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Abstract— Several mobile guides for unknown destinations
provide assistance to tourists (through personalized tour
recommendations) in making feasible plans and visiting the most
interesting POIs within their available time. However, existing
tourist tour planners only regard available attractions as sites
lacking physical dimensions (i.e. POIs are treated as points).
Although this is adequate for scheduling visits at POIs with single
entry/exit points, it fails to capture practical properties of typical
tourist visiting styles in urban destinations (e.g. tourists typically
enjoy walking on pedestrian zones, market areas and scenic
neighborhoods). Herein, we introduce Scenic Athens, a context-
aware mobile city guide for Athens (Greece) which delivers
personalized tour planning services to tourists deriving near-
optimal sequencing of POIs along recommended tours. Scenic
Athens takes into account a multitude of travel restrictions and
POI properties, also incorporating scenic (walking) routes (in
addition to point POIs), thereby supporting more experiential
exploration of tourist destinations. A user evaluation study
validated the recommendation value, usability and perceived
utility of the proposed application.

Keywords—Tourist Trip Design Problem; scenic routes;
orienteering problem; time window; mobile application; Android;
user evaluation.

I. INTRODUCTION

Tour planning is a challenging task for individuals visiting
unfamiliar urban destinations. Firstly, tourists need to narrow
down to a potential set of Points of Interest (POI), among the
many available, aligned with their personal interests and trip
constraints. Thereafter, they are expected to allocate POIs
among daily tours, decide upon a reasonable sequencing of POI
visits along each tour and schedule routes for moving from a
POI to another [9]. However, field studies revealed that tourists
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seek to maximize the time spent wandering around the urban
space, engaging all their body senses while ‘on the move’ [5,
8]. Unlike commuters or permanent city residents, most tourists
would trade a time-efficient walking shortcut or transit transfer
in favor of a more indirect, scenic or roundabout walking route
that offers more opportunities for amorphous exploration and
discovery [7].

Today, several ICT tools exist assisting the way arounds of
tourists, commonly in the form of mobile city guides, which
may be used to locate tourist services and retrieve informative
content about nearby POIs. Several mobile city guides tackle
the problem of tourist tour planning, commonly termed as
Tourist Trip Design Problem (TTDP) [2]. TTDP refers to
scheduling feasible plans for tourists interested in visiting
multiple POIs. Solving the TTDP entails deriving daily tourist
tours comprising ordered sets of POIs that match tourist
preferences, thereby maximizing tourist satisfaction (typically
termed ‘profit’), while taking into account a multitude of
parameters and constraints (e.g., distances among POlIs, time
estimated for visiting each POI, POIs’ opening hours) and
respecting the time available for sightseeing on daily basis.

However, existing web/mobile tourist tour planners suggest
anarrow notion of POIs as sites which lack physical dimensions
(i.e. POIs are treated as points). Even when including visits to
market areas or scenic neighborhoods they, again, regard those
attractions as points and assume the users to start and end their
visit at a central location, not advising specific walking paths.
The abovementioned assumption is certainly unrealistic
especially for relatively large areas or elongated routes (e.g.
long riversides) since the starting/ending points may be far
located one from one another.
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Herein, we propose an elaborate TTDP modeling which
captures practical properties of typical tourist visiting styles
allowing to schedule both visits to ‘point’ POIs and walking
routes (through pedestrian zones, market areas or districts of
architectural, cultural and scenic value). Hereafter, we will use
the term ‘POI’ to refer to point attractions and the term ‘scenic
route’ to refer to walking paths of touristic value. We have
designed a metaheuristic algorithm which solves this TTDP
formulation (deriving high-quality solutions) and satisfies the
real-time requirements of web/mobile tour planners even for
large datasets. Note that, in addition to highlighting walking
routes of touristic importance, our formulation may also serve
for preventing tourists from passing through tourist-unfriendly
(or outright dangerous) parts of a city. This novel algorithmic
approach is used in Scenic Athens, a context-aware mobile city
guide for Athens (Greece) which provides personalized tour
planning services and supports the experiential exploration of
tourist destinations.

The remainder of this article is structured as follows:
Section II reviews relevant approaches both in the algorithmic
domain and the tourist tour planning software tools. Section III
presents our tour planning algorithm. Section IV discusses the
system implementation details of Scenic Athens and Section V
reports the methodology and findings of a user evaluation
study. Section VI concludes our work and suggests directions
for future research.

II. RELATED WORK

A. Algorithmic approaches to TTDP

TTDP has received considerable attention in the recent
years with several -mainly heuristic- algorithmic methods
proposed to solve it [2]. The objective in TTDP modeling is to
derive a set of near-optimal daily, disjoint itineraries (ordered
visits to POIs), each comprising a subset of available
(candidate) POIs so as to maximize tourist satisfaction (i.e. the
overall collected profit); the derived tours should respect user
constraints / POI attributes and satisfy the daily time budget
available for sightseeing. Note that several problem parameters
may be adapted according to user preferences. For instance,
POI profits may be calculated as a weighted function of the
objective and subjective importance of each POI (subjectivity
refers to the users' individual preferences and interests on
specific POI categories). Similarly, the time spent for visiting a
POI derives from its average visiting duration and the user's
potential interest for that particular POL.

The baseline combinatorial optimization problem for TTDP
is the Orienteering Problem (OP) [12]. In the OP, given a
starting node s, a terminal node fand a positive time limit
(budget) B, the goal is to find a path from s to 7 (or tour if s= 1)
with length at most B such that the total profit of the visited
nodes is maximized. Extensions of the OP have been
successfully applied to model more complex versions of TTDP.
The OP with Time Windows (OPTW) considers visits to
locations within a predefined time window; this allows

modeling opening days/hours of POIs. The Time-Dependent
OP (TDOP) considers time dependency in the estimation of
time required to move from one location to another. The Team
Orienteering Problem (TOP) is the extension of the OP to
multiple tours.

The Arc Orienteering Problem (AOP), introduced by
Souffriau et al [10], is the arc routing version of the OP and is
applicable to TTDP variants whose modeling requires profits to
be associated with the arcs (instead of the nodes) of the network
as some links may be more beneficial to be traversed than
others. For instance, arc values could indicate the scenic value
or the gradient (i.e. the difficulty to walk) of a route segment.

The combination of the OP and the AOP has been proposed
by Vansteenwegen et al. [12] under the name Mixed
Orienteering Problem (MOP). In the MOP, profits are
associated with the nodes as well as with the arcs of the graph.
Therefore, it can be used to formulate TTDP variants wherein,
further to typical attractions, certain routes may be of tourist
interest. In this paper we formulate our optimization problem as
a Mixed Team Orienteering Problem with Time Windows
(MTOPTW) [4], i.e., the extension of the MOP to multiple tours
wherein nodes (arcs) may be visited (traversed) within a time
window, and present an algorithmic approach to tackle it. Due
to the obvious problem’s hardness and real-time requirements,
we focus on a metaheuristic approach.

B. Web and mobile TTDP solvers

Web and mobile tourist assistant tools have proliferated in
the last few years offering a variety of services spanning from
vacation planning to mobile tourist guides and tourism
recommender systems [1]. Among them, four web/mobile
prototypes are the only ones known to offer tour planning
services: CT-Planner4!, CityTripPlanner?, TripBuilder® and
eCOMPASS*. These tools automate the creation of a single or
multiple tours via a set of POIs taking into account their
respective profit, visiting time and opening hours, the walking
travel times among POIs and the trip details (visiting days,
start/end times). The derived tours are personalized, i.e. they are
tuned according to user-defined preferences.

The aforementioned city tour planning software tools
however neglect the scheduling of walking (scenic) routes in
between POI visits, hence, compromising their utility in
realistic tourist visiting styles. The Scenic Athens application
described in this article addresses this issue, taking into account
scenic routes in tour planning, thereby, allowing tourists to
make the best out their available sightseeing time.

III. THE MTOPTW HEURISTIC FOR SCENIC ROUTE PLANNING
In MTOPTW, we consider a complete windy undirected
graph® G = (V,E), where V = {uy,u,,...,uy} denotes the
vertex set and E the edge set. A travel cost is assigned to each
edge {u, v}, namely, T, , which might be different from T, ,,.
Also, each vertex u is associated with a visit duration T,, and
visiting a vertex u (or traversing an edge {u, v}) offers a profit

http://ctplanner.jp/ctp4/index-e.html
http://www.citytripplanner.com/
http://tripbuilder.isti.cnr.it/
http://ecompass.aegean.gr/

T

3> G is called a windy graph, if G is an undirected graph and there are
two costs associated with each edge, representing the cost of
traversing it in each possible direction.
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P, (P,,). For convenience, we denote a node or edge with
positive profit as a Tourist Attraction (TA). Each vertex u (edge
{u,v}) is associated with an opening time 0% (Oﬁyv) and a
closing time Cﬁ (CZ,U) for each different day of the week d €
{0,1, ...,6}. The visit at a vertex u or the traversal of an edge
{u, v} at a specific day d can only start after its opening time
and should end before its closing time. Furthermore, K walks
Wy, W, ..., Wg_ishould be obtained; sl; and el; denote the
starting and ending location (i.e. vertex), while st; and et;
denote the starting and ending time of each walk W,
respectively. Specifically, each walk comprises an ordered set
of vertices, which may either be nodes with positive profit (i.e.
POIs) or end points of edges with positive profits (i.e. the scenic
routes’ ends): W, = (wh, wi, ...,Wfi_l) where wh = sl;,
Wﬁi—l = el; and the visit at each vertex Win (the traversal of each
edge {w}, wi, .} satisfies its time window, i.e. the visit
(traversal) starts after its opening time and ends before the
closing time. The profit of the derived solution is equal to the
sum of the profits of the visited vertices and the traversed edges.
If a vertex is visited (or an edge is traversed) more than once,
its profit is credited only once. The goal of the MTOPTW is to
construct a feasible solution which maximizes the overall

collected profit.
() (& ()

© ()
Fig. 1. Preprocessing steps (profitable edges or nodes are green-colored)

For solving MTOPTW, we propose an Iterated Local Search
[6]. metaheuristic. Among other operations, the proposed
metaheurustic repeatedly executes local-search steps where the
neighborhood of a solution should be examined in order to yield
new solutions promising higher eventual profit. Thus, it is
important to keep the size of this neighborhood relatively small
so that each local search step can be executed fast. For that
reason, the input graph is preprocessed and transformed to a
graph on which the solutions obtained are equivalent to those
on the original graph. Specifically, first, we separate all
profitable nodes from adjacent profitable edges. For instance,
in Fig. 1a, node u is adjacent to two profitable edges (i.e. it is
the end point of two scenic routes as well as a TA itself) and
two non profitable ones. In the new transformed graph (see Fig.
1b), we introduce a dummy node and edge u' and (u',u),
respectively, with P, =0, T, =0, (0%,C%) = (—o,+x)

and Pu',u = Pu,u’ =0, Tu',u = Tu,u’ =0, (Og,ulﬁ Cltti,ul) =
(04, CL ) = (—o,+), again, for any day d. Now, the
profitable edges are all connected to the dummy node while the
ones with no profit to the original node u. Clearly also, any
solution on this new graph can be easily transformed to a
solution on the original graph of exactly the same itinerary on
the real nodes. Next, all adjacent profitable edges should be
parted (see Fig. 1c,d) by inserting a corresponding number of
dummy nodes and edges whose profit and time attributes are set
as above. This preprocessing increases the number of edges and
nodes in the graph, however, since the tourist attraction routes
(edges) are relatively few in a metropolitan city, this increase
will be relatively small and easily offset by the simplification
of solution neighborhoods in the local search steps.

After this preprocessing phase, the new graph is given as an
input to the ILS metaheurustic.

A. The Iterated Local Search metaheuristic.

The Iterated Local Search [6] is a well-known metaheuristic
method where a sufficient number of local search/pertubation
steps are applied until a near optimal solution can be found. In
the local search step, a neighboring solution of the current one
can be obtained by inserting a non-included TA between two
consecutive nodes of the walk which are not connected through
a profitable edge. For instance, in Fig. 2, we consider the
neighboring solutions of the single walk solution with node
representation W; = (sl;, u,v,w, el;). We consider that the
non-included TA is the edge {y, z}. Similarly, we can handle
the case that the non-included TA is a node. Fig. 2a-f shows the
neighboring solutions produced when inserting the edge {y, z}
between two consecutive nodes of the walk. Notice that {y,z}
cannot be inserted between v and w, since {v, w} is a profitable
edge.

(c) (d
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Fig. 2. The local search step.

Inspired by the work of Vansteenwegen et al. [11] each node in
a walk is associated with its arrival, starting and leaving (leave)
time. We also hold the latest time the arrival at each node can
take place (maxArrive) so that the walk can remain feasible,
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that is no subsequent visit is cancelled due to this time shift. For
the walk W; = (wg, w, ..., wj,_;) on day d, the time attributes
of each included node are given by the recursive formulas:

arrive(wf) = start(wl) = leave(w}) = st;, and for k =

] : . d

01,..,[; =1 arrive(w;) = max(leave(wj_,), OW;‘(_TW;()
N ) N g

+Twlic_1ywlic, start(w}) = max (arrwe(w,i), Ow,i) and

leave(w,‘;) = start(w,i) + TW;;.

The maxArrive time of the nodes is calculated recursively from
the ending location to the start as follows:

maxArrive(wlii_l) =et; and for each k=1[—-21—
3,..,1,0

. i i — P
Tw;c,maxArrwe(wkH) ka T

: iy — ingrd, od,
maxArrive(wy) = mln(CW;t, CW;‘(,W,‘(H
).

For the estimation of the arrival time at a node W;‘{, we consider
the leave time from the preceding node along the route, the
travel time and the opening time of the route between these two
nodes. Also, the starting time is the time when the actual visit
at the node starts and may be different from the arrival time (the
node may be closed at the time of arrival and one would wait
until the opening time). Finally, the maximum allowed arrival
time at the node w), depends on its closing time, its visit
duration, the closing time of the route leading to the next node
along the walk, the travel time along that route and the
maximum allowed arrival time of the next node. Based on these

i
WieWk+1

relations, the insertion of a new TA node or edge in a walk W;
can be quickly checked for feasibility. For instance, assume that
a TA edge {y, z} is tried for insertion in the walk between the
two successive nodes w}, and w,_ ;. Both traversal directions of
the edge, i.e. from y to z and from z to y, should be examined.
The insertion of {y, z} with the direction from y to z after a node
w!, is feasible if and only if the following conditions are
satisfied: (1) leave(wli) < C‘f’li\: 'y; (2) the arrival time at y is at

most Cj‘,i ; (3) the leaving time from y is at most Cj‘},z ; (4) the

arrival time at z is at most CZ; (5) the leaving time from z is at

most Czdwi ; (6) the new arrival time at wj,, is at most
Wk+1

maxArrive(w} ;1) .

Similar checks should be done for the tentative insertion of a
new TA node. If the new insertion is feasible, the difference
between the new arrival time at w}_; and the former one is the
time shift of the arrival at wi,,, that is shift=

newArrive(wt,,) — arrive(wt,,). Also, the insertion of a
new TA in a walk always has a positive time shift as this
insertion is done over a non TA edge whose corresponding
route is a shortest path.

Algorithm 1 implements the local search step for the insertion
of anew TA at a specific walk W;. Specifically, it considers all
TAs not yet included in any walk. For each of these TAs, every

possible insert position along W, is examined and the position
of the lowest shift is kept. Also, for all candidate TA edges, both

directions are checked for insertion. Then, the insertion in W;

achieving the highest ratio of profit over shift is performed.
After this insertion, the time attributes of some of the nodes
along W; may have been changed and new values are estimated
again only for these nodes.

Overall, the ILS (Algorithm 2) loops over a number of
iterations. In each iteration, all walks are repeatedly extended
until no further insertion is possible. After each solution
improvement, the best so far solution is updated accordingly.
For escaping from the local optima, a perturb step is executed
and randomly selected consecutive TAs are removed from each
walk of the solution.

Algorithm 1 insertBestTAIn (W;)
BestInsertionPoint « @
BestTA « @
BestRatio « —oo
for each candidate TA cp do
TempLowestShift < oo
TempBestInsertionPoint « @
for each included TA ip in W; do
if the insertion of cp after ip is feasible then
if shift < TempLowestShift then
TempLowestShift « shift
TempBestInsertionPoint < ip
if — 22 5 postRatio then
TempLowestShift
BestInsertionPoint < TempBestInsertionPoint
BestTA < cp

BestRatio «

profite,
TempLowestShift
Insert the BestTA after BestInsertionPoint in W;
Update arrive(w), start(w), leave(w), maxArrive(w) of each node w along
W, if needed

Algorithm 2 The ILS Metaheuristic

W « {Wy, Wy, ..., Wx_,} the set of Walks to be determined
DelW « @
for numOflters do
while W # @ do
for each W; in W do
if insertBestTAIn(WW;) is feasible then
if total solution profit after insertion > bestProfit then
bestProfit « total solution profit after insertion
bestSolution « current solution
else DellW « DelW U {W;}
W « W — DelW
perturb()
return bestSolution;bestProfit

IV. IMPLEMENTATION

A. Content database

We have compiled a collection from the urban area of
Athens (Greece), which comprises 113 POIs and 18 scenic
routes. POIs are classified in categories (e.g. museums & art
galleries, parks etc.) and annotated with metadata like geo-
coordinates; profit; visiting time; opening/closing hours for
each week day; indication whether it is ‘open air’ (i.e.
unsuitable to visit in rainy or heat wave days) or not; etc. Scenic
routes are also classified into categories (e.g. scenic
neighborhoods, market areas etc.) and annotated by additional
metadata like path coordinates; short description; etc. Profits
have been set in a 1-100 scale and visiting times vary from 5
minute (e.g. for some outdoor statues) to 2 hours (e.g. for some
not-miss museums or long scenic routes).
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B. Scenic Athens architecture and application workflow

Scenic Athens adopts a coarse-grained service-oriented
architecture (SOA) approach, wherein the business logic is
composed of loosely coupled web services, combined together
to deliver personalized services to thin mobile clients. The
mobile client application
(https://www.youtube.com/watch?edit=vd&v=xwjGGz0Yp30)
has been developed on the Android 4.4 platform and is available
from http://zarcrash.x10.mx/ScenicAthens.apk).

Offline phase

The pairwise travel (walking) times among the locations
stored in the content database (including the end points of
scenic routes) are computed offline using GraphServer®. POIs /
scenic routes data and walking times are stored in memory
structures on the server side to ensure high responsiveness to
user queries.

Online phase

Prior to requesting a tour plan, the user feeds in the trip
details, principally the trip dates and the start/end
locations/times of the daily tours (see Fig. 3a). The start/end
locations may be selected among a predefined list of hotels or
city landmarks; alternatively, it may be set by pointing an
arbitrary location on a map or by obtaining a location fix via
GPS. Optionally, the user may configure her profile by rating
her preference on POI and/or scenic route categories (see Fig.
3b). In effect, those ratings are used to adjust default POI /
scenic routes profit values accordingly.

Upon the submission of a user request, the tour planning
web service returns a JSON response with a description of the
daily tourist tours. The recommended tours may be visualized
via list and map-based views as well as an augmented reality
view. The list view (see Fig. 3c) illustrates recommended POIs
(green background) and scenic routes (purple background),
sorted by their visiting order, while also showing their title,
photograph, category, rating, estimated arrival/departure time
and visiting duration (walking time in case of scenic route). A
‘footsteps’ icon placed on each list item may be tapped to yield
walking directions from the previous tour element. The map
view (see Fig. 3d) presents the POI locations, using a different
color code to denote the path followed along scenic routes. The
augmented reality view requires a GPS location fix and displays
the locations of the POlIs/routes included in the currently
selected tour. In the case of scenic routes, a Google street view
is also available, wherefrom the user can navigate along the
recommended scenic route from its path start location (see Fig.
3e). The user may retrieve further information for selected POIs
or scenic routes along with a distance estimate (from the user’s
current location) and a compass icon pointing towards to that
location (see Fig. 3f).

The users may also request for a weather forecast for every
trip day and indicate an actual POI/route visit by preforming a
‘check-in’ through the mobile application. Also the users can
remove (i.e. ‘blacklist’) any POI/route. The above two actions
result into the re-invocation of the tour planning service

ensuring that the blacklisted or checked-in POIs/routes will not
be recommended again.

V. USER EVALUATION

We have executed user evaluation trials, held in Athens
(Greece) in October 2015 with two main evaluator groups, one
consisting of permanent city residents familiarized with the
main city attractions and one consisting of tourists, recruited in
the vicinity of major city attractions, largely unfamiliar with the
tourist destination.

The evaluators have been handed a flyer summarizing the
functionality of the app and the objectives of the field trials.
After having registered contact information on an online form
the users were allowed to download the application via a URL.
The individuals who downloaded the app have been contacted
(through emails) a few days later and requested to answer
anonymously an online questionnaire. 13 locals (10 men, 3
women) and 6 tourists (4 men, 2 women), aged between 25-47
years, responded to our request. Among the evaluators only two
have had previous experience with a city guide. The
participants received a sufficient number of tour
recommendations (4.8 and 6.3, on average, for the locals and
the tourists, respectively). This indicates that the tourists
explored the customized tour planning feature more thoroughly.
The majority of the tourists claimed that, to some extent, they
actually followed the recommended tours although some found
it impossible to stick to the indicated departure/arrival times.

Usability. Most of the users (17 out of 19), both locals and
tourists, found the process of receiving a personalized tour
application straightforward, with 2 locals expressing a neutral
opinion on the above matter (one of them justified his view by
the lack of familiarity with similar applications). Overall,
respondents felt relatively comfortable in using the application
and consuming the tourist content, although 7 locals and 1
tourist expressed a neutral opinion regarding the above aspect,
reporting that they found difficult to grasp the function of the
augmented reality view, navigate among the tours
recommended for different days or modify the trip details of a
particular daily tour. Concluding, it appears that several of the
reported usability problems could be resolved by increasing the
‘visibility’ of some -otherwise missed- features or through
creating semi-transparent ‘first time’ instruction pages.

Recommendation value, functionality, perceived utility. To
a greater or lesser degree, almost all users (but 1 local who was
neutral) argued that the recommended attractions and routes
matched their interests. Most of the locals (10 agreed while 3
were neutral) would recommend the POIs and scenic routes
included in their recommendation list to a tourist, while most of
the tourists (5 agreed while 1 was neutral) confirmed that the
recommendations have been the ones they would like to receive
when visiting Athens. The unique feature of Scenic Athens, i.e.
the inclusion of scenic routes in the recommended tours, has
been appreciated as rather important by most users, as all but 3
locals who were neutral, agreed that the incorporation of the
scenic routes increased the value, quality and meaningfulness
of their tour. Nevertheless, some users possibly felt uncertain
about that since they have not had experience with alike

® http://graphserver.github.io/graphserver/
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Fig. 3. Screens from the Scenic Athens mobile (Android) application.

applications solely offering POI recommendations. Finally all
tourists agreed that they made the most out of their time, as the
sequencing of POI visits and scenic routes ensured short
walking distances among them.

VI. CONCLUSION AND FUTURE RESEARCH

In this article, we presented a novel tourist tour planning
approach which opposes the perception of urban tourism as the
“disembodied visual experience of navigating between sights”
[3] and supports the discovery of natural, cultural, architectural,
historical and market assets of tourist destinations. This aim is
achieved by developing a novel efficient metaheuristic to tackle
MTOPTW so as to allow incorporating scenic routes into
recommended tours. In the future, we plan to implement an
offline version of Scenic Athens incorporating city map data in
order to eliminate roaming charges. This variant should balance
among real-time processing requirements and deriving
solutions of reasonable quality.
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