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Executive summary

Wise-loT innovations aims to address the problem of fragmentation within loT ecosystems by
developing a novel framework to achieve global interoperability and mobility of loT applications and
devices. All these developments will be assessed in real environments with real users through the use
cases defined during the first phases of the project and implemented in WP4. The defined use cases,
encompassed in Smart City and Smart Skiing settings, were designed following two main purposes: to
demonstrate the feasibility and benefits obtained from the integration of Wise-loT components, and to
provide users value added services enabled by the global data interoperability through the novel
framework. But not only ordinary citizens will be the main addressee of the developments, developers
will find that the loT information that they had to discover, access and homogenize from different end-
points it will be easily found available and ready to use through the Wise-loT interfaces.

The purpose of this deliverable is twofold: first to present the Key Performance Indicators (KPIs) and
metrics that will allow the evaluation of the benefits obtained from the integration of WP2/3
developments within the use cases, and second to analyse the requirements for the first integration of
recommendation systems to guide users on how to exploit the services offered by the loT system.

The description of KPIs will guide a coherent evaluation of the expected results of the use cases
regarding both: the success on the services provision to the user, and the accomplishment of the
objectives of the WP2/3 components integration. After a brief summary of the main objectives of the
use cases there will be described the KPIs and metrics specifying different aspects such as the criteria or
the relevance within the use case.

In addition to the KPIs and metrics definition, there will be described the initial integration of the
recommendation systems (developed in T2.4 “Self-Adaptive recommendation system”) into some of the
uses cases here presented. During the first integration, the developed Self-Adaptive Recommender
(SAR) will integrate cross-domain knowledge flows to provide further recommendations in the Smart
Cities and Smart Skiing scenarios. In this way, the provision of attractive services with deeper
information to the users expands the initial purposes of the use cases. This document will present the
reasoning of the integration of these systems, the list of requirements for a coherent integration in the
use cases, as well as the KPIs and metrics to measure the success of the integration and the
enhancement of the services due to this combination.
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Glossary

Term or Abbreviation

Definition (Source)

loT Internet of Things

KPI Key Performance Indicator
SAR Self-Adaptive Recommender
CIMm Context Information Manager
POI Point of Interest

Qol Quality of Information
GloTS Global loT System

QoE Quality of Experience

MOS Mean Opinion Score

FG Feedback Gathering

Al Artificial intelligence

GUI Graphical User Interface
Tmon Trust Monitoring




1 Introduction

1.1 Wise-loT purpose and WP4 objectives

Nowadays, Internet of Things (loT) makes available a large variety of assets (e.g. data, devices and
services) that are used in a number of ways that were once unthinkable. Similarly, the future usage of
these loT assets is difficult to predict. Up to now, efforts in loT have been focused on the creation of
large scale loT platforms where individuals, devices or services are able to contribute with a great
amount of loT assets, this way giving room to large amounts of information scattering in many more or
less centralized cloud infrastructures. Of course, despite of this data dispersion, it is possible to combine
multiple data streams into one service requesting different sources endpoints. However this can be a
very tedious task for developers when developing new services since they have to face multiple
challenges. Firstly, they need an easy and efficient way to discover and retrieve data, and secondly, they
need to know the different ways of modelling the information in each platform in order to homogenize
something that inherently presents a large degree of heterogeneity.

With the motivation of dealing with the aforementioned problems, Wise-loT aims to take the crucial
next step in interoperability of loT platforms, designing and developing the components and semantic
data modelling to create a novel framework where different 10T platforms can be combined, allowing
multiple heterogeneous loT sources work in synchrony. This way providing an ecosystem were the
interoperability at data level reduces the efforts in the development of new applications.

The provision of a common service capabilities layer by Wise-loT project will allow the needed
interoperability at communications and data level to achieve a seamless interaction between
heterogeneous applications and devices. Thus, helping developers not to create similar specific
applications that only works with concrete technologies and specific data sources.

Regarding the work package purposes, the main objective of WP4 is to deploy, coordinate and evaluate
the use cases previously defined in D1.1 [1], in order to assess the feasibility and applicability of the
components and functionalities developed during the project lifetime. Therefore, integrating and testing
the developments from other WPs and bringing them to real environments with real users.

The architecture developed in WP1, and the technologies and components for federation and
interoperability of 10T platforms developed in WP2 and integrated in WP3, provide an loT system generic
enough to be applied in a great number of use cases. As illustrative cases of interoperability between
the Korean and European loT platforms four representative examples: Smart Parking, Bus Information
System, Smart Skiing and Smart Resort Management, previously presented and discussed in WP1, will
be deployed and tested. These use cases will run in two European and two South-Korean sites involving
two loT scenarios: Smart City and Smart Skiing. These scenarios will be homogeneous across the trial
sites while the local systems can be based on different loT technologies.

In addition to the deployment and evaluation of use cases, this WP is in charge of the identification of
the main requirements to be fulfilled by the recommendation services developed in T2.4 “Self-adaptive
recommendation system” and to be deployed in the correspondent sites.

In summary, WP4 focuses its efforts in the achievement of the following objectives:
I 04.1: To identify key functional requirements, KPls and metrics, which will become the bases of

the assessment of the use cases running on top of the platforms.
 04.2: To proceed with the deployment of the selected use cases on both continents.



I 04.3: To carry out the field trials on top of the infrastructures and platforms providing support
to the services driving the use cases and engage significant number of users in the pilots.

I 04.4: To evaluate the performance of the solutions, applications and services, running in the
corresponding sites according to the KPIs and metrics identified in T4.1 “Recommendation
service deployment”.

1.2 Deliverable contribution

The main purpose of this document is to provide the KPls and metrics for the envisioned use cases to be
deployed in South-Korea and Europe. Thus, determining the grade of success in the accomplishment of
the use cases objectives, and assessing the feasibility of the components developed and integrated in
the Wise-loT system.

In addition to the mentioned KPIs and metrics description, this document provides an initial outline of
the recommendations system developed in Wise-loT, provided through the Self-Adaptive Recommender
(SAR), and the requirements analysis for its integration in the uses cases. Although the complete
description of the SAR, its components, structure, APIs and services using SAR will be deeply described
in deliverable D2.6 “Self-Adaptive Recommendation System”, this document focuses on the initial
requirements identification for the following integration in the use cases and the obtainment of KPIs to
evaluate the success of such integration and to measure the enhancement that these services provide
to the uses cases.

This deliverable is structured as follows: Section 2 provides an introductory motivation for the KPls
analysis and the reasoning of the initial recommendation systems integration. Following, four
subsections will describe the different use cases to be deployed in the Wise-loT project, being the first
two subsections focused on the Smart City environment and the latest two ones targeted in the Smart
Skiing & Resort. For each use case will be provided a general description of the use case and the
associated KPIs and metrics.

Section 3 will present an overview of the initial efforts focused on the integration between the work
performed in T2.4 “Self-Adaptive Recommendation Systems” and the use cases. In addition to a general
vision of the recommendation systems developed in T2.4 from the point of view of the uses cases, there
will be presented the initial results from the requirements extraction for their integration within the
European Smart Parking and Smart Skiing & Resort use cases. Of course, these use cases are planned to
be usable in both EU and KR sites in Wise-loT Release2.

Section 4 presents conclusions and future work where respectively will be provided: a recapitulation
highlighting the main outputs of this document, and the next steps to be followed from this work
regarding the evaluation in real environments.

Section 5 provides the reference list of the document, while Section 6 presents an Appendix that will
help when reading the KPIs and metrics of the use cases since it provides references to the related
requirements in the KPIs definition.



2 Use cases KPIs and metrics

The definition of Key Performance Indicators (KPIs) in Wise-loT context is a relevant mechanism to
obtain a measurable way to determine how effectively the uses cases reach their main purposes.
However, these KPIs not only provide insights regarding the use cases success, but also they will serve
as the basis for Task 4.4 “Cross sites field trials evaluation”. This task will be in charge of analysing the
results obtained during the use case trials when involving users (Task 4.3 “Cross sites field trials
management involving end-users”), providing results for the proposed KPIs and metrics. All of that,
leading to the evaluation of the success of the WP2 components development and WP3 integration
within the Wise-loT ecosystem.

Across the following sections, there will be described the envisioned use cases to be developed in Wise-
loT project. As they have been extensively defined in D1.1 [1] a brief explanation will be provided in
order to smoothly introduce the KPIs and metrics proposed for their evaluation. These indicators have
been obtained as the natural output of the work previously performed in Task 1.1 focused on the
extraction of the initial requirements of the use cases. Every KPI presented in the document will report
information related to the following parameters:

9 Definition: literal description of the KPI

1 Unit of measurement: representing the kind of measurement that the KPI will provide

9 Criteria: present the way in which the KPI will be measured and its reasoning

9 Relevance: reflect the importance of the KPI and the impact it has related to the performance

of the Wise-loT developments

KPIs will guide Wise-loT partners to understand how well the project is performing in relation to its
strategic goals. In general terms, KPIs can provide information about how well the use case and the
Wise-loT developments behave in real environments and if the results are the same than the ones
expected during the first phases of the project.

2.1 Smart Parking

Smart Parking use case will provide citizens from Santander and Busan (together with the SJU campus)
with applications to enhance the parking experience in the city. In the market there can be found some
parking applications for concrete cities with limited features which can cover basic needs such as
presenting the available parking lots but which does not delve into additional characteristics which can
make the parking experience lighter such as providing them the route with less traffic to arrive. Also,
these applications are only focused on the user not offering a good service to managers who have a
large interest in real time information about their parking lots. And last but not least, these applications
are mostly focused for a specific city, having to change the application when you move to other city. The
objective of this use case is to, making use of the interoperability features provided by Wise-loT,
transparently offer users applications that can be used in both cities Busan and Santander thanks to the
data interoperability between Korea and Europe. Thus, being able to allow that same services can run
over the application transparently using data from different sources. Aiming to achieve this data
interoperability, both data from Santander and Busan cities related to parking is constructed following
the correspondent Wise-loT data model [2] and translated by the Wise-loT Morphing Mediation
Gateway [3] to be finally stored in the Wise-loT Context Information Management (CIM) layer and
oneM2M service layer.

The outcome of this use case will be two smart phone applications which will offer same basic
functionalities and additional different ones based on parking characteristics of the city. The basic



functionality of both applications will be to provide a route to an empty parking lot near the desired
destination of the driver. The app will face two different types of parking: onStreetParking and
offStreetParking. The former refers to those parking areas which are outdoor spaces accessible directly
from the road, while the latter refers to closed or in-building parking sites. Since information from both
types of parking will be available in both applications being able to demonstrate the desired data
interoperability, this main functionality will be available for both applications in both cities. However,
each application will provide additional services more related to the type of parking e.g. parking fees
management.

The European application will be focused on providing routes from one point in the city to a parking lot
near a desired area. The app will present the citizen a city map with areas to park. This characteristic will
be also provided when the application is downloaded and used in Busan, since the data interoperability
will allow to gather, manage and present that information in the application, allowing this service to
handle different data sources from different countries. In addition, other functionalities are provided to
users for Santander offStreetParking. The user will have available additional information about each
parking area such as statistics about the car rotation. The user only have to select a starting point (it can
be or not their actual location) and a desired destination. With this information the application will be
able to calculate a route taking into account different parameters such as traffic, parking statistics,
distance, etc. thanks to the integration of the application with different Wise-loT recommendations
systems (Section 3) and the use of 10T data. Apart from this routing service, the integration of systems
to anonymously monitor the routes followed by the users can generate new context information useful
for developers that could use it for different purposes such as provide new recommendations or improve
the recommendations for other users in the future. The reasoning behind this, is that by anonymously
monitoring the followed route of the driver it can be discover different logics about why a user do not
follow a recommended route such as that the route does not seem optimal for the user, problems in
the road, etc. If the monitoring system detects that the route the user is following does not correspond
with the one proposed by the system, the user will be requested for feedback (at the end of the route)
to analyse the reasons of their behaviour and be used for the aforementioned developer purposes. The
application also offers some functionalities to the driver who has already parked their car. If the user
has provided the time who they have paid for, they will receive a notification when the time is near to
expire. Also, when it is time for the driver to return to their car the application can present a route from
their position to the parked car.

The Korean parking application, which will be used in Busan firstly, provides, in addition to the common
routing to free parking lots, smart parking services based on offStreetParking type. Basic service
scenarios like finding empty parking spaces using a map and get the route are common to the Santander
application and will also be available when using this application in Santander. On the other hand, even
for the common parking scenarios, this application will offer different user experiences between
Santander and Busan due to the different parking types. In case of onStreetParking, as described above,
when parking is paid first, remaining parking time gets decreased as time goes. In contrast, parking fee
gets increased over time for offStreetParking because drivers pay when they leave parking lots. Current
parking fee can be checked after parking on the application. Regarding the integration of
recommendation services with the other context information, they are not available at the moment.
However, it may be also applicable for oneM2M-based applications in Korea when it is tested and
supported by WISE-loT platform later.

The complete definition of the use case, with concrete description of the objectives and functionalities
can be found at D1.1 [1].



2.1.1 General KPIs and metrics

Tables below present the selected Key Performance Indicators for the Smart Parking use case. These
KPIs are based on the use case requirements defined during T1.1 and cover different aspects such as
data availability, information provision to the user, privacy protection, user experience, process

performance time, mobility support, etc.

KPI Id

SP_001 KPI title | Data availabilityfor developers

Definition:

This KPI verifies the availability of required data for the correct development and
execution of the use case. The following data will be required to be available through
the CIM layer or oneM2M service layer of the Wise-loT platform in order developers
can manage it:

- Parking sensor information from Santander and Busan

- Parking areas/lot information from Santander and Busan

- Parking statistics from Santander and Busan
As previously mentioned, this information will be made available from their sources
and translated thanks to the Morphing Mediation Gateway, in order to later be stored
following the common Wise-loT data model into the Context Information
management (CIM) layer and the oneM2M service layer.

Unit:

Percentage of information available in CIM and oneM2M service layer for
developers

Criteria:

The availability of the aforementioned information is crucial in order to develop the
main functionalities of the application. The information will have to be available
through the CIM layer and the oneM2M service layer of the Wise-loT platform. The
greater the percentage the better achievement of the KPI objective.

Related
requirement
(Check in
Section 6):

REQ_Parking_01, REQ_Parking 02, REQ_Parking_13, REQ_Parking_21,
REQ_Parking_22

Relevance:

Relevance of data availability:

- Parking sensor A High A This data is used to provide the user with
information about parking availability in the desired parking area

- Parking areasA High A This information is used to provide users with
statistics about parking availability and/or rotation

- Statistics from SAN A High A This data is used to provide extra information
to users about a concrete parking area and also as input for parking area
recommendations

- Statistics from Busan A High A This data is used to provide information to
parking lot managers as well as drivers

KPI'ld

SP_002 KPI title \ Diversity of information providedo the user

Definition:

This KPI will verify that the information following described will be presented to the

user through the application:

9 Parking areas: parking areas will be highlighted in the application screen allowing
users to click on it and obtain parking information related to that area.

9 Parking information: parking status (empty/occupied) information will be
provided.
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Parking statistics: this information will be presented when the user click on
parking areas. These statistics provide information related to the rotation of free
parking spots in the area.

Route: users will be able through the application to request a route from one
point in the city to an area and the corresponding response (route) will be
presented highlighted in the screen. Also routes to the parked car can be provided
if the user stores the car location.

Notifications: users will receive notifications when the time of their parking
tickets are near to expire (if the user has provided this information when buying
the ticket)

Crowd info: areas will provide information related to the number of people
around the area (in the case that crowd detectors are deployed in the vicinity)
Filtering by attributes: users will be able to filter their desired parking lots by a set
of attributes when defining their personal preferences

Unit:

Percentage of information available to the users through the application interface

Criteria:

The aforementioned information will be made available to the user through the
application screen and it is crucial to accomplish the main objectives of the use case
and achieve a high grade of user satisfaction.

Related
requirement
(Check in
Section 6):

REQ_Parking_03, REQ_Parking_04, REQ_Parking_05,
REQ_Parking_099REQ_Parking_10, REQ_Parking_11, REQ_Parking 13,
REQ_Parking_14, REQ_Parking_15, REQ_Parking_17, REQ_Parking_23

Relevance:

Relevance of information availability:

- Parking areas A High A this will be the main signs to present the user
different information related to concrete parking areas

- Parking information A High A since this info will provide the user with an
idea of parking availability of an area

- Parking statistics A High A since this info will provide a general view of the
parking rotation in a concrete area

- Route A High A since the provision of routes to the user will be the main
functionality of the application

- Notifications A Low A this is a feature that does not affect to the main
objectives of the service

- Crowd information A Mid A since it will not be deployed in all parking
areas and it will allow the completion of main objectives of the application.

- Attributes filtering A Mid A users could want to filter the parking lots by
attributes in order to achieve higher user satisfaction but this is not the main
outcome of the service

KPI Id

SP_003 KPI title | Number of applicationcrashes

Definition:

Percentage of application crashes during its usage directly related to bugs in the
application or due to problems related with the recommendation systems

Unit:

Percentage of applications crashes

Criteria:

During concrete testing actions it can be gathered the number of crashes out of the

total of testing actions. A high percentage of application crashes will result in a low

performance. Failure ratios over 10% may result in coding reconsideration. Also, users
can be consulted about their perception about the percentage of crashes, although

this number will not be accurate it can give an idea about their experience.




Related

requirement:

This is a new requirement related to the application performance

Relevance: High A A considerable number of app crashes can divert into a decrease of the
usability of the application

KPI Id SP_004 | KPltitle | Privacy protection

Definition: This KPI measures the protection of user against leak of private information

Unit: Boolean

Criteria: Information related to the user (behaviour, feedback) will be completely anonymized
in the platform and 100% of the information available in the system will not provide
any private data which can be directly related to concrete users. Random identifiers
will be created each time the user will share their routes with the recommendation
systems and no more information will be gathered about their behaviour or
identification. Also, the feedback provided will not be linked to the user.

Related REQ_Parking_06, REQ_Parking_20

requirement

(Check in

Section 6):

Relevance: High A The privacy of the user is of high importance within IoT systems. In order to
transmit confidence and trustworthiness to the users when using loT systems it is
crucial to protect them against malicious actions with their private data.

KPI'Id SP_005 KPI title | Userexperience

Definition: This KPI aims to rate the user experience when performing different actions allowed
by the application. Different aspects such as look and feel or usability of different
functionalities will be considered.

Unit: Scale 0-10

Criteria: The users will be requested to provide feedback related to the appearance of the
application and the usability of it when using different functionalities such as request
parking area info, request of routes, feedback provision, etc.

They will provide a grade of satisfaction from 1 to 10 being 1 no satisfied at all and 10
very satisfied. Value 0 means not feedback provision. The higher levels of satisfaction
will reflect greater success on the application design.

Related REQ_Parking_24, REQ_Parking 18, REQ_Parking_19, REQ_Parking 08

requirement

(Check in

Section 6):

Relevance: High A The achievement of good results of user experience is of high importance
since it will be the front end of the Wise-loT project to the user. Most of the ordinary
citizens that will test the application will not be able to independently test the Wise-
loT components so this is the way to approach to the project benefits.

KPI'Id SP_006 KPI title | Processingime

Definition: Time the application takes to perform the different actions requested by the user.

Times related to the following parameters will be measured:
- Parking area information request
- Route request
- Feedback delivery




Unit: Milliseconds

Criteria: Several tests will be performed internally by developers to measure the time required
by the aforementioned functionalities. As the processing time while using the
application can differ depending on the performance of the mobile phones, there will
be measured the time the system takes to calculate the response but not the one
taken by mobile phones, although some tests can be also provided. The less time the
greater performance time of the application.

Related New requirement related to the application performance

requirement:

Relevance: Mid A Due to the prototype sense of the application, it is given more importance to
the fact that all the functionalities provided really works as expected that the time of
the different requests. However, the times should be maintained within reasonable
ranges from milliseconds to few (less than 5) seconds.

KPI Id SP_007 KPI title | User mobility support

Definition: When a user travels to the other city, for example from Busan to Santander, the user
still can use the same smartphone application to benefit from the smart parking
service. Basic parking services (examples are listed below) should be applicable in the
cities where WISE-IoT system is deployed.

- Getting available empty parking space information

- Getting route to the selected sparking space

- Checking remaining parking time or current parking fee
- Providing feedback of parking

Unit: Number of individual service scenarios provided in both applications, and which can
run in both cities.

Criteria: This KPl will count the number of commonly available services scenarios across both
applications. Basic mentioned services are required to be available in the two
applications for both cities. However the number of common services can increase so
the greater number of services supporting mobility the greater the success of the user
mobility support.

Related REQ_Parking_02, REQ_Parking 10, REQ_Parking_17, REQ_Parking_18,

requirement | REQ_Parking_19

(Check in

Section 6):

Relevance: High A This is the main goal of WISE-IoT project which provides service
interoperability among different technologies deployed in different cities.

KPI Id SP_008 \ KPI title | Number ofusers

Definition: This KPI provides the total number of users using the parking applications

Unit: Number

Criteria: Number of applications downloads. From Wise-loT description of work, the target
number of users for Santander use cases (including parking applications) is >= 1500
and for Busan >= 4000. A higher number of users testing the application will provide
better feedback results, allowing more realistic and accurate conclusions.

Related New requirement related to the application usage

requirement:




Relevance: High A The number of users will allow more realistic and accurate conclusions of the
use case

2.2 Bus Information System

Transportation plays a crucial part of everyday life in any smart cities. As the bus still remains one of the
most common means of transportation worldwide, this use case is developed in order to improve user
experience in using and managing buses. To achieve this goal, relevant (real-time) information is
collected and provided to various stakeholders involved.

The Bus Information System use case will provide citizens from Santander and Busan with applications
to enhance bus using and managing experience in the two cities. This enhancement comes from
detailed, relevant, and real-time bus information, as well as real-time information about the current bus
position. Furthermore, smart devices’ applications will be developed as part of the use case’s outcome,
which will make it more convenient for users to check bus information. Crowd detection devices will
also be deployed to provide users with an estimation of the number of people currently in a bus.

The outcome of this use case will be a smart phone application which utilizes data from and offer
services to Santander and Busan. The application’s basic functionality will be to provide a map with
integrated bus information and to suggest a travel route between a starting point and an end point
chosen by users. Information from both the two cities will be available in the application to demonstrate
the desired data interoperability. All of this information will focus on buses, including static, real-time,
and crowd information.

The complete definition of the use case, with concrete description of the objectives and functionalities
can be found at D1.1 [1].

2.2.1 General KPIs and metrics

The tables below present the selected Key Performance Indicators for the Bus Information System use
case. These KPIs are based on the use case requirements defined in Deliverable D1.1 [1] and cover
different aspects such as information provision to the user and application performance.

KPI Id BUS_001 | KPItitle | Data availability
Definition: This KPI verifies the availability of required data for the correct development and
execution of the use case. The following data will have to be available:

- Bus information from Santander

- Bus information from Busan
Unit: Boolean
Criteria: The availability of the aforementioned information is crucial for the development and
execution of the application. More detailed bus information means higher
achievement of the KPI objective

Related REQ_BUS_02, REQ_BUS_05, REQ_BUS_08
requirement

(Check in

Section 6):

Relevance: Relevance of data availability:

- Bus information from Santander: high
- Bus information from Busan: high




KPI Id BUS_002 | KPItitle | Diversity of information to users
Definition: This KPI will verify that all information initially agreed is offered to the user:
- Bus stop information
- Bus line information
- Real-time bus information
- Remaining time until arrival information
- Approximated number of passengers on the bus information
Unit: Boolean
Criteria: The described information will be made available to the user through the application
interface
Related REQ_BUS_09, REQ_BUS_10, REQ_BUS_11, REQ_BUS_12, REQ_BUS_13,
requirement | REQ_BUS 14, REQ_BUS 15, REQ_BUS 16
(Check in
Section 6):
Relevance: Relevance of information availability:
- Bus stop information: high (main function)
- Bus line information: high (main function)
- Real-time bus information: high (main function)
- Remaining time until arrival information: high (main function)
- Approximated number of passengers on the bus information: mid
KPI Id BUS_003 \ KPI title \ Number of application crashes
Definition: Percentage of application crashes during its usages (related to bugs in the application)
Unit: Percentage
Criteria: This is crucial in maintaining high usability of the application. A failure ratio of over
10% may result in coding reconsideration.
Related REQ_BUS_06
requirement
(Check in
Section 6):
Relevance: High
KPI Id BUS_004 | KPItitle | Processing delay
Definition: The amount of time the application takes to process a functionality requested by a
user.
Unit: Seconds
Criteria: The application should be able to complete any functionalities requested by a user
with processing delay of no more than 5 seconds.
Related REQ_BUS_07
requirement
(Check in
Section 6):
Relevance: High
KPI Id BUS_005 | KPItitle | User experience
Definition: This KPIl guarantees a satisfactory level of user experience when using the system. This

includes functional and easy to distinguish application interface and display of
information.




Unit: Satisfactory, range: 1 — 5 (higher score means higher satisfaction)

Criteria: The application should provide an interface with necessary signs for notable spots
inside the cities. Also, bus information should be provided together with a map for
high usability.

Related REQ_BUS_01, REQ_BUS_17

requirement

(Check in

Section 6):

Relevance: High

KPI Id BUS_006 | KPItitle | Privacy protection

Definition: This KPI guarantees that the system protects the privacy of its users

Unit: No unit

Criteria: Information related to the user (e.g. user behaviours and habits when using the
application, names & locations of users) will not be tracked in the system, and all
private data will not be revealed.

Related REQ_BUS_03, REQ_BUS_04

requirement

(Check in

Section 6):

Relevance: High

KPI Id BUS_007 | KPItitle | Interoperability

Definition: This KPI will verify that the application will function in both Korea and Europe using
data from the two areas, respectively.

Unit: Boolean

Criteria: The application will function properly in both Korea and Europe, more specifically all
the KPIs above will be satisfied for the application deployment in both areas.

Related REQ_Bus_18

requirement

(Check in

Section 6):

Relevance: High

2.3 Smart Skiing

The Smart Skiing use cases aim at providing detailed information and recommendations to the skiers
when they are on the slopes or on the ski lifts. The main goal is to enhance the user experience by
proposing new activities to discover the mountain and to enjoy their journey.

This will also enable the skiing station to diversify its proposal to the skiers and to have a better
understanding of the activities of the skiers in the skiing station.

In the Wise-loT project, the smart skiing environment proposes two mandatory use cases, i.e., the asset
tracking and the traffic information, and an optional use case, i.e., “conquer the slope” (see the D1.1 [1]
for further details about the use cases).




2.3.1 General KPIs and metrics

This section describes the Key Public Indicators (KPI) and the metrics related to the Smart Skiing use
cases. Those KPlIs consider the functional (i.e., expected results for the user) and also non-functional
requirements (i.e., hidden features for the user) related to the aforementioned use cases.

KPI Id SK_001 | KPItitle | Scoreboard of the ski slope

Definition: Inform the user about the current status of the scoreboard on a challenge. This
graphical user interface (GUI) also provides the rank of the user compared to the
others competitors in the same challenge.

Unit: Boolean

Criteria: The interface provides the scoreboard of the challenge to the user, indicating its rank
and its score regarding its performance.

Related Provide a way to access remotely to the scoreboard.

requirement:

Relevance: Mid

KPI Id SK_002 | KPItitle | Connection availability

Definition: Provide a binding between the local platform and the LoRa device wherever it is
localized in the skiing station.

Unit: Boolean

Criteria: The access to the LoRa device provides data to the local platform that are related to
the asset of the user. It implies that the LoRa gateway is deployed to cover as much
as possible the skiing station.

Related REQ_SNA_02

requirement

(Check in

Section 6):

Relevance: High

KPI Id SK_003 | KPItitle | Traffic information availability

Definition: Allow the user or a third party developer to access to the data related to traffic at the
departure of the ski lifts.

Unit: Boolean

Criteria: A crowd detector has to be deployed at the start of a ski lift and data from it must be
retrieved by the local platform.

Related REQ_SNA_06

requirement

(Check in

Section 6):

Relevance: High

KPI Id SK_004 | KPItitle | Privacy policy

Definition: Protect the data generated by the user with string security measures, i.e.,
authentication for third party services.

Unit: Boolean

Criteria: The data stored will be accessed only using an authentication mechanism and only by

the user.




Related REQ_SNA_04

requirement:

Relevance: High

KPI Id Sk_005 | KPititle | Interoperability

Definition: The smart skiing use cases enables the local deployment of a sensiNact platform. A
oneM2M binding must be added to be connected to the Wise-loT backend.

Unit: No unit

Criteria: To be integrated into the Wise-loT platform, the local platform has to be connected
to a oneM2M platform, entry point of the Wise-loT backend.

Related REQ_SNA_01

requirement

(Check in

Section 6):

Relevance: High

KPI Id SK_006 | KPItitle | Number of users

Definition: The smart skiing use cases uses a set of LoRa band devices to gather data from skiers
and create their profiles. The profiles are then tied to an application.

Unit: Number of users

Criteria: For the use case to be validated, an amount of users must provide information to the
Wise-loT platform and must use the smart skiing application.

Related Reach 100 users

requirement:

Relevance: High

2.4 Smart Resort Management

Resort managers are facing multiples challenges because of the lack of transparency of the resort status.
The Smart Resort Management use case aims at providing operational information and controllability
to the resort managers whenever they are in ski resort area. In order to achieve this specific goal, we
will provide web/mobile application and IoT devices for resort managers which allow users to visualize
the location and status data of not only rescue teams, children/elder and disabled visitors, but also
valuable belongings of visitors, vehicles and even equipment which belong to the resort.

Thanks to the deployed loT network that covers all the resort area, |oT platform enables to access rapidly
to the operational information from loT devices with a recommendation system. An example of the
recommendation system is that users or managers can be notified when a set of loT data generated by
the loT device satisfies a certain condition on the event rule engine of loT platform, and what comes
next is that the event triggers specific actions such as sending email or pushing messages to users which
are already defined by the administrators. Imagine that a disable person who attached the Wise loT
tracker on his backpack got lost his way in the resort, his family can find the exact location of him via
Wise loT resort management app in the real-time. Based on the availability of operational information,
the resort managers increase their controllability to perform reasonable actions such as sending patrol,
rescue teams and maintenance staffs so that they can make right decisions on time even earlier.

Those loT devices (asset trackers) are integrated using an integrative platform that enables to archive
the location and status data in the ski resort area with standardized protocols. This platform enables not



only to connect loT devices but also allow resort managers to access the data and monitor the situation
in the resort area sharing the operational information via APIs to applications.

A complete definition of the use case, with concrete description of the objectives and functionalities can
be found at D1.1 [1].

Additionally there will also be a recommendation system which utilizes a ‘Chatbot’ system (Figure 1)
using state of the art artificial intelligence to provide services to the end users. The ‘Chatbot’
recommender will be based on the use of the oneM2M platform and will provide services to the users
such as Travel and Accommodation bookings, ski rentals, restaurant options and bookings, among

others.

CHATBOT DEVELOPMENT

5
]

WELCOME

User
Bots

CHATBOTS will be used in all various
Areas for Service. From Ski rentals to
Shuttle bus services, all end user
Services can be managed by Chatbots

Figurel. Example of Chatbot usage

2.4.1 General KPIs and metrics

The tables below present the selected Key Performance Indicators for the ski resort management use
case. These KPIs are based on the use case requirements defined in deliverable D1.1 [1].

requirement:

KPI Id SRM_001 | KPItitle | Data availability
Definition: This KPI verifies the availability of required data for the correct development and
execution of the use case. The following data will have to be available:
- location information of tracker
- device status (accessibility, battery level)
- emergency notification
Unit: Boolean
Criteria: The availability of the aforementioned information is crucial for the development and
execution of the application.
Related To support the development, testing, and execution of the application.




Relevance: Relevance of data availability:
- location information of tracker A High
- device status (accessibility, battery level) A High
- emergency notification A Mid
KPI Id SRM_002 | KPItitle | Diversity of information providedto the user
Definition: This KPI will verify that all information initially agreed is offered to the user:
- group member information
- the number of loT devices in the area
- location information of same group members
- device status (accessibility, battery level)
- emergency situation information
Unit: Percentage of information available to the users through the application interface
Criteria: The described information will be made available to the user through the application
interface
Related This provides a way for users to access the information (from an mobile/web
requirement: | application)
Relevance: Relevance of information availability:

group member information A Mid

the number of IoT devices in the area A High
location information of same group members A Mid
device status (accessibility, battery level) A High
emergency situation information A High




3 Recommendation systems

During the first year of Wise-loT project a set of different recommendations systems are being
developed in Task 2.4 “Self-adaptive recommendation system” aiming at providing novel services, based
on loT data and user feedback, to guide users on how to exploit the services offered by the loT system.
These recommendation systems will be offered through the Self-Adaptive Recommender (SAR)
integrator which will provide a unique interface for the functionalities provided by the recommendation
system components. From the initial results of this task, this section presents an overview of the Self-
Adaptive Recommender (SAR) developed in T2.4 and the initial efforts for its integration in the Wise-loT
use cases. First, there will be provided a general description of the recommendation systems which takes
part of the SAR. Following, there will be described the initial integration works of SAR components in
two use cases: one from Smart Parking scenario and other one from Smart Skiing scenario. More
specifically, the first integrations are being focused on European Smart Parking and Smart Skiing use
cases. These initial efforts will work as first testing over real environments that can be extended to other
use cases during the second year of the project taking advantage of the gathered experience.

The self-adaptive recommender (SAR) offers Point-of-Interest (POI) and pathway recommendations to
be as trusted as possible for the users utilizing the 10T system and the use case application. SAR will try
to offer the best recommendations to the users in order to create confidence and make users trust on
the information provided by the system. To achieve this goal, the SAR guides users but also monitors
the user of the loT system in order to offer engineers insights to improve the loT system (Figure 2).

Users
Self-Adaptive
Recommender (SAR)
Insights Monitor
Engineers
loT System

Evolve

Figure2: The seladaptive recommender guides users, monitors the loT systad offers insights for engineers.

Although the complete definition of the recommendation systems integrated by the SAR, its integration
in the WISE-loT architecture, APls, etc. will be provided in D2.6 “Self-Adaptive Recommendation
System”, following it is provided a brief explanation of the components in order to allow a better
understanding of the following sections:

loT Recommender: from the initial objective of providing recommendations to loT system users,
this component evolved from the initial requirements of the Smart Parking and Smart Skiing use
cases. In Smart Parking use case, the main goal of loT recommender is to provide the
recommendations of a) parking areas, b) the best route from user’s current location to the
selected parking area based on the geographical information, context data, and user
preferences, and c) the best route from user’s current location to their parked car. The



geographical information includes the data of road traffic and parking sensors deployed in
Santander. Regarding the Smart Skiing use case, the main goal of loT recommender is to provide
recommendations of a) the best slopes based on the user’s preferences and slope quality, b) the
best route from user’s current location to the selected slope, and c) challenges inspiration
(game), i.e., what is the best challenge for a user based on their preferences.

Additionally, l1oT recommender integrates other components of self-adaptive recommender
system, i.e., SUPERSEDE feedback, Adherence Monitoring, Quality of Information (Qol)
Monitoring and Trust Monitoring.

1 Adherence monitoring: When a user receives a recommendation from the use case application,
the Adherence Monitor component evaluates subsequent data sent from the application in
order to check whether the user follows the provided recommendation or not. Deviations can
trigger the collection of user feedback (by using the SUPERSEDE feedback mechanism), which
can lead to insights about the reasons behind the deviations. The monitor generates a data
stream consisting of the user deviations and related user feedback. It uses the publish/subscribe
mechanism of the Orion context broker to make the data stream available to the other
components of the recommender system.

1 SUPERSEDE: The multimodal Feedback Gathering (FG) system provides, for Android and Web
platforms, the following feedback input elements: text, rating, screenshot with annotations,
audio, selection (single and multiple choice) or attachments (only web). These elements
compose a feedback dialog and are configured in the so called Orchestrator component. This
Orchestrator allows to decide which components to be shown, in which order, and what
guestions to be asked from the end-users.

 Qol Monitor: The Quality of Information Module (Qol module) classifies data quality problems
and calculates information quality (1Q) scores for the IQ dimensions syntactic accuracy, semantic
accuracy, completeness, uniqueness, and timeliness based on predefined data quality rules.
Thus, generating a detailed report for the system administrator for the different anomalies in
context broker data.

9 Trust Monitoring: Trust monitor (Tmon) mainly characterises if the participating actor is
trustworthy or not with respect to specific time frame, task and context. First, Tmon keeps a
track of information obtained from user objects (as a feedback) as well as from software
components like Qol, Adherence Monitor and context broker in order to evaluate
trustworthiness of a particular actor. After that, a machine learning based intelligent algorithm
is used to generate the trust values which will be available to use by other software agents when
necessary. The process continues as long as Tmon receives up to date information from other
software components.

9 ‘Chatbot’ system: uses state of the art artificial intelligence to provide services to the end users.
The ‘Chatbot’ recommender will be based on using the oneM2M platform and provide services
to the users such as Travel and Accommodation bookings, ski rentals, restaurant options and
bookings among others.

For the integration of the SAR components in the use cases, the Wise-loT ambitions in general, and the
corresponding Use Case requirements described in D1.1 [1] section B in particular, determine the
recommendation system requirements. We derived the needed requirements by analysing the Wise-loT
description of work and the use case’s problem and solution concept, identifying the users’ decision
points and the supporting devices indicated in the use case description.



Following sections describes the role of the SAR in the initially selected use case applications, its
integration, and measurements and KPI to assess the success of the integration and the enhancement
of the services due to this alliance.

3.1 Self-Adaptive Recommender in Smart Parking

3.1.1 Role of SAR in Smart Parking

The European Rich Parking use case application integrates some of the Self-Adaptive Recommender
(SAR) components to provide drivers with attractive functionalities to enhance their parking experience
and also developers to enrich the application thanks to the monitoring and feedback gathering. The
three main components to be integrated are the loT Recommender, the Adherence Monitor, and the
SUPERSEDE feedback mechanisms. It is important to highlight that Trust Monitor and Qol Monitor
components are indirectly used by the use cases through the aforementioned components, since they
provide trust scores to the information and also filter data to be used by these components, allowing
them to work with reliable information. Table 1 summarizes the recommender component selections
by the rich parking application.

Tablel: Recommender component selection.

Component Function Possible Use Selected

loT Offers POl and pathway | Recommendation of | YES

Recommender recommendations based on | parking spots/areas and
geographical information, | routes to a selected
context data, and user | parking.
preferences

Adherence Monitors the user’s adherence | Discovery of issues in the | YES

Monitor and | to a recommendation and | loT system, of user

SUPERSEDE utilizes the SUPERSEDE | preferences, and of wrong
framework to obtain feedback | developer  assumptions.
from the user about non- | Contributes for KPI
adherence and quality of | measurement.
experience.

Qol Monitor Monitors syntactic and | Checking of correct | INDIRECTLY USED by the
semantic quality of context | formatting and plausibility | application.  This  tool
data. of context data. provides filtered

information to loT
Recommender so this
component will work with
reliable information

Trust Monitor Utilizes the SUPERSEDE | Checking of trust scores for | INDIRECTLY USED by the
framework to record trust | entities, routes, and users. | application. This  tool
ratings of users and calculates provides trust scores for
trust scores for entities and entities providing
users. information to the rest of

components

The most relevant component for the application to address the problem of finding a parking space is
the loT Recommender. According to the use case definition, finding a parking is a time-consuming and



stressful task due to crowdedness, limited parking spaces, rapidly changing parking slots, parking fees,
and proximity to destination. The use case application utilizes the recommendation system for
recommending a route to a free parking lot taking into account different parameters such as parking
status, traffic, statistics and crowd.

The use case application offers selected features that answer user questions with the help of the loT
recommender system. Table 2 presents the questions that the use case application aims to answer by
its own functionalities and with the help of the recommender system. To measure and win the users’
trust in the use case application and the loT system, questions about the use and trustworthiness of the
global loT system (GIloTS) will be answered by the engineers.

Table2: User questions.

Feature Question addressed by SAR Question addressed without SAR
Parking UQ.Parking.Search: What are the parkings that |UQ.Parking.Product: What is the parking
search are near to the destination? offering?
UQ.Parking.Route: What is the route to a chosen |UQ.Parking.Crowd: How crowded is the
parking? parking?

UQ.Parking.Occupancy: How much is the
parking lot occupied at this moment?
Carsearch |UQ.Car.Route: What is the route to my parked |UQ.Timer: How much time is left until my
car? parking ticket expires?

Once the service has been provided to the user, the SAR offers a stream of insights that are generated
by monitoring the use of the local IoT system (Adherence Monitoring) and by requesting feedback from
users (SUPERSEDE). These insights are used by the Wise-loT consortium to evaluate the achievement of
the Wise-loT KPI about the use and trust in the global 10T system (GloTS) and for evolving the GIoTS to
improve the trust ratings. Table 3 gives an overview of the engineer questions to be answered with the
help of the SAR components.

Table3: Engineer questions.

Beneficiary Question addressed by SAR

Application EQ.Users.QoE: How satisfied are the users with the application and the information it offers?
Developer EQ.Users.Issues: What are the issues that generate user churn?

EQ.Users.Preferences: What are the preferences (likings, dislikings) of users?
EQ.Streetmap.Correctness: What segments of the streetmap are incorrect?
EQ.POI.Correctness: What POl information are incorrect?

loT System | EQ.Entity.Trustworthiness: What is the users’ trust rating in the entity?

Engineer EQ.Entity.Rationale: What are the users’ reasons for the trust ratings in the entity?
EQ.Entity.Plausibility: How plausible are context information offered by the entity?

The search for a parking and the route to that parking requires a geographical recommender system.
For that reason, map data, a street network, the location of sensors, and the location of the user are
used as inputs and constraints. To achieve adaptation, the loT recommender considers context
information, user preferences, and trust ratings of context data in addition.

Based on the use case description in D1.1 [1], Table 4 describes measurements that are used to answer
the user questions, either with the help of the recommender or without the recommender, and the
engineer questions.



Table4: Measurements used as inputs for answering the user and engineer questions.

ID

Measurement

Type

Data.Parking.Occupancy.rt

Utilization of a parking lot or area

Real-time context data

Data.Parking.Occupancy.h

Historical parking data

Historical data

Data.Parking.Fees

Information about parking fees

Fixed context data

Data.Parking.Descriptor

Information about the parking lot or area

Fixed context data

Data.Location.Crowd.rt

Crowdedness of a given area

Real-time context data

Data.Location.Crowd.h

Historical crowdedness of a given area

Historical data

Data.Segment.Traffic.rt

Traffic information

Real-time context data

Data.User.Location.rt

Location of the user

Real-time context data

Data.User.Destination Desired destination of the user User input
Data.User.Timer A user-defined countdown for push messages | Timer
Data.User.Car.Location Location of the user’s car User input

Data.User.Preferences

A user’s preferences for POls or segments

Data managed by application

The SAR components monitor the interaction between the user and the use case application to generate
insights about how well the application and system meet the users’ needs. As part of that monitoring,
SAR uses the Supersede feedback mechanisms to elicit feedback about important observations. Table 5

gives an overview.

Table5: Measurement generated by the selfaptive recommender (SAR).

ID

Measurement

Approach

REC.User.Recommendation

The recommendation offered to a user

Output from loT Recommender

REC.User.Choice

A user’s positive or negative choice of a POI
or a segment

Monitoring the adherence to a

recommendation

QiU.Satisfaction.Implict

Acceptance of a recommendation

Monitoring the adherence to a

recommendation

QiU.Satisfaction.Price.Binary*

User’s perceived price performance

Supersede questionnaire

QiU.Satisfaction.Trust.Likert

User’s trust in the |oT system

Supersede questionnaire

QiU.Satisfaction.Safety.Binary

User’s perceived safety feeling

Supersede questionnaire

QiU.Satisfaction.QoE.MOS

User’s perceived quality of experience

Supersede questionnaire

QiU.Satisfaction.Feedback

Optional justification of satisfaction ratings

Supersede questionnaire

Cl.Use.Count

Count of how many times given context
information is displayed

Supersede injection

Cl.Satisfaction.Trust.Likert

User’s trust
information

in the displayed context

Supersede questionnaire

Cl.Satisfaction.Feedback

Optional justification of satisfaction ratings

Supersede questionnaire

In order to answer the aforementioned users questions in Table 6 provides an overview of the inputs

needed by loT Recommender or the application itself.

Table6: Utilization of measurements for answering user questions by component.

User Question

Component

Inputs Utilized to Answer Question

UQ.Parking.Search

loT Recommender

Data.Parking.Occupancy.rt
Data.Parking.Occupancy.h
Data.Location.Crowd.rt

! Not used in Santander but can be used in future applications.




User Question

Component

Inputs Utilized to Answer Question

UQ.Parking.Route

loT Recommender

Data.User.Location.rt
Data.User.Destination
Data.Segment.Traffic.rt
Data.User.Preferences

UQ.Parking.Product

Information Display (Application)

Data.Parking.Fees?
Data.Parking.Descriptor

uQ.Parking.Crowd Information Display (Application) Data.Location.Crowd.h
Data.Location.CCTV.rt3
uUQ.Parking.Occupancy Information Display (Application) Data.Parking.Occupancy.rt

Data.Parking.Occupancy.h

uQ.Car.Route

loT Recommender

Data.User.Location.rt
Data.User.Car.Location

UQ.Parking.Timer

Information Display (Application)

Data.User.Timer

Further input data will be used by the Adherence Monitor, Qol Monitor, and Trust Monitor to generate
a stream of insights that can be used by engineers to assess user trust and plan improvements to the

use case application and the loT system. Table 7 specifies that use of data.

Table7: Utilization of measurements for answering engineer questions by component.

Engineer Question

Component

Measurements Utilized to Answer Questio

EQ.Users.QoE

Adherence Monitor

QiU.Satisfaction.Implicit
QiU.Satisfaction.QoE.MOS

EQ.Users.Issues

Adherence Monitor or Trust Monitor

QiU.Satisfaction.Price.Binary
QiU.Satisfaction.Safety.Binary
QiU.Satisfaction.Feedback
Cl.Satisfaction.Feedback

EQ.Users.Preferences

Adherence Monitor

Data.User.Preferences
REC.User.Choice

EQ.Streetmap.Correctness

Adherence Monitor

REC.User.Recommendation
Data.User.Location.rt

EQ.POIl.Correctness

Adherence Monitor

REC.User.Recommendation
REC.User.Choice

EQ.Entity.Trustworthiness

Trust Monitor

Cl.Use.Count
Cl.Satisfaction.Trust.Likert

EQ.Entity.Rationale

Trust Monitor

Cl.Satisfaction.Feedback

EQ.Entity.Plausibility

Qol Monitor

Data.Entity.*.rt
Data.Entity.*.h

3.1.2 Integration of SAR in Smart Parking

The self-adaptive recommender (SAR) is integrated as a back-end system with three external interfaces:
northbound to the use case application, southbound to the context information management layer, and
westbound to engineering tools that are used for developing use case applications and the loT system
(Figure 3 gives an overview). The expectation on the use case application (northbound interface) is that
it will use the facade to select the SAR components it wants to use (providing the corresponding inputs
and receiving the related outputs) and will inject the SUPERSEDE Front-End to collect user feedback and

2 |n Santander, the fees are fixed across the whole area. Some hours are free of charge, some are charged a fee.
3 Not used in Santander but can be used in future applications.



ratings. The expectation on the 10T system in the use case site (southbound interface of the SAR) is that
a context broker is available to access context data. SAR does not have assumptions about the
engineering tools, except that they subscribe to the stream of insights that SAR is offering.

Use Case

Szl Supersede User

Front-End Management

Engineering

Tools
Supersede

Back-End

Recommender

Adherence
Monitor
SAR

EeEE Qol Monitor

Trust Monitor

CIM Layer

Context
Broker

Figure3: Components and external interfaces of the -Bdkiptive Recommender (SAR) system. The Facade is offering a
component registry for selection of the SARponents to be used and a mechanism for subscribing to the streams of insights

that are generated by SAR.

Following there will be briefly described the integration of the main SAR components as it will be
perceived by the parking application users/developers: 1oT recommender, Adherence Monitoring and
SUPERSEDE. A deeper description of the integration (structure, API, etc.) in the Wise-loT architecture
will be provided in D2.6 “Self-Adaptive Recommendation System”.

The recommendations provided by the loT recommendewill be communicated to the user through the
map offered by the use case application which the user utilizes for interacting with the global loT system.
Above the map the recommended parkings, the own position and the desired destination will be
highlighted. In addition, the recommended pathways towards the parking are indicated by highlighted
routes of interconnected street segments. The use case specification in D1.1 [1] offers screenshots of
the intended graphical user interface.

In order to realize if the recommended route is followed or not by the driver the Adherence Monitoring
component from the SAR is integrated. This system monitors the usefulness of the recommendations
by monitoring the users’ adherence to them. Referring to the Smart Parking use case, the adherence
monitoring checks if the user actually follows the recommended route or if the user takes any deviation.
In the case of non-adherence, the feedback system starts an automated dialogue with the user to
understand the rationales for the deviations.

This feedback system covers the important functionality required by the Self-Adaptive Recommender of
gathering reactions from users. This way it will be possible to achieve different purposes such as the
extraction of user preferences, the knowledge about the reasons of the behaviour of the users when
using the application, or the feedback about usability of the application. This service for feedback
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gathering is provided by the SUPERSEREmMponent as part of the SAR unit. The integration of this
component in the Smart Parking application will consist on importing the Android library within the
application and the configuration of the parameters for the presentation of the questionnaires to the
user.

The SUPERSEDE framework allow also data collection related to the number of views of context data for
users and ratings from users about the trustworthiness of the data as input for the Trust Monitor to
calculate trust ratings of context data. This way, the Trust Montor will allow other components to know
the trustworthiness of the information they are dealing with.

3.1.3 SAR Measurements and KPIs

In addition to the provision of services to the users through the use case application, the Self-Adaptive
Recommender (SAR) will be used to evaluate the users’ trust in the global IoT system developed in the
Wise-loT project. Further, the SAR produces a stream of insights (non-adherences to recommendations,
trust ratings, and user feedbacks) for engineers to improve use case applications and the loT system
deployed in a use case site, thus improving the users’ trust. Table 8 gives an overview of the Wise-loT
KPI considered by the Self-Adaptive Recommender.

Table8: WiseloT KPI considered by SAR.

WiseloT Challengéo address KPIconsidered by SAR WiseloT Target
Demonstrate application and service | Average trust rating by users 4 (on Likert scale 1-5)
portability in complex loT scenarios

For the Smart Parking application, we measure the users’ perceived trust in the global loT system at
important points in the user journey with questionnaire embedded in the use case application. The
timing of the user feedback requests will be adapted to the situations that are natural for a user to offer
feedback. Table 9 gives an overview.

Table9: Timing of Measurements.

Generic Timing Timing applied to Rih Parking Measurementsto be
gathered

T.POl.Select: Selection of a recommended parking. REC.User.Choice

Selection of a recommended POI QiU.Satisfaction.Implicit

T.POIl.Abandon: Abandonment of a recommended parking. | REC.User.Choice

Abandonment of a recommended QiU.Satisfaction.Price.Binary*

POI QiU.Satisfaction.Trust.Binary
QiU.Satisfaction.Feedback

T.Pathway.Abandon: Abandonment of a recommended pathway | REC.User.Choice

Abandonment of a recommended |to a parking. QiU.Satisfaction.Trust.Likert

pathway QiU.Satisfaction.Feedback

4 Not used in Santander but can be used in future applications.



Generic Timing

Timing applied to Rih Parking

Measurementsto be
gathered

T.Pathway.Success:
Reaching  the end of
recommended pathway

3]

Reaching the parking space at the end of

the pathway.

REC.User.Choice®
QiU.Satisfaction.QoE.MOS
QiU.Satisfaction.Price.Binary®
QiU.Satisfaction.Trust.Binary
QiU.Satisfaction.Safety.Binary
QiU.Satisfaction.Feedback

T.Information.Display:
When information is displayed

Display of context information about the

parking, location, and route segments.

Cl.Use.Count

T.Information.User:
Upon a wuser’s initiative when
information is displayed

User requesting to give feedback for

displayed information.

Cl.Satisfaction.Trust.Likert
Cl.Satisfaction.Feedback

Following there are described the specific Key Performance Indicators (KPIs) that are intended to be
evaluated during the evaluation phase of the Wise-loT project with the Self-Adaptive Recommender
(SAR). These KPIs will be used to define the degree of success achieved in the integration and utilization
of the recommendation system in the use case and its description is based on the aforementioned
measurements proposed for answering user and engineer questions.

requirement:

KPI Id SAR.KPI_001 | KPItitle |Us er s’ Trust in | oT Dat a

Definition: The end-users develop and maintain trust in loT data by understanding the quality of
information provided by loT devices. Such provision of trust is necessary for the
uptake of loT systems.

Unit: Mean Opinion Score using the Likert scale 1-5.

Target: >=4

Related EQ.Entity.Trustworthiness at T.Information.User. It also contributes to Wise-loT KPI

“Average trust rating of users”.

requirement:

Relevance: High A The trust in loT Data by users is one of the most important aspects for them
to uptake of the loT systems.

KPI Id SAR.KPI_002 \ KPItitle |Us er s’ Adherence to Recor

Definition: The loT system technicians and application developers want to develop and maintain
trust in end-users’ adherence to recommended user journeys. Such adherence trust
reflects the confidence that the loT system offers effective services.

Unit: Ratio R of accepted recommendations over total number of recommendations

Target: The target is an improvement of the users’ adherence to recommendation as the
system is being used and evolved. Such an improvement may be measured with:
average R for second half of measurements >> average R for first half of
measurements.

Related Users’ decision-making at T.POl.Select, T.POl.Abandon, T.Pathway.Success,

T.Pathway.Abandon.

5> Also upon successful transition from one pathway segment to the other.
6 Not used in Santander but can be used in future applications..



requirement:

Relevance: Mid A Although good results of the KPIs will demonstrate the efficacy or loT
recommendations, this recommendations can be not followed by different reasons
that could not be directly related to the quality of the recommendation.

KPI Id SAR.KPI_003 | KPI title | Adherence monitoring acceptance

Definition: How many times has the monitoring been allowed by the users (if they want to turn
on the GPS or not)

Unit: Percentage of users

Target: >=20%

Related User’s preferences at T.POl.Select

requirement:

Relevance: High A A sufficient number is required to measure SAR.KPI_002

KPI Id SAR.KPI_004 | KPItitle | Us e r suality @ Experience (QOE)from the

Recommendations

Definition: The users quality of experience with the recommendations

Unit: Mean Opinion Score (MOS) using the Likert scale 1-5.

Target: The target is an improvement of the users’ adherence to recommendation as the
system is being used and evolved. Such an improvement may be measured with: MOS
for second half of measurements >> MOS for first half.

Related QiU.Satisfaction.QoE.MOS at T.Pathway.Success. It also contributes to Wise-loT KPI

“Average trust rating of users”.

requirement:

Relevance: High A it is important to achieve a good level of users satisfaction since it will affect
their perception of Wise-loT project

KPI 1d SAR.KPI_005 | KPItitle | Feedback questionnaires completed

Definition: How many times has at least one feedback questionnaire been filled out by a user (to
offer ratings and feedbacks)

Unit: Percentage of users

Target: >=50%

Related User’s acceptance of feedback questionnaires at T.Information.User, T.POl.Abandon,

T.Pathway.Abandon, and T.Pathway.Success.

Relevance:

High A A sufficient number is required to measure SAR.KPI_001 and SAR.KPI_004.

3.2 Self-Adaptive Recommender in Smart Skiing

3.2.1 Role of SAR in Smart Skiing

The Smart Skiing use case application integrates some of the self-adaptive recommender (SAR)
components to provide skiers with attractive functionalities to enhance their skiing experience and also
developers to enrich the application thanks to the monitoring and feedback gathering. The three main
components to be integrated are the loT Recommender, the Adherence Monitor, and the Trust Monitor.
Table 10 summarizes the recommender component selections by the smart skiing application.



Table10: Recommender component selection.

Component Function Intended Use Selected
loT Offers POI (points of interest in the sky | Recommendation of slopes and YES
Recommender resort) and Pathway recommendations | challenges.

based on geographical information,

context data, and user preferences
Adherence Monitors the user’s adherence to a Discovery of issues in the loT YES
Monitor & recommendation and utilizes the system, of user preferences, and
SUPERSEDE SUPERSEDE framework to obtain of wrong developer

feedback from the user about non- assumptions. Contributes for KPI

adherence and quality of experience. measurement.
Qol Monitor Monitors syntactic and semantic Checking of correct formatting INDIRECTLY

quality of context data. and plausibility of context data. USED?
Trust Monitor Utilizes the SUPERSEDE framework to | Elicitation of trust scores for YES

record trust ratings of users and entities such as asset tracking

calculates trust scores for entities and devices, slopes, and users.

users.

The recommender addresses the objective of provide a greater quality of experience when enjoying a
ski resort holiday with great quality of experience. According to the use case definition, the traffic in the
skiing area is regularly increasing. The traffic increases in combination with changing weather and snow
conditions imply queues at ski lifts, which negatively influence the skiers’ pleasure. The use case
application utilizes the SAR system for recommending slopes and challenges to be performed by the
skier by taking into account parameters such as lift status, queueing time, and user preferences. In
addition, SAR provides insights into the tracking of ski equipment when travelling to or from the ski
resort.

The use case application offers selected features that answer user questions with the help of the
recommendation system. The recommendations will be offered upon user requests. Table 11 presents
the questions that the use case application aims to answer by its own functionalities and with the help
of the recommender system.

Tablell: User questions.

Feature Question addressed b$AR Question addressed withouBAR
Asset Tracking UQ.Asset.Location: Where is the asset?
Slope UQ.POI.Route: What is the best route to the | UQ.Slope.Traffic: How much traffic is on the

Recommendation | point of interest (POI)?

UQ.QoE.Route: What is the route with the
best QoE?

UQ.Challenge.Inspiration: What is best

challenge for me?

slope?

Challenge
Recommendation

UQ.Challenge.Scoreboard: Who is
performing best in the challenge?

To measure and win the users’ trust in the use case application and the loT system, questions about the
use and trustworthiness of the global IoT system (GloTS) will be answered for the engineers. The SAR
offers a stream of insights that are generated by monitoring the use of the local 10T system and by
requesting feedback from users. These insights are used by the Wise-loT consortium to evaluate the

7 Used, though, by SAR components to estimate correctness of context data.



achievement of the Wise-1oT KPI about the use and trust in the global IoT system (GloTS) and for evolving
the GIoTS to improve the trust ratings. Table 12 gives an overview.

Tablel2: Engineer questions.

Beneficiary Question addressed bgAR

Application EQ.Users.QoE: How satisfied are the users with the application and the information it offers?
Developer EQ.Users.Issues: What are the issues that generate user churn?

EQ.Users.Preferences: What are the preferences (likings, dislikings) of users?
EQ.Streetmap.Correctness: What segments of the slope map are incorrect?
EQ.POl.Correctness: What POl information are incorrect?

loT System EQ.Entity.Trustworthiness: What is the users’ trust rating in the entity?

Engineer EQ.Entity.Rationale: What are the users’ reasons for the trust ratings in the entity?

The search for a point of interest and the route to that point of interest requires a geographical
recommender system. For that reason, map data, a slope and ski lift network, the location of sensors,
and the location of the user are used as inputs and constraints. To achieve adaptation, the loT
recommender considers context information, user preferences, and trust ratings of context data in
addition.

Based on the use case description in D1.1 [1], Table 13 describes measurements that are used to answer
the user questions, either with the help of the recommender or without the recommender, and the
engineer questions.

Tablel3: Measurements used as inputs for answering the user and engineer questions.

ID Measurement Type

Data.Asset.Location.rt Location of the asset Real-time context data
Data.User.Location.rt Location of the user Real-time context data
Data.User.Destination Desired destination of the user User input
Data.Location.Crowd.rt Crowdedness of a given location Real-time context data
Data.Location.Crowd.h Historical crowdedness of a given location Historical data
Data.Slope.Sun.rt® Extent of sunshine in the slope Real-time context data
Data.Slope.Sun.h Historical sunshine in the slope Historical data
Data.Slope.Snow.rt® Amount of snow in the slope Real-time context data
Data.User.Preferences A user’s preferences for POls and segments Data managed by application
Data.User.Scores Challenges performed by a user with the scores |Data managed by application
Data.Challenge.Scores The scores achieved in a challenge Data managed by application
Data.Challenge.Location The location where a challenge is performed Data managed by application

The SAR components monitor the interaction between the user and the use case application,
respectively the loT system, to generate insights about how well the application and system meet the
users’ needs. As part of that monitoring, SAR uses the SUPERSEDE feedback mechanisms to elicit
feedback about important observations. Table 14 gives an overview.

Tablel4: Measuremengenerated by the seddaptive recommender (SAR).

ID Measurement Approach

REC.User.Recommendation The recommendation offered to a user Output from loT Recommender

REC.User.Choice A user’s positive or negative choice of a Monitoring the adherence to a
challenge or a segment recommendation

8 |f feasible and accurate enough.
9 |f feasible and accurate enough.



ID

Measurement

Approach

QiU.Satisfaction.Implict

Acceptance of a recommendation

Monitoring the adherence to a
recommendation

QiU.Satisfaction.Trust.Likert

User’s trust in the loT system

Supersede questionnaire

QiU.Satisfaction.QoE.MOS User’s perceived quality of experience Supersede questionnaire

QiU.Satisfaction.Feedback Optional justification of satisfaction ratings |Supersede questionnaire

Cl.Use.Count Count of how many times given context Supersede injection
information is displayed

Cl.Satisfaction.Trust.Likert User’s trust in the displayed context Supersede questionnaire
information

Cl.Satisfaction.Feedback

Optional justification of satisfaction ratings |Supersede questionnaire

The input data defined in Table 13 will be used by the loT recommender to answer the user questions
presented in Table 11. Table 15 specifies.

Tablel5: Utilization of measurements for answering user questions by component.

User Question

Component

Inputs Utilized to Answeuestion

UQ.Asset.Location

Information Display (Application)

Data.Asset.Location.rt

UQ.POIl.Route

loT Recommender

Data.User.Location.rt
Data.User.Destination
Data.Location.Crowd.rt
Data.Location.Crowd.h
Data.Slope.Sun.rt
Data.Slope.Sun.h
Data.Slope.Snow.rt
Data.User.Preferences

UQ.QoE.Route

loT Recommender

Data.User.Location.rt
Data.Location.Crowd.rt
Data.Location.Crowd.h
Data.Slope.Sun.rt
Data.Slope.Sun.h
Data.Slope.Snow.rt
Data.User.Preferences

UQ.Slope.Traffic

Information Display (Application)

Data.Location.Crowd.rt

UQ.Challenge.Inspiration

loT Recommender

Data.User.Preferences
Data.User.Scores
Data.Challenge.Scores
Data.Challenge.Location
Data.User.Location

UQ.Challenge.Scoreboard

Information Display (Application)

Data.Challenge.Scores
Data.User.Scores

Further input data will be used by the Adherence Monitor, Qol Monitor, and Trust Monitor to generate
a stream of insights that can be used by engineers to assess user trust and plan improvements to the
use case application and the loT system. Table 16 specifies that use of data.

Tablel6: Utilization of measurements for answering engineer questions bpaoemnt.

Engineer Question

Component

MeasurementsUtilized to Answer Question

EQ.Users.QoE

Adherence Monitor

QiU.Satisfaction.Implicit
QiU.Satisfaction.QoE.MOS

EQ.Users.Issues

Adherence Monitor or Trust Monitor

QiU.Satisfaction.Feedback
Cl.Satisfaction.Feedback




Engineer Question

Component

MeasurementsUtilized to Answer Question

EQ.Users.Preferences

Adherence Monitor

Data.User.Preferences
REC.User.Choice

EQ.Streetmap.Correctness

Adherence Monitor

REC.User.Recommendation
Data.User.Location.rt

EQ.POIl.Correctness

Adherence Monitor

REC.User.Recommendation
REC.User.Choice

EQ.Entity.Trustworthiness

Trust Monitor

Cl.Use.Count
Cl.Satisfaction.Trust.Likert

EQ.Entity.Rationale

Trust Monitor

Cl.Satisfaction.Feedback

EQ.Entity.Plausibility

Qol Monitor?®

Data.Entity.*.rt
Data.Entity.*.h

3.2.2 SAR Measurements and KPIs

The self-adaptive recommender (SAR) will be used to evaluate the users’ trust in the global 10T system
developed in the Wise-loT project. Further, the SAR produces a stream of insights (non-adherences to
recommendations, trust ratings, and user feedbacks) for engineers to improve use case applications and
the loT system deployed in a use case site, thus improving the users’ trust. Section 3.1.3 describes the
Wise-loT KPI considered by the SAR and the SAR-related KPIs, which are also applicable here.

For the Smart Skiing application, we measure the users’ perceived trust in the global IoT system at
important points in the user journey with questionnaire embedded in the use case application. The
timing of the user feedback requests will be adapted to the situations that are natural for a user to offer

feedback. Table 17 gives an overview.

Tablel7: Timing of Measurements.

Generic Timing

Timing applied to Smart Skiing

Measurements

T.Recommendation.Select:
Selection of a recommendation

Selection of a recommendation like a
challenge or a slope.

REC.User.Choice
QiU.Satisfaction.Implicit

T.Recommendation.Abandon:
Abandonment of a recommendation

Abandonment of a recommended
challenge or slope.

REC.User.Choice
QiU.Satisfaction.Trust.Likert
QiU.Satisfaction.Feedback

T.Pathway.Abandon:
Abandonment of a recommended
pathway

Abandonment of a recommended
pathway to a point of interest.

REC.User.Choice
QiU.Satisfaction.Trust.Likert
QiU.Satisfaction.Feedback

T.Pathway.Success:
Reaching the end of a recommended
pathway

Reaching the point of interest at the end
of the pathway.

REC.User.Choice!!
QiU.Satisfaction.QoE.MOS
QiU.Satisfaction.Trust.Likert
QiU.Satisfaction.Feedback

T.Information.Display:
When information is displayed

Display of context information about an
asset, slope, or point of interest.

Cl.Use.Count

T.Information.User:
Upon a user’s initiative when

information is displayed

User requesting to give feedback for
displayed information.

Cl.Satisfaction.Trust.Likert
Cl.Satisfaction.Feedback

10 Not used in Grenoble, but can be used in the future by other applications.
11 Also upon successful transition from one pathway segment to the other.




4 Conclusions and Future Work

In this deliverable we have described in the first place the Key Performance Indicators (KPls) and metrics
to evaluate the integration of the WP2/3 components through the use cases implemented in WP4, and
secondly an analysis of the requirements for a first integration of components from the Self-Adaptive
recommender (SAR) to guide users on how to exploit the services offered by the loT system.

We have briefly presented all the uses cases embraced within the Smart City and the Smart Skiing &
Resort settings, and for each of them a set of KPIs and metrics have been presented. These KPIs has
been defined to evaluate the results for both: the integration of the WP2/3 components and
developments in real environments through the use cases, and the services provided to the users as
outputs of the use cases (e.g. application, services).

In addition to the KPIs and metrics definition, the initial integration of recommendation systems from
the Self-Adaptive Recommender has been provided. For both Smart Cities and Smart Skiing & Resort
scenarios, it has been described the reasoning that have encourage the addition of the correspondent
recommendation systems to the use cases, and the requirements for their integration. Also, it has been
provided the KPIs and metrics for the evaluation of the success of this integration and of the
enhancement of the uses cases due to this alliance.

From this initial definition of KPIs, and once the use cases have been implemented in real environments
with real users, the described metrics will serve as a base for the evaluation over the real scenarios. This
work will be reflected in the document D4.3 “Field Trials Evaluation”.
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6 Appendix

This Section provides a reference for the related requirements mentioned in KPI tables in Section 2.
These requirements are extracted from initial requirements definition in WP1, work which continues
ongoing. As this work has not already finished and has not been delivered yet, Table 18 provides a
summary of the requirements mentioned in the KPIs tables with their definition.

Tablel8. Related requirements from KPIs exposed in Section 2

REQ_Parking_01

Parking sensor send their information to Wise-loT platform

REQ_Parking_02

Application is able to access required data to from Wise-loT platform

REQ_Parking_03

The application displays the empty parking lots in an area

REQ_Parking_04

Parking spots can be filtered by attributes

REQ_Parking_05

The route to an empty parking spot/area can be calculated based on actual/selected
destination

REQ_Parking_06

Routes followed by users cannot be associated to the person

REQ_Parking_08

Wrong values about the parking lot information during searching can be reported.

REQ_Parking_09

The system shows the position of the car and the route to the car parked

REQ_Parking_10

The app shows info about user parking status

REQ_Parking_11

The system show live-pictures of the car

REQ_Parking_13

A parking spot can display several status

REQ_Parking_14

The system can show statistics regarding several analytic levels

REQ_Parking_15

The point in time when a parking lot gets empty can be estimated (“remaining
time”)

REQ_Parking_17

The system can notify the driver if a prepaid ticket expires

REQ_Parking_18

The system offers the possibility to provide feedback

REQ_Parking_19

A parking lot can be rated

REQ_Parking_20

The feedback provided cannot be associated to the user

REQ_Parking_21

Crown detection system send information to Wise-loT platform

REQ_Parking_22

Application can access the crowd data in the Wise-loT platform

REQ_Parking_23

Application displays crowd data in an area

REQ_Parking_24

The system presents a high usability

REQ_BUS_01 The application provides an interface with appropriate signs for bus stops, bus lines,
and other notable positions and information

REQ_BUS_02 Applications can access bus information data from the Wise-loT platform

REQ_BUS_03 Routes and other bus information followed and accessed by a user cannot be
associated to the person

REQ_BUS_04 Users' devices will not be tracked

REQ_BUS_05 Bus data is sent to Wise-loT platform

REQ_BUS_06 There should be a minimal amount of crashes in the application.

REQ_BUS_07 The application should process any functionalities requested by a user in no more
than 5 seconds

REQ_BUS_08 Crowd detection devices send information to Wise-loT platform

REQ_BUS_09 Bus stops are displayed with correct ID, name, and GPS coordinates

REQ_BUS_10 Bus lines are displayed with correct line number, and bus stops and buses that belong
to the bus line

REQ_BUS 11 Bus positions/coordinates are displayed in real-time

REQ_BUS 12 Estimated time left until a bus reaches a specific stop is displayed in real-time

REQ_BUS 13 The approximated number of people in a bus is displayed in real-time




REQ_BUS 14 The bus information management application supports smart devices running the
chosen operating system (Android)

REQ_BUS 15 The system suggest a path to get to specific spots, including bus stops and bus lines

REQ_BUS 16 The system displays the bus stops and bus lines in an area

REQ_BUS_17 The system provides bus information on a map for high usability

REQ_SNA_01 The sensiNact platform must be able to integrate a OneM2M binding to communicate
with the WISE-IoT backbone

REQ_SNA_02 The sensiNact platform must be able to communicate with LoRa devices

REQ_SNA_04 The sensiNact platform must allow the access to the data according to the user access
level

REQ_SNA 06 The sensiNact platform must provide a public APl in order for third party applications

to consume data from the platform and to perform actions




