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Abstract. In recent years, the popularity of hiking has steadily in-
creased across different segments of the population. Although there is
considerable evidence of the benefits for hikers regarding physical and
mental health, the inherent risks of these outdoor activities cannot be
underestimated. Accident prevention and an increase of awareness about
possible risks are necessary to minimize hiking and pedestrian tourism’s
negative consequences. In most hiking information maps and interactive
applications, there is usually not enough information about difficulty
points or the granularity level required to provide tailored recommenda-
tions to hikers with physical or psychological limitations. In this paper,
we present Syris, a geo-information system for hiking itineraries that
incorporates Points-Of-Difficulty to assess the level of effort, technique,
and risk of hiking trails. The system allows users to filter itineraries and
obtain recommendations based on the assessment of difficulty follow-
ing a well-established methodology. The system has been implemented,
deployed and tested with real data in the region of Val d’Anniviers in
Switzerland, and is openly available to enable further developments and
refinement.

Keywords: Hiking tourism, Difficulty assessment, eTourism systems,
Semantic Web.

1 Introduction

Pedestrian tourism has recently experienced increased interest, paving the way
for the emergence of (online) services and products for hiking and outdoor ac-
tivities [9,3]. Nowadays, the availability of mountain paths and hiking trails
reaches a wide range of population segments, from novice to expert users. The
heterogeneity of the potential hiker profiles leads to several challenges, especially
regarding safety and risk concerns, which have not been fully addressed by ex-
isting information platforms and applications. Indeed, in most mountain tourist
destinations, there is only superficial information about trail difficulty and risks.
Moreover, it is often not standardized nor reflecting specific elements that can
drastically affect the overall hiking experience.
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In this paper, we describe the design, implementation, and deployment of
Syris, a comprehensive platform for management and recommendation of pedes-
trian tourism trails, including the assessment of difficulties and risks. The design
of Syris follows a methodology and data model for describing and representing
points of difficulty, according to well-defined criteria [4]. Moreover, it includes vi-
sualization and filtering functionalities, aiming at providing tailored recommen-
dations for users according to their physical skills and preferences. Furthermore,
the platform includes a mechanism for data acquisition of points-of-difficulty
through a mobile application, leveraging knowledge, and experience from expert
hikers on-the-ground. Finally, Syris has been deployed' and tested in the moun-
tain region of Val d’Anniviers in Switzerland, including real data on more than
70 pedestrian tourism trails of different characteristics, in collaboration with
local tourism offices.

The remainder of the paper is structured as follows. We present an overview of
the system in Section 2. The data model is presented in Section 3. Specific details
about data acquisition, visualization, filtering, and deployment, are presented in
sections 4, 5, 6, and 7 respectively. Section 9 provides a discussion about potential
future developments based on Syris and finally, Section 10 concludes the paper.

2 Syris Overview & Architecture

Beyond existing systems in the market, Syris has been conceived as a prototype
that integrates both geographical aspects of hiking trails and risk and difficulty
information needs. To do so, Syris relies on a well-defined model for both hiking
trails and their difficulties, and user profile models, as described in a previous
work [4]. This model considers the complexities due to the subjectivity of diffi-
culty information, related to the perception of risk from heterogeneous users. We
have gathered evidence in previous works, through questionnaires and workshops
with key actors in the Swiss tourism sector [5], that difficulty and risk assessment
information is repeatedly demanded by end-users and tourism providers.

The Syris platform demonstrates the use of difficulty and risk information,
as explained in Section 3, reflected in a user-friendly search and visualization
interface (Figure 1). This interface is complemented with recommendations of
hiking trails matching user profiles, i.e., according to the physical condition and
risk perception of users.

The main functionalities of the Syris Web application can be summarized as
follows:

— Geographic visualization: depiction of hiking trails projected over Web map-
ping overlays. For the purpose of the prototype, the pedestrian routes are
limited to the region of Anniviers in Switzerland. The map includes the usual
features, including zoom + drag, the possibility of switching the map overlay
(OpenStreetMap, OpenTopoMap, and SwissTopo), and clustering of routes
according to zoom position.

! The prototype is publicly available at: http://syris.iigweb.hevs.ch/.
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Fig. 1. Syris overview. Main interface displaying a particular pedestrian route along
with its details and points of difficulty.

— Route filtering: pedestrian routes can be filtered according to by ability (ef-
fort, technique, and risk), for single users or groups. Route icons are color-
marked according to the physical, technical, or psychological difficulty. Click-
able icons display brief information about the routes and allow to display fur-
ther details. A list of routes is presented along with the map, which changes
according to the map’s routes.

— Health profile: registered users can save their profiles, including their physical
condition (effort skills), technique, and risk perception. These parameters are
obtained by filling a version of the Baecke questionnaire [1].

— Customized list of routes: users may add selected routes to a list, display
them, and add feedback to them. Tourist Offices may provide additional
advice on specific itineraries. Custom filters can also be saved and associated
with a list of routes.

— Visualization of points of difficulty: specific difficulty points are highlighted
in the map visualization. The itinerary’s start and endpoints are also high-
lighted, as well as additional information about the difficulty and other route
attributes. Routes and points of difficulty can be exported as GPX and KML.

— Authentication and administration: includes registration, login, and basic
access control. The administration interfaces also allow CRUD operations on
routes, PODs, users, roles, outputs, feedback, health profile, links to other
applications (e.g., OutdoorActive).

The architecture of the Syris platform is depicted in Figure 2. We chose to
use a geospatial database to store routes and difficulty points. A PostgreSQL
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database with PostGIS extensions has been used in combination with the Python
Django Framework for the dynamic processing of itineraries on maps. The fol-
lowing technologies have been included in the prototype implementation:

— PostgreSQL for the attributive data (users, profiles, route details, etc.)
PostGIS for geospatial data (points of difficulty, routes, spatial operations).
— Django and Python for Web development and Web services.

Leaflet for displaying maps.

— GeoDjango for geospatial data management in Django.

— GeoJSON for the transmission of geospatial data to the JS Leaflet library.
— Docker for the virtualization of development and production environments.

Both the database and Web servers have been deployed as docker instances. The
points of difficulty are fed dynamically from an external Data Acquisition mobile
application (see Section 4), and effort scores of the itineraries are taken from the
IBP index API.

Code versioning: Github

Docker
Web Server DB Server
N
Syris Web Application
Y pp Postgre Data
Trail Filtering by Trail sQL Acquisition
Visualization skills Details @ App
Difficulties User Login /
Visualization| | Feedback | |Register User Data Trails Data Point-of-
User Hiking Health * Account * Attributes Difficulty Data
Management History Profile * Health profile * Metadata + Attributes
* History * Geospatial * Image IBP Index API
- Feedback *_IBP Index -~ Geospatial A
T ibpindex
‘‘‘‘‘‘‘‘‘ 3 th humen ot

Fig. 2. Syris system architecture overview.

3 Data Model

To address the challenge of insufficient information about difficulties of pedes-
trian hiking trails, Syris incorporates a data model based on our previous re-
search on semantic representations [4]. This data model considers the assessment
of difficulties as a combination of three different dimensions, as developed by the
classification methodology of the French Hiking Federation?:

— Effort: this dimension is related to the physical energy required for a certain
itinerary. The calculation of an indicator for this factor takes into account dif-
ferent parameters. For instance, the total distance, slopes, altitude, descent,

2 Fédération Francaise de la Randonnée Pédestre (FFR) https://www.ffrandonnee.
fr
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and slope changes will directly affect the energy expenditure of a pedestrian
track. In Syris, we use the IBP index?, a numerical scale for representing the
human effort in hiking and biking tracks. The algorithm behind IBP takes
as input the GPS coordinates of a trail and calculates an index based on the
slope gradients, ascending and descending distances, altitude, etc.
Technique: this dimension is associated with the motion/motricity required
to overcome obstacles present in the track. Examples of technique-related
difficulties include rocks that require specific skills to be overtaken, e.g.,
raising the leg to the knee or hip level, or even using the hands to overcome
the obstacle. Given the lack of automatic calculations of an index for this
dimension, experts usually perform the assessment on the in loco. Syris fol-
lows the scoring guidelines for the technique of the FFR, assessed by experts
from the local Tourism Offices.

Risk: this dimension entails a psychological difficulty related to situations to
which the hiker is exposed and could lead to potential accidents or dangerous
conditions. As with the technique, Syris requires the intervention of experts
in the field to assess the risk level. This score is typically associated with
the risk of falling (e.g., narrow passages, cliffs, abysses, unstable terrain) or
losing control while climbing.

It is important to consider that a single hiking trail may be divided into dif-

ferent sections, with possibly very different difficulty characteristics. A pathway
may start with a very easy sector in terms of risk and effort, while afterwards,
there might be points of difficulty that require advanced skills to be crossed.
In Syris, all major points of difficulty of a trail are reported and displayed.
Moreover, the highest-ranking points are taken into account to have an overall
characterization of the trail.

Route route
title: varchar
description: varchar
duration: varchar

route

Point-of-Difficulty Outing

filters: varchar

title: varchar ascent: int ..

description: varchar descent: int status: Int. .
technical: int length: int createdAt: datetlrne
risk: int ibplndex: int updatedAt: datetime

energyMax: int
technicalMax: int
risk max int
source: varchar user
geom: multiline

—— e T

description: varchar
createdAt: datetime
updatedAt: datetime

image: image
source: varchar
location: point

Health Profile
age: int

energy: int
technical: int

risk: int

user

Fig. 3. Syris Data model.

% https://www.ibpindex.com
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The data model of Syris, as depicted in Figure 3, includes the following main
elements:

— Routes: including the main information associated to an itinerary. Attribu-
tive data comprises the route title, short description, long description, du-
ration, height difference, length, type (loop, round trip, traverse). It also in-
cludes route metadata regarding the risks, as described previously, i.e., IBP
Index, energy, technical, risk. The route is also associated with a geometrical
object, represented as a multi-line.

— Points of difficulty: includes attributes including title and description, as well
as the risk and technical evaluation scores. It may also include an image of
the point of difficulty, and the geometrical object, typically represented as a
point in space.

— User information: which includes not only the user’s basic information, but
also the health profile (i.e., according to the Baecke questionnaire), and the
risk/techniques scores. Any filtering and saved search are also stored, along
with feedback provided about specific hiking routes.

4 Data Acquisition

Difficulty points are acquired in the field via a mobile application (Web or na-
tive) that allows the user to take a picture of the point of difficulty, obtain its
geographic coordinates, and add a few attributes characterizing the type of dif-
ficulty. For the mobile application, we opted for using an existing mobile data
acquisition platform: Appsheet®, which allows us to easily create a small mobile
Web application with a form including the possibility to take pictures or to geo-
locate the difficulty (Figure 4). The data is saved and then imported into the
Syris database through a Python script. Each time a point of difficulty image is
imported into the Syris, it will be compressed, resized, while the latitude and lon-
gitude will be extracted, providing the location. Once the import is completed,
recalculating the technical and psychological difficulties of the routes according
to the newly imported point of difficulty is imperative. We have chosen to ex-
clude points beyond a threshold distance from the route in the calculation of the
difficulties score.

The data acquisition process has been validated by a set of volunteer beta-
testers who have hiked through the selected 70 routes of the region of Anniviers
to collect difficulty points and populate our database. The points of difficulty
collected have been validated by terrain experts, although it has been acknowl-
edged that there is a need for a standardized procedure for such type of valida-
tion, potentially including the Swiss Council for Accident Prevention. Although
the acquisition App is limited to the collection of points of difficulty, it has been
evidenced that its usage could be extended in order to provide data quality and
validation features. Following a citizen-science approach, a collaborative method-
ology can be put in place in order to allow users to contribute difficulty and risk
data according to an established protocol.

4 https://www.appsheet.com/



A Platform for Difficulty Assessment of Hiking Trails 7

Latlng
46.139877,7.630176 Q

Level technique

° : - ¢ ! :

Level risque

o - ? ¢ ! :
Cancel Save

Fig. 4. Syris Acsuition App based on Appsheet.

5 Trails Visualization

Hiking itineraries are geo-located and displayed on a Leaflet map in order to
allow the user to explore and visualize them. Depending on the required level
of detail, different visualization options are available, i.e., display all routes on
a map with an icon that points to the route starting point; or display the route
and its difficulty points.

By default, the map is centered on Sierre with an undefined radius. These
two filters (center and radius) are not modifiable. At this stage, we decided to
display only the routes of Anniviers. Although initially we had imported all the
itineraries from Valrando, it was evidenced that several attributes were missing.
Thus, for the sake of clarity, we decided to take only the itineraries from Annivers
Tourisme. The itineraries are clustered according to the zoom level, and coloured
according to the difficulty levels..

A color scheme has been established to denote physical difficulty: Easy —
Green; Easy enough — Blue; Not very difficult — Orange; Quite difficult —
Red; Difficult — Black. It is possible to change the color assignment according
to the technical or psychological difficulty by clicking on the wheel configuration
icon at the bottom of the map. The icons are clickable and display a pop-up with
route information and the link to display the route. By default, the map type
is OpenStreetMap, but it is possible to change it, for instance, using SwissTopo
maps (with their agreement, free for research projects below a certain quantity
of maps displayed). The routes displayed on the map are also listed below the
map. The list updates automatically after each Zoom or Drag (Figure 5).

The physical difficulty of a route is calculated from its IBP Index. We per-
formed the calculation (via API) for all routes and stored the information in the
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Fig. 5. Syris: details on hiking trails and list of trails.

database. On the other hand, the technical and psychological difficulties depend
on the difficulty points of the itinerary. If no POD is recorded, the difficulty
cannot be calculated, and an icon with a question mark is displayed.

6 Filtering and recommendation

Filtrer selon vos aptitudes

9" Je suis membre d'un groupe

Ma condition physique ou celle de
mon groupe* @

1 [ Facile

© 2 Assez facile
3 [i Peu difficile
4 ¥ Assez difficile
5 ¥ Difficile

Ma capacité motrice ou celle de
mon groupe* @

1 [ Facile
2 W Assez facile

® 3 [ Peu difficile
4R Assez difficile
5 [ Difficile

*Inspiré du guide de cotation de la Fédération Francaise de Randonnée

Mon aptitude ou celle de mon
groupe a gérer le risque ou la
peur du vide* @

1 Facile
VN Assez facile
© 3 [/ Peu difficile

4] Assez difficile

5 PN Difficile

Fig. 6. Syris: Filtering criteria for effort, risk and technique.

The terminology, icons, and descriptions of the skill types are based on the
rating system of the Fédération Francaise de Randonnée. The main filters based
on the user ability are (as related to the data model in Section 3): Energy (E):
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Fitness; Technique (T): Motor capacity; Risk (R): Ability to manage risk. Fear
of heights has been added to this category. On the route index page, logged-in
or logged-out users can directly define their skills and filter routes accordingly 6.

The filters linked to the group are currently only informative, and the idea
is to integrate them on the route recommendation. Such filters are saved in the
database when creating an output. The user can click on the question marks to
display each ability’s information in a modal window.

To filter trails according to the user fitness level, we have used the Baecke
questionnaire [1]. It contains 23 questions and returns a score between 0 and 15,
which allow the user to determine his level of fitness. The complete form adapted
to the Syris web application is available online® as seen in Figure 7. For logged
users, a filtering button is activated, which allows the transfer of the defined
filters and saves them in the Health Profile area of the user. The age is purely
informative at the moment but could be useful to refine the health profile and,
thus, the itinerary recommendation.

Hes-so// Vi

Votre score est de 7,5 sur 15

Formulaire de Baecke

, travail en usine/atelier, ..)
s du batiment, déménageur, ..)

Fig. 7. Excerpt of the adapted Baecke questionnaire in Syris.

7 Deployment

The system is fully virtualized in Docker containers. The database is stored in
a Docker volume, which allows the database server container to be stopped and
restarted without losing the data stored in it. In production, the Web applica-
tion’s source code is copied directly into the custom Docker image that serves the
Web server, unlike development where the source code is mounted on a volume
to allow on-the-fly code modification and automatic restart of the Web server.
The source code is stored in a GitHub directory. The system shares the Docker
server with other solutions. They are managed by Traefik, which defines the port
and URL alias and secures the data exchange (SSL).

® https://syris.iigweb.hevs.ch/fr/profile/baecke
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Fig. 8. Deployment architecture.

8 Related Work

The extensive affirmation of hiking among the most practiced outdoor activities
has stimulated the creation of heterogeneous segments to satisfy the demand of a
population spanning from beginners/people with limited mobility to professional
athletes. Such a trend encouraged more investments in maintaining and promot-
ing hiking sites, which in turn produced a remarkable return of interest [20, 19].
In turn, the need for improving existing guidelines and their accessibility has
attracted the attention of health institutions and associations [8,11,14], who
promoted initiatives to raise awareness about hiking trail difficulties [12]. Studies
assessing difficulty in terms of energy expenditure [10], hikers’ preparedness [15],
and collaborative annotation of tourism objects® can be considere pioneers. More
recent contributions span from preference-based recommendations for groups of
users [7] to more technological ones employing recommender chatbots [16].

However, providing suggestions for hiking trails has only been addressed par-
tially. For example, some recommendation systems rely on hiking time estima-
tion [2,18] or on questionnaires to estimate the users’ physical condition [5]. On
the one hand, although some studies introduced elements relevant for evaluating
track difficulties, all of them overlooked several factors included in Syris. On
the other hand, several standards for representation and modeling of tourism
and travel concepts arose. For example, Open Travel Schema developed by the
Open Travel Alliance (OTA)7 is a standard model for travel objects. However,
it mostly focuses on booking information and neglects to current ontology mod-
eling standards. The WTO (World Tourism Organization) [17] developed the
Thesaurus on Tourism and Leisure Activities, used mainly for indexing concepts
in the tourism realm. Similarly, a set of standards, including different messaging
and tourism agent specifications, has been provided by the Travel Technology
InitiativeS.

5 https://www.apidae-tourisme.com/
" https://opentravel.org
8 https://www.tti.org/
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Solely focusing on booking operations and availability, and less on outdoor
activities, such standards can guide the integration of tourism information. Nev-
ertheless, the more significant limitation is the lack of data description models
for pedestrian roads and the different aspects tackled in Syris (e.g., description
and specification of difficulty types).

Although neglecting the modeling of hiking difficulty types, many interest-
ing systems/projects focusing on outdoor activities are worth mentioning. In
Austria, the local tourism office (Vorarlberg?) maintains an online database of
hiking trails. The Swiss canton of Valais delegated the management of official
hiking trails to Valrando!?. Similarly, SuisseMobile!! provides online apps map-
ping pedestrian trails and respective technical information. Moreover, regional
tourism offices offer complementary services with more detailed and accurate in-
formation, sometimes exploiting third party companies such as Outdooractive'?
or Snukr!3. To collect and maintain up to date information about hiking trails
are expensive and robots/humans-intense activities [13, 6]. Nevertheless, this de-
tailed information is crucial to provides hikers with crucial indications about the
trails they are willing to undertake.

If the potential hikers have physical limitation(s), the complexity and hetero-
geneity of the pathways characterization might escalate, thus requiring proper
models to handle factors such as fear of heights, climbing constraints, reduced
mobility, walking aids, or terrain preferences, etc.

9 Discussion

This paper presents a novel system for assessing difficulty points in hiking trails,
considering different dimensions related to effort, technique and risk. The im-
plementation of this data model opens the door for providing recommendations
based on the matching of the health profile of a user with the characteristics
of available routes. The Syris prototype includes several important steps in the
data life-cycle of pedestrian and mountain routes, from data modelling, acqui-
sition, storage, exploitation, and validation. In this regard, it has the potential
for empowering different types of users, according to their needs. For example,
regional tourist offices and local development authorities can use it as a basis
for tailored recommendations for tourists, reaching segments of the population
such as older adults and people with disabilities. Health professionals can also
use Syris for helping patients to adhere to physical activities that increase their
quality of life. For mountain guides, it can help as a tool for assessing and vali-
dating difficulty points, and choosing the best itinerary for a group of customers.
Moreover, Syris can be used as an instrument of prevention, with the indirect

9 https://www.vorarlberg.travel
10 https://www.valrando.ch/
1 https://www.schweizmobil.ch
12 https://www.outdooractive.com
3 https://www.snukr.com
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target of decreasing the number of accidents thanks to a better understanding
of risks and difficulties.

Although Syris was conceived fundamentally for the assessment of difficulties
in pedestrian routes, it is easy to see that the concept can be expanded towards
a Citizen Science approach for acquiring, managing and validating outdoor ac-
tivity data. This concept may extend also to other sports such as mountain
biking or even skiing, although with additional constraints. The data acquisi-
tion approach, which is currently implemented simply for difficulty points, can
also be expanded to gather other types of relevant information, e.g., pollution
indicators, weather-dependent risks, or difficulties according to age. Moreover,
we see the potential of using gamification techniques in order to provide incen-
tives and motivation cues to potential contributors to the platform. This can
also be applied in order to teach users to assess risks and difficulties, through
game/example based training scenarios. Furthermore, it is clear to see that a
full evaluation of this approach will require considering not only the hiking ex-
perience aspects, but also the usability /visualization aspects. In order to do so
we expect to expand the database beyond the itineraries of Val d’Anniviers, in
order to have a larger and more heterogeneous set of scenarios and user base.

10 Conclusions and Future work

This paper introduced Syris, a system for managing difficulty and risk data of
pedestrian routes. The system was conceived to manage the entire data life-cycle
for hiking trails, from data acquisition, to storage and exploitation. The Syris
data model considers different risk and difficulty dimensions, which can also be
used to provide recommendations according to a user profile. The system has
been implemented, deployed, and validated using real hiking trail data from the
Val d’Annivers valley in Switzerland.

In the future, we will focus on specializing recommendations, by taking into
account other factors, such as weather-related variables, or by using other alter-
native fitness assessment instruments other than Baecke’s questionnaire. Once a
large amount of user data is collected, alternative recommendation mechanisms
can be explored, focusing on the usage of feedback, as well as profile learning. We
will also study the assessment and perception of risks not only from individuals
but also for groups of users, as well as identifying potential clusters of users with
similar characteristics. Enabling group recommendations would entail changing
the way of assessing physical and technical skills, as well as applying adequate
matching strategies to existing itineraries. Finally, we will analyze the potential
impact of the Syris platform in certain industry sectors such as insurances, out-
door activity providers, and prevention organizations, which may benefit from
the results of this initiative.
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