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Abstract

When tourists are at a destination, they typicatharch for information in the Local Tourist
Organizations. There, the staff categorizes tailrigtofile and restrictions. Combining this
information with their up-to-date knowledge abohe tlocal attractions, weather and public
transportation, they suggest a personalised rautéhé tourist agenda. This paper presents an
intelligent routing system for a Personalised Etadt Tourist Guide to fulfil the same task.
This system improves the automatic route creatimetfonality of existing PETs to solve better
the needs of tourists in several aspects: i) iubhes public transportation, ii) it takes varying
travelling times into account, adapting to reateimstances as rush-hours, iii) it calculates
routes in real time to react to unexpected evewyst applies last generation heuristics from
Operations Research to create routes efficientlgneam destinations with a large number of
point of interests and a dense public transportatigtwork.

Keywords: Personalised Electronic Tourist Guide, Team Oeernibtg Problem Time
Windows, public transportation.

1 Introduction

Nowadays, the creation of on-site personalisedsbroutes that take into account the
profile and other restrictions of tourists and opdate tourist information is a time
consuming task that is often done by the staffh&f Local Tourist Organizations
(LTOs).

When tourists are at a destination and searchnformation in the LTO, the staff
categorises their profile (cultural, romantic, fmi..) and restrictions (time, money,



transportation means...). Combining this informatieith their knowledge about
local attractions (location, prices, timetablesywhappealing they are for a certain
tourist profile...), they suggest a personalisededot the tourist agenda. However,
this route does not take into account new circunt&s that may happen during the
visit (longer time in the visit of an attractionhanges in the weather, delay in
transportation ...).

The problem a tourist faces (Brown & Chalmers, 20630 decide which attractions
to visit or to filter and to select what activitigsdo. The next step is to time-sequence
these attractions or activities and to decide hownbve from one attraction to the
following one. Tourists solve this problem many ésnduring the trip due to
deviations from the original planning.

Among others, a Personalised Electronic Touristd8UWPET), which is a mobile
hand-held device, should perform the same taskiédfby the LTO (Vansteenwegen
& Van Oudheusden, 2007), solving the problem sunsedr by Brown and

Chalmers (2003). A PET should provide an integratddtion for route planning that
adapts to new circumstances. Furthermore, trarepmrtinformation was identified

as one of the most appreciated functionalities &Ea (Beer et al, 2007; Schmidt-
Belz et al., 2003; Stroobants, 2006).

This paper presents an intelligent routing systesn & PET, which gathers
information about the profile and context of tharists and attractions. It combines
this information, using a novel algorithm capableceeating personalised tourist
routes. Such routes react to events in real tinadjng into account public

transportation to improve the mobility of touristShe system can target large
destinations with an important number of attractidoe to the application of efficient
algorithms from Operations Research (OR) (Vanstegew et al., 2008). The system
will be validated during the summer of 2009 at¢fig of San Sebastian.

This paper has been organised as follows. Sectisnn2marizes the related work.
Section 3 introduces the system, including thel fuadidation scenario. At section 4
the details of the system and the algorithm arsgmied. The paper concludes with
the evaluation of the system and some conclusions.

2 Related work
2.1 Mobiletourist guides

As power capabilities, network technologies andtgimlity of mobile devices have
improved, several applications aiming at creatingbite tourist guides have been
implemented. They have been named Mobile Touristd&UMTG), Personal

Navigation System for tourism (PNS), Electronic Tfisu Guides (ETG) or

Personalised Electronic Tourist Guides (PET). Tterme several reviews of existing
PETs available for interested readers (Kramer g2@D7; Souffriau et al., 2008).
Table 1 summarizes the routing capabilities of mamojotypes.



Table 1. Routing capabilities of existing PETs (based omafeenwegen, 2008)
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Dynamic Tour Guide (DTG) (Kramer et al., 2007) g tmost advanced and mature
PET found in the literature. The system allows refrqpersonalisation based on
ontologies. Moreover, it creates routes in reaktifiess than five seconds) grouping
attractions into Tourist Building Blocks (TBB). Hewer, the algorithm applied in

DTG for routing creation is very simple and it hagportant restrictions. It can only

create proper solutions for a small number of TBRd one day routes. No public
transportation is taken into account.

PNS (Maruyama et al., 2004) applies a genetic dlgor to calculate routes.
Nevertheless, tourists have to manually enter ttractions they want to visit with
their details (visiting time, duration and valu&he system needs nearly ten seconds
to obtain a route for just twelve attractions.

2.2 Routing algorithms

The routing algorithm presented in this paper iseldaon extensions of the
Orienteering Problem (OP) (Tsiligirides, 1984).the OP, several locations with an
associated score have to be visited in order taiolattotal trip score. Each player can
visit each attraction only once. The objectiveobtain a total trip score as high as
possible without violating a time restriction. Beneralization to multiple players is
known as the Team Orienteering Problem (TOP). Wbeations have an associated
time window, the problem is called TOP with Time nffows (TOPTW)
(Savelsbergh, 1985). The Multi Constrained TOPTWCIMDPTW) extends TOPTW
adding multiple constraints such as money budgéaeelled distance.

The Time Dependent OP (TDO) (Fomin & Lingas, 2032an extension of the OP
where the time needed to travel from a locatioio a locationj depends on the
leaving time from location. Finally, the proposed algorithm Multi Path TOPTW
(MPTOPTW) extends the previous algorithms includmmgltiple paths to go from



one location to another. The duration of at least of these paths is dependent on the
departure time. MPTOPTW is valid to simulate pultdansportation.

To the authors’ understanding, there is no algorittble to solve MPTOPTW out of

the extensions of OP. In the field of public tramdp an algorithm to calculate

optimum itineraries in an urban public transpodteyn has been proposed, including
a stop at an intermediate point (Zografos and Auigiapoulos, 2008). In Hong-Kong,

a similar system was tested using a different agghrdChiu, Lee and Leung, 2005).
Both of them were designed to be used as standalolngions. Thus, they are not

suitable to be used within a wider algorithm regdito solve the MPTOPTW, which

has to calculate several times the best way to rfrowe one place to another.

3 Objectives of the system

The objective of the system is the improvementefroute creation functionality for

PETs using the latest advances in OR. The systam® lgeyond the state of the art in
route creation functionality, as none of the ergtiPETs apply the latest OR
algorithms to solve similar problems. Moreoverhaiigh the inclusion of public

transportation has been identified as functionalitigh a great added value for
tourists, this has not been achieved in currentPET

The intelligent route creation system proposedhia paper calculates routes in real
time (less than 5 seconds) according to the prefilé restrictions of tourists (time,

money, travelled distance ...), weather conditiond puablic transportation. Routes
are updated in real time when necessary (longérteian attraction, weather change,
missing a bus). The system will be validated usihg latest technological

developments, both on client devices and web tdobres.

It must be mentioned that the work presented is phaper focuses on the route
creation functionality. The creation of touristgofile is kept as simple as possible
due to great advances on this area such as DT@d?@dopken et al., 2006).

3.1 Application scenario: San Sebastian

San Sebastian is a beautiful city located at thetNaf Spain, just 20 kilometers away
from France. San Sebastian’s picturesque coagtiaiees it a popular beach resort,
being one of the most relevant tourist places efNlorth of Spain. The villages near
the city are easily reached and they offer amazingural, gastronomic and

architectural experiences. Due to the small sizthefBasque Country (less than 200
km long in any direction), the system assumes thatists do not change their

accommodation during the days of their stay. Thius,starting and ending location
for each day are the accommodation of the toufise maximum tour length is 3

days, leading to an actual average stay of a tanrl8an Sebastian of 2 days.
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Fig. 1. Overview of the public transportation network ohSZebastian

San Sebastian has around 200.000 habitants aadbési visited combining public
transportation with short walks. The public transation (see Figure 1) offers a good
bus service with a fixed timetable through a devetevork.

3.2 Usecases

As it has been mentioned before, the system tatgetists that are in the destination.
Evaluations of existing PETs (Kramer et al., 208f9wed that although tourists are
accepting these systems, they also enjoy ignotiagptan. In this case, they use the
system to access information about the destinatitnile they explore it. The
proposed system offers tourist both choices wighfttiowing options:

» Creation and edition of the tourist profile, restinns, attractions to be visited, and
the location of the accommodation.

» Creation and adaptation of the route anytime. Tystesn will update the route
when new events are detected, after confirmatiothéyourist.

» Visualization and exploration of the route, viewiagd evaluating the attractions
in a GoogleMaps-based interface.

» Free browse of the destination, accessing infoonabout attractions and public
transportation.

4 System overview
4.1 System architecture

The system is based on a thin client architectsee (Figure 2). There are three
differentiated elements: client, agents and serVee client provides the interface
(see Figure 3) for the final user and communicéttesposition of the tourist to the
server. The HTML based client has been developédguSoogle Web Toolkit

(GWT) and Google Gear. GWT allows developing wepligptions using native Java
code, automatically transforming this code into HTMnd JavaScript. Thus, the
developer is isolated from browser specific issisw versions of GWT make the



existing code compatible with new browser versidagithermore, Google Gears is
an Open Source project that enables more powerdll applications. Gears allows
among others, to access the location data of tlemtciThe interface is based on
Google Maps to display geo-referenced information.

@ Client

©Gears

Server

Agent

o] |

Fig. 2. Architecture of the system

Agents are responsible of detecting changes irctimext and communicating them

to the system. Each agent tracks a specific vaigkeather, traffic jams ...) and

updates its state on the server. The current meothas only one agent that
periodically queries a public weather Web Servioecheck for changes in the

weather. The agent looks for the forecast withireehdays, so that weather is taken
into account when creating routes. Future versigitistackle more aspects of the

context such as the state of the traffic, demotistrs, long queues at attractions,...

Finally, the server collects all the informatiomsdy the client and the agent. It
combines this information with the rest of the detacreate and update personalised
tourist routes in real time. The server side isedagn an Apache web server with a
Apache Tomcat application server and a Mysql daMaanager. The prototype has
been tested on a HTC X7500 Advance device, whichbhalt in WiFi, 3G and GPS
functionalities.

Overview  Descrigtion Caontact

Concha 5
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Fig. 3. Screenshots of the client




4.2 Data mode

All the information required by the system has beendelled to be stored on a
database. The main entities the system storefamtractions, public transportation,
the context and the routes. LTOs are responsilblagdating this information, which

is a crucial factor to create high quality routés.order to help in the management of
this information, a simple authoring tool basedjoestionnaires has been developed.

421 Attractions

Attractions are composed by places to visit (musewmildings ...) and activities to
do. Different types of data are stored for eacfaetion:

» Descriptive information: name, description, imalgeation, opening hours, prices
and a link to a web page with additional informatio

» Customization information to assign a differentueato each tourist profile. Each
attraction has a value between 0 and 100 for eeafiiep Some attractions can be
clustered into groups, so that each group inclgitedar attractions, for example,
museums of a similar topic and layout. Each tinteusist visits an attraction, the
system records the visit and asks for feedbaclotopare the expected value to
the real value. Tourists can rank visited attractiwithin four categories: dislike a
lot (0-25), dislike (26-50), like (51-75), or like lot (76-100). When a tourist
expresses he/she has liked or disliked an attracti@ group, the value of the rest
of the attractions of the group is increased orrelesed multiplying it by a
different percentage: dislike a lot (50%), dislik&%), like (125%), like a lot
(150%). If a tourist has explicitly marked he wattwisit or omit an attraction, its
value is changed to 100 or 0 automatically.

» Adaptation information to change the default vadfi¢he attraction to react to the
context. The relation between each context corigind the attraction value is
represented by a percentage. For each attractiengdntext conditions that are
taken into account are the weather (sun/rain), taedhour of the day (dawn,
morning, midday, evening, nightfall, night). Foraemple, a nice viewpoint will be
much more appealing on a sunny dawn than on a ediagnoon.

4.2.2  Publictransportation

Public transportation has been modelled taking &adcount that service frequencies
vary according to the day of the week (working dagturday, Sunday, special days)
and that there are different time windows withirday, each one with different
frequencies and different travelling times.

The database stores the information in a humandiyeway, keeping it simple to
update and to fix errors. At night, a batch procedis executed to transform this
information into a more complex format specifyingettravel times between
attractions for the next three days. The algoridoesses the transformed data to
improve its execution speed creating new routes.



423 Context

Context stores information about the weather fasefar the following three days.
The forecast is obtained from Yahoo Weather pullieb Service. The forty eight
weather condition codes reported by Yahoo are nahpme two simplified states:
rainy (freezing rain, showers, snow ...) and sufsar, fair, sunny ...).

424 Routes

Each route is stored in the database, includingttiactions visited each day and the
time required to go from one attraction to the rex. Details about each movement
are saved (detailed travelling times, origin, andtohation).

As routes adapt in real time to the behaviour afrigis and changes in weather

conditions, they must be recalculated while toariste on the destination. When a
new route is calculated, the previous one is takerthe basis template from the

starting time of the visit till the current timeh&n, the system creates a new route
starting from the current position and taking iatizount that some attractions have
been visited and that some resources (time and yhdawe been consumed. Tourists

can customize the proposed route inserting, moeirdgleting attractions.

4.3 Multi Path Team Orienteering Problem with Time Windows

The planning problem that needs to be solved isefledi as a Multi Path Team
Orienteering Problem with Time Windows (MPTOPTW)MPTOPTW requires the

following input data: a list of attractions (ID, giion, customized value for each day,
opening and visiting times, cost); information abthe public transportation network;
preferences of the tourist; the current positiontlwé tourist; and the available
resources (time and money). Based on this infoonatthe algorithm creates a
personalised route with an ordered list of attmadtito visit, including the details to
move from one attraction to the following one.

The algorithm to solve the MPTOPTW applies lteratedcal Search (ILS)
(Lourengco, Martin and Stutzle 2002). ILS is a rhetaristic method based on
iteratively building sequences of solutions gerextdiy an embedded heuristic called
local search. This leads to much better solutitvas trepeating random trials of the
same heuristic. The solution found by the locakd®as perturbed to create a new
solution. Then, the best solution is taken as the starting solution for the local
search. The process is repeated until a terminatigteria is met. The ILS
metaheuristic can be summarized as in Figure 4.

s, = GeneratelnitialSolution
s = LocalSearch(s o)
while termination condition not met do
| s’ = Perturbation(s
| s = LocalSearch(s’) o
| s = AcceptanceCriterion(s S )
end
Fig 4. Diagram of ILS



The implemented local search heuristic is basedmlmsert Step that tries to add new
visits to a route, one by one (Vansteenwegen £2@08), using two main concepts.
The first one idVait, the time a tourist has to wait for an attractioe opened. The
second one iMaxShift which represents the maximum delay in the arrteabn
attraction without causing a route alteration. Feach attractioni, MaxShift is
calculated as the sum Wait and MaxShiftof the next locationi+1, unless its time
windows ends earlier. For a feasible insertion ofesv attractiorj between visits
andk, besides not violating any of the constraints,tttal time consumption of visit
j, namedshift, should be limited to the sum WaitandMaxShiftof visit k. Thanks to
MaxShiftandWait, it is not required to check the time windows biogher visits in a
tour, to determine the feasibility of a given losehrch move.

For each visit that can be inserted, the smallesgrtion time ghiff) is determined.
For each of these visits a ratio, which pondersvtiige of the attraction with the cost
(time, money and distance) required to visit itc&culated. Among them, the one
with the highest ratio is selected for insertiohei, the Insert Step is repeated until
no attraction can be inserted.

After an insertion, all other visits should be ufgth Visits after the insertion require
an update of the waiting tim&aif), the arrival time, the start of the service, libeve
time andMaxShift Every time a visit requires a waiting time, time shift for the
end of that service and all following servicesdsgluced by this waiting time. Visits
before the insertion may require an updatMakShift

To calculate the cost of going from one attractionthe next one, the algorithm
chooses the fastest mean between public transportand going on foot. The
walking time only depends on the position of thieaations. However, when using
the public transportation, there is a walking titeeand from the nearest stops, a
waiting time till the transport arrives and a triavg time (including possible
transfers). Knowing the leaving time from the dépa attraction and the details of
the public transportation network (starting timethod services, frequencies, locations
of the stops, traveling times between stops), fissible to calculate all the traveling
times and to choose the best option.

The perturbation phase (Figure 4) is based on &esmaovement that removes
consecutive attractions from a tour. After the reaip all visits following the
removed visits are shifted forward as much as ptessin order to avoid unnecessary
waiting. A list containing attractions removed neitg avoids removing a previously
removed visit without first trying to find a diffent visit.

Although it is possible to include advanced acasgaunctions which use the search
history to decide on the best solution, in thisect®e new solution obtained by the
shake movement is always accepted (Acceptancerionti Figure. 4). The heuristic

always continues the search from the perturbedisaluit never returns to the best
found solution to continue. This is called iteratedal search with a random walk
acceptance criterion (Lourencoet al. 2003). Of seuthe best found solution is
always kept on memory. Once the termination catési met (maximum number of



iterations without improvement or maximum allowechd), the system returns the
best solution found.

4.4 Example

Table 2 shows a simplified example of a tour prapder a sunny morning. For each
attraction the travel times are summarised. Theingatime refers to the waiting time
at the bus stop. When public transportation is iredy detailed information is
available as follows: i) walk 3 minutes until yoaach the bus stop at Sancho El Sabio
street number 1, ii) wait for 5 minutes and take Bd for 5 stops (10 minutes) until
you reach the stop at Avda Zumalakarregi numbeii)3walk 7 minutes until you
arrive to the destination.

Table 2. Route for a sunny morning

Travel time Visit
From To - — ) Score Maoney
total walking waiting bus Duration
Hotel Amara [Peine Vientos 25 10 5 10 30 90 0
Peine VientogConcha 20 20 0 0 75 85 30
Concha Urgul 15 15 0 0 30 85 0
Urgul Hotel Amara 20 5 5 10 0 0 0

If suddenly the weather changes and it startsmgirnihe value of some attractions
changes, mostly the outdoor ones. The weather ag#ifies this change and the
server recalculates the route taking into accobet iew values. In the previous
examples the value of Peine de los Vientos and IUr(putdoor locations) would
decrease to 40 and some other attractions woultidre attractive. Table 3a shows
the composition of the new route.

Table 3. New route for a rainy morning (a) and extended ysi

From To Trravel Visit Score | Money From To Trravel Visit Score | Money

time | Duration time | Duration
Hotel Amara|Concha 25 75 85 60 Hotel Amara|Concha 25 75 85 60
Concha Kursaal 30 75 75 30 Concha Kursaal 30 135 75 30
Kursaal SanTelmo 15 90 75 0 Kursaal San Vicente 15 10 55 0
San Telmo |Hotel Amaral 20 0 0 0 San Vicente |[Hotel Amara| 20 0 0 0

(@) (®)

While following the proposed route, if the tourgstpends more time than expected in
an attraction, the route is recalculated againtl@nprevious example, if the tourist
leaves Kursaal later than expected, the previouterawould become infeasible. Thus
a new route would include a shorter visit befotenng to the hotel. Table 3b shows
this route.

5 Evaluation

Although the real final evaluation will be heldthe LTO of San Sebastian during the
summer of 2009 offering the system to real touritts prototype has been tested on
the laboratory. All computations have been cargation a personal computer Intel

Core 2 Quad with 2.40GHz processors and 2 GB Ram.



First a version of the algorithm not including pakifansportation has been tested. It
has been compared against the exact method projysBdussier et al. (2006) for
the Selective Vehicle Routing Problem with Time dows (SVRPTW). Problems
with 50 and 100 points and up to 10 routes have lseésed. The average gap with
the optimal solution is around 5% and the averagecwion time is around 2.5
seconds. The total time for the whole test setp@blems) is 150 seconds, while it
took around two hours to Boussier’s algorithm amelytwere not able to solve all the
problems with their exact solution.

Moreover, new custom test sets have been desigasetllon the available test sets
for the TOPTW. This test set is composed by 68 lerab of up to 288 locations; 1
and 2 constraints; and 1 and 2 routes. For 68 pnablwith one route and two extra
constraints the average gap with the best resuiltslly 2.2%, and the worst gap is
8.9%, and with the upper bound 3.1% and 12.3 %. &Mszage computation time is
0.1 seconds. Adding one route the gaps are 0.8%6 &% with the best results, and
11.8% and 25.30% with the theoretical upper bodrtk average execution time is
0.4 seconds. Authors expect the detailed resulitf tests to be published on 2009.

Regarding the inclusion of the public transportatiproblems initialised with data
about the main bus lines and attractions of SaraSen are solved in less than 1
second. Authors are working on extending the custest set to include public
transportation in a general way. Once this finastom test set is finished, other
researchers are going to be able to develop ahddesapproaches for MPTOPTW.

6 Conclusions and futurework

Current devices meet the technical requirementsa d?PET, such as combining

computational power, location and communicationatélsies. Although some PETs

are already available, none of them is able toterparsonalised routes automatically
in real time, on a medium or big destination, iddhg public transportation.

This paper presents an intelligent routing systenPETs based on a novel algorithm
that is able to create personalised routes intie&l for large destinations taking into
account public transportation. Moreover, it reattisthe actions and behaviors of
tourists, events and weather changes. The PETsidban a thin client architecture
and it takes advantage of the latest technologidances. The evaluation of the
system will be held during the summer of 2009 atdity of San Sebastian.

Future work targets three areas. The first onbdsrmplementation of the system on a
larger destination. The second one focuses on asiurg the algorithm's speed,
applying parallelisation techniques, and its fumudlity: supporting scenic
routes/walks, different lodgings and supportingup® of tourists traveling together.
The final one is the improvement of the social atpef the system, storing, sharing
and adding travel experiences to better help ttsuois the destination.
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