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Current State and Future Outlook of
Traffic Data Fusion in London *

Jun Hu,loannis Kapariasand Michael GH. Bell

Abstract 2 Metropolitan areas today have become more than representation and level of detail.
ever saturated with various types and sources of regime data.
Yet, the unsdved practical challenge how to most effectively ent

combine data sources currently prevents the wide use of this with th | of tracting new knowled nd producin
data as a powerful tool to both improve the quality of the € goal of glracting ne owledge and producing

transport supply and to influence travel demand. Focusing on ,better qual'lty .Of information, es'[.lmat.es and pre.dlcum
London, this paper investgates the current state and attempts illustrated in Flgure 1. Data fusion in metropolitan areas
to give an outlook into the future of traffic data fusion in dense faces two main challenges. On one hand, there is the
urban network environments. Successes and gaps in the current technical challenge, reflecting the issuesoasted with
state are identified, and extensions are proposed, along with gathering the data in a timely and consistent manner and

The solution lies in the concept of data fusion, which
ails combining data from multiple and diverse sources

respective deployment scenams and impacts assessment. computationally manipulating it for different user groups. On
the other hand, there is the orgaational challenge,
|. INTRODUCTION portrayed by the difficulties arising from the large number of

ublic and private data providers involved and from issues

The provision of traffic and travel information has Ion£uch as data ownership, financing, privacy, 2lc [

been at the ceet of development of Intelligent Transport
Systems (ITS). Nevertheless, in complete contrast with the

prevailing data scarcity that aftec the transport sector for Fixed sensors FCD
many decades, metropolitan areas today have become mor | (e.g-inductive loops) (GPS / cellular phones)
than ever saturated with various types and sources of real

time data. Data sources include in the first instance the gpooy wrafic flow, ete. Speed, travel diraction, car location
SWUDGLWLR Qdéeted dvad, BN SsRoubkarsport

service providers, road sensors and Automatic Number Plate \ ,
Recognition (ANPR) cameras, but these are increasingly

Data processing | _

being complemented by a wide range of new information (e.g. fusion techniques) e.g. weam;mnd,;,b,,s)
sources, such as mobile devices, sealed platforms and
social networking serges. ﬂ

The vast amounts of available data have the potential to |Tfave| times / Traffic situation / Traffic analyses ‘
improve the quality of the transport supply, through the

provision of more efficient and reliable services, but also to / \

influence travel demand, through offering reliable teak Public sector Commercial applications
information to travelers, assisting them in their travel (traffic management, (real-time information to subscribers e.g.
choices. A practical challenge that arises, though, is how to  statistics, etc.) incidents, route planning)

make best use of this potential, i.e. how to most efficiently
compile and aggregate the various data into a common
database on a retine basis, irsuch a form that applications ~ The aim of this papeis to identify the role and needs of
and users can access relevant information with appropriateoperative ITS in the field of traffic data fusion in dense
urban networks. Thpaperuses London as a case study to

* This work has been carriexit as part of th&lEARCTIS (Network of analye SpeCIf_IC potential cooperatw_e and FrcIr_Dperatlve
Excellencefor Advanced Road Cooperative traffic management in thcl,\TS, teChUOIOg'eS Fhat CO,UI,C! be u,sed in data f!JS'O,n’ as well as
Information Society) project, which is funded by the European Commissid® investigate their feasibility of implementation in the near
under the 7th Framework Progrdar Research and Development. future. To this end, a primary researclpigach is adopted,
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Figure 1. Schematic view of traffic data fusig)]




physical description ofhe London site and reports on thetime traffic information to the public. Various commercial

various traffic management and information servicexompanies also use LTIS to populate their own traffic
available.Section 3 then provides an analysis of the curreimformation services. Radio and-wehicle systems are the

state of traffic data fusion in London, and describesain means of dissemination of -@urney traffic
successes, deficienciendapotential improvements. Sectioninformation, whereas the TV, radio and the internet are

4 goes on to identify the future outlook, including proposegdopular for journey planning. Figure 3 shows the general
extensions and advances, deployment scenarios and expeétasiework of traffic operations and systems in London.

impacts. Finally, Section 5 summarizes the key outcomes of 7KH VFDOH Rl /RQGRQYV WUDIILF PD

the study and concludes the paper. large. TfL controls k6,000 sets of traffic signals in London,
and 50% of them are dynamically controlled by the SCOOT
[I. PHYSICAL DESCRIPTION OF HE SITE (Split Cycle Offset Optimisation Technique) system. There

umowny mocro Ly Rty oD IAKDEE KRR RPRL IS
than 7.3 million inhabitants and 21 million rogourneys network. as well as 136ariableMessageians (VMSS)[5]
taking place every dayTransport for London (TfL) is ’ .

UHVSRQVLEOH IRU PDQDJLQJ /RQGR QnltheoRyRhekandePod MAniiin@38hsorfRdpeSevit in the
(580 km R VWUDWHJILF UR Be&sl RREXWY/ERYU NeenbalNolRtortarea is sufficient to develmp accurateeak

the remaining local roads being the jurisdiction of the 3me travel information system for users. However, the
London boroughs), the public transport system and thenderlying chalktnge remains, how this information can be

congestion chargg scheme on a ddg-day basis. It is also most effectively captured, processed and delivered in a
responsibldor providinginformation about the administered format that users can easily interpret and make desision
services and their performance to both the public and tbgon.

government3] £4]. Ensuring the smooth operation of this

network and providing all road users with reliable and
accurate traffic information is a challenging task Ill. SUCCESSESGAPSAND POTENTIAL IMPROVEMENTS

A range of traffic information services are offered to The_: proyi_sion of public transport informatior_1 in rhrdn_n
drivers in London, information for which is mainly derived®@n beidentified as the most important success in the field of

: ; ._traffic data fusion, especially through the functionalities
from the London Traffic Information System (LTIS). LTIS is .
a realtime database used in the London Traffic Contro R'Ir||3||-|) lSJ ;e?m gn\b / tﬁe%grgémg%wc?:ﬁ?gz%ﬁg:?@m
Centre (LTCC), to opermnally manage planned and Y y ys Ly '

unplanned road network disruptions. A wethabled With respect toiBus, this is an Automati Vehicle
interface offers the media and other stakeholders a liv®cating (AVL) systemWUDFNLQJ /RQGRQTV
update of events, rdaorks, incidents and accidents (Figure700 routes, and providing retiilne passenger audio/visual
2). announcements about bus arrival times and triggering traffic

TfL also has a collaboration with TrafficMaster, theSignal priority (TSP) at junction®]. iBus data was made

Automobile Association (AA) and INRIX to provide real publicly available in 2011 to other applications, such as

Figure 2. TfL public web interface [5]



Figure 3. An overview of thetraffic operations andystems in Londoif6]

mobile phones. Namely, it became possible for users Metwork (TLRN) in 2011[7]. By the end of 2010, moreah
access arrival time information at any bus stop on thelr30,000 people had become members of Barclays Cycle
mobile phone, in such a way that they could plan thekliire and around 25,000 journeys were made by hired bicycle
journey even befe arriving at the stop. The service alsausersevery weekday, the vast majority of @rh would have
became available through text messaging, such that sendingr@viously not cycled. Redime information on bike
stop code by SMS enabled receiving fif@le bus arrival availability at docking statianwas made available to users
information at that stop. Furthermore, iBus also provided ghrough mobile phones and internet. Currently, users have
additional source of redime trafic information for instant access to this information and are able to plan their
estimating road network conditions through more accurateurney accordinglyas illustrated in Figure &].

bus location and speed information. In contrast, the most important deficienioythe curent

On the other handKH OD\RUYV p&\FOLQJ Sitdafiéh@Xraffic Badaffusidriin Londadsithe factthat while
London has brought the successful Barclays Cycle Hitbe accuracy and quality of the data is good on the major
scheme to Central London. Sintte launch of the scheme inroads, there arsignificant data inconsistency problems on
2010, a sharp increase in the numbers of people cyclingtime minor roads, especially with respect to roadworks and
London has been recorded, expressed through an overall désruption events. Most of the minor roads are managed by

E\ RI WKH QXPEHU RI F\FOHV FRXHWOIRKGFBRQ FRIYRXIRDED QG DUH QRW FR

Figure4. London cycle hire schenj&]



system. As such, traffic information on these roads ispatially poor. It would be extremely valuable to gather some
unreliable and inaccurate, and better coordination betwetaffic data from roads that are not wetivered by the

the boroughs and TfL is required order to improve data ANPR and SCOOQOT systems, and since nowadays most of the
quality, aside froncarnyjing out regular consistency checksvehicles in London are equipped isome kind of mobile

when drawing data from different sources. GHYLFH HJ GULYHUYV PRELOH SKRQH
act as anonymous traffic probes. The positions of mobile

. X X - phon re regularly transmitted to the network by means of
good parking guidance system (PGS) in London. While t%i:ngeusla?ic’)an g?ub;l gth(fr tsechrﬁgugs, gucﬁ ag habnyd(mn‘,
number of adhoc electronic _signboards are bresentyon travel times and further data can be estimated over a

informing drivers about availability in some car parks, thesgéges of road segments. This data source provides a

are not positioned at strategic locations and are currently ng . . ; .
S ter o SRR Yo el e eacy

OLQNHG WR /RQGRQYV FHQWUDO
WOUId be 'extremel.y useful if this iafmation could be taken place by TfL and byome mobile operators, as well as
integrated into existing systam by other relevant stakeholders (e.g. Google) in order to
Finally, a furtherdeficiencythatcan bepointed out igshe explore methods to extract traffic information from that data
limted XQGHUVWDQGLQJ RI HQG XV H QoaufceQNauerth®less? & rimber SRaghiicaldifficulties have
guestions needing to be answered are what types lifen reported so far, demonstrating aorgjr research
information do the users want, howill users actually potential in the field. Examples include the issue of
respond to the information generated and made availalglesitioning accuracy, the problem of the position of the user
through data fusion systems, and whether they wilzatilhe being lost for a period of time due to unavailability of
information to make better travel decisions. There is clearlyansmission towers in certain areas, and the difficulty of
a gap under the current traffic information provisisngess distinguising the mode of the road user and of filtering
WR XQGHUVWDQG WKH XVHUVT UH T xehigle eriMegs\ivom other transport users.

3) Better integration between users and transport operators

Anotherdeficiency that can bigentified is the lack of a

IV. FUTURE OUTLOOK One of the biggest challenges for transport operators is to
understand the needs of end users andtégriate them into
A. Proposed Extensions and Advances traffic management systems. This means that they have to

There are many possible extensions and advances tfiafl the best way to not only present meaningful information
can be proposed through existing cooperativs, five O the users, but also to anticipate how they will respond to
broad areas of which are highlighted. this information. The existing traffic information prosi

model is based on data providers collecting, processing and

1) Better integrag¢d traffic management system publishing data, which then end users receive and react

Traffic control and management in reghe is a complex accordingly. Recent advances, however, mean that pervasive
task, especially irdenseurban networks like London. The computing environments have the ability to change the role
operation of an integrated traffic management systetheis of end users from raditional information receivers to
key to the smooth running of traffic on the netwarid the information providers, both in terms of supplying actual data
provision of accurate and reliable information to usersand of participating in generating different ways of using the
Traffic management involves many functions, includinglata, such as developing smartphone apps. This creates a
network monitoring, traffic signal control, incidentplatform to engag the interaction beteen the transport
management and public transport operation; however, easters and the traffic management systems, and has the
one usually involves a dédrent agency, which often resultspotential to transform the transport decision making process
in a lack of coherence between the various functions. FOUU RP 2GR " WR-XBERWWRP
example, the London Traffic Control Centre (LTCC) is the . . .
PDLQ FRQWURO FHQWUH IRU PRQLWR @‘i“g’ ”%&fﬂ@dﬁpbrﬁ?bﬂ'@lg!ggﬁof’)qv URDG
network in real time. Within TfL, though, themre many Nowadays there are ‘many difierent types of jeym
agencies providing information and working closely with th@lanners available to trawsk in London through the internet
LTCC, such as London Buses, London Traffic Analysis Unfind mobile phone applications. The capability of these
etc. It is crucial to ensure that these agencies share di4ney planners is very limited, however, as it is only

and/or functionalities across the departments, as a first sf%?mded to users planning their journey at one point of time,
towards better data fusion. usually at tke start of their journey, and it is almost

impossible to use them whean unanticipated incident
2) Better use of mobile sensing data occus along the trip and users decide to change their
The majority roads in London managed by TfL are welloriginal travel plan. Therefore, it would be extremely useful
covered by sensors and ANPR cameras. Data collectedcreate an integrated trip planner, vhicould run on a
through these monitoring devices can be used to deriiandheld device and provide retilne guidance to the users
journey time information on the netwo as well as for en route. In case of an incident, the journey planner would be
analyzing network disruptions. However, the currentable to suggest alternative routes or different modes of
PRQLWRULQJ QHWZRUN GRHV QRW Rdddpdit, i RaXd Srovitle e nd2fallels oL the/ fetév@n
the data (i.e. spatial and temporal resolution of the data), apablic transport information. The information required for
there is no monitoring of flow and speed data from mamguch a task is gradually becoming available, but it needs an
roads. ANPR data in London is temporally good, buintelligent algorithm to make use of it, as well as a simple



design so that everyone can use it. It is envisioned that symovide better traffic management solutions.
an applicéion will appear in the near future, though there is
still a long way until travelers become able to jdgpeak
their destination to their mobile device and let it do the re
and guide them with all the retine travel information in

A second deployment scenario could beuke of mobile
gpone data or wireless dwc network data as a potential
Source ofinformation onroad network conditions. This is

hand particularly applicable for dense urban networkach as
' London, due to the wider coverage of communication
5) Better dissmination of traffic and travel information networks and theshorter distances between antennas.

Traffic information is currently broadcast vilae Traffic  Through the development of intelligent algorithms to
Message Channel (TMCwhich, however, is due to be overcome the problems of distinguishing between different
replaced soon by eecently developediew standard format transport users and of computational complexity, transport
for delivering reatime traffic information called TPEG operators will be provided with more spatial aednporal
(Transport Protocol Expert Group. In contrast with TMCgoverage of the network. However, a number of potential
TPEG takes advantage of high bandwidth in digital radiproblems associated with using mobile phone data will still
broadcasting and can provide mctcontent of information exist. These include data ownership issues (i.e. who will own
andawider range of services. For example, TPEG messagdine resulting large databases and whether should these be
can provide mch more detail and accurate description o$hared beteen the different stakeholders, such as mobile
incidens, so that users and other ITS applications caphone companies, local traffic authorities, etc), business
respond more efficientlyas well asinformation onweather viability issues (i.e. who will invest the resources to carry out
and congestioifFigure 5).The better exploitation 6fPEG the necessary data mining work, given that most data sources
through its integration in availabldissemination platforms are a byproduct of themobile communications industry and
(e.g. navigation systems, smartphones, websitescatcpe raw data will have to be cleaned, and given that traffic
an important building block for the successful deployment @futhorities are reluctant to do it themselves), and privacy
cooperative ITS systems. issues and user acceptance (i.e. the management of personal
data related to traffic probes has to balradsed through
FOHDU SROLF\ PHVVDJHYVY WR JDLQ WKH S

A third deployment scenario could be the full integration
of the journey planning tool. This would naturally require the
integration of the various traffic management systems, such
that, or example, the system can be used to warn about
current or shorterm predicted congestion and advise an
alternative route. This system can be linked with other
systems monitoring the availability capacity in car parks to
advise drivers where best to paakd hence minirze the
mileage associated with looking for an available space. All
this information can be integrated into a single journey
planning tool and users can run this tool on their mobile
devices orthe-go.

C. Expected Impacts

Traffic data is at th basis of any road traffic management
. application, so the proposed advances and deployment
B. Deployment Scenarios sgepnarios could havepa Zignificant impact on the trr)anysport

Considering the proposed extensions and advancggtem in London. Namely, the availability of larger
described deploment scenarios with respect to cooperativguantities and higher quality traffic data will firand
systems are conceived in this section. Cooperative systefsfemost improve the provision of transport services. It will
provide the capability to extend interdgsed information be possible to obtain OrigiDestination data, which will
sharing into the mobile environment, which can open a larggake it possible to run retime traffic assignment
market for third party/end usets make use of publicly procedures and make a better use of the network capacity in
available traffic information and create different userthe short term, red will offer valuable input to the planning
oriented APIs (Application Programming Interfaces). In facief infrastructureand servicein the long term. More accurate
as TfL has a policy of releasing raw data to the public, enghffic usage data will also enable the application of
users are likely to be encouraged to participate ractigely advanced signal control strategies in all parts of the network
in the traffic data provision process. On the other hangcomplementary to the SCOOT QT system), ensuring
traffic operators can more effectively focus and zsiltheir  smoother traffic flow and better incident management. More
resources on providing better quality réiade traffic data, accurate travel information will further enable travelers to
while letting the users themselves or private Hpiadty make more informed travel choices, either themselves or
develpers to decide how to use it. This is a possiblghrough their advanced journey planning applications, thus
deployment scenario that can bring transport operatogsifering a better customer experience and increasing the
transport users and private third party developers togetherrifliability and satisfaction of the public transport system.

Figure 5. TPEG service diagraf8]



This could induce a modal shift away from private transportlata fusion systems to end users; anth8)full explaration
with associated environmental, eneggficiency and quality of the potential offered bthe TPEG technology to improve

of life gains.

D. Scioeconomic aspects

the dissemination of traffic and travel information.

Finally, the study identified three deployment scenarios
for data fusion, relating primarily to data ownership, user

Most social concerns relating to traffic data fusion argcceptability, privacy concerns, and business viability. These

about loss of privacy and user acceptability. For persongkues

require adequate attention before data fusion

data protection, common operational rules must be creatggplications can reach their full potential.

and respected by service providers handling personal data.
International standards should be developed to establish the
basic principles for personal data protection in these

services, as the lack of common standard procedures to alirhe authors would
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In terms of economic aspects, the development an
maintenance of the systems for traffic data fusion could
prove to be expensivel(], as the underlying technology
evolved rapidly and there is a need to put in place
organizational and financial structures that eark at the (1]
same pace. Otherwise there is a risk that maintaining
obsolete technology will become a drain on resouftés [2]
[12]. On the other hand, data fusion technology also creates
many new opportunities for business, as many companies
may become invekd in providing data processing servicesE?,]
and application development.

and

(4]
V. CONCLUSIONS o]

Focusing on the development of cooperatiVeS, [l
computational models, and user applications that allotty]
access to redalme information about the state of transport
related esources, this section investigated the future @4
traffic data fusion in dense urban networks, and in particul&i
London. As a broad conclusion, it can be said that although
much of the necessary technology exists, the use of d
fusion in transport has ydo fulfill its potential, as both

technical and orgamational challenges remain. [11]

A number of successes addficienciesin data fusion in
London were identified Successes were recozgd in the
implementation of the iBus project and in the operatibn o
WKH %DUFOD\YV &\FOH +LUH 6FKHPH
ability to collect and make use of rdahe information.
Gaps, on the other hand, were mainly found in the lack of
consistency in the data on minor roads, the lack of parking
guidance informationrad the limited understanding of the
requirements of end users.

[12]

Based on these findings, future avenues for extensions and
advances were investigated, which were groupedivia
main areas: 1) the operation of an integrated traffic
management system enswyithat the different functionalities
and applications share data between each other; 2) the
resolution of the open questions relating to the use of mobile
phone data as a potential source for data fusion, particularly
as regards privacy and computatiomamplexity; 3) the
better uptake of the recent advances in computing
technology, enabling the increased participation of the end
users to the planning and operation of the transport system;
4) the creation of an integrated journey planning tool to
improvethe efficiency of the information dissemination from

A. Stevens forkindly participating in this study and

groviding their valuable insight and suggestions
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