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A B S T R A C T

Personalization of pedestrian routes becomes a necessity due to the wide variety of user profiles that may differ
on preferences or requirements to choose a route. Several software applications offer routes usually based on
single criterion like distance or time; however, these criteria do not often fit the pedestrian needs.

Here, we will first focus on the Personalized Routes Problem and then we will approach the specific case of
designing accessible and green pedestrian routes.

The proposal is implemented as a freely available Android application (named as PRoA, by intelligent multi-
criteria Personalized Route Assistant), which automatically obtains geographical data and information for the
decision criteria from open datasets.

The proposal is evaluated using real cases at the city of Granada, Spain.

1. Introduction

Walking is transportation, green and healthy. In the National Travel
Survey: England 2014 (Tranter et al., 2015) one can read that the
transportation modes accounting for most trips in 2014 were by car,
either as a driver or a passenger (64%), whereas walking accounted for
a 22%.

Indeed, walking is the most frequent transportation mode used for
very short distance trips: 76% of all trips under one mile are walks. In
terms of averages per person, there were 200 walking trips registered in
2014 for a total of 180 miles and 18 min per walking trip.

The Institute for Transportation and Development Policy (ITDP),1
from New York, states that:

‘‘For decades, traditional transport planning has focused on improv-
ing conditions for private automobiles at the expense of safe side-
walks and bike facilities. Yet, the majority of the world’s people rely
on cycling, walking, and other forms of human-powered transport
[...]. Increasing the use of bicycles and the ease of walking is one
of the most affordable and practical ways to reduce CO2 emissions,
while boosting access to economic opportunity for the poor’’.

These environmental benefits, including moderate-intensity physical
activity like walking or cycling, had proved to provide substantial health
benefits (Pate, 1995).

As the literature indicates, not only the environmental variables are
related to physical activity (Saelens et al., 2003) but also the adequate
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facilities for walking or the accessibility of places to walk (Owen et al.,
2004). Craig et al. (2002) states that ‘‘Walking to work was significantly
related to the environment score’’, where score is based on 18 neigh-
borhood characteristics (e.g., existence of accessible walking routes,
such as sidewalks and paths, and available facilities like parks). In this
way, a ‘‘good environment’’ or an ‘‘appropriate route characteristics’’
are significantly related to the decision of walking for example to work
or just for leisure. However, those concepts are user-dependent and may
vary according to his/her preferences.

Walking is crucial for senior citizens who may found many impedi-
ments on their routes such as stairs or steep slopes. Consequently, this
kind of people need to conscientiously choose their route according to
those constraining characteristics (Borst et al., 2009). Similarly, people
with some mobility reduction, pregnant women, or people that want to
walk with small kids may be also affected by the same constraints.

Given the proven relationship between the characteristics of a route
and the user’s decision to walk, the proper design of a route based
on user’s preferences is essential to promote walking activities. Some
existing approaches are outlined next.

For example, Balstrøm (2002) proposed a method to find the faster
walking routes in open field and the criteria were defined according
to the surface’s friction. Walking routes aimed for elderly people were
determined by Borst et al. (2009) with a previous evaluation of the
links on up to twenty-three physical characteristics (e.g., slopes, stair,
shops or zebra crossings). Similarly, Hochmair (2008) uses criteria such
as waiting time, turns, or traffic lights to find a multi-modal route

https://doi.org/10.1016/j.engappai.2018.03.016
Received 3 October 2016; Received in revised form 29 January 2018; Accepted 22 March 2018
0952-1976/© 2018 Elsevier Ltd. All rights reserved.

https://doi.org/10.1016/j.engappai.2018.03.016
http://www.elsevier.com/locate/engappai
http://crossmark.crossref.org/dialog/?doi=10.1016/j.engappai.2018.03.016&domain=pdf
mailto:marinatorres@ugr.es
mailto:dpelta@ugr.es
mailto:verdegay@ugr.es
https://www.itdp.org/what-we-do/cycling-and-walking/
https://doi.org/10.1016/j.engappai.2018.03.016


M. Torres et al. Engineering Applications of Artificial Intelligence 72 (2018) 162–169

that includes walking and public transportation. The method presented
by Quercia et al. (2014) and López-Ornelas et al. (2014) focused on the
walkability concept or pleasant routes.

Although these approaches are sound they generally need feed-
back from users to determine the street’s walkability. This is the case
of Walkonomics (2011), which despite using some geographical data
from different open data sources, is just currently working on four
cities (Toronto, San Francisco, London and New York). Another case of
dependence on feedback from a user is that proposed by Vadeo (Naranjo
and Bayo, 2008). The system is deployed in the city of Valencia,
Spain, where the users have indicated obstacles or impediments for
handicapped people. Again, the former project cannot be considered
enough to achieve a trustful system because it also depends on creating
a new community, as well as on the cooperation of its members.

A different approach (that does not requires a new community of
users) is Walkability Explorer by Cecchini et al. (2014). The system
uses data from OpenStreetMap to determine a so called walkability
score. Previously, Leslie et al. (2007) used data from GIS to objectively
measure features related to walkability.

Our aim here is threefold: firstly we present the Personalized Routes
Problem; secondly we model the case for Personalized Pedestrian Routes
and thirdly, we present PRoA: an intelligent personalized route assistant,
an Android application available on Google Play (Torres, 2016). PRoA
relies on open data and does not need to create a new community to
work properly. In other words, PRoA is completely functional from the
very beginning.

The paper is structured as follows. First, in Section 2 we provide a
general approach to the Personalized Route Problem. Then, in Section 3,
we propose a specific case where the chosen criteria are distance,
upward slope, downward slope, stairs and green or pedestrian zones
leading to the Personalized Pedestrian Route Problem. The routing
algorithm is based on 𝐴∗ and a basic strategy for generating alternative
routes is proposed. Section 4 describes PRoA: an Android based appli-
cation implementing all the features described above. The application’s
results and benefits can be seen in Section 5, where we show practical
examples in the city of Granada, Spain. Finally, Section 6 is devoted to
conclusions.

2. The personalized routes problem

The Personalized Routes Problem (PRP) can be stated as follows:
given origin (𝑠𝑡𝑎𝑟𝑡) and destination (𝑔𝑜𝑎𝑙) points, and a set of user pref-
erences and constraints, find the best route from 𝑠𝑡𝑎𝑟𝑡 to 𝑔𝑜𝑎𝑙 according
to the user’s requirements. To solve the problem, three subproblems
should be considered.

(a) Map construction
The first subproblem is the construction of the streets’ map, which

requires gathering information from maps repositories (either public
or proprietary). At the end of the process, we will end up with an
undirected graph 𝐺 = {𝑁,𝐸} where each edge 𝑒 ∈ 𝐸 is delimited by
two elements 𝑠𝑡𝑎𝑟𝑡𝑒 and 𝑒𝑛𝑑𝑒 from 𝑁 , the set of nodes. The edges in 𝐸
represent street segments from the map. Both edges and nodes have a
set of features 𝐹 that could be numerical values, e.g., elevation, latitude,
longitude or length, or nominal characteristics like the edge’s street type,
e.g., path, ban or pedestrian.

(b) Map evaluation
On the second subproblem, the graph is processed: using the set

of features 𝐹 , a single value (a cost) is calculated for each edge. This
step requires to make both an evaluation and an aggregation process
based on a set of elements {𝐺, 𝐹 , 𝛴𝑂𝑃𝑇 , 𝛴𝐶𝑂𝑁 , 𝑔, 𝑊 , 𝑧}. The set
𝛴𝑂𝑃𝑇 ≠ ∅ contains the criteria to optimize and it is coupled with
the set of objectives or goals 𝑔. Each objective in 𝑔 has an associated
weight from 𝑊 . The weights 𝑊 represent the importance of reaching
its correspondent objective of minimization or maximization in 𝑔. Every

criterion in 𝛴𝑂𝑃𝑇 has an associated weight in 𝑊 . The weights are
constrained as follows:
|𝛴𝑂𝑃𝑇 |
∑

𝑖=0
𝑤𝑖 = 1 𝑤𝑖 𝜖 [0, 1]. (1)

Finally, the set 𝛴𝐶𝑂𝑁 contains criteria for which certain maxi-
mum/minimum values are defined by means of the constraints in 𝑧.

The scheme of the evaluation and aggregation processes is shown in
Fig. 1. There are two phases: (1) the evaluation phase, where we use
the set of features 𝐹 , the criteria 𝛴𝑂𝑃𝑇 and the objectives 𝑔 to obtain a
set of evaluations 𝐸𝑉 ; and (2) the aggregation phase, where we use the
evaluations 𝐸𝑉 , the weights 𝑊 , 𝛴𝐶𝑂𝑁 and 𝑧 to obtain the aggregated
cost 𝐶𝑒 for each edge 𝑒.

(c) Routes calculation
Finally, having a new graph where every edge 𝑒 has a cost assigned, a

routing algorithm should be applied to obtain the optimal and (possibly)
some alternatives routes.

3. The personalized pedestrian routes problem

When the elements of the PRP are defined, a specific problem is
obtained. Here we will focus in the personalized pedestrian routes
problem, proposing the specific definitions we will use.

(a) Map construction
We depart from a graph 𝐺 and a set of features 𝐹 that are obtained

from public repositories. Then we define two sets of criteria:

1. Optimization criteria:𝛴𝑂𝑃𝑇 = {𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒, 𝑢𝑝𝑤𝑎𝑟𝑑 𝑠𝑙𝑜𝑝𝑒, 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑
𝑠𝑙𝑜𝑝𝑒, 𝑔𝑟𝑒𝑒𝑛 𝑧𝑜𝑛𝑒𝑠}, with the following goals 𝑔 = {𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒,
𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒, 𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒, 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒}.

2. Constrained criteria: 𝛴𝐶𝑂𝑁 = {𝑢𝑝𝑤𝑎𝑟𝑑 𝑠𝑙𝑜𝑝𝑒, 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑 𝑠𝑙𝑜𝑝𝑒,
𝑠𝑡𝑎𝑖𝑟𝑠} with the constraints 𝑧 = {𝑙𝑖𝑚𝑖𝑡, 𝑙𝑖𝑚𝑖𝑡, 𝑎𝑣𝑜𝑖𝑑}. These con-
straints determine if a specific edge should be considered or
not in the calculations, either because it exceeds some limit (for
example with the slopes) or contains an undesirable feature (like
stairs).

(b) Map evaluation
For every edge 𝑒 ∈ 𝐸, our aim is to obtain a set of evaluations

𝐸𝑉 = {𝐷𝑒, 𝑆𝑒, 𝐺𝑒} for the criteria in 𝛴𝑂𝑃𝑇 . We depart from the set of
features 𝐹 = {𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑒, 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑠𝑡𝑎𝑟𝑡𝑒 , 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑒𝑛𝑑𝑒 , 𝑡𝑦𝑝𝑒𝑒}, that is, the
length of the edge, the elevation of the start and end nodes of the edge
and the edge’s type. The 𝑡𝑦𝑝𝑒𝑒 value can represent a track (unpaved roads
like forest tracks), a path (trails open to all non-motorized vehicles, like
hiking trails or bike trails), pedestrian streets (car-free zones), stairs
(indicates a street with steps) or none of the above.

The importance of reaching the corresponding goals 𝑔 associated
with the criteria is defined by the weight vector 𝑊 = {𝑤𝑑 , 𝑤𝑢𝑝, 𝑤𝑑𝑜𝑤𝑛,
𝑤𝑔}. The calculation of 𝐸𝑉 requires some intermediate values, namely
𝑠𝑙𝑜𝑝𝑒𝑒, 𝑑𝑚𝑎𝑥, 𝑔𝑟𝑒𝑒𝑛𝐶𝑜𝑠𝑡𝑒, which are described below.

The 𝑠𝑙𝑜𝑝𝑒𝑒 of an edge 𝑒 is calculated as

𝑠𝑙𝑜𝑝𝑒𝑒 =
{

∇𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑒∕𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑒 if 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑒 ≥ 1
0 otherwise (2)

where ∇𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑒 = |𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑠𝑡𝑎𝑟𝑡𝑒 − 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛𝑒𝑛𝑑𝑒 | is the variation of the
elevations between the start and the end nodes of the edge 𝑒 (both in
meters). As it may happen that 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑒 < 1, in such a case we fix the
𝑠𝑙𝑜𝑝𝑒𝑒 = 0 to avoid problems in the calculations.

The 𝑔𝑟𝑒𝑒𝑛𝐶𝑜𝑠𝑡𝑒 score of an edge 𝑒 is calculated according to the type
of street 𝑡𝑦𝑝𝑒𝑒.

𝑔𝑟𝑒𝑒𝑛𝐶𝑜𝑠𝑡𝑒 =
{

0.9 if 𝑡𝑦𝑝𝑒𝑒 ∈ {track, path, stairs, pedestrian}
0 if none of the above. (3)

The maximum distance 𝑑𝑚𝑎𝑥 is obtained and later used to normalize
the distances 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑒.

𝑑𝑚𝑎𝑥 = 𝑚𝑎𝑥{𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑒 ∀𝑒}. (4)
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