﬁgch&lﬁgﬁqscpf%teﬁgfl&%gd may
al-l ow cl &8si fi cat i BBY &wo matehadintersastiong preferpblythaye iteasssmamumbennfy be
~equated to raﬂg&esseoﬁngliﬁkavﬂiraﬁmnﬁﬁimgg o¥| HitSorfeditationeofi Nt er sections in
hadd st
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al l ows a travdhe bprigalBusingss Pisitictaspralignase Inmdditinrabythoiptasetionst abl i shed
i E any city fehouldiprbferaidy bé as clogy ﬁ:ﬁmﬁs@ib&? tdlﬁeliﬁg &e@%/ﬁwuiﬁ_ﬂn&efmﬁitﬁé' ar to
t hose inga ci ng such a facility. Over time, appropriate
dat a rrange cgéflgjg{ﬁgg?i%&qﬁgéﬁp%ew_ city to inprove the historical
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provi de historical data are known. The more matching factors that can be applied,
' the more accurate the match between the intersections will be. In the
20 preferred embodiment, the criteria of matching numbers of links, distance
from the Central Business District and orientations with respect to the Gentral
Business District are always used. Once matiches are determined, collected
intersection data may be exported to matching intersections, providing a full
set of traffic data for an entire network.

25 With respect to the matching process, it is interesting to note that errors
in link delays tend to cancel out over trips that traverse a large number of
links.

If traffic data is available for a portion of one city but none is available
for another city that has similar traffic flow characteristics to the first,
© 30 intersection matching using some of the attributes discussed above can be
 performed to estimate the traffic data in the city for which no traffic data
exists. Local knowledge in the city to be matched may allow classification of
the intersections by "busyness" which may be equated to ranges of the average
daily DOS values for the intersections in the city where date has already been

35  collected. Itis then possible to estimate travel times throughout the day in

the new city. This approach allows a travel time advisory system to be




genuine real tinme traveller information. In any event, pl yi ng traffic
data. matching process at |east enables a first esti mt@pﬂﬁl@éf@%bl I shed
for a city wth no actual available traffic data. 10 Alternative Means for
the Delivery of Traffic Information Alternative nmeans for delivering the
‘messages may include text to voice conversion. The forecasted traffic

i nformati on can be converted into speech and transmtted either as a voice
call or if not answered, then left as a gpice nessage for subsequent

‘retrieval. In another form traffic information from 15 the dat abase can
al so be nmade ava|I throu%f a nenu based interactive voice response (M
system Fur t hefSiailis fop whigletrelfigchatastpristics medacwadpbewiL t ext

~suitable for ch1mﬂiha’§o thinsd/ iR aqdﬂmfadgrﬁpﬁﬁbﬂng%u@lﬂamﬁﬁhtﬁ@jﬁmﬂw again to
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Subscr ber!sn7E %ﬁt@a%“ﬁaﬁ%%@d%%ﬁmﬁé{‘@ b 0 1aPE ehfslMeRY 0™ o
or other suit t&’aﬁ%s this by ﬂé@ﬁ%nwséﬁﬁﬁéyﬁﬂem@n@ét@ﬁn ne the exact
position and siyaandc dﬁtaa‘fbm ﬂdawmgi@ledeeﬁéﬁ)ﬁélﬁclbﬁn oider tdiss alidelRsproviRr al ters

his t | [
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Subscri bers cdRetghing nreease at eéﬁ@éﬂblﬁéﬂlﬁﬂ#t@ﬁﬁmﬁtﬁ)ﬁﬁ stab&}aherdefer E’-E'\:'IYThe

servi ce i nvokasith no astuSMorailableGediic dataknown as "push” and "pul|" nessages.
A push/pull service is where an SM5 nessage is sent froma subscriber's
phone requestl g traffic |nformat|on (a and an SM5 nessage is sent
(a push) ¥n r &lifrnatiye Means.for the Delieny,of drafficiInformatiencr i bers may al so
access a dedi cat edAkednatiié memsfbhdhhﬁeﬂny‘mélmésbay&shﬂylhbl&dlmlt@{rowéo

public as well C SCr e bers can
alter their coﬂ?erﬁgg Tﬁéf‘ﬁ %ﬁ sire. H{FE&}E@*&%S ol% 0 olur:% gﬁe%gir}t ai ned
within a sub§8 it s mifted ¢i T#ﬁ? pre|caﬂerfﬁ1@t§ubweﬁedb@ﬁn§efémm@a time of
departure, pmessags fanshbabgwent dttievdllreothdrifomh) w@dffit efofiited ifrbmr I's

57! SCatn, G 010 el bl gl T
i nvention enb ygicedesperse (IVR) system. Furthermore, HTML text can bhe truncate to
more basic WML text suitable for display on WAP and/or 3G mobile phones.
Referring again to Figure 1, in an alternative arrangement, positional
' data for individual subscribers 7 can be determined and related to the server
20 5. A GPS, MPS or other suitable positioning system can be employed to
determine the exact position and status of an individual subscriber. If the
subscriber alters his travel departure time, his customised messages can be
dynamically updated based on his current status as determined by his
positional data. Subscribers can also request specific information as required.
25 The service invoked in an SMS protocol is known as "push” and "pull”
messages. A push/pull service is where an SMS message is sent from a
subscriber’s phone requesting traffic information (a pull) and an SMS
message is sent (a push} in return with the required information. Subscribers
may also access a dedicated web-site which has information for the general
30 public as well as specific access for the subscribers. The subscribers can alter
 their profiles as they desire. The types of information contained within a
subscriber profile may include the subscriber’s expected time of departure,
primary and alternate routes with which the subscriber is familiar and the
subscriber’s preference for weather forecast information.
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advantages and it will be appreciated by persons skilled in the art that
nunerous variations and/or nodifications may be nade t ordeuaORBi on as 5
shown in the specific enbodiments without departing fromthe spirit or
scope of the invention as broadly described. The present enbodi nents are,
. therefore, to be considered in all respects as illustrative and not
restrictive. 25 January 2005 24 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLONS: 1. A systemfor providing traff2¢ or related information
conprising: a database storing historical traffic data and bei ng operable
to receive Sé&%ﬁ@niially real tinme traffic data and associ ated dat a;
nmeans for deternt cally integrating the historical and real tine
traffic and associlThe s anduyster of fheqiresent aiventios bmbodidsmaargt | er profile

to produce cm@maF@Ohﬂdqtaﬁn%ﬁﬁpHcﬁtéd %gﬁ%&é&ﬁ&ﬂ&“g’ﬁg ; gapect to the

at |least one traveller.profile; and,10 or sen .the custom sed
forecasted tral ?OP%Y%?#EPP%%B%%IA?WQH&W beetef“gﬁ WREAIOR 88 he
cust oni sed f orshewstindhe specificenbddinreats withocluparthrsran the spitit ar propai ct ed
- travel delay fth@invbRA6 afMdal Erﬂ'sé&!_t'ﬁmelgﬁ tlefiftbaidledB gt | €ast one

traveller proggle w@e%eln .&he e tgere i S 1 ﬂu icient fraffrc data for a
link of the travefore.gbesopsidersddn all tespectsasi E‘%{j’rhé(f’iaﬁé no§ rebRctiR e to use
avai l abl e data in respect of a further Iink in place of the insufficient
traffic data on said link of said travel route in order to provide the
predicted travel delay. 2. A systemaccording to claim1l wherein each of
said travel route link and 20 said further link include a traffic

i ntersection, such that available traffic data in respect of the traffic
intersection of said further link is used in place of insufficient traffic.
data in respect of the traffic intersection of said travel route Ilink. 25
3. A systemaccording to claim2 wherein matching the suitability of said
further link to said travel route link takes account of one or nore of the
followi ng: a) geonetry of said intersections; b) orientation of said

i ntersections;




30 c) the relative DOS of said intersections; d) historical daily averages
for signal cycle tines for said intersections; e) distZntaaualy 2086
intersections fromlocations of relatively high population density. 35 4.
A system according to any one of clainms 1 to 3 wherein the intended

reci pient receives the custom sed forecasted traffic information for all
travel l er 25 January 2005 25 profiles and separates the information
relating to each traveller profile for subsequent transm ssion to

i ndi vidual travellers according to thees profile. 5 A systemaccording to
any one of the previous clains wherein at |east 5 one individual
travel l er, hay t | ler profile, has a renmpte termnal operable to
receive tra'ns%mmgﬁé%ﬁw&&jﬂf%wm%mﬁaﬁg FELLOYS: nation. 6. A system
according to claim5 wherein the renote termnal is operable to transmt

information tq the é}@kﬁ,ﬁgﬁﬁowéﬂggamggfr}é%;e%h%omgqic%gﬁ%ggl aim5 or claimb6

wherei n the rem)te%%{mna ls.-a no e(%?ne . ystem according to
any one of the pr&cEFRge Stotngdisigrisaldrafic 804 eI el ISR traffic
i nf ormati ol isulnataﬁialiyirealdimettcafrwdataeazﬁld_semciabed datat 0 the commencenent of a
travel fer' s | ourn@bandioh dbierhiRIBianf Hedrdiflg b ARBOHSned fifie AFARE! NG

clains wherein_ . custo forec rarfic information 1s transmtted to
a travel ler ddPf Ry Cﬁgs‘ds%ga t"f’tb\fgfﬂegr tcg’s""tj 183 r?89.trafﬁlierﬁr%f?%foeﬂﬁog‘écfor ding to
any one of t heugraisediifergeastes treffiic rinforndition) vath taspedat| toethe datt iedstsenef or st ori ng
i ndi vi dual tr exetésrofé; @hiil es, the traveller profiles including data
I denti fyi the t r ta rel.atj to the trayeller's usual 25
- travel ro{}tges_ andFn%éﬁ%}ﬁtﬁeﬁgﬂ%gl%cmﬁeedq@%wﬁtﬁdt gcem‘%g'ﬁ?t@gmf%_ A system
accordi ng to BE¥gndeddegipieph avhgrait dbie neystomiseds farpeastsidn traffie information er' s
profile i Sd}_caémisébeattlba?sa tdﬂédidé&@raoéladéﬁéﬁ3gfr1§r @%ﬁr 8nd %G&C:@Lmetd%_
custom se o] %&ﬁﬁ r 0 tion. : system according to
either claim ?L oréogﬂéﬁenéi%s\g\%@gévﬁm?ﬁ@ﬁ@i dual
wherein, where there is insufficient traffic data for a link of the travel
15  route, the means for integrating is operable to use available data in respect of a
further link in place of the insufficient traffic data on said link of said frave! route

in order to provide the predicted travel delay.

2. Asystem according to claim 1 wherein each of said travel route link and

20 said further link include a traffic intersection, such that available traffic data in
respect of the ftraffic intersection of said further link is used in place of
insufficient traffic data in respect of the traffic intersection of said travel route
link.

25 3. A system according to claim 2 wherein matching the suitability of said
further link to said travel route link takes account of one or more of the
following:

a) geometry of said intersections;
_ b) orientation of said intersections;
- 30 . c} the relative DOS of said intersections;
d) historical daily averages for signal cycle times for said intersections;
e) distance of said intersections from locations of relatively high
poputation density.

a5 4. A system according to any one of claims 1 to 3 wherein the intended
recipient receives the customised forecasted traffic information for all traveller




travellers are provided access to the traveller database and nmay alter data
contained in the database relating to their profile. 252{anameoB805 26 13.
A system according to any one of the preceding clainms wherein the neans
for integrating historical, real tinme and associated traffic data is
operable to: a) determne a time series of average delays from historical
data for 5 1links in a traffic network the tine series extending over a
pre-determ ned period of tinme; b) receive historical weather data and -
correlate that weather data with the HPstorical traffic data and
generating an average historical delay for the links during various

weat her condi ty ; } b ; L t her in the
‘geographi o re o ol shertS b FbEftion BRINT I el el oE RV k"
del ays that wi Pgs%eefﬂf#faaf*f"'éa%f%ﬂd'viﬁ%a'ﬁfﬁ\éﬁ"ﬁS@mrﬂméo ther pealilen of the tinme
series based upon the received data; and e) generate a prediction of the

~actual delay fg Om@sme&ﬁﬁﬁé’% agoﬁ@gﬁhﬁbﬁ 'aﬁﬁdé'ﬁgwg%'ﬂg%ﬁ f the

traffic network b.ﬁ sHmplpéh e respective ‘Thks al ong
the travel o8 dViAYR Frvelier ihaung 3 draveligs profilpkhefcieagemate tefeingli ne t he
travel l er is oppableduraceive tememitted tustondbeddbaogstédipatc inforkationl4. A system
according to claim 13 wherein the integrating neans 20 determ nes seasonal
~trends in the_ historical traffic data relating to average |link delays and
renoves thoseGSeafbﬂﬁe"W“ézﬂwgftPB "Eﬁ&hﬁfegt@??%q’teﬁmrﬁ?@qmaa!etms. A

syst em accor diragsnibintormétion te theidatab@ser cl ai m 14 wherein the integrating.
nmeans estiqgates the actual traffic link delay that will occur for a link
sone tinme 25 Lnh the future by receivin eal tinme traffic data relating to
measured del a;s 02‘ yts{;ég}?chquq%thc?agné ‘gé”%lsa‘l’ri‘%ﬂ”tm?e"eﬂ'ﬁ’m terminakife nost

recently neas@mapilepbdreic |ink delay to the average historical |ink delay

- for the corresponding tine step at which the neasurenment was taken and:

mul tiplying the a erasge hi sto.ic?I | i nk (a?l% for the |ink at a future
time step with thé FFEUT otféPHNE {QRAY sHR F PP PEFRANG Gamy MEFeiRi ng an
estimate df t Pustemiseiordcastrd talfiainfarmations tlansitted tof travietier rionto thé the  tine
step in the fgdmmhéncement of a travelier's journey. '

9 A system according to any one of the preceding claims wherein
customised forecasted traffic information is transmitted to a traveller during the
20 traveller's journey.

10. A system according to .any one of the preceding claims including a

traveller database for storing individual traveller profiles, the travelier profiles

including data identifying the traveller and data relating to the traveller's usual
25 travel routes and usual time of commencement on those routes.

11. A system according to any one of the preceding claims wherein the
traveller's profile indicates the times that the traveller prefers to receive
customised forecasted fraffic information.

30 .
12. A system according to either claim 10 or claim 11 wherein individual
traveliers are provided access to the traveller database and may aiter data
contained in the database relating to their profile.




16. A system according to claim15 wherein the integrati ngqﬂr{rjeans ener at es
an estimate of the actual traffic link delay that will €cénuanof00® |ink
some time in 35 the future for all traffic Iinks of the network rel evant
to traveller profiles. 25 January 2005 27 17. A system according to claim
16 wherein the integrating neans estimates travel tine on a particular
link on the basis of prior links to said particular link that have been
traversed and taking into account the delay involved with traversing said
prior links and the intersections travessed. 18. A system according to any
one of -clainms 13 to 17 wherein the integrating neans determ nes

predi ctions of _actual .delay that will occur for travel routes according to
travel | er profift ed* SYSteMRELPHRE tP &Y Pedohire dxetedingssiaies whereip b | er
profile. 10 19neahs fy ittegnatinghistalicalreadtimesndassovbted trafficdata3s dgerdifle Wwher ei n
the integratingg neans receives data relating to events such as school

hol i day periods, s r. holida eri ods, public holidays and weekends and
correl ate that datagnﬁeft?fnm‘?ea t \és‘g’ﬂ?? Bg?"qr‘i?g?fqqkiyscfré’f"ab'sejl?gcaiﬁi?taﬁpéyst em
accordi ng tSo dinks io@drafiic netwarintbe lithetseriéOexteraing avet & pre-determirgtdipegod neans
i ncludes a nogelm@f that data generated by performng a | east squares fit

analysis to determnne an avera historical traffic del usi ng. t he
function: 20 Del :J’B aorfﬁi'wﬁ"fteﬁ%i]ﬂ??ia%dﬁ e%chgr%eiate that wedtHer data With
+as* Sh+a6* Ch+#r- Vgt railficdataand genaraling Ph avanags histDiicat dgiacfoetitedinker i od si nce

last rain 25 RuiifPrpsehSattictichidiidnsi n | ast predeterm ned period Sh
represents schoo

Ve ropr esit s . webk ot AL desHAP PSS L SEPYEPRGIPRy 30 | Ph
represents a @bthelyeffionetwarkpublic holiday Ph' represents a day after a
public holiday  d) estimate the actual link detays that will occur on each of the traffic
links for each of the time series based upon the received data; and
e) generate a prediction of the actual delay from a commencement
15 node to a destination node of the traffic network by summing the respective link
delays of the links along the trave! route using the estimate for each link delay

at the time the traveller is expected to commence travel along those links.

14. A system according to claim 13 wherein the integrating means
20 determines seasonal trends in the historical traffic data relating to average link
delays and removes those seasonal frends from the historical traffic data.

15, A system according to either claim 13 or claim 14 wherein the integrating
means estimates the actual traffic link delay that will occur for a link some time

25 inthe future by receiving real time traffic data relating to measured delays on
traffic links and calculating the ratio of the most recently measured traffic link
delay to the average historical link delay for the corresponding time step at
which the measurement was taken and multiplying the average historical link
delay for the link at a future time step with the previously established ratio thus

30 - generating an estimate of the actual link delay that will occur for the link at the
time step in the future,

16. A system according to claim 15 wherein the integrating means generates
an estimate of the actual traffic link delay that will occur for a link some time in -
35  the future for all traffic links of the network relevant to traveller profiles.




21. A system according to any one of clains 13 to 20 wherein estinmates of
| i nk del ays caused by incidents are received and stored?¥ #nuanbd¥Buent
access 35 by the integrating neans for summing with the historically
expected link del'ays when predicted travel delays are generated. 25
January 2005 28 22. A system according to any one of the preceding clains
including a neans for determning an optimal path of travel through a
traffic network, the neans being 5 a) operable to determne |ink travel
time for each traffic link in a netwo2R; and b) operable to inplenent a
path searching nmethod to determne the optinmal path between two nodes in

the traffic networ . B ing .the series of connected
‘traffic li nkseltg'et ﬁ%"ﬁ*‘“‘?‘ﬁ%&%@%@' ng&ﬂe‘g’h@?i;rﬁeg{ﬂ@g@% esfi 2‘8§pect ed
del ay. 23. A digyeldimeicad paitisgat imkandhenbagis whpiiasilinks leesaiteparticdlardink on of a
link travel tharenaverbesntiraabisbe dnkinfaking ifto Neici@tt khé eRit ALAIRRY Rith suMmi ng

the nmean free t&g&g@ég?iéb@éikﬁgasri&ﬂg inltérg‘%%gr%ce{év?%ﬁ&verage time required to

negoti ate the i me pStreamin connected to that |ink.
- 24. A systeémaccording to claim 23 wherein the traffic links with vehicle
fi ow r at es | e8s tAgystenhaccamiingtatinpong dfetimal Bio ﬂhﬁ'ndﬂaﬁméih@graﬁﬁ@xﬁ srﬁ_eefl
i s obtaine C r e vehicle
.concentration gﬁé}ﬂhtgtrﬂg%é P@ﬁ%masn%%tcwgpﬁ%éﬁ{@tr Ie"@ ?#Q‘S@f WP 'Périrergl%(lgé obt ai ned
by dividing t Ry Kriravelsr patles at fhadinss reaidreghbyieach maspestive diavaliseed. 25. A
system accor diprofflet o any one of clainms 23 or 24 wherein the average tinme to
negotiate gn i medi ate upstreamintersection is obtained fromthe 25
traffic network's traffic control system 26, A system according to any one
of claims 22 118 2% UHEMAKROPE ABcRnant fgimsu13 eddderain therigeg@ingn opt i mal
travel path tmeaogieceives detd refating torevekts suretassisabdol Hoiiddy padbdy summet recently
collected fro {4 S i i iwcal |ink
Abiidai bfidds; ﬁ@mgt\ol@ﬁ%sfiaa@c{ ﬁgﬁ@%ﬁﬁ@‘?fg&% diﬁgt Ghes U 5

del ay data anﬂ. n_est te al1s generated for
each traffic |sﬁk'°§ifa#’ggatﬁetv\ork for an appropriate nunber of steps in the
time serie§ according to the traveller's conmmencenent and destination

20. A system according to any one of claims 13 to 19 wherein the integrating

means includes a mode! of that data generated by performing a least squares

fit analysis to determine an average historical traffic delay using the function:

20 Delay= ap+a;*Drf(a;+Dr)+as;*R/(as+R)
+as*Sh+as*Ch+a;*We +a; *Ph +ag*Ph
+a1o*Ph+

Where Dr represents period since last rain

25 R represents rainfall in fast predetermined period
Sh represents school holiday period
Ch represents common summer holiday period
We represents a weekend or weekday
Ph represents a public holiday

30 . _ Ph’ represents a day before a public holiday
Ph* represents a day after a public holiday

21. A system according to any one of claims 13 to 20 wherein estimates of
link delays caused by incidents are received and stored for subsequent access

35 by the integrating means for summing with the historically expected link delays
when predicted travel delays are generated.




nodes - in the network. 35 27. A system according to claim26 where, in the
even that real time link . delay data for a traffic Ilaﬁ@q“§3W6¥m§vallable,
historical |ink delay data is used. 25 January 2005 29 28. A system
according to any one of the preceding clains where there is insufficient
historical traffic data for links in a traffic network to generate
historical link delay data; the neans for integrating historical and real
time data 5 uses available traffic data for other links in the sanme and/or
different network as estimates for thege various links for which there is
no data available. 29. A system according to claim28 wherein the traffic
l'inks for which no traffic data is available are matched to other traffic
links for which traffic data is 10 available, the matching process taking

account of one2or Areygtefackhgingobl sny oS of He bleeediR) dlaimkeingRaigtd y of the

elative capad®y® ﬁeﬁe‘?”"ﬁingf% @f'hﬁﬂﬁéﬁ%ﬁ%amﬁfhe e B SPMSIR of < ne
traffic |inksMa@hbeidgati ons of relatively 15 high popul ation density; e)

the rel atie DOS Qﬁ t frerdti@ ftd idetekrhink Sink f ravieh 8me sbabdte trdifis tiak de of t he

~traffic links g m pgations of relatively high population density. 20 30.
A system accordin ) any one of the preceding clains wherein traffic data

“available for a p®ti Qﬁ?"%ﬁ'e 0 implgmest apatneasstEng Methad te Helgmpine Mot her city

or anot her unpmnlmammﬂem@ommtmmbnmﬁblr@nﬁdmmabﬁmb@mtseﬁngcs to the
first ”E“t'otﬂ%%eﬁéé f.ddhn é&%ﬁ%ﬁﬁs ané}ftné‘\ﬂﬁdlnc?a%‘?eshtﬂ{; the st 1 or der

to estimate ta In sal yor ano ur ban
area. 25 3P AXRRc aéff providing traffic or related |nforrrat|on
conprising the steps O. a) storing historical, real tinme and associ ated

traffi fcg?t a b9 ag @ rd?n 10 alaﬂgﬁzewﬁaraﬂn%é 8biindBh 86 i tiskeB i
?me for a tra 1C hnk zn a network 1s obtained by summing the mean free travel
time for that link and the average time required to negotiate the immediate
15  upstream intersection connected to that link.

24. A system according to claim 23 whersin the traffic links with vehicle flow
rates less than the saturation flow rate, the mean free travel speed is obtained
by dividing the vehicle flow rate for that link by the vehicle concentration for that

20 link, and the mean free travel time is obtained by dividing the distance of the
link by the mean free travel speed.

25. A system according to any one of claims 23 or 24 wherein the average
time to negotiate an immediate upstream intersection is obtained from the
25  ftraffic network’s traffic control system.

26. A system according to any one of claims 22 to 25 wherein upoh receiving
a request to provide an optimal travel path through a fraffic network, measured
link delays most recently collected from traffic signal data are compared with

30 - historical link delay data and an estimate of the actual link delay data is
generated for each traffic link in the network for an appropriate number of steps
in the time series according to the traveller's commencement and destination
nodes in the network.

35 27. A system according to claim 26 where, in the even that real time link
delay data for a traffic link is not available, historical fink delay data is used.




data with respect to a traveller profile to produce custom sed forecasted
traffic information with respect to the traveller profdd&nuayd0d$ sending
t he custom sed forecasted traffic information to an intended recipient
‘wherein the custom sed forecasted traffic information 35 conprises a
"predicted travel delay for a travel route described in the traveller
profile; 25 January 2005 30 wherein, where there is insufficient traffic
data for a link of the travel route, the step of integrating conprises
using available data in respect of a flrther link in place of the
insufficient traffic data on said link of said travel route in order to
provide the predicted travel delay. 5 32. A nethod according to claim 31
further conprising the step of, where each of said travel route |ink and
sai d further |38k A s¥stemeaceordinate pry png ef edreesding daims whereahergbse traffic
d?t ai nf]EESPeCihSLﬂfciefnhmidtdir&élf treffi¢ Rfa®r ff Qink®1in & tn%ﬁib?]}é_twrkfl@r gerlerdtg 1 n ]pl ace
of insufficient ta,dp.r . e traf rsection of sai
to travel roum]eSt{"fC%LMk%g?ﬁ tﬁépﬁé@% §§_Eg(gﬂrg%%rénf%h'%@%ﬁal{g%éﬁﬁeeﬁ 4said st ep
of using avai |ugp$ availablgfraffie datader ofhex ks dr hewameandighdifferentistworsBs t he

foll owi ng: a) egtpaes for tiidse vaiidlis liksd6SAGEH B8R is nd Bath hvallebient ati on of sai.d
‘i'ntersections; c) the relative DOS of said intersections; d) historical

dai ly averages for_ si g%nal cycle tines for said intersections; e) distance
of said inter@&ct RSP AFCIIRGP Sl7dn 3B wharein; e (taffip ligks fop vhiRdHOP at i on
dﬁnSi ty. 34. Aaffietdatris @eaiabldiang matghedio e teifficainkd 5B whith _tréfﬁB&fat@clﬁrpri Si gg
the step o t ‘i’%ﬂcrr gbaqp orecaste
traffic i nioortr?gfﬁ!ag%’ ?’Br a_wf'gﬁ%r?%\%/gﬁkfgg%pr 0 ??feinggﬁ@ldgée%gﬁrez?lﬁkrwﬁé'he

i nformation rel ati®g &'ﬁr@%"l‘? gepPRetD! ¢fdhe bafticlnksi | ¢ and transmitting the
rel evant. traffic itf otheaelaiive amangant ofitble trafficémks; t ravel | er according to

their profile. 35.5A gRt-bagleaac50bitfe ramaidksone of clainms 31 to 34
conprising the ste ofﬁé o o . .
: cB he relative alignment of the traffic links with locations of relatively
15 high population density;
e) the relative DOS of the traffic links;
f)  the relative distance of the traffic links from locations of relatively
high population density. '

20 30. A system according to any one of the preceding claims wherein traffic
data available for a portion of a city or urban area is matched to another city or
another urban area having similar fraffic flow characteristics to the first
mentioned city or urban area and no available traffic data, in order to estimate
the traffic data in said another city or said another urban area.

25
31. A method of providing traffic or related information comprising the steps
of: _
a) storing historical, real time and associated fraffic data in a
database;
30 . b) deterministically integrating said historical, real time and associated

data with respect to a travelter profile to produce customised forecasted traffic
information with respect to the traveller profile; and
¢) sending the customised forecasted traffic information to an
intended recipient wherein the customised forecasted traffic information
35 comprises a predicted fravel delay for a travel route described in the traveller
profite; '




an individual traveller, having a traveller profile and_a renot erm nal
receiving 30 . customised forecasted traffic informati<OmagHaRY t erm nal
36. A nmethod according to claim35 wherein the renote termnal is operable
to transmt information to the database, the nethod conprising the step of
an individual traveller transmtting information to the database. 35 25
January 2005 31 37. A nethod according to any one of clains 31 to 36
conprising the step of determining fromthe traveller profiles the
travel l ers' usual travel routes and ugfal conmencenent tinme on those
routes. 5 38. A nethod according to any one of clains 31 to 37 conprising

Aravel fers prefor TR s bisPEs ke BeB ly KR N TR a1 on.

39. A nethod dewerGpmipn of iblegraing gompiigesi usinggevelinbles dalp infrespeativing 10

fESt omi fsed f grf@rwmgn blagé bf ®ie ifslmicient it dat ?q SN d(;@?id'tr&yél‘ig&? danctehvv' th
e preferred,. . P Vi information as determ ned fromthe

traveller's Hﬁ %@?ftgppd;ilﬁfeqﬁeeﬁégﬁ%gtt%‘g%gﬁfé ng to either claim38 or claim39

including the step of a 15 traveller accessing their stored travel profile
and altering tie gamatheardcobramg th tlairk [Batfuiiedfdohprisidd thePsteB o aghepgcording to

any one . of clgj . efein t of . lntegrati.ng historical,
real time and%@%ﬁ%&“{ fepﬁl%ggt\ﬁge W%taﬁ‘drsteggjp@@?&thgﬁ F}‘%’é‘%&%ﬁﬁ%)@%%?ﬁ"é" profiles
to produce cusBpgiasdibledraticadatedn rasaedticf heraffigrintarenctiomel sriddurthene st eps
of : a) det er nilink inpidchef nbufRcia rbffis dath imspag ef Bielrafs iftéresatibh of eid cal dat a
for links i gabdiadfd fxnetwork, the tinme series extending over a
predetermned period of time; 25 b) receiving historical weather data and
correlating that weather data wth the historical traffic data and

gener at i ng an 38y eragethbd sHcosrding|to didiray32f wherbihesaid safs of disihigngvailablé ous
weat her cond 4B ¥ataGakel SEGN] S9nk SPInold dFiheHBidir! al1 ng Lo weather in the
geographic region _of the traffic network;
a) geometry of said intersections; :
.15 b) orientation of said intersections;
¢) the relative DOS of said intersections;
d) historical daily averages for signal cycle times for said
intersections;
e) distance of said intersections from locations of relatively high

20 population density.

34. A method according to any one of claims 31 to 33 comprising the step of
the intended recipient receiving the customised forecasted traffic information for
all traveller profiles and separating the information relating to each traveller

25 profile and transmitting the relevant traffic information to each individual
traveller according to their profile. | |

35. A method according to any one of claims 31 to 34 comprising the step of
an individual traveller, having a traveller profile and a remote terminal, receiving
30 . customised forecasted traffic information on that terminal.

36. A method according to claim 35 wherein the remote terminal is operable
to transmit information to the database, the method comprising the step of an
individual traveller transmitting information to the database.

35




30 d) estimating the actual link delays that will occur_on each_ _of the
traffic links for each of the tinme series based upon t FRJ3REl LS dat a;
and e) generating a prediction of the actual delay froma conmencenent

node to a destination node of the traffic network by summ ng the respective
link delays of the links along the travel route using the estimate for
each link delay 35 at the tine the traveller is expected to commence
travel along those |inks. 25 January 2005 32 42. A nethod according to
~claim4l wherein the step of integratifg historical, real tine and
associated data with respect to traveller profiles includes the step of

ol ays andr obwi AU NRE By By PhEREIATE 31 I A odria BB Bl T o dat .
5 43. A net hodetaaaioingifieq the kavelesrorefiles thediaveliers |usiiah avelautesi and he step of

i ntegrating husisdedriénceqat tirhé oRihasslroassoci ated data with respect to
traveller profiles includes the step of estimating the actual traffic |ink

delay that will occur for a link some time in the future by receiving real
time traffisc d&ta’reethed aepording te any aavplcipime Phips3oepmariginpites stemrs and
cal cul ati ng t betermgihihg from thd@aviliats prefeieltines MRA Suveidrs grafef foebdivik del ay to

- the average hb?s[té?ﬁils&f#oké&&&gﬁ#ﬁ@%{dcnﬂ%ti&nhe corresponding time step at which
nt- was ta mul t1

t he neasurene en an pryrng the average historical |ink
delay for the link at a future time step with the previously established
rati o thus gef@r ahi ngttan esdordimg do aflaihhB8 aimpaiking i thls step agf sdrmiiighat wi | |
occur for jhheqldk j . i : accordi ng
to claim g Wﬁueértde?‘:ﬁ?l&}t Eg&gf%H W%Féﬁﬁ?@apg@ﬁaftﬁgés“% g'rnl %%Pfd%n{é%gw&ene and
associ at ed daP&efes N"leéé?féege"t'fég e éﬂf%rmaél?n #¢ deterrained fem dhplaveli@sst ep  of
generating anpme8lei mate of the actual traffic link delay that will occur for
alink 20 sonme time in the future for all traffic links of the network
relevant to travell er rofiJes. 45. A hod .accordi ng to any one of
clains 41 to 4% wAdRethed aqeer éﬁemew@m”%%ﬁﬁmg?gﬁné%gg gisteRda tine and
associ at edsdatravelign decessggetbeir storetintavell drefile 25d gitetihg ltresdatacontdiesd thhe st ep of
‘determ ni ng pgadhefieons of actual delays that will occur for travel routes
according to traveller profiles at the tines required by each respective

traveller profile.
: 41. A method according to any one of claims 31 to 40 wherein the step of

integrating historical, real time and associated data with respect to the

20 traveller's profiles to produce customised forecasted traffic information includes
the steps of:

a) determining the time series of average delays from historical data
for links in a traffic network, the time series extending over a predetermined
period of time;

25 b} receiving historical weather data and correlating that weather data
with the historical traffic data and geherating an average historical delay for the
links during various weather conditions;

c) receiving real time data relating to weather in the geographic region
of the traffic network;

30 . d) estimating the actual link delays that will occur on each of the traffic

- links for each of the time series based upon the received data; and

e) generating a prediction of the actual delay from a commencement
node to a destination node of the traffic network by summing the respective link
delays of the links along the travel route using the estimate for each iink delay

35  at the time the traveller is expected to commence travel along those links. -




46. A nethod according to any one of clains 41 to 45 wherein the step of

30 integrating historical, real time and associated dat® qPﬁ“F@E%ect to
traveller profiles includes the step of receiving data relating to events
such as school holiday periods, sumer holiday periods, public holidays
~and weekends and correlating that data with the historical traffic data.
35 47. A nethod according to any one of clains 41 to 46 wherein the step of
integrating historical, real tinme and associated data with respect to
travel l er 25 January 2005 33 profiles i3cludes the step of nodelling the
historical and real tine data by performng a |east squares fit analysis

. X ; +
e L e R o
Dr represent s "pAtiMg@ndjageasiatesdata with respeqte tavetieramofies intlndes the stap| ast
_ predet er m ned opeieieanininglseasiiat FoRdsSINtHY Atoriaal d]éiélYelﬁtgfgi t@dav%lgg%kgﬁent S
common sunmer d a weeken r a
represents a ggg%c rgﬂlﬁglggﬁiogxgﬁésﬁgélﬁ%gg%@m(Iﬁl\caﬁaéorﬁg?fgn\:'\gaﬁ%ub%/i c hol i day
- Ph{ represénts a day after a public holiday 48. A method according to any
one of clains48l troméfhowleecsriing tth @itisdr i1 driipara Whgeihied efeb@l ., real

time and assog] Gt h | er. fil.es includes the
step of recei \thdéitg‘gﬁg% tgré(\f%éit'{gﬁl ﬁﬁ%%gét#%%édé@/ﬁ%{ﬁkwﬂﬁ%ggé& t&e{{fg@l rby
“incidents andPHGSindente 969&‘%eﬁwatmﬂiﬁe@ﬁk@ﬁtfaﬁéb@@@%@ﬁ@WOC@Eti mat ed
del ays causedfdra linkaothertinte i the Sutofety retdiindiieal @b Aflcydatx Ridtingdo | i Nk

accor ding o SevEE SR raftE ) RECar iR B Bue T v e BB o) o
esti mating tr S¢8PUeY et figk Aglay tithe average obistorieal blinki gelgy forithe 1inks to
sai d parti cul asrrdsporditg e step it ahithitiek megsuraiet asahkdnghddalifplyihgvol ved
W th traversydapfldd RbboRlal'ihkGR1efNe: et FkSSCE '\A0% time step with the
previously established ratio thus generating an estimate of the actual link delay
- 15 that will occur for the link at the time step in the future.

44. A method according to claim 43 wherein the step of integrating historica!,
real time and associated data with respect to traveller profiles includes the step
of generating an estimate of the actual traffic link delay that will occur for a link

20 some time in the future for all traffic links of the network relevant to traveller
profiles.

45. A method according to any one of claims 41 to 44 wherein the step of
integrating historical, real time and associated data with respect to traveller

25  profiles includes the step of determining predictions of actual delays that will
occur for travel routes according to traveller profiles at the times required by
each respective travelier profile.

46. A method according to any one of claims 41 to 45 wherein the step of

30 - integrating historical, real time and associated data with respect to traveller
profiles includes the step of receiving data relating fo events such as schoo!
holiday periods, summer holiday periods, public holidays and weekends and
correlating that data with the historical traffic data.

35 47. A method according to any one of claims 41 to 46 wherein the step of
- integrafing historical, real fime and associated data with respect to traveller




30 - 50. A nmethod according to any one of clainms 41 to 49 including the
step of identifying an optimal path of travel through %ﬂ?@ﬁﬁ’@oﬁ’fgtmrk by
determining a link travel time for each traffic link in a network and

i mpl ementing a path searching nethod to determine the optimal path between
two-nodes in the traffic network, the optimal path being the series of
connected traffic links 35 between the two nodes resulting in the | east
expected delay. 25 January 2005 34 51. A nethod according to claim 39
wherein the step of determning link tmavel tinme for a traffic link in a
network includes the step of sunmng the nean free travel time for that
link and the average tinme required to negotiate the inmmedi ate upstream

i ntersection dUARSinelydesthensier of medelipy the historerl andJsaldtme 48R EY ai m 51
wher ei n t he dgiedomings icast soliartek @t aredysis tb Herrrhinawe bvérageehibioricah delaaf fi c | i nk
includes the sisgRf fyRklopi Ni ng the nmean free travel speed by dividing the
vehicle flowraté for the link by the vehicle <concentration for the |ink
and obtaining the nmean free travel tinme by dividing the 1o distance of the
i nk by the ndateyT eead+ andr /{meelr) +%3.* RY (apt Rpd according to either claim

-~ 51 or claimb52 includigg=the a5t eR +Qf; ~v@bL ) PpRY sgRpRverage tine to

negoti ate an immedi ate_upsiteamintersection fromthe traffic network

~traffic control systeﬁ]a""l 54. A nethod according to any one of clains 50

to 53 including the step of identifying a request to provide an opti nal

‘travel path tlhweigh apffep8bnts périishce fMirdipon recei pt of such a request,

conparing asured |i el ays nmpst . recently. collected fromtraffic signal
data with ﬁast ori cal ﬂlgF?ﬁ?eﬁg%éﬁ'gﬁgfﬁagﬁﬂe%réwgHﬁrt'qdng the actual |ink

del ay for each traffighraprasents sehpol halidawpdtiodor an  appropri ate nunber of
steps in the tine sertﬁﬁepaéé@ﬁtfs@brﬂﬂuohBﬁmhiéﬁh’&idgﬁér@d comrencenent and

destination nodes in rk. 55 A nethod according to claim54
i ncluding the step of\t/\}iag%}%e}ﬁ%%‘ﬁe%ﬁa? ﬂre'?'%kg%y sufficient recent real tine

link delay data for aPh feRraspats pipaRlicholidayai | abl e according to a

pre-est ablisshed crit epigefdéénist ddy®ef¥e AlpubiRoligyf ficiently recent |ink
time delay data is ngt+ i Ki .0f historical |ink delay
O B o B PR

data. 56. A nethod accor 41 to 55 including the
step of
48, A method according to any one of claims 41 to 47 wherein the step of

integrating historical, real time and associated data with respect to traveller

20 profiles includes the step of receiving data relating to estimated link delays
caused by incidents and storing that data for subseguent access whereby
estimated delays caused by incidents are summed with historically expected
link delays when predicted travel delays are generated.

25 49, A method according to any one of claims 41 to 48 further comprising the
step of estimating travel time on a particular link on the basis of prior links to
said particuiar link traversed and taking account of the delay involved with

~ traversing said prior links and intersections.

30 - 50. A method according to any one of claims 41 to 49 including the step of
identifying an optimal path of travel through a traffic network by determining a
link travel time for each fraffic link in a network and implementing a path
searching method to determine the optimal path between two nodes in the
traffic network, the optimal path being the series of connected traffic links

35  between the two nodes resulting in the least expected delay. '




30 . identifying whether there is insufficient historical traffic data for
links in a traffic network to generate historical |ink 4fdanuapad@ds n
accordance with a pre- established criteria and in the event of identifying
that insufficient data exists, wusing available traffic data for other
links in the same and/or different networks as estimates for those various
l'inks for which there is no available data. 35 25 January 2005 35 57. A

met hod according to claimb56 wherein the step of using available traffic
data for other links in the sane and/of4different network as estimates for
the wvarious links for which there is no avail able data includes the step

oo rardi oSP nELRELE shtdie TS el 8L PebAaoRi IR S L0

t aki ng accountrasl time for grraffigrliak iy a petworks ipeludssithe step pf sufeming|te emen geonet ry
of the traffifred trakes timebibr ti linkclaatiithe aféragn amBEBhuUIRG bheegofi@bfthe |1 nks;

~c) the relati }ﬁ‘ﬁaﬂ%ﬁﬁ%ﬁﬁr*@%%??ﬁé{ﬁ‘?"fd#&}ée‘i*eﬁtgfﬂkyq d) the relative alignnent

of the traffi ati'v hi gh popul ati on density.
e) the relative DOS of the traffic links; f) the relative distance of the
traffic |inks5i.romraticas aceosirgf torotdimtsMmeharein habetoematiohiop hed@Bsa ty. 15 58.

A hod i f. cl.ai i o
Stop of -t cnyee, Dol fin ¥ £ S ik iR o 4o Bf oplrirBCe SRR (819, 12

area to  anot W&l &pesd By dividiagdhe yeligle fovesatedfor tp drkidbyathet vaiide ¢ 11 ow
char act eri st i cocenirativrfer fherliak anedbtainingdheméan foge traveRimeb\edividing tis der to

estimate the Grafdd & %Qgg%%&%ﬁ@{%%%m ty or said another urban

area, wherein no tra ta I's aval r said another city or said
anot her urban area.
53. A method according to either claim 51 or claim 52 including the step of

obtaining an average time to negotiate an immediate upstream intersection
from the traffic network traffic controf system.
15
54. A method according to any one of claims 50 to 53 including the step of
identifying a request to provide an optimal travel path through a travel network
and upon receipt of such a request, comparing measured link delays most
recently collected from ftraffic signal data with historical link delay data and
20 estimating the actual link delay for each ftraffic link in the network for an
appropriate number of steps in the time series according the traveller's
commencement and destination nodes in the network.

| 55. A method according to claim 54 including the step of identifying whether
25  sufficient recent real time link delay data for a traffic link is available according
to a pre-established criteria and in the event that suffic'iently recent link time

delay data is not available, making use of historical link delay data.

56. A method according to any one of claims 41 to 55 including the step of
30 . identifying whether there is insufficient historical traffic data for links in a traffic
network to generate historical iink delay data in accordance with a pre-
established criteria and in the event of identifying that insufficient data exists,
using available traffic data for other links in the same and/or different networks
as estimates for those various links for which there is no available data.
35
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57. A method according to claim 56 wherein the step of using available traffic
data for other links in the same andfor different network as estimates for the
various links for which there is no available data includes the step of matching
the traffic links for which no traffic data is available to other traffic links for which
traffic data is available, the method step taking account of one or more of the

following:

a) the relevant geometry of the traffic links;

b) the relative arrangement of the traffic links;

¢) the relative capacity of the traffic links;

d} the relative alignment of the traffic links with locations of relatively
high population density.

e) the relative DOS of the traffic links;

f)  the relative distance of the traffic links from locations of relatively
high population density.

98. A method according to any one of claims 31 to 57 further comprising the
step of matching fraffic data available for a portion of a city or urban area to
another city or another urban area having similar traffic flow characteristics to
the first mentioned city or urban area, in order to estimate the traffic data in said
another city or said another urban area, wherein no traffic data is available for
said another city or said another urban area.




