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Abstract
TIMON is an European research project under thaz2dor2020 programme. The main objective of
this project is to provide real-time services thyloa web based platform and a mobile APP for dsiver
Vulnerable Road Users (VRUs) and businesses. Témséces will contribute to increasing drivers
and VRUs assistance and safety. To provide theastces, one of the core technologies developed
inside TIMON will be the design and developmenidificial Intelligence (Al) techniques for traffic
prediction and route planning. The DeustoTech-Mghiksearch group is in charge of this part of the
project. The objective of this technical paper dsdescribe the approach followed in TIMON to
develop traffic congestion prediction and routenpiag services based on Al techniques and the
progress done so far. Additionally, the deployreemd the result obtained in the first test dondse a
detailed in this study.
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1. Introduction

TIMON is a research and innovation project supmbrby the European Union's Horizon 2020
programmé The principal goals of this project are to inse#he sustainability, efficiency, flexibility
and safety of road transport systems by taking ratdg®e of cooperative communication and by
processing open data related to traffic. To thid, @amobile application and a cooperative open web
based platform will be developed with the purpokdadivering services and information of drivers,
businesses and Vulnerable Road Users (VRU) irtiraal

TIMON project counts with a consortium formed by drhanisations (Universities, RTOs, SME and
big industry) from 8 different European countrieSpéin, Italy, Belgium, the United Kingdom,
Germany, Hungary, the Netherlands, and Slovenia}, an external panel of experts, composed by
vehicles suppliers, road transport experts, Citur@ds etc. In line with this, DeustoTech Mobility

! http://www.timon-project.eu/
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the coordinator of the project and the partnerhiarge of developing one of the core technologies of
the project related to the application of Artificlatelligence (Al) methods for route planning and
traffic forecasting. Briefly explained, DeustoTeltobility? is a research group inside the Deusto
Institute of Technology, placed at the Faculty afgieering of the University of Deusto. This
research group promotes the application of newni@olgies to address present and future transport
and mobility needs of society and industry.

The general scheme of the approach followed in TN develop advanced Al techniques to
improve the state-of-the-art on traffic congestimmediction and multimodal route optimization is
described below:

» Pre-processing and processing of data gathereddiffenent sources, such as traffic sensors
and weather data from Helmond and Ljubljana givethie partners of the project, in order to
use it for both prediction and routing systems.

* ldentifying behaviour patterns and models in roadndport and mobility basing on
fuzzy-evolutionary techniques.

« Perform quality predictions of the traffic statedareliable evaluations of the current traffic
state, using fuzzy-evolutionary methods.

« Delivery of optimized multimodal routes using evinary techniques.

The objective of this paper is to describe morddtail this approach and to review the progresdon
so far. In this sense, in the following sectiongt®m 2) the main work regarding data gathering and
preprocessing is detailed. In the following sect{8ection 3) the techniques that will be applied fo
the traffic prediction and route planning are disait. After that, the first testing results areadlet in
Section 4. This paper ends with the main conclssand future work in Section 5.

2. Data gathering and pre-processing

Data used in this project is collected from diffareources. Given by the different partners of TIMO
project, the creation of the datasets used duhiaditst 18 months has been made. This data cantain
on the one hand, the extracted data by JP:L& ISKRA from the inductive loop sensors installed
in the city of Ljubljana. In overall, the treatedtd includes 513 files of information collected ove
three different months (November-2015 to Januar6200n the other hand, a total of 150 files of
information collected by traffic cameras from Helmdoover five months (from May 27th 2015 to
November 18th 2015), forms the rest of the dataBetsides the traffic data, the weather data wss al
provided and it contains the corresponding inforomator Ljubljana and Helmond in the same periods

2 http://mobility.deustotech.eu/
3 http://lwww.Ipt.si/
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described above. These open data is provided bsitBerCode CompanyAdditionally, a month of
data from the I5 highway in California has beenduseorder to perform additional tests and the good
behaviour of the techniques that will be used tnrel experimentations [7].

Data pre-processing is a very important step fdeiomg the final datasets that can be considered
correct and useful for further data mining algarith In case of TIMON, these datasets will feed the
prediction system. The fact of not applying pregassing methods can produce misleading results.
For example, missing values, inconsistent and flupess data, huge sizes of examples and/or features
are problems that can appear in real-world dataaetscould lead to errors during the runtime ef th
technique, or the bad behaviour of the algorithigufe 1 shows a first approach to the division of
data pre-processing techniques.

[ Data Preprocessing

Data Preparation
Data Reduction

Figure 1 - Data Pre-processing techniques

In the first stage of the project, the creatiorthadf datasets has been made with the data provided b
the different partners of TIMON. The RAW data cansaon the one hand, the extracted data from the
inductive loop sensors installed in the city of lijana (Slovenia), collected over three different
months (November-2015 to January-2016). On theroltamnd, information collected by traffic
cameras from the city of Helmond (The Netherlarm®r five months (May 27th 2015 to November
11th 2015), forms the rest of the datasets. Bediuedraffic data, the weather data has been also
provided, and it contains the corresponding infdiomafor Ljubljana and Helmond in the same
periods described above. A Data Pre-processindoRtathas been developed in JAVA in order to
automatize the following pre-processing steps: rifeg discretization, transformation and
normalization. In overall, a total of 92 datasedsdrbeen created for Helmond, one per camera, line,
and horizon of time. On the other hand, for Ljubja530 datasets have been created, one per sensor
and horizon of time.

Besides all the mentioned pre-processing stefssjntportant to apply attribute and instance s@act
techniques to datasets in order to reduce its witteout affecting the precision of the models. To

® http://sensiblecode.io/
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perform this task, the WEKA softwdrdas been used. Among the attribute selection igaés, those
based on rankings or greedy stepwise have beemedpo the datasets. Some examples are the
methods OneR [1], Relief [2] or Principal Comporsej3].

After the applications of those algorithms, someatusions have been drawn. Firstly, regarding
features with contextual information, the hour loé tday, the day of the week, the summary of the
weather, the precipitation type and the temperatuege the ones that provided most valuable
information. Secondly, as for features with traffilormation, the number of vehicles, the averags a
the minimum speed in the current and previous tittervals, were the most important. Those features
will be kept in the final version of the datasets.

3. Fuzzy Systems and Evolutionary Algorithmsfor traffic forecasting and route planning

This section includes a brief summary of the wakried out for the routing and prediction systems.
First, the application of artificial intelligenceahniques, as Evolutionary Fuzzy Rule-Based Systems
to a first approach of the problem of forecastfitatongestion is mentioned. After that, the
presentation of the approach to the route planpinglem based on Evolutionary Algorithms as well
as different solutions to solve it is presented.

3.1. Evolutionary Fuzzy Rule-Based Systems for Traffic Congestion

Traffic congestions and travel times can now beearamcurately predicted thanks to advanced traffic
data collection techniques, combined with modellargl prediction methods. Classical modelling
techniques such as Atrtificial Neural Networks (ANNjupport Vector Machines (SVM), Decision
Trees (DT), Regression or Kalman Filters (KF), agothers, have been widely used in literature for
modelling the traffic flow and, consequently, teegict future states of the road [8]. These techesqu
are well supported by theoretical results and teiééctiveness has been widely tested.

In contrast, they use to lack in the representaiotine information and returning models are hardly
interpretable by final user, or by traffic managdrsgeneral, any kind of modelling usually comes
with two contradictory requirements: interpretakiliithe capability to express the real system
behaviour in a comprehensible way) and accuracg @dwpability to faithfully represent the real
system).

Due to the multi-objective nature of the problem ocoinstructing both accurate and interpretable
systems has not been solved yet. The progresssitdinik is the use of multi-objective evolutionary
algorithms in the optimization of the models. Irddidn, thanks to the capabilities of fuzzy rulesbd
systems to deal with uncertainty, and to structbeeinformation in a set of interpretable IF-THEN
rules, the predictions systems developed in TIMOM provide to an equilibrium between the
complexity of the model and its precision to obtainhigher level of interpretability and accuracy.

The datasets created and pre-processed in thepsestage (described in the above section) are thos
which will be used to train these forecasting mdthim order to determinate the traffic in a poift o

® http://lwww.cs.waikato.ac.nz/ml/weka/
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interest with different horizons of time. Then, afethe principal activities to carry out is to ohef a
fuzzy based model of classifier/regressor, andcidification as a structure suitable for being
optimized by an evolutionary algorithm in orderftoecast traffic congestion. The multi-objective
implementation of the technique must be orientedetuce the complexity of the model without
affecting its precision. For that reason, measatasut the simplicity of fuzzy models have to be
considered. To accomplish this task, an ensemligeaph has been used due to their good results in
many different application fields. Concretely, foeus has been done on boosting methods in general
and AdaBoost in particular. AdaBoost is a boostihgprithm, which repeatedly invokes a learning
algorithm to successively generate a committeeirople, low-quality classifiers. One of its many
variants is the Fuzzy AdaBoost [5]. The objectiie Fuzzy AdaBoost is to obtain fuzzy weak
classifiers to boost. Then, the overall classifietperforms any of the fuzzy classifiers. At thisge of

the project, the work performed has been focusdddermmodification of the Fuzzy AdaBoost to adapt
it to the main challenges that traffic congestiaediction poses: imbalance datasets and ordinal
multiclass classification. The base algorithm cizdeffered by KEEL software and the modifications
are made in JAVA platform. Other methods, as FARCHD are also being studied due to its good
performance in the same problems.

Another of the main activities carried out in thask is the implementation of a system that makes u
of the models offered by the above describe algmstto provide traffic congestion prediction over a
complete street network. To this end, the Openitr&®T) platfornri has been used. This framework
has also been used to manage the information delétk the current state of the traffic.

One of the main advantages of using OT is that iibtiegrated with Open Street Maps (OSM). In this
sense, the platform provides a complete structareldal with a whole street network and the
information related to each segment of this netwdhis platform has been adapted to use the models
provided by the improved Fuzzy AdaBoost algorithnd @ahe information provided by the TIMON
Cloud for the segments of a street network. In lwith this, it is interesting to mention that the
original version of OT does not contemplate thednation of traffic forecasting. For this reason,
some modifications have been done to the origiaedion of OT, to add this new functionality.

In the first stage of the process, OT obtains fitn TIMON Cloud all the data coming from the
different traffic sensors and open data sourcesthid information is efficiently pre-processed ngi

the pre-processing engine developed in this wodkage. Once the traffic and contextual data are
obtained and treated, it is used to feed the ablegeribed improved Fuzzy AdaBoost algorithm, in
order to predict the traffic congestion for fouffelient time horizons: 15, 30, 45 and 60 minutes.
Furthermore, and using also the coming traffic d@@ calculates the current traffic state for h# t
street segments with available information. Alktprocess is executed every 15 minutes, and all the
resulting information is assigned to every stresgnsent with traffic data associated. All these
predictions, as well as the information relatedh® current state of the traffic is sent to the DM

" http:/lopentraffic.io/
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Cloud for its use. The general scheme of this m®terepresented in Figure 2.

OPENTRAFFIC PLATFORM

Preprocessing module Traffic information engine GIS module

Traffic state calculator
o

o

. Acqui.sition Traffic Current .

o Cleaning i traffic state| Map matching and
o Transformation —| assignation of
o Integration different traffic
o Normalization information to
L]

L]

Discretization | ——j
Reduction Context
data

——| street segments
Traffic
predictions

A A

Data from
traffic sensor

Data from open
data souces Geolocalized
traffic information

TIMON CLOUD

Figure 2 - OT platform processfor the traffic predictionsand current traffic state data distribution

As pointed out, all the information is updated gv&s minutes, which means that the data must be
stored in periods of 15 minutes. In any case, ttiginal version of OT is designed to work with
periods of 60 minutes. For this reason, an adaptairocess has been made in order to work with
these shorter intervals. This adaptation is onétiaddl modification that has been made in order to
fill the requirements of TIMON.

Finally, it should be briefly highlighted that eyeR4 hours OT updates the historical traffic data
associated to every segment in which traffic infation is available. This information will be useg b
the routing system, as explained in the next sectio

3.2. Evolutionary Fuzzy Rule-Based Systems for Traffic Congestion

The main objective of the routing services of TIM@Nto generate optimized routes based on the
preferences of the users, and taking into acctnentraffic predictions obtained so far. Specifigathis
task involves mainly the integration of the preidias of the state of the road in the route calounjatnd

the implementation of the route optimizers, whidnsiders the status of the road at the time the
vehicle/user is expected to depart or arrive.

First of all, it is convenient to highlight thatett©penTripPlanner (OTP) platform has been Uisada
route calculator engine. One of the main activiiedormed in this task is the efficient communimat
between OT and OTP in order to incorporate thdi¢crabngestion predictions as well as the current
state of the traffic into the route calculationr Huis communication, both platforms use the Gogsgle
Protocol Buffet. It should be highlighted the basic versions offQdhd OT count with a preliminary

8 http://www.opentripplanner.org/
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structure for working with one, and only one, exula format. This exchange format takes only into
account the historical data. For TIMON, a seconcharge format has been generated, in order to
incorporate the current traffic state and the cetige prediction data when the routes are calcdlate

In this way, each time the routing engine calc@ateoute, it takes into account the state ofrtféid of
every street segment. The main objective is togdesfficient routes which are dependent on the
historical, current and future state of the traffic this sense, there are three different conataters,
depending on the moment in which the route crodsedifferent street segments:

» For street segments crossed in a time horizon between the current moment and the next
15 minutes. The current state of the traffic will be taketoimccount.

« For segmentstransited in a time horizon between 15 and 60 minutes (from the current
moment): The proper traffic prediction will be consideradking into account the four time
horizons (15, 30, 45 and 60 minutes).

» For street segmentscrossed in atime horizon greater than 60 minutes (from the current
moment): The historical traffic data will be used.

At this stage of the project, DeustoTech-Mobilitgshstarted with the development of the routing
algorithm, which has been already designed. Tigisrithm will consist on an Evolutionary Algorithm
to improve the performance of current route cakoulaf the OTP. In this regard, current route
calculators are based on fixed user preferencesding to some standard or heuristic values ohby t
inputs that the user has given. Some common exanopléis preferences are the maximum distance
the user is willing to walk, the departure or theval time, how much a user prefer only one transf
with respect to two, etc. However, many users lasélfle with respect to the fixed values provided i
variation leads to a better route. For instanceser may prefer departing 5 minutes before the time
established if in that case he/she can arrive Thites earlier because of the frequency of the buses

The objective proposed by DeustoTech-Mobility iglasign an Evolutionary Algorithm that exploits
this tolerance in the users’s preferences in otdefind small variations (in a range previously
established by the users) that lead to better santierms of travel time, costs or emissionshig sense
and after having done a depth analysis of the tsireicof OTP, some of the most convenient user
preferences that will be optimized by the EvoluipnAlgorithm have been identified. In Table 1 eebr
list of the modifiable user’s preferences that hlagen identified so far is listed.

Table 1 - Main classes modified and generated for the efficient communication between OTP and OT

Attribute Description

MaxWalkDistance The maximum distance (in meters) the user is vgltim walk

MaxTransferWalkDistance¢ The maximum distance (in meters) the user is vgltim walk for transfer legs

MaxPreTransitDistance The maximum time (in seconds) of pre-transit travel

DepartureDateTime The epoch date/time that the trip should depart

7
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MaxSlope The maximum slope of streets

MaxTransfers The maximum number of transport transfers to accept

4. Deployment and results obtained in thefirst pilot test

The first testing phase of the project was condltte past September (2016), where some inititd tes
were carried out which contribute to the futuresamution of the objectives planned for the projkct.
this sense, the system tested had two main furadifims. On one hand, predict future traffic
congestions at specified time horizons, and omther hand, provide traffic density and averagedpe
information in real-time. Both functionalities weested in the city of Helmond (The Netherlands), a
one way of the A270 highway section. At this higveaction, some traffic cameras owned by one of
the project’s partners (TASS Internatiofigare installed. The map with the specific locatidthe road
stretch and the cameras is shown in Figure 3.

Y

Figure 2 - Position of the used traffic cameras (from left to right: 43, 33, 54, 9, 49, 57, and 48)

The prediction system estimated four levels of estign (free, slight, moderate and severe) at iaeh

of the seven segments in which the cameras ditiglenentioned highway section. To this end, it made
use of the real-time information provided by ttefftc cameras whose position can be seen in the map
above. All these sensors were placed in roadsfigireint nature: four of them were placed in stnéig
road segments, while the remaining ones were Iddateoad bifurcations. In this sense, the level of
congestion was calculated using the current avesgped shown by the vehicles in the area.
Summarizing, the main items tested in this firstitgy phase can be divided in four different bustlet

- Traffic congestion prediction in straight road segments. The traffic congestion prediction
system was tested on straight segments where thiele/s speed is usually high and the
probability of congestion low or inexistent.

« Traffic congestion prediction in road bifurcations. The prediction system was also tested on
road bifurcations or crossings with traffic lightdere the vehicle's’ speed is usually low and
the probability of congestion higher.

+ Real-Time Traffic Information. The real-time traffic information system is inache of
calculating and offering diverse information abth& current state of the traffic, such as the

10 https://www.tassinternational.com/
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density, and the average speed. This informatipnagided for those road segments for which
traffic data are available.

Scalability of the system. In order to test the performance of the systemnmore demanding
scenario, different experiments replicating theagabvided by the existing cameras in their
respective lines were executed. In this senses, s@siulating up to 240 traffic sensors were
performed.

Furthermore, the main results obtained in thig fiesting phase can be also divided in four difiere

bullets, each one for each item tested:

Results on traffic congestion prediction in straight segments. Using the sMAPE [4] as a
quality measure, the main conclusions obtainedtlier cameras located in straight road
segments are the following. All the results obtdifa these tests are below 9%. These results
are good enough to conclude that the tested syistestiable. As evidence of this reliability is
that the increase of the time horizon does notssgdy imply a lower accuracy of the system.
Additionally, there are lots of cases in which ¢i¢ained value is lower than 2.5%. In overall, it
can be said that the predictions made by the sygtesent a good accuracy.

Results on traffic congestion prediction in bifurcations. Using the same measure, the results
obtained were better than the ones presenteddatihight roads. This is due to the fact that in
bifurcations there is a higher probability of costigns and therefore more examples to “learn”
when they occur. In this case, the results obtaaredlower than 2% in most of the cases,
showing a performance higher that the 5% only spécific cases.

Results of the Real Time Traffic System. The results of this system were also successitgs
it fulfills the time constraints required for thégrvice, updating the state of the traffic (number
of vehicles and average velocity) every 15 minutes.

Results of study about the scalability of the system. The main conclusion obtained is that as
the number of traffic sensors grows, the time nemlifor both prediction and a real time traffic
system does not grow in a linear way. Typicallys trowth tends to resemble an exponential
increase, as happens in this case. For thesettestsumber of the used sensors was increases
up to 240 sensors, showing promising results ftin bpstems.

5. Conclusions and further work

TIMON is a research and innovation project undertiorizon 2020 programme. The main objective of

this project is to provide real-time services tlgioa web based platform and a mobile APP for dsiver

Vulnerable Road Users and businesses. These sewilte€ontribute to increasing drivers and VRUs

assistance and safety. To provide these servieesobthe core technologies developed inside the

project will be the design and implementation ofiffaial Intelligence methods for traffic predictio

and route planning. The partner in charge of thig pf the project is DeustoTech-Mobility research

group. In this technical paper, a description @& #pproach followed in TIMON to develop traffic
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congestion prediction and route planning serviesgt on Al techniques and the progress done & far
provided. Along with this description, this worlsaldetails the deployment and the result obtained i
the first test done. The work package detailedis work ends in the upcoming March 2017, so, the
future work is to complete the development of thé mMethods and the development of the
corresponding deliverables. After the closing @f lackage, the effort of DeustoTech-Mobility wid b
focused on the integration of the algorithms inwele system, and in the writing of some research
papers with the obtained results.
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