25 January 2005 1 Method and systemfor providing traffjc and rel ated
i nformation Field of the Invention The present inventi fahug égmg

travel ler information services and in particular to a systemfor providing
forecasted traffic information to individual travellers. 5 Back and of the
I nvention The nonitoring and reporting of traffic conditions is an

I nportant - factor in the managenent of traffic flow Froma notorists point
of view, it can be vital in saving conmlting time and unnecessary del ays.
Substantial 10 effort has been directed to providing facilities which allow
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One type of known trafﬁc reporting is by use of a "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




so updated/incident reports that may give a clue to the _durati f a
problem This does not satisfy the needs of the nntorﬁ@@aﬁﬁﬁyﬁgagires
information relating to what the conditions will be at some tine in the
future when he 25 January 2005 2 will be travelling past |ocations that are
currently congested. Additionally, these systens do not provide an

I ndication as to whether alternate routes are available and/or the details
of those alternate routes. A significant drawback of prior art systens is
the lack of customised and 5 criticalld timed information provided to
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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




30. described in the at |east one traveller profile, rein, re there
is insufficient traffic data for a link of the travel ary Smeans f or
integrating is operable to use available data in respect of a further link
in place of the insufficient traffic data on said Iink of said travel route
in order to provide the predicted travel delay. 35 In a preferred

enbodi nent, the custom sed forecasted traffic information is transmtted
to an information distributor who distributes the traveller 25 January 2005
2a information to users who have subscréabed to the information distributor
for the purpose of receiving traffic information relevant to their travel
requi renents. | this instanc it is _preferred that subscri bers have
remot e t er i hdMETaOR faeRs BhO Pavesupacided t e plbraalion dTbARR (P The

syst em and t hepurpmsenohedcsivinayrafiic infordation rdlevantiortheiniravat regniréments.tihe
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cont rol si gnalfer cmchunicafidn foons e sobseriberdo dretsysteor s pl aced 5 at strategic

|l ocations throughout a traffic network. The database nmay be operable to
store historical and real tine traffic data and/or associ ated data for
frequent retrieval. The historical traffic data stored in the database
preferably includes a sanple of previous traffic data relating to
geographi cal areas of interest to subscribers. Such data may include data
fromstrategically relevant 10 | ocations such as traffic congestion areas,
traffic flowat particular |andmarks and speeds al ong specific routes.
Associ ated data may include data collected from other sensors and
detectors such as sensors for neasuring and reporting tenperature and
rainfall and may al so include data relating to significant events that may
have an i npact upon the flow of traffic through a traffic 15 network. (eg
hol i days?) Associated traffic data stored in the database preferably
includes information on incidents, accidents, road construction, alternate
routes and




weat her information. Associ ated data may be obtai ned fromany print,
el ectronic or radio comunication which is then converteayeyaA%5f o
storage 20 in said database and subsequently used by the system The neans

for integrating historical, real tinme and associated traffic data may

I nclude a nodel that provides an indication of the expected delay for a
particul ar |Iink based upon historical records. Using a nodel as conpared
with referencing base data should reduceastorage requi renents and 25 may
al so reduce conputation tinme and hence provide nore tinely results. By
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able to receive traffic or réllated information wmth respect to his or her
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cust om st f orelyesk.deg holidldys®) i nf ormati on for individual subscribers; and
: Associated traffic data stored in the database preferably includes
information on incidents, accidents, road construction, alternate 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.




15 neans for sending said custom sed forecasted traffic information to

i ndi vi dual subscriber terminals in said network at tinmedd {3weva#®5Scriti cal
to individual subscribers wherein the custom sed forecasted traffic
information includes a predicted travel delay for travel routes described
in a subscriber's travel profile. 20 In a preferred formof the invention,
the subscriber is a notorist and the network is a cellular or a nobile
~communi cati ons network. The network mayasupport Short Message Service
(SM5), Wreless Application Protocol (WAP) or third generation (3G

‘wirel ess broadband networks. The subscriber database preferably stores
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the identity q%sﬁmr&ggscri er. Profiles may al so include paraneters such
as usual travel trmes, the route usually taken and the times at which a
subscri ber woul d picieempediment plhe ngesephinyegtion here it pravided pfsystem
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includes a predicted travel delay for travel routes described in a subscriber's

travel profile.

20 In a 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 prbﬁles
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




the effects of the data variables and may include nulti-variate regression,
nulti-variate tinme series, spectral analysis piece-w se2ama498 at es or
the like, or any conbination thereof. In addition to expected del ays
resulting fromtraffic density, incidents may occur that could
significantly increase the 15 historically expected del ays. The occurrence
of "an incident that may have a significant effect upon the forecasted
delay to a subscriber may be sent to a $ubscriber prior to his or her next
maj or route change thus enabling the subscriber to perhaps select an
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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:




first estimate that may be refined over tine as nore traffic data for that
network becones available. In a preferred enbodi ment, “oh@nHa@%hAg of data
fromtraffic controlled 10 intersections throughout a traffic network

t akes account of various factors including the geonetry of the
"intersection, the orientation of the intersection and the ratio of actual
flow of traffic resulting froma particular traffic signal as conpared
with the maxi mum flow of traffic possible for that sane signal. This

| atter factor is referred to as the "deg§ree of saturation"(DOS). O course,
the 15 nmethod of matching intersections throughout a traffic network may

I ncl ude - addi tional, factors such as historical. dail ver ages for signal
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- 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: '




dat abase; b) determnistically integrating said historical, real tine and
associated data with respect to a traveller profile t@pl34ave’®ast oni sed
5 forecasted traffic information with respect to the traveller profile;
and c) sending the custom sed forecasted traffic information to an

I nt ended recipient wherein the custom sed forecasted traffic information
conprises a predicted travel delay for a travel route 10 described in the
traveller profile; wherein, where there is insufficient traffic data for a
link of the travel route, the step of Integrating conprises using

avail able data in respect of a further link in place of the insufficient

traffic data on said |ljnk qf said trayvel route in qrder t rovi de the.
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a
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the 30 networ koutédtie tstepntl ihtggraliig tompises esing dviildle ddig inmdshest atlHo take
account - of _t Neuryl} il Bk HARGYSUAAUR SR Yabel B iR PR faled st Vi dual
traffic flows through a "signal controlled Intersection. I'h'some instances,
there may onl Y 9de P pravilg thy rredieted pval delaY.i ¢ data available for any
particul arist raf fi dn aeembodiment, thaptesedtémvention phokiddsi aonethby of preading | e

traffic or related information including the steps of:

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




35 traffic signal data may only be available for a limted nunmber of signal
controlled intersections of the traffic network at a frédglrswasy 2006fi ci ent
for that data to be 25 January 2005 7a rel evant for the purpose of '
predicting travel tine. In this instance, the neans for determ ning the
optimal path through the traffic network preferably inplenments a method of
mat chi ng data received fromthe limted 25 January 2005 a nunber of signa
controlled intersections to remaining intersections in the traffic network
for which there is no tinmely available #raffic signal data. Simlarly, in
the instance where a nethod is intended to be used for a traffic network

| where there i Srellel/éﬁt ?&%eﬁﬁiﬁ%&s@%‘f @reh%ﬁr(g{t};légegﬁﬁea in ﬁ'ﬁs lﬁﬁéﬁﬁoﬁueqﬁea%g%raf fic data

i s avail abl e, 4;

control l ed int F%'@E‘ﬂquﬁ% OPH‘%‘?hpétmh@PQh g‘eﬁéﬁf@&)’f‘WRﬁktmefﬁfﬂbgmmé niso t he
traffic netwerrketiwd bf rhatohingdath redeivied frdatttse lichiteda pref erred enbodi nent, the
nmet hod of matching data fromtraffic controlled intersections throughout a
traffic network takes account of various 1(} factors including the
geonetry of the intersection, the orientation of the intersection and the
ratio of actual flow of traffic resulting froma particular traffic signa
as conpared with the maxi numflow of traffic possible for that sanme signa
(i.e. the DOS). O course, the nmethod of matching intersections throughout
a traffic network may include additional factors such as historical 15
daily averages for signal cycle tines for the intersections. The various
factors wused to determ ne a natch between intersections may be given a
priority or weighting in order to establish an order of inportance of each
factor. This order, or weighting, of individual factors may vary when
matching intersections with knowmn data to those of another traffic network
such as 20 those in other cities. In addition, the order, or weighting, of

i ndi vidual factors nmy vary fromone region of a traffic network to

anot her. Brief Description of the Drawi ngs The foll owi ng description refers
in nore detail to the various features 25 of the traffic information
system of the present invention. To facilitate an




under standi ng of the invention, reference is made in the description to the
acconpanyi ng draw ngs where the traffic information sys%feﬁ‘?m@“i qug’st rat ed
in a preferred enbodinent. It is to be understood that the traffic
informati on systemof the present invention is not limted to the
preferred enbodinent as 30 illustrated In the drawings. In the draw ngs:
Figure 1 is a schematic diagramof an enbodinent of a traffic information
systemin accordance with the present ingention; Figure 2 is a flow diagram
illustrating an enbodi nent of the traffic forecasting process in
accordance with the resent i nvention; 35 Figure 3 is a diagrammtic '
representat i orfugpb 950? nirolled iiptersepliansde Femainingiaviersestiong in fevel | i nks

and i ndi vi dualtrafﬁahémrklfmhmﬂihdﬁﬁslﬁb ﬁ@%@@v&@laﬁlﬂﬁiﬁcé@uﬁl datdli agr ammati c

representati on of vehi cl e
concentration ,cg tydg%:gl}'&[ %Pgé%h% %Sﬁh‘é’ﬁqui’tiﬁg %be u%g’d%}da
representatio é?ﬂff}'e A€} ar PATaIPSRE e and

vehi cl e cencentafiit daa 1§ Wmlahtel dtmdlhbﬂ@ﬁ@ﬂ‘hclxﬂeCth@S& Sof edatéliagsignalnd Fi gure

6 155 i 80" SRRl RS EAANRAUHR AN B TREA RL IER e 1 S

vehi cl e speed an egree o AL AL ON aY of the
i nvention, . 1@eHeerswitly linyted iraffic dataof a preferred enbodi nent of the
| nvention A pref erm@plefdmﬂimﬁﬁﬁdlmbnt,h@maﬂﬁatdfmm el&ﬁarﬂrchﬁdrab@& ow with

reference to B @o &Qé(ct’i:nhgt ﬁ%l}(lnist%sl:?afﬁgﬁ@two kg&?ﬁ gé ed Dat a

15 Referring ? one
enbodi meM of aé;tqr,saqup Srﬂ?‘@)BW?%O%%WPCW&@%OW&BM0 ﬂ\?ent ion. In

t he i nstanceimbrsetitopasd Ererleﬁo@ﬂbadhlrmm&ﬁmc&yﬁﬂﬂﬁghﬂﬁiw gasichlag nmeans

 subscr i bed Lo tAkcadSs bhilpril with ARk coﬁﬁfﬁ&%‘%%%%?%%f‘%fﬁt&?d“‘;?o'&?éi

20 the cust onf¥es sigRriaeiiediO%)e Céfqomedthsan@ od mﬁehmg)mtmsequqnsut or who
in turn effetiwughetd tedffic hetdaR nidy inblide dddivnaPrictdt Sidtpds istokigal

individugd  SHRSEhydEEes for signal cycle times for the intersections. The various factors
“used to determine a match between intersections may be given a priority or
.weighting 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;




The system of Figure 1 includes various sources 2 for provr ding real tine
traffic related data and associ ated data. These sour ces22Jamgni #¥0Sude 25
publicly avail able data, private data or proprietary data. A database 3
stores historical traffic data. The database 3 interfaces with sources 2 to
‘receive real tine traffic data and associ ated data. The database 3 al so

I ncludes neans for integrating historical, real tine and associ at ed
traffic data including nmeans to performga statistical analysis of the
data, and is adapted to produce 30 custom sed traveller information
packages. A nenber or subscriber database 4 stores travel profiles for

i ndi vi-dual  subscrFigures4 igts élagmmmatimesprasentaiine of ptypiodiralgtionship| | er
Jinformation [rekegeshids floadind tHkatle %Hﬁé‘éﬂﬂaﬁgﬂioﬂa wﬁbaﬁhﬁffﬁﬁbﬁ@r

provi des a gat eway. t the_dat.abase 3 s..network 6, such
as a nobile or I\}I;‘lgg% M%W%Wﬁﬁqﬁﬁn%ﬁgoigmﬁeﬂee EH%I?&‘WSDer 7 has
mobi | e commnlh‘?ﬁlﬁfﬁh‘éﬁhh@&ﬂf?w wirctndhvchiclasbhtantrapion der variotl differemter abl e to
recei ve data tdlaamﬂrbm ¥hdt the nobile network 6. In the preferred

enbodi nent custo X ssa e Leceive |ber S
phone regardr ng re neiﬁ r%i%rﬂ'gng%fcoﬁﬁr%ets?%tﬁ 8‘&8§F‘%ffﬁ§“t%83
subscri ber's fReaRdfe CF?éPeEﬂl‘Példsiﬁstﬂﬁéhlrﬁhmqsdﬂl\ﬁdomaEed with access

to his profi legnidahet ofthd igegtbscri ber database 4, via the Internet or

ot her access neans. This provides the subscriber 7 with the opportunity to
~edit and alter his travel profr | e. The varr ous sour ces 2 of data generally
provi de #@al dlekiled g : ambodiment septionn i ncl ude

hi ghway | oop det eCA Qfeferr&d dmeo&@rmﬁ@sthe ﬁvbﬁﬁcﬁi % (ﬁ@&iﬁHd'Bé@éﬁWﬂmeed

sources, and Y §§o{h E&%MF%ESQ digt |6ces havi ng radi o or nobile

conmuni cat i on devi ces Rt rel ati ng to the progress of
the vehicle through the traffic netvvork Additionally, air surveillance may

be used as weRleaBEFi ReRgedBDaEPOrt S. 15 The interface between the
dat abase and th at aut rrat I, ca col. ect ed
- eI T e (L S L S PR T8, < and

public in ornatlon ous
ot her visual &WHog @Q% ﬁ Wﬂﬂﬁﬂcﬂi’s@ﬂel péﬁmmwntmnheyemﬁhn by

operators to fsitarice of e piefedrall draldditheR thesysesn iAd1AAEHthb 9bans 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 moblle or GSM

35 network.




20 Integrating H storical Real Time and Associated Traffic Data The

dat abase 3 incorporates software to integrate and procés’aHan#40ea
traffic data and any real tine data with respect to a subscriber's travel
profile. Nunmerous techniques are available for such processing. The
software in the preferred enbodinent is witten in Perl and in one
enbodi nent, the software 25 operates on a PC using the Linux operating
system Referring to Table 1, there is shown an exanple of the type of

i nformati on stored in the database 3. No. SuburbDepartEntryEntry ExitExit

Destu Ti meTi me 1341@3 |II6 30NDL7 05HOD7. 20BUDS
1342Donval e6. 40SPR8: s 1l comaryientions Buess sodbpE aTodE

1345Kew6, 40 BRI@:E&HGHEhZ@@&aBB% Seceliddtd afnistoR R 6 HabHistKeRori846S.

T %rES&E‘ESE@?ﬁ%%%“%@%ﬁ%%%@ﬁ%Z% ey Shepled Wit 1000

Doncast er 6. 50CXSFCIeAtSDRODE Mezarding, airom@mm@m\ﬁpshgsme en
Waver | ey7 5008l éﬂbicﬂﬁﬁﬂ@ﬂ%véﬁ@ﬂlel%@ Bﬁmﬂribbﬁf’ nﬁ@r\ﬂé Lprodid BN haDAReR o

13ssrow |17 OO 1A Al bentnned SR bt 7 b oo
Table 1 In t hiEeans Thisquovidagthesubsc thecanporimmityta edit anitabier
hi st ori cal datlds travel profile.

The various sources 2 of data generally provide real time traffic related

10 data. Such sources can include highway loop detectors, video cameras,
publicly and privately owned sources, and vehicles fitted with GPS devices
having radio or mobile communication devices for transmitting data relating
to the progress of the vehicle through the traffic network. Additionally, air
surveillance may be used as well as general media reports.

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




5 to produce predicted travel tines for given routes. The exanpl e rel ates
to travel fromouter suburbs to. the Mnash freeway in 29elap8a¥#805Vi ctori a.
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 7.00amvia the Springvale entrance. Exit at Hoddl e St
is forecasted to be at 7.30am The infoamation contained in the database 3
may be continually updated. Ref erri ng aga| n to F| gure 1, the SM5 server 5
I’ECEI ves custonrsed m ngb 1 ot IIC uaL auaac -t IIC IUI ™ uf c 'ﬁﬁ| | S.

e

The a-mails cohtH n ars Hillst orfl-8Rd fWﬁ@cas@éﬂ t (BT i c 7.3F or BMDSn for
the individual Ism)scwm&ers Hill The d.50 ecaspPrd tgayel HApe i§®r NRME,

incidents and yeaf herg i %g&tlond& dﬁé@ re:?ﬂ%i aa_%cgﬁ I&B?foserv 5 over

t he nmobile network 6 to nobi | e pho
forecast ed i nf &4t i on e del A&t ed CTdHrl nQ1& ar LKA t|7n@ W BZ!I@S)% such

as the night bedsw e, GledWawsrlegr t o.¢i0 cammENCepmt Q{o]ghe 4,481 neygpen- rout e
or just before;fysfurc ol nt eri th | t ernafj e routes
a%SCI’I 7064 ‘R’g%nt g?ﬁ'g he%s e

~to the desti natlon er profi scr r
~ dat abase 4 det &9 ne twmpéquenci@nd tWEE of7.1Q hePﬁ\HFecésftOed Bhﬂlﬂ matlon

 bei ng del i ver etB54TablB: Dontdsteist r atram a a}mnsho;t 1 e1oah omigsrd

generated and 4 § del ipy to indigy du ber 25 J nuar 005 12
23/ 11/ 99 07: 16, D1: est cﬁfﬁﬁﬁ opp ?dﬁl 2% B0 i ng B¢ bi sh.
APPROX 22 r ai.as2280. 15 §4123 ed’iﬁ) cpm 2’&011/ 4By 7: 16: 04:

sent 1 mail nessages 23/ 11/ 99 07: 21 07: sendl ng Gant, APPROX 16 mans TO

" HOD to 0414234567 @nsa.erios.com au ;giﬁll/ 99 07: 25:30: Processi ng Eastern
+ Freeway 23/11/99 07:25:31: Processi sh + Freeway 23/11/99
07: 25:31; Processing West + Gate + Freeway 23/11/99 07:26;12: sending

Tracey, APPROX 13 mithis if@utkdrd tﬁfé&l&%&?@ée 1@l IRER Wi G his oM datg 3/ 11/ 99
07:31:17:4 Sen?dg:% Mﬁ%?‘%%l 5‘?5’9 01 mncgls te%, 041598 65%il
@enes. epa. com ¢ v%,lltu%s L BIYED 3OWES | tes to
travel from outer suburbs to the Monash freeway in Melboume, 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, -




23/ 11/99 0
0419123458

reins TO HOD to 0414333444 @bc.eric.com au

messages T
forecasts

for Grant,
mnutes to

7:36: 23:
@yz. epanyb. com au

sending George, JAC -> PNT 28 mcas to

23/ 11/ 99 07: 41: 28: sendi iy as9ary, 2086pPROX
23/ 11/99 07:41:38: sent 2
able 2 For exanple, the nessage sent to Sathish at 7.16arn
that it 5 will
the nmessage at 7.2lamforecasts that it will take him 16

reach ] Toddle St Typically these nessages are sent to the

15
maf |

take him 22 mnutes to reach Punt Rd. Simlarly,

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

subscri bers pri or to t he com*rencerrent of their journey. For exanple, the
subscri ber[wh gaves nonefrom RowitHe—at—8-68am—16—and—enters—the
Monash free%%vg%?“ﬁé]lﬁsﬁh BRPEEXat approxi mately 8. 15am woul d get a
standard flasagested: OB:rsazicﬁﬂ,g(Bathll;EQ‘(FFE@X P miTB IO PHE 1630414128H8@ il dpud&m. dunCi dpnt
occurs betjwe ﬁ 7.55am and 8. 15am a further nessage is sent via the nopile
phone to t[fd V& WeiB0fsant Igsflanessegoe enters the freeway. In this way, the
- subscri ber| 23815967041 TRGefingddt,| APBROK 16VRSs B HOBS0 H41243lser @Rinl AL BR.aQN i B
route of 15 travel thus enabling subscriber to alter their normal trave
route in ar¥3/é!f@%‘??ﬁﬂ53ﬂtP@Ga‘imsHasme1~a?IsBWUsed by the incident Further dowh
the table, zgﬁgggeoﬁsgltpg&%ngm FHQJ"’?] show the processing of traffif
info'rrraticn on the freeways. ’E}alss i[Tustrates the operation of integrafing
real tinme (FAEHIATR: 3h|P§QCéPFﬁD&H’PStd&HE*tE’BWV| de 20 forecasted informatioh.
The proceqsikAfod ¢7:2620 dbifkf 01‘0?[%? Irggg !gg th is
received i e Q g%tla%) %ﬂ’ﬁi’g %n%%r gg%’? ‘?’er rin 93’34%?1% @r , tqﬁere
i s shown 4 pfr1 s g O HGD 18 pins e 04159876 S?BPBé'FE"‘i"{?mfaBrecasti ng
process enRb/oydong:3suaisin b meBmea®del | i ng. The process flow includes the
fol |l owi ng tep 1: Cbtain an accunul ated series of historical data
whi ch coul é&g@% Oﬁ%%@ WW@*I&SMHE%W*%%ZW@X%%@@W del ayj i n
various Jesgramticcad: sénding GheH) APHROKSS HdisTO OB oDR 1 4381400 H0ieid @fnlaal  deal fys
in tinme d onventi onal spectral methods, seasondl
trends in ?ﬁgﬁggl?%gil% %&?mﬁéﬂ%ﬁé ebt-al-ned anlrlpr empved from-t hn hi-st okl cal
dat a
Tablez
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 freeway 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




and the result output and tabled as Traffic data. Step 3: Obtain historical
weat her data and splice it with the remaining 15 unal t<r&0ue430c data so
that for each entry in the traffic data table, colums of a) Days since

| ast rain (DJ; and b) Rainfall in last 3 hours (R) are added. Then add
colums to the previously output traffic data table to indicate whether
the data is in sone or all of: 20 i) School holiday period (Sh = 0 or 1)
ii) Common sunmer ‘holiday period (Ch= 0 @ 1) iii) Weekend/ weekday (W =
1/0) iv) Public Holiday or day before/after (Ph, Ph, Ph{) 25 The above

vari abl es are exanglfes_of associated traffic data that relates to the
types of events thBECTARS InFigwel, thaye inthowmaprcesslier dingramaf ong |y, ot her

vari abl es nay dxempid eff thd tafiodordcasiByy pdbs@riployiagdtdtistiod medRlling) The
descri bed, the,s{de6h relating to the various events
and certain teﬂrrre sper?‘ﬁ%@@?é@d{g@g&%{tﬁ%{ﬂ affic data table. 30 To

generate a nodel of the historical data suitable for predictive analysis,
the traffbc ddttep is diQbtdrokn micanadated séridsast historied attivhighicoukEbdinday  of

the week. The data in | ' i : i which kepresents
15 m nute or 30 m nut eﬁg\?%%t&ﬂ eggﬁg?&gq%r%g%? e0@831a¥hﬁggar%()§%ui red,

uenc
 Typically, 30 ninute [BSPEGRSICH locatiensihpg fmasséeﬁcgfkéﬁeﬁ@hdeelrxs or
exanmpl e, 35 consider thihestwper age del ay at 8:30am on a Monday norning. The
representative delay data for a particular or given route of travel
conprises_25 gguary 2005 14 the individual delays for the intersections
and/ or f F%ewaé D $iof erqosé% ¢Qqvgntional spactral anatheds, peaseraldrendp én thepect ed

commencenent time for Hstoricsliduka b dbiined and famdved frote teokistelcalyddter each
a time average of tuo e SN TER bl R Bl ° 201 S e
sanple interval of two mnutes is a continuous stream of data obtai ned
from sensors Stepthe | Ohtaiathiftodealaystheridatennbsiliceibwithtthe rebiténingt er val
period mgybe varied dependiAdnfc HG so'thGIFAM, i in' the LEANY &8
' 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




Al'l such average del ay data gathered for 8:30am on a Mnday norning, 10
are grouped into a separate file and a | east squares fi4 FUARR2WH a is
performed using the function: Delay = as+al *Dl1(a2+Dl)+a3*R/ (a4 +R)+a5*Sh
+ ao* +a7*W +as*Ph+aa*Ph +a;o0*J + 15 where: Dr : Days since last rain R
“: Rainfall in last three hours Sh : School holiday period 20 Ch : Conmon
summer holiday period W: Woekend/ weekday Ph: Public holiday P.: Day
before public holiday Pb+ . Day after pyplic holiday . 25 In the preferred
enbodi nent, the above nodelling is perforned for each 30 m nute period of

- each day for seven days. This generates 336 sets of the 10 coefficients
(aa to a9) V\hiﬂ:lﬁlﬂ@%i!-iﬂbdelﬂyﬁafonﬂmmwre@iﬁoaaaadz’bofrewm, rafesired toMs | st not

Tesult In a regneog o el thrREel Ol e e o L par e
W th storing dones AECaYaRRlAY 1y aRaR LRk KoC8 P st beri e Pebtee whor &
nmodel is used,3.3@an §o SLi6kamm degloblainedtiemadite averagedofiwornipateinenvdlsevery si x
AT s T e R e i ener at e a new
' 336 sets of 3§°lnh “8‘6%%%681 %)ﬁcfaéa ?ﬁfﬁﬂle@ ipm 5¢ r%odrctﬁg:i'% Bt E@e aary 2005 15
5 10 15 20 St dpteasectipasiete. Tbalinteivad periodnfay e vasied dapersbivg orshe el ating to
' : frequency that is required.
All such average delay data gathered for 8:30am on a Monday morning,
10 are grouped into a separate file and & least squares fit of the data is performed
using the function:-

Delay = a,+a, *D/(a,+D,)+a,*R/(a,+R)+a,*S, +
8*Cy+2, W+, *Py 8, By +a,*Py
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 sots of
35 the coefficients (a, to a,) for each link. ' '




measured |ink delays of the network and associated data relating to the
actual weather conditions for the links in the network2S &isn52005r each
link in the network, determ ne the historically expected delay based upon
the seasonally adjusted historical delay and the neasured weat her
conditions and conpute for each link the ratio of the nost recently
nmeasured delay for the link to the historically expected delay for the
link-at a tine step corresponding to thesneasured delay. This ratio is

. labelled "I'VLU Step 6: Wen predicting the expected delay froma

comrencenent node_to a destination node, determne the historically
expected del ay for SERK Iicfhéa-‘é’sfeﬁlu%dlﬂﬁﬁWW@WW@%@?B@DB&mmncenent

time for each |ink and. nulmégshyed lik délapd 6fthe abivwork¥ne atsodistal datal or each
link of the route by the ik r | Vi...raf i unmm ng
the historically expect eaélgg'piz%ﬁ%ni{cg%ég%g@?ﬁén Pﬁggsfci?ct)ﬁ% hﬁ%s ]%lgt?h a

predi ct ed expected del ay P§tveavel fromthe comrencement node to the
destinati 8n node. Incidents that affect the expected travel delay on a

traffic link in a net Bnf r ,ggrrﬂu I}” t . se by an
operator. Due to tﬁ% v?/i'l d@f\%@{l ngﬂ}naegzge 0 ’?%ltgl e%ttgeﬁsﬁéi%ggect ed del ay

that will occur to traff PePesiedifelay pasedarpon; thr spasonellseadingted istenigaint upon
the estimation of a hunadehysadithe mehberedhpaativalcbndisions ahdebdpite fopser vers
and the expected |ink de ; b om 1.Nei t f into a
dat abase _that the 30 intelagéaﬁhﬁfﬁﬂcJ }ahg%gfé}éee]g}géetrs}gééegﬁgIﬁeea%&feéfd‘%gsfog to

I Ng eans
update tA® database of hi B?kghﬁe;hiﬁtﬁﬁea@%wmﬂ dglay fowthe linksaiat her
enbodi nent, the expected talestep comespoadingdo asaspetb@slapy Thizaaden s

may,remain in a separate %ﬂ%ﬁ@@ as conpared with the database of
historically expected lin ea 35 and the two databases may be accessed at

the time of providing a predicted actual delay 35 for a traveller
travelling from a StepdencVien prmditting dh@exieticdalel fré1a d&onfineridegnsn@t wor k.

Over timg as further obsgpyald PSRk G68), MR HftofZaipnuary 2005
expected delay for each link as it would be at the expected
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




16 incidents, the incident database may be updated to ref] ect change in
the expected del ay caused by the incident. In the preﬁ%r?@ﬂ'@%@ﬁﬁinent,,
the incident database is accessed every tine a traveller profile causes
the prediction and transm ssion of the travel delay for the subscriber.
Optimal Path Through Traffic Network In a preferred enbodi nent of the

I nvention, the custom sed forecasted traffic information system i ncludes
the determ nation of an optinmal path 10 iérough-the traffic network for the
- subscriber to reach his or her destination in the least tine. The search
for the optlnal ath hr,oy h a traffic network ~takes account of each |ink

 flow directi orf® 3\}% B%fsdaéﬁhaf%%ﬁtbedﬁqd&%i toeaﬂ%?éanw anggrinithe cont r ol
-signals to traﬁcpeaiedrﬂw]amauseﬁlbyahgﬂlmldeﬂt intersection as well as operat or

put and other aORBLhGral fubBRiRon Mo LR ELGIRIOR LR BLAYLSS, 2

di agramatic represent

i ncom ng/ out g frewgl Té’@?ﬁﬁ'@&ﬁlﬁ?@ﬂﬂq pregiciorrandsisansmisson ﬁ%@éﬁﬂvﬁ 13, 14
and 15. The | ideley fomthelsmbbirilgrr ecti onal and there may be nore nodes
connected to node 11 than detailed in Figure 3. In general, traffic
arriving at B or tti)e qu ue ermnatlng at B) will take different 20 tines
to nove throudlimal Baty Jhreus HgNetwosksr E These tinmes will be

dependent upon th dnmpxgﬁatedmmhn&mmﬁbfahe ihentionkihe 2netoblisad foedcastedsi gnal

tt t i th
o183 Sl o s AR L 011
actual ffw o : B“ih§§i}b¥q r {0 el hisorches dpstinations 1 ¢
si gnal as conuaﬂmde&m’tﬁhnet. ﬂ&emchﬁﬂheopﬁnhl paﬂulthwmglh d raffitinetwadkul ti ng

from-that S'gfh%sa%’téf ?% Rl %hkﬂfl’fe?@ﬂ}%d@ on and nay,

under sone C|rcu an rans orne D Secon for the
particul ar ”&53 t\?gﬁc F‘Pl‘t‘-:mé ¢ Hoyewgat ‘P‘éﬁﬁ“&h the term "nean
free travel m’ca‘Sectam aswelieﬂopmaﬂbehqmttandtdnb)ertmhhd date fsbdan a | i nk when

al | trafidc CO””QMtH?&fefegn%et& ef/‘i“?%’cﬁg% %161% Fefs ﬁoﬁ%fE & 4 2

typical rel atl nshi et ween | concent ra lon is
detailed for Hl prsptiom 13 is ey %ﬁbmﬁ%n%a/qm S‘émg Connectin
intersections (nodes) 12, 13, 14 and 15. The links may be b1—d1rect10nal 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




noted fron1F|gure 4, the relationship is a convex curve intersecting the 35
vehicl e concentratlon aX|s at a vehicle concentration av/asdeyr2@0bon 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 vehicles per netre). As it will be recognised by those
skilled in the art, the "nmean free speedit7is a difficult quantity to
determine. 5 1n a preferred enbodinent of the invention, the nean free

vehi cl e speed.down ea of a e | S obt i ned from

rel ati onship dFt;‘ ﬁl’@b‘ﬂﬁ!‘leﬁgh? V%]%C e\? Hw ?ﬁ:lé‘??tsﬁ%ﬂnrdéﬁm or
various di fferiéntconesmbsg odnaepkaigor @xgres‘smhﬂvnmclesapdreneted]s Asstrill ban
streets). Fi gUirefoglisdl baloab sRikd s 'd}%tﬁé"ﬁcﬂ)\é&nh Sl get B WY O a

traffic |ink occur 10 Typica |'at i onshi ps “are e I n
Figure 5 for oqqaf”@f%iﬂd ?’5@?@3 of roads. It is also preferable to

det er m ne%a f urt hein a@rafeired smbpdinsdnied the ivemitide tiomeen fieavélginleand degr ee
of saturation. | SQEDQQ e flow, the
vehicle flow sPde]HSWh%C r(’Z%%’ E%y éd EB&FEG r?la‘ﬁSH Iﬁés t han the
saturation fl %ﬁ%@lﬁﬁ vergiae F fconceqtﬁ\ ipg fpy yarusgiffereBb nean free
speed nmay be oddssed oftodddbie.glifrebdhys atthdalt) sburiachedioet)l Figﬁtﬁtlhl@oDOS) by the
cor r espondi ng d‘e@d]l?s%b fﬂt%@whEéHs ﬁﬁhﬂomjéﬁ Bc &Etg’i saturation

flow, cor, espondi vehi ¢ exp | ence pi d
decr ease F’ nean P'? %lp‘@%(‘}wfl E’(t@lefle‘PJ‘lg"Fﬁé ¥ 4@%43‘-&%#%@& ween

mean. free spe@&dadsndt {3@dsqd grefvabls to deteiminea iﬁrthihmlﬂﬂ)mhiwbétweah ationship
beyond the DegpRloforieahtibbh 5 9 1HES @.ﬂea%%t Sincha!DRIS R RubbAY MY De

obt ai ned from_ex | u lmate a
flow rate whi &° ]gugﬁog@r}alv\e;ﬁffiedhg b’é @‘P‘@ m%’@?ﬁ:@?ﬁ‘%"ﬁé%@ﬁl DP3vi de the
mean free speddr vehicledldwoless t]mnd:he satmtiondlowton @ 1k (e lesd thak £fi n t 0 sum t he

un- congeg§ed F ar4 wabniéme gféﬁfﬁa %e@aﬁa&t&ns dfwc#hglﬂlé gde' ay in the

. nmoverment B to Oﬁ@gi vel nean {ree travel
times. These (§gfde é’(?“?eﬁﬁﬁﬁ ?P%‘BBE'QF?%V&“’ whi ch

are general | yﬂ@@ﬁgr@ﬂter thhprthesd turadiad Slowf, carrpgponiding tarhiphed)OS tte t he 1ink
| ength.  ConputghicRiaahp¥riedde d fipid 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:




convenient to define a link travel tinme as the nean free travel_tinme plus
the 30 tinme to negotiate the inmediate upstream intersex{ayaryid®d6 is, the
travel tinme on link BCF is the nean free travel time on link CF plus the
time to negotiate the novenment BC. The latter may be conputed from
guantities transmtted by the traffic control systemat regular tine
intervals (eg 1 mnute). For exanple, in the SCATS (Sydney Co-ordi nated
Adaptive Traffic 35 System) traffic contu®l system the variables needed
for the calculation of intersection novenent delays are: 25 January 2005
18 Date/ Time Intersection Strategic Approach nunmber (e.g. a |link nunber)
Regi onal Conputer nane/nunber (the identity of the conputer providing
data) Sub Syst-em nDateffim@ér een signal time for the strategic approach

Signal cycle tine fd;gérsé nS$iAL gtl #Emrhqﬁgﬁbscﬁ)gggdﬁﬁkhgﬁb%@r ategic

approach 10 Defi n| trav apove ans that
traditional opti rra ?%‘Fﬁfﬁ‘ifn%’%ﬁbﬁbe iqeptiteqiihp campijetst ra, nmay be

used. Howéver, it pulosnlmgdaalahs that there am several travel tines

associ ated w t.h eagdh mGH@¥er! | Nk For exanple, the travel times
associated with each I1np erprl the times for 15 intersection novenents
BC, EC, DC and CrC-tesnsiggt e s{ratagircanmEeash free travel tine down |ink

CF, that is, four $ignid dyclevtizhe forrthe str@egierapbroachi f there are a links joined

at a node, there ANOS Borthb Ay passoci ated with that node. Wen
conduct i g 2 search froma gl ngéﬂﬁ% for the next node in the optinal

path, the upstream node on the path to 20 the current node needs to be
known, in ord&%ﬁt@ﬁﬂkﬂa@hmtasldbﬁﬂﬁheﬂéﬁhﬁbeﬁieﬂﬁs tHaotrhditioneloptnde can be

comput e |1 g ot 0GR B BAE P B0, SR T T
are stored i Aeqns i ﬂéer‘éﬁ'gﬁsreﬁfﬁ’@&?aw&%?s aspprinted with-eachpartieulanliak. ndi ces
of the first For examp].e the travel times associated with each link comprise the times for
15 intersection movements BG, EC, DG and CFG (a U fum] added to the mean
free travel time down link CF, that is, four link travel times.

Generally, if there are n links joined at a node, there are n*n travel
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. '




25 vector where information about the delays through a particul ar node can
be found. For exanple, suppose MOST is a vector of tr anuane2008nd
NMVEX(nn) is the index of intersection nu at which link travel tines start
in MOST. If there amk links joining at intersection un, then the |ink
~travel 30 tinmes for links joining node nn occupy positions NI NDEX(nn) to
NI NDEX(nn) + k*k - | in vector NCOST. Specifically, if i ( NI NDEX( nn) +
j*k - 1 + n) with j<k and n < = k, then NCOST(i) is the delay bet ween node
nn and the fth downstream node given that traffic entered node nn from
upstream node n. This approach is a relatively efficient nethod of storing
.35 link del ays whitéhonly ngperserydostase bipghscommectionsdreteesn woded sinwpshdbecone
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~systemis rundesayibsd &bQVWFmemmpbrﬁg@ sysbemaisf upnitg aif 10 mivwietavetegsi gnal s,

the first di ngag femWdiic shtdd4ig na& EHeeT8t diffonsibAAvBIORALAL 8 dRrdThiut ©
periods in a nts Jike road-works, tenporary/permanent

qié 10tT gfflc InCL
road cl osures ~~5APEYR 1SR te BFFE IR2MYed in the above schene by entering
a.very | ¥ ge |inklmeffinistidentsdikierroadravoripp tappiratyperomneiionad tlosN@EST f or

t he known or aﬁaheﬁaéﬁgcaﬁﬂehﬁﬁdlea@nmmagchénﬁbs EnieAR a%g;lar g6

uni -direction l.1_nk | ar lin ere ermanently
" the post ¢1 DRk RIRG s 1 ke pprreiilp pod oeaﬁﬁﬁ%%@&ﬂ

di recti on. I\/bgshmﬁ@ﬂ@emefthellmmdmthamhcm&sbyfam-chpmmne}hm}gspamgrycodes
relating to idige hﬂl@ﬂéﬁ?h&ayﬁﬁéhté’reﬁ' TRy Eélu%QEN@IS’Y'%hdhead the

]el:l:ﬁr ; gg aﬁtrjl ﬁ%tgegje ﬁ %’r\S seconfia%?%oﬁ nkgathgve been set atnoI Inglr ggnt has
val ues, the data ddedtimcidents 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




20 fromthe traffic control systemcan be conpared with historical data for
the part of the network affected by the incident. As t#eJany@nd&ifd s
cleared, the dynamic data will return to "normal"™ and the large |ink

~.del ays can also be returned to normal val ues. The dynam c data thus

provi des a feedback path to the incident detecting operator. 25 Historical
data fromthe traffic signals should be collected so that there exists a
conpl ete 24 hour typical data set for eagh day of the week. Before
collecting this data, the m ninmum sanpling period should be determ ned (eg
10 m nutes). At the start of a given day, the relevant data set should be

"l oaded into N&E8rch elemext ebeqmpisip yortony @%@@Sthﬁéﬂﬁfgﬂémmbm staps| ect the

-current  si gnalusinpdadious moerlisds inchidingd form suitable to fill the rel evant
time slot of MOST and archive it for off-line nodification of the

hi storical .database. Wen a request for an optimal or fixed trip tine is
recei ved, thelink %#%%W%ﬁcted fromthe |l ast few periods of traffic
si gnal dasa may beEsdi #hg h the corresponding historical data, and

estimates may _be '?’ggct%ﬁﬂ]ﬂ%ﬁ%?h ngﬂﬂéhfs%r?cag?%fugs% e, of tgorrpl ete

vectors of NCOST t us mnet hods
i ncl udi ng: - Ti ne SUFRLY awgtipbledsl ﬂﬂ’fOﬂE(b@ é‘Pl&Y&éQTg;Iﬁlﬁhhgk deloiyr ect

mul tiplication of the historical values by the ratio of the currently

avail abl e del ay t g Ha%n{g &5%&1&@5&1&@%359 nec%g%r%ynk dg)a%\{ I nci dents are

added and removed | nece or | nci dent

reports Ay b Y‘P%‘EléiaUEdIW mreaomayger@@wﬁhbyavmcq @ﬂd)ﬂ#@ﬁ%lﬁiﬂbxt ract ed
el ectronical | ynfb&nﬁl@:ﬂl@:b@@té&@l@@mmcegf dstEdNbige escoghionttecind@saad to the
e

~dat abase of i@l%h%ﬂ% rtc?ﬂ?ef&&ab&?%fﬂf rrbodl nent of the invention

recogni ses that at_t he | i nk del ays part way
through the trip é?l@%ieﬁf qiceraley nfaQ th%mmimaé:ﬂ@msamthqtla e thge t he

sear 0[1 get hgd amnpe’aﬂisthetlhfk &dl Whythrbegh ﬂﬁﬁﬂpﬁﬁd@ot met&wayfsraitp i f
comut e n ar inme is
mp 15 ng tsﬁa{rl: ey AH I (??@angﬁ{od?é]r%c%e%fs %ps@&‘ et

used when corrpu I\P
eac node in the trip is computed and the vector of NCOST appropriate for

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




Clearly, in the absence or failure of a dynam c data feed, historical data
can be used, but as dynanic data becomes available,  4dJa3nerRNed05current
traffic conditions. Fromthe known origin and destination of the trip, an
approximate estinmate of the trip travel time can be made using pessimstic
mean travel speeds appropriate to the tine of day. This is then used to
estimate the nunber of tine periods in NCOST over which a prediction nust
25 be made. Although the preferred enbodipfrent 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 trigtersectiops fopywhichdo sqled ieaffie datendiatdomayds metclydte Of f set
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January 2005 I I C coldect traff ata, this data
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avai | abl e. Thént%feépg%tﬂ@ﬁW@lﬁB@@ﬁcﬁ‘@rmﬂéhgﬁ gonildbeveorimilas DOSover t he

geometry and Siaplaclyt if higogeal @lechRegraltities Qfl syl éyRle Mdbs BreldvABAPledat a is

not avail abl e. cit over

Hi stori cal datdmlglal%l\%égywé%t%r?ﬁ%ﬁ% api ﬁéﬁ’fﬁn&@ @?Dﬁ&n%ﬁﬁeﬁﬁ?%ﬁl on of
this quaffity for apy “”Pr%%?@dﬂ%ﬁﬁompmﬁ%blﬁrhﬂyp&ﬁﬁm pambérf shoul d
~have sim|ar DBrsecBhglibks.| or data fiafhdid p@lposiseaie diicabalontdfres and si gnal

cycle tines an he. C Q _be.used for

mat chi ng pairs lﬁt ?iﬁ{:%%rg&mtglﬁabiﬁ’?%ﬁgﬁéh %héen@‘gks ?seeé%cl? fo

pref erabl y ha\%e inpspbistrigiare léﬁdséﬂtﬂﬂ qu,hﬂﬂlmm:iecﬁa@a mat chi ng
pur poses, the shouldrprafembiy bé as tlobesaspsskibldt ity ﬂfe%&ﬁfe&h&tﬁn@ﬁ&ﬁgﬁd such

t hat theiglnk gﬁlagpgﬁglgésgm fing to the Central Business District are

aligned. In a Itlz%ﬁ oth intersections should preferably be as close as
possi bl e to bei ng £Ré&f cye Maighieg pritpmatameavailable "off line". That is, they

can be applied to the system if only the network geometry and appropriate
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




15 Central Business District. Al of the above matching criteria are
available "off line". That is, they can be applied to ¢héasast @RS only
the network geonetry and appropriate historical data are known. The nore
mat ching factors that can be applied, the nore accurate the nmatch between
‘the intersections will be. In the 20 preferred enbodi nent, the criteria of
mat chi ng nunbers of |inks, distance fromthe Central Business District and
orientations with respect to the Central 22Business District are always
-‘used, Once matches are determnined, collected intersection data may be

exported to rratcti‘kégidntersectlons providing a full set of traffic data
for an entire §5& imany gityfor wdiielt affis ahpm@ctaisting frg kdewadsde it is

.interesting tmmﬁihfetdtﬂla’se ﬂrdat;mlrebaﬂyldpli@tﬁl lsayls aff @@@Iﬁﬁﬁ out over

trips that tray I il ai | abl e
for a portion Ci%& ne c!d?{aqﬁat nonéacl%éi g\%@{&?eg\réﬂty not ﬂgéﬁlgiqrﬁp hat has
simlar traffitatahagqy Kealy ﬂ@@dﬂéﬁ@&ﬁéﬁf@bgwmﬂ@mﬁmeéw&t i on mat chi ng

usi ng sone of dymandd d&ﬂatﬁﬁmﬁodﬂz (biseﬁ‘eedledi{%éhi@lwﬁﬂoﬁ@r sy dH)é teprokRleest | Mat e

the traffic d f| exi cal
~know edge in tag:?aﬂﬂ%trégfh Iﬁ%h)év‘glg ﬁmé%rrg?/&gl c‘?‘%gg%ﬁ%’gfﬁ %ﬁa%f: d_at?%

i nt ersecti ons B Ch-l?l&sﬁfﬂ@ﬁ?ﬂt Iepitenablay a fis st@qt}mateutot astehljekeddor agiyaver age
dai | y DOS val ueith horctiabavailablededfic dag. i n the city where data has al ready
been 35 collected. It is then possible to estimate travel tines throughout
the day in the new Clt . ThIS aproach allows a travel tine advisory
systemt& be Zuterualive Mosng ine Rekigeny;of Txatlicdntonmationy for which traffic
characteristics arﬂltdnmﬁm Mah@forﬂblﬂrérﬁig the nid3esg@s nihydnelutly tadt k& dixe

operating Sucoftudidh! 'ﬂaé’for%ﬁ@f? e infBARIAR! ¢, Sl BT BEp&lh! ccted 11
hi stori cal da@-&aﬁ@@ﬂ%‘l %Gﬁ)ﬁﬁ’@ﬁﬁﬁﬁﬂd’fﬁ%ﬂw&l‘yﬁ&ﬁa @eééﬁfg&ﬂl@%ﬁl oat i ng

or seeded vehimdsesgeifar aibdequend rdificvdl] B drothyrdyineraffie Mfofifaticofroi Ne
el 5y i, A6 B V8o T 19
with no act uawoﬁéﬁquﬁﬁ%m%ﬂfslm 1ergren YR dgxtgan K?Eélﬂ@cﬁféfl tehe Delive
of Traffic | nimorebasio 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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Al ternative nmeans for delivering the nessages may include text to voice
conversion. The forecasted traffic information can be ZonPeHE¥FPWAt 0 speech
and transmtted either as a voice call or if not answered, then left as a
voi ce nessage for subsequent retrieval. In another form traffic
~information from 15 the database can al so be made avail abl e through a nenu
based interactive voice response (M, system Furthernore, ITTMWi L text can
be truncated to nore basic WW text sui &&ble for display .on WAP and/or 3G
nobi | e phones. Referring again to Figure 1, in an alternative arrangenent,
posi tional daég fl@r i ndi vidual subscribers 7 can be determ ned and rel ated
to the server > GPS, MPS or other suitable positioning systemcan be
enpl oyed to det er niThemeteodanksystans of iherprasett fvantion efmbadidsmiing dual

subscri ber. | fadviftagSstHRGE Wil be AbpRicatdt By hERYRY sITBRRIH thoGyi fngE. hi s
custom sed nes es_can. he gﬁgfm cadéhé/ ypdat e %as(geg on his current status
as det er ni ned'%‘%g pgsviwgqqnis or ; aél?g‘é&"qy readety e davendion&st
speci fi c Bnf orshawndn the spesifid embodig®nthwithentdepertinpfodadhé spiait oSMdper ot ocol

IS _known as " ke invBRtioPkd broad FRR38G5S, Thd e WidboRfh¥hi§Grd, S WNEr € an
SM5 nessage | sePt Hr%ﬁla .%%% criher's EQP requesting traific
i nformation (& purly B8 °gRst IThasJatRecisasd Hﬁtrag‘é@&&étﬂotﬁ?m@%‘{ﬁn with
the required information. Subscribers may al so access a dedi cated web-site
whi ch 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 my
i ncl ude the subscriber's expected tine of departure, primary and alternate
‘routes with which the subscriber is famliar and the subscriber's
preference for weather forecast information. 35 25 January 2005 23
Conclusion The nethod and system of the present invention enbodi es many
advantages and it will be appreciated by persons skilled in the art that
nunmer ous vari ations and/ or nodifications may be nade to the invention as 5
shown in the specific enbodi nents wi thout 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 MS DEFI NI NG THE23| Jeueay|28R6 ARE AS
FOLLOWS: 1. A systemfor providing traffic or related information
conprising: a database storing historical traffic data and bei ng operabl e
to receive 5 substantially real tinme traffic data and associ ated dat a;
nmeans for determnistically integrating the historical and real tine
traffic and associated data with respect to at | east one traveller profile
to produce custom sed forecasted trafgéc information with respect to the
at least one traveller profile; and 10 neans for sending the custom sed

forecasted _trﬁ_g'%l c |Bg tion to an intended recj |er_1t wherein the
custom sed fo NING THE B\LWT’%AR@&%FP B | east a predi ct ed

travel delay for at |east one travel route described in the at |east one

travel ler profi | € dbghbr rowfaﬁgﬁaﬁ@srr@a; itiBittdibh bpfisidg af T1 ¢ data for a

i nk of the travel I's oper.able to use

avail abl e data in% ?SEﬂ““S IsfqsicelHeaffiq %tﬂ@mh bgnnac,@e lettﬁée?%‘éeuf ficient
traffic data ewbstanitialyl reallimeftraffo datd ara\esbodiated @ataji N or der to provide the

predicted travel ¢ Rlayio [ r each of
said travel rou%e lin ﬁiﬁ;dé:%?;eﬁngﬁggaﬁmr@{??ﬂ]gt@?%@naﬁ Wﬂ@ t ff:ib
intersection, “CLERTH "f't JP¥Pect qllgasagpg tqaﬁel sFﬁ o?r Y& traffic

i ntersection edstemper fareedstad triffik infermation! with (sisped tof thei atsiaésti erieent traffic
data in respeghveér grbfe:tahaf fi C |ntersect|on of said travel route 1|link. 25

3. A syst accor rein ui t.abili of said
- further equ]k to sgile gﬁrrog\fgbgib%ﬁ%eaﬁ?ws? gtggg{#ﬁé l8 "Bﬂ@n dP a}%re of the
fol | owi ng: a) iNgEIaRtTEGIPERt Ydierin rth@r@étﬂmlaﬂds foreggstegl itrefiic ainfopnation sai d
i nter secti onscordiftises &t Neadted rédicedVavalf detai tbri &t RESICEAd HaGel ltehi st ori cal

daily averageﬁeg‘cﬁgeﬁhg&a&éﬁcﬁ%{%’% %E?B{Oﬂ'e said int ersect ions; e) distance
I ons t e

of said interSec | ativel P fpopul ation
densi ty. 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 trave! 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




35 4. A systemaccording to any one of clains | to 3 wherein the intended
reci pi ent receives the custom sed forecasted traffic i rofawenNcP%or all
travel l er 25 January 2005 25 profiles and separates the infornmation
relating to each traveller profile for subsequent transm ssion to
i'ndividual travellers according to their profile. 5. A systemaccording to
any one of the previous clainms wherein at | east 5 one individual o
traveller, having a traveller profile, has a renbte termnal operable to
recei ve transnitted customi sed forecast®d traffic information. 6. A system
according to claim5 wherein the renote termnal is operable to transmt

i nf ti t It MSt : i | ai | ai.m 6
Wherein the ;oS SR 386 Res e Iniofh i (ERUAT R bRFal Al R Sl 1o T
any one of t h&UPTELERIRGSTRISHPRIC gl Haveglsrsﬁ%?rgﬁgé%@e!féf@@asted traffic

information is transnmitted to a traveller prior to the comencenent of a

traveller's jaurn ; i : : di ng

cl ai ms wher ei (r?u c%?ﬁ%@g? %’rﬁ C%g@ggﬁ% ?g‘Tth(g i ?r[hﬁrrg %%E&B{ﬁéﬁsm tted to
a travel | e d§PfHgYYifal Bayeliera aving ra draveller Rigfile.1bas & saqteteawiodr di ng t o
any one of thepgmableddiatgive transmittéchalstmhiise ferechsted/esffichfotabidmase for storing
i ndividual traveller profiles, the traveller profiles including data

~identifying the traveller an ata.relating to the traveller's usual 25
travel rout es%and ”u%}'aLﬁ”‘ %?CH@?%08@&?5@8%%%%%@%@@%@0@@@%@ A system
accordi ng to #aysmhisfopfiationdo theatstabiesg) cl ai ns wherein the traveller's

profile ing@icates the tinmes that the traveller prefers to receive 1

custom sed forecasted traffic information. 30 12. A system according to-
either claimio o %PWT?"@W&P e r’r% i%A™ a‘T’her?'F‘éNPe'?éFE’lt%tegf"@abFovi ded

access to theamalephene. dat abase and may alter data contained in the
- database relating to their profile. 25 January 2005 26
8. A system according to any one of the preceding claims wherein
15 customised forecasted traffic information is transmitted to a traveller prior to the
commencement of a traveller'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.




13. A system according to any one of the preceding clains wherein the
means for integrating historical, real time and associ atPUABF 29045 data is
operable to: a) determine a tinme series of average delays from historical
data for 5 links 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 historical traffic data and
generating an average historical delay for the links during various

weat her conditions; 10 c) receive real 26ime data relating to weather in the
geographic region of the traffic netvvork d) estimate the actual |ink

del ays that will ogccur on eac he fic links for each of the tine
‘series based Ufon ‘fﬁ)éSt‘?’Eceé’FQfgﬁgéata&‘y %ﬂ‘?do ele REpedngeciaims hreinitad of t he
actual del ay feans for ndegratingdistorical, 63! timeland assaciated traffiatiatars gumisblef t he
traffic network by surrm ng the respective link delays of the |inks al ong
the travel routeu gthe esti matefog each [ink delay at the tine the
travel ler is exped ?‘%{WW@&G{‘?% ?V%?Q?n‘lflqyﬁé@é‘ p'ﬁtt"?ﬂ%a[ dgi@ fop syst em
accordi ng tso dihks imaltaffmtvemrmthemmelsenege:dendrr@ aveas pre-Rerohiriedperiods seasonal
trends in theam,,ﬁ@orlcal traffic data relating to average |link delays and

renoves those seasonal trends .from he hi st fic data._ 15. A
system accordi ng t sbg TCPRLT N R%‘PﬁWfét Bt daiy Q" q@%&‘?ﬂ‘f’?ﬁ?ﬂ "’ﬁtsrﬁv%r ating
means esti mat é@mﬁ@ﬂ@b&ajﬁﬂ data aifd generating an avergge historiasl délayfocthe lihks a | i nk

some tinme 25 ighridg byl Weandh ordiigRsvi ng real tine traffic data relati ng to
nmeasur ed f@' ays or& traffic LLneka he ratio of .the

and[ al cul a ain? ﬂ}:\ nos
recently rmlasured % r JEFHYE fERLEME HRIR L61afg Peaties %’8 Q?PQTFBP!P(E%QW] i nk deI ay
for the corre@bﬂiﬁ&ﬁfﬁgneﬂm& step at which the neasurenent was taken and

nul tiplying the awra&ﬂmateah@@btgaﬂnnkldalsys &@la«m Jc&:r dnfheachlo?'ﬂneaﬁafﬁcfuture

time step Wit est - generatlng an
estimate of tﬂnég t%ﬁﬁg tﬁﬁﬁméé?réﬁaqaﬁﬁiqutﬁe @58' ?cp‘?%? Ffe link at the tine
step in the futuré& I1®nemtegdredistion bt agusiceldyairom B5camreentemenhe

i ntegrating Wﬁﬁd@tomfrﬁh%noﬁbfﬁdﬁéfﬁdr&at\ﬂérkbggu;ﬁﬁﬂdg&he Ferséééh’v@ ik Nk del ay

ks of the. Heptsise I ong e kBl phfh uithe Bt T eah i s G5 ©

at the time the traveller is expected to commence trave! 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.




27 17. A system according to claim 16 wherein the integrating neans
estimates travel time on a particular link on the basi4®danusFy 105 i nks to
said particular link that have been traversed and taking into account the
delay involved with traversing said prior links and the intersections
traversed. 18. A system according to any one of clains 13 to 17 wherein the
I ntegrating neans determ nes predictions of actual delay that will occur
for travel routes according to traveller profiles at the times required by
each respective traveller profile. 102I9. A system according to any one of
clainms 13 to 18 wherein the integrating means receives data relating to

events such as-sc olida erio ublic

~hol i days and agekgﬁggt%ﬁw@f@ﬂa@ﬁﬁﬁ% @ewqeq{aq gﬁﬂsﬁsg?‘?‘eg traffic
data. 15 20. Aa¥gidimeranag esttigularginkondhe besie obanflhakam seRi pasticdandibier ei n t he
integrating neArsve neenderetedmal tarihg tiltetaddalrd t8e RNt ARy pakrforming a

| east squar es trat'%%m@?%ﬁ%rj‘f}kﬁ'ﬁe‘bg gérgeectlg%rtfa(v rage historical traffic

del ay usi ng the n ) +as* Rl (a4+R)
- +as* Sh+a6* Ch+a7* We+a8* Ph+as*Ph- + a, 0"~ Ph’ V\here Dr represents period

since last raiis. zaﬁsreemmmmgswwm@éﬂdaamst@ﬁ:ﬁ?p&mhﬁerrhreg@u riod Sh
P S ot < RBhs BeElAAYs PRLIGASe o JoRR] 8857 Iy GATBERM, B TERY r&ggé day per! od

- W represents sen oI| ay 30 .

" represents a &5‘5}0\,\%@9 E?rt@"ﬁ”%@fﬂﬂ% q{meitd%ﬁﬁ femmdrb&mae%éqﬁp@ctaedrayel@fter a
public holi day;rcﬁ[b A system according to any one of clains 13 to 20 wherein
esti nmates | i nk del ays caused by I nci dents are received and stored for
subsequent acggss 35 bhthe i ntegrating nmeans_ for sunmng with the

historically déXpeéftatemacrodngds "Y clginesy| Hiod§ Vmeéﬁﬂéihed@tleﬁ@ﬁﬂgar e

gener at ed. means receives data relating to events such as school holiday periods, summer
holiday periods, public holidays and weekends and correlate that data with the
historical traffic data.
15
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.




25 January 2005 28 22. A system according to any one of_the preceding
clains including a neans for determ ning an opti nal éﬁthWaWFEW§I t hr ough
a traffic network, the means being 5 a) operable to detern1ne link travel
time for each traffic link in a network; and b) operable to inplenent a
path searching nethod to determne the optinmal path between two nodes in
the traffic network, the optinmal path being the series of connected
traffic |inks between the two nodes resulting in the least 10 expected
delay. 23. A systemaccording to claimg2 wherein the determ nation of a
link travel time for a traffic link in a network is obtained by summ ng
the nean free travel time for that link and the average tine required to
‘negotiate the i Mmediate 15 upstreamintersection connected to that I|ink.

f2|4 A syfterr} @Qcorﬁdbvwe:hchc@brt@ln@t33ar\{Vﬂ@rﬁé9bﬂtﬁeP§rebécﬂrﬁd iclins HeRiding td vlehl cl ed
s obt i ned B0 97 QeleApRE' 4L fetBLoath & vl Bpdets TR cmsﬁ%ﬁbbﬁé‘xi vehi ol e

concentration rﬂe@ﬂswag 20 link, and the nmean free travel tinme is obtained

by dividing the diayt ageatid td m@tenh.hakunlamvbemeafﬂr baetetrifMaviek ispeed. 25. A
. system accordi Qg‘,} y one of clains 23 or 24 wherein the average tine to

negotlate an i 'edr ate upstreamintersection is obtained fromthe 25
“traffic network'sbir a?ﬁeir@’%t?n'ﬂw&ﬁm%‘iét@l‘ﬁ seasching mothpd ie deledpine Mg t o any one
of clains 22 obptidd patrebetiveeripomodes & e hafficactvemikaié optmad pethi iskincan opt i mal

travel path t b, & dhaldddraRUMRL BordBARL hibhnode i ARk Mo st T ecently

collected fromtra s‘ief si gna are conpared Wt ortcal link
del ay dat a%an§ReHed&e@¥at e of the actual |ink delay data is generated for
each traffic link in the network for an appropriate nunber of steps in the

tinme series aggor I tion
n:)des | nI t he %gt ‘A‘é}gt%a&{@f‘ﬂmht@&ﬁﬁe%gﬁ%rg@gﬁgé'&wugﬁ%\dazmé@g | in the
even that realMgi Qfeaﬁr? link in a@eagpf'aﬁt tgingd by summing e meap freg tyel avai | abl e,
hi storical [i timedet dmt it and theusedage 2ine) saquined td2 A€gotiate 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.




29 28. A system according to any one of the preceding clains where there is
insufficient historical traffic data for links in a traofJapuataiefk to
generate historical |link delay data; the means for integrating historical
‘and real tinme data 5 uses available traffic data for other links in the
“sanme and/or different network as estimates for those various |inks for
which there is no data avail able. 29. A system according to claim28
wherein the traffic links for which no traffic data is available are

mat ched to other traffic links for whi@B traffic data is 10 available, the
mat chi ng process taking account of one or nore of the following: a) the
rel ative geonetry of the traffic links; b) the relative arrangenent of the
traffic links; c) the relative capacity of the traffic links; d) the

rel ative al i grafentA §ystemMeaceerding ite any anesolihe precsdingidains whetedhareiisel y 15

hi lght popu:jat It qRsuiiRiehit thistoriell tr?fﬁc rdai_aatdrw?kmﬁ @ftraiﬂbenétﬁ/ﬁkfﬂoc?érj[e_f‘éiéli f)ht hﬁ
rel ative distapge. of . r A .ocat.ions_of r vely ig
popul ati on deﬁlks[?éli&yc.gr_l% r@g& %Ias%t"léé%ﬂgi"é (5&%&%@% tagtgrhcg;-]f%%(jereglﬁlr’r?en@atgr ecedi ng
cl ai s wher®ei nises a¥dilpble tratlic gataferiothep linksfinthesamercnpiondiiercat netwgrk 88 ur ban

area i s mat chegtihates fotthose vadidug ifks fortWtiHBEreUs RGBata bedllablavi ng si mi | ar
‘traffic flow characteristics to the first nentioned city or urban area and

no available traffic data, in order to estinmate the traffic data in said
another city & sdt @YHi@Btacerrding daslain 28 wiraseig tthe Naffistlinkufas whisho0? di ng
traffic or relaffiediatait @vaizbleane matthed B aligertitdeficIinper Which axffis bataiing

traffic or relfed cated i oler _ i
30- . b) det e S Cal oy AR Bl oot Br o i B

| y Int S St Ol
associ at ed data widh Vedpaive Qeemﬁtr)?qfé'?ﬁeﬂrq’f@?"%ﬁofi le to produce custoni sed
forecasted traffi d) i thkoelativeiamangandnt ofdhetraffic finkst he travel l er profile; and
c) sending the cu O”iréefgaﬁv%rc%ﬁ%ﬁﬁﬁﬂhé krafik ligkst Nformation to an intended
reci pi ent wher ei ni'zhe cust om ﬁ,e or?cast eré ttaffic infor n%atl aon
- the relative alignment of the trafiic 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; '




.35 conprises a predicted travel delay for a travel ro e descrlﬁ din the
traveller profile; 25 January 2005 30 wherein, where t eF@“qu uf fi ci ent
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 traffic data on said link of said travel route in order
to provide the predicted travel delay. 5 32. A nethod according to claim31
further conprising the step of, where each of said travel route |ink and
said further link include a traffic int38rsection, wusing available traffic
data in respect of the traffic intersection of said further link in place

To travel route | MESERE s b6 TRENR Ry by ik G R0 G scp

of using avai Iredpetnetsiei ef iptegeating campiseadisingnavatiable datadn respeet off at he
fol I owing: a) fGeRARIKIN pRite 8HthE irsUficieAae icasE on S8 fhk AP shigbgdlir@e Of sai d

i ntersections;; i ntersections; d) historical
daily averagesn §r)de|tt§%rd’ E}ieq%%r%g%ﬁrg&el?%!a said intersections; e) distance

of said intkersections fromlocations of relativel y high 20 popul ation
density. 34. Bzrretmﬁﬁtr@eca@b@lﬂmg tb @Iaﬁﬁ)mqﬂﬂhé?fco ALiNG thelste® &W@DH si ng

e ST P, OF or o bIUFTWAR (R BlGR Rld H eE B U mBfheERpooast o
i nformation r é'F'&Q ,a,\@lap@ téai%%dqta v Egspest @@%V@ff ¢ infersagion ﬂ&ﬁ@‘ﬂnﬂﬂrthehg t he

rel evant tr af finiciniptdce bhabuffdierit @afie abtaiimtispéd ¢bthe traffia WidrkédtioAoEsdidli Ng to
their profiol etravo’e'?rou?é t hod according to any one of clainms 31 to 34
conprising the step o{ an individual traveller, having a traveller profile
and a renote termnal, receiving 30 . custom sed forecasted traffic

i nformati on 083t hat rmthbdiamad:rdmgﬁo chimesZheickreincezidisteg df ashigaavaiidfe wher ei n

e e e L b AbuatskeBBELAA o onk B A/ Hid ol ™2t 1 o To the database,
P 35 ggeometry of sald 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




I ndi vidual traveller transmtting information to the database. 35 25
January 2005 31 37. A nethod according to any one of cl ugiy 249536
conprising the step of determning fromthe traveller profiles the
travel l ers' usual travel routes and wusual conmencenent tinme on those
routes. 5 38. A nethod according to any one of clainms 31 to 37 conprising
the step of determning fromthe traveller's profile the tinmes that
travellers prefer to receive custom sed forecasted traffic information.
-39. A nethod according to claim 38 conptising the step of sending 10
custom sed forecasted traffic information to a traveller in accordance with

the preferred,tings I Vi ' L O determ ned fromthe
‘traveller's 8%'01[?\ %étﬁé%gg%?%ﬁ%aggﬁ%hﬁﬁﬁggﬁ h°®i§9s{%?r%&945n%§§%°[;r cl aim 39
i ncl udi ng t he dgteafinipg frem e Yaveles| preflesathedsayelas’ tuseal ravebrautest andvel profil e
.and al tering ubh@l 8ahrdesieficnt tiRsloh thosd fdatesprofile. 41. A nethod according to
any one of clains 31 to 40 wherein the step of integrating historical,

real time and_associated data with respect to the 20 traveller's profiles

t o produce ScudBonfBethedaccerdingta apy ang picclaims 8t tadq ernaristpdieresiep ohe st eps
~of: a) det er ndatengnihg Gomithetra@ierasproffie MeeirRe ehal dhaiiers gremr fdieéeNd cal data

for links in &&6ﬂ§éddﬁ{#&s%t%@né§m%@%gwﬁe series extending over a

predeterm ned perio receiving historical weather data and
correlating that weather data wth the historical traffic data and

gener ati ng an3@veAagettods bagordieg teledlay B®rcompeising i hiss stdpr dfngendiig ous

weat her cogdi i . v : L | her in the
geogr aphi gﬁr eEliES%rgﬁs%(ﬁoﬁ?g&??é%ﬁaéﬁfne a\s\%’?ﬁ?a %&%&ef.@%@%&w hgqfeact ual link
del ays t hat mxgﬂe erge des & recRiving e dfmation ay detemingasfrem thetrvellglis the ti e
series based ppdie. t he received data; and e) generating a prediction of the
actual -delay froma commencenent node to a destination node of the traffic

network by sunming the respective lin
: y %n ﬂ merghoc{ accgrd?ng to either céim 38 or claim 39 including the step of a
15 traveller accessing their stored travel profile and altering the data contained in
that 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. -




del ays of the links along the travel route using the estinmate for each |ink
delay 35 at the tine the traveller is expected to co NUBRYRR00 al ong
those links. 25 January 2005 32 42. A nethod according to claim41l wherein
the step of -integrating historical, real tinme and associated data with
‘respect to traveller profiles includes the step of determning seasonal
trends i-n the historical data relating to average |link delays and renoving
those seasonal trends fromthe historical traffic data. 5 43. A nethod
according to either claim4l or claim42 wherein the step of integrating
historical, real time and associated data with respect to traveller

profiles incluydes . t Lmati.ng the actual..traffic .link delay that
wi |l occur f:)ﬁ? ‘a 4{']'%%%@%%0?{“11@ %Eﬂﬁme\var}e%ﬁ%p@ %?P ?fé%t&QF@{ll?@‘ll?t%%&[,ti me
traffic data redlimesgdessecinterbdala vl raseed jatravellen profiesintluddsshe stgp
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occur for the; Al i re.. t.hod. accordi ng
to claim43 vvkllrlet%dglgur@t rHéetg[g(féﬁéprlg%lf ﬁf‘%t% 8% %g%ﬁatéﬁ?ié@owlthcgqs? é&tﬁga{ﬁa"%’eﬁe and
“associ at ed daPEPilfENFudes festen of eslimativwgithe agiyab trafiie ink delayibalwill pecust ep  of

'gelnerﬁt |2(r)19 an fest linkesomeatfnd inetha ddturel byt reedifing rdal Bite dRIFRYdEA Aflating 1t OCCEV for
a-lin ) s . i Gl t t wor

rel evant t% {firfn g%%ﬁ%?i:#:g? Fr?feﬁg hﬁ'?fsé}{dA%rlrég{ahé@%Lec%g{) &Pﬁ% rﬁ%st&%%nﬁﬁe of
claims 41 to HBAHKES draffia fisk delgy & the ravetpeat hislgrieal shirkr delay fof dbe ti me and
associ at ed datarrasporidinigetime steptad which\ied measudmert afds! taien 41l malgslyibdie step of

determ ni ng pgediehi QNS Qf : | L. f t.ravel routes
according to 'Err%a%/\%ﬁg%r ﬁlgt?ﬁ#ﬁaégﬁae{agﬁ h@f}%l ’Weggétr%méﬂtll"?ee@%%$tepe_%ﬂ tf) spective
travel | er proPfevigusly gstablished e thus asperpiing anestimpteopfdhe pctedidnkdelay to 45
wher ei n the strapwitifoccBoriting rgiraathiertondsted iathecaturer eal time and associ at ed
data with respect to traveller profiles includes the step of receiving data

relating to events such as school _holiday periods, sunmer holiday periods,
public holi da§ afdneteed.@scgudingig claim 43 wherein the step of integrating historical,

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 fulure 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




correlating that data with the historical traffic data. 35 47. A nethod
according to any one of claims 41 to 46 wherein the stef® danuamg@ef ati ng

hi storical, real time and associated data with respect to traveller 25
January 2005 33 profiles includes the step of nodelling the historical and
real time data by performng a |least squares fit analysis to determ ne an
average historical delay wusing the function 5 Delay ao+a,
*Dr{(a2+Dr) +a3*R/ (a4+R) gas* Sh+a6* Ch+a7*We+aB*Ph+as*Ph" + Elio * Ph+
Where Dr represents period since last rain 10 Rrepresents rainfall in |ast
predeterm ned period Sh represents school holiday period Ch represents
common sumer holiday period W represents a weekend or weekday Ph
represents a RiBlecRyfesuty step ph mosplieg dha Gistorieal\argaealr imeg dﬂi’bgi’c hol i day
Ph{ represent pedontdyg alcastsgaanes il aralyse! tb daterrdife adav@tdonistadcdddiapng t o any
one of clains lﬁ?ngttﬁ’e@ﬁcﬁﬁﬁe.r ein the step of integrating historical, real
time and assocl atfed data wth respect to traveller 20 profiles includes the
step of receiving data relating to estimated |ink delays caused by

i nci dent s and Balayr$ ngad-hat ™ Didt{a,  Dr) +sagffelfaenR) access whereby esti mated

- del ays caused by inci dgpt§hanesBHIEE W LB, PpsLgrkpgl | Y expected 1ink

del ays when predi ct ed+tra . delays are generated. 25 49. A nethod

. according to any one of"°cI" & ms 41 to 48 further conprising the step of

estimating travel time on a particular link on the basis of prior links to

~said particul agndré Nk bf pREERS peid SrRKkifgrccount of the del ay invol ved

wi-th traversing said 1or |inks,and intersections., 30 - 50. A nethod
accor di ng foo any one %Pépé?sgph{alﬂf%ﬂ{rgaggnrgcf?&r@meﬂaerme step of identifying
an optimal path of traVveEprasants sefieobhaliday périodnet work by determining a |ink
travel time for each Ch adptdsentsicoimboR samAek M&lidky Eéy@di npl ementing a path
searching nethod to d%?éﬂ%&%tstahﬁee%hégp&e %gsp etween two nodes in the
' Ph represents a public holiday
15 Ph" represents a day before a public holiday
Ph* represents a day after a public holiday

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. ' '




traffic network, the optimal path being the series of connected traffic
links 35 . between the two nodes resulting in the | east xJHueptNs ay. 25
January 2005 34 51.. A nethod according to claim 39 wherein the step of
determining link travel tine for a traffic link in a network includes the
step of sunmng the nmean free travel time for that link and the average
time required to negotiate the imrediate upstreamintersection connected
to that link. 52. A nmethod according to claimb51 wherein the determ nation
of the nean free travel tine for a tr&fic link includes the step of

obtai ning the mean free travel speed by dividing the vehicle flow rate for

ree travel 1 Bhe! Bohehts sEO0GRQNS U e Phorkliup Sib BT RRBMBR B Lo 1T ad

travel speed. iravel time frsere@ficdiek iy ainetyotkondudasdhe stepiohswnmioe the eean 52
i ncl udi ng t hefred @avedftimeofor Biabilini aA0 tay everage timgBeb@rsdagtidgatiftedne | MTedi at e

~upstreamint efn”?fﬁé&'%?H%St{eéﬁgﬁlt%&ggt@rngo%%%%%h@l{jraf fic control system 15

54. A nmet hod accor 53 including the step of
identifying a request to provide an optinmal travel path through a travel

network and ShonArmatesdiccofdirpueltidmrsaomeséin tisoasemingionRRy @ead | Nk del ays
hi-
|h li
e

dor ay data antSRneEinEer o PR ARk ket M7 LeAR) Bobirnd RS B8 ' T 1

the network f#avehspeespy d’ﬁ#“%’éﬂ dhenyRibele v gatefer fthe finke byi the wiides
accor di ng_t hecdncentrstibrefor the link ancedistainizg thewndaroiesd travel infby@idiamgitiie t he
network. $5. mﬁ@%@%ﬁgg&ﬁmﬁrﬁr@ v srb%ed.nd uding the step of

i denti fying cient recent ‘real time link delay data for a
traffic link is available according to a pre-established criteria and in
t he event t hal3. suAmethceinadeyrdingde rithéri adimtdina clakal52yinclading e stop ofivai | abl e,

maki ng use of glpisih@h ' YadlidlPan 5 G :p% to any one
of clainms 41 fto SQi %gﬁg{ﬁgﬁﬂh?{gd @t%cg E)f an %m?&?lgg%?%@nﬁ%\%\%el er there is
Cnsuf £ cient T8 ERSINEMORK FaTC gRlltal $Y819M i nks in & traffic network to
generate M storical link delay data in accordance with a pre- established
criteria and gn th %qfc%-'q | fohd B8 hlRts0 fELCh Xi sts,
using avail abl,e | r,z?fl c dat amligo}g%hwﬁér. F? nlﬁg ﬁolntgﬁ?e’hglgdﬁgﬁg]ﬁgé%'?oﬁi fferent
net wor ks 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

cqmmencement 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




as estimates for those various links for which there is no avail abl e data.
35 25 January 2005 35 57. A method according to clai m 58 {aEai4908he step
of using available traffic data for other links in the sane and/or
different network as estimates for the ‘various |inks for which there is no
~avail able data includes the step of matching the traffic links for which
no traffic data is available to other traffic links for which 5 traffic
data is avail able, the nethod step taklng account of one or nore of the
“followi ng: a) the relevant geometry of 3he traffic links; b) the relative
arrangenment of the traffic links; «c¢) the relative capacity of the traffic

links; 10 d er ff ations of
relatively ) hrf:'?g ﬁgrhéi‘hbéf?g%'r r‘iqe :Bs%il Him:;thf&ﬁ s élp%fl.lél éﬂ%ﬁl?ﬁlﬂﬁ?r Affio
links; f) thed g |f§E %@f k§t"3;1 It fPﬂtd’ql\Y%waqswﬁa%é%&th@ns of

rel ativel y hwg1mqsdlpkdia>twbmhdtmemstr;o avhialié data imiitides theostep blnaghing any one
OF 1 aims 31 W efncitkd P nfeAYD bl Betalil SvaiBBiE & Aher TRHETHhADIOL 4AER ¢ data
avai l abl e a%;q ortl &‘P n{e anot her
urban area haU gdéqarf? pgqulapl,ea thadhsier tRinQacepynd ©f ere pomotenef e r st

nentioned citfollowingrban area, in order to estimate the traffic data in said
.20 another city Oly) Sath@ré?é@hhﬁéorﬂéﬁr?%f‘th@ ﬁic h erein no traffic data is
available for Sa'bfj atﬂe rel§rve arranemenisgflthe fr nék; urban area.
¢) the relative capacity of the traffic ilnks,
10 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.
15
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
20 another city or said another urban area, wherein no traffic data is available for
said another city or said another urban area.






