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Abstract

Nowadays, activity recognition systems are a
very hot topic with a high applicability in almost
any field. These types of systems are capable of
detecting human activities using Internet of Things
devices that incorporate a set of sensors that allow
us to collect events associated with such activities.
This study presents a general methodology based on
linguistic protoforms for human activity detection. This
methodology approaches one of the main challenges
of this type of systems, multi-occupancy, and for
this purpose it incorporates an indoor localisation
system. Furthermore, this methodology is applied
in a real environment in patients affected by type 2
diabetes mellitus with the aim of enabling health care
professionals to check the degree of compliance with the
therapeutic contract. Finally, an analysis is conducted
of the alignment of the Sustainable Development Goals
with this research.
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1. Introduction

The technology field has experienced unprecedented
growth, with notable advances in various areas that
have had a direct impact on the care and improvement
of people’s quality of life. Currently, a multitude of
smart devices are available that analyse and provide
knowledge to the user, and an example of this are
activity wristbands (Bhat et al., 2020; Csizmadia et al.,
2022). These devices incorporate sensors that collect
data and transform it into knowledge, such as daily
steps, calories burned or even the number of hours we

have slept. In short, these devices are used to analyse us
on a daily routine and improve our health (Bhattacharya
et al., 2022).

Similarly, more complex systems aiming at detecting
human activities or behaviour can be found in the
literature (Gupta et al., 2022; Hussain et al., 2019;
Kulsoom et al., 2022). These monitoring systems are a
very hot topic and emerge to track and analyse the health
status of the users.

In the last decades, researchers have developed such
systems for multiple domains: surveillance, health,
smart home, falls, among others (Gupta et al., 2022;
Kulsoom et al., 2022). Moreover, these systems often
differentiate in multiple aspects such as the underlying
technology for data collection. However, one of
the challenges of such systems is the problem of
multi-occupancy. Currently, the proposed solutions are
generally oriented towards a single person, but this is not
applicable to a real environment.

The Internet of Things (IoT) and Artificial
Intelligence (AI) has emerged as a solution to the
challenge of human activity detection. On the one hand,
IoT has become one of the most influential technologies
in the field of healthcare. This interconnected network
of physical devices, vehicles, sensors and software has
enabled real-time monitoring and data collection,
providing unprecedented insight into patients’
health. Wearable devices, such as smartwatches
and activity wristbands, have become ubiquitous,
allowing individuals to monitor their heart rate, sleep
quality, physical activity and more. On the other
hand, AI is also instrumental in the transformation of
healthcare. Through machine learning algorithms and
large-scale data processing capabilities, AI systems
can analyse large amounts of medical information,
identify patterns and generate accurate predictions.
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Figure 1. General stages established by HAR systems.

These capabilities have significantly improved the early
diagnosis of diseases, the identification of risk factors
and the personalisation of treatments.

AI establishes a type of mathematical logic applied
in multiple domains and is referred to as fuzzy logic.
This logic is based on the concept that variables can
have values that are not strictly true or false, but can be
in an intermediate state. This feature makes it possible
to deal with complex and ambiguous problems, such as
the evaluation of activities performed by people with
chronic diseases.

Today, diabetes is an increasingly common disease
that millions of people suffer from in healthcare.
Diabetes is a chronic disease that requires careful
management and constant monitoring of daily activities
such as food ingestion, physical exercise and medication
administration. To improve the quality of life of patients
with diabetes, therapeutic contracts are defined and must
be followed if they are to improve their health status.
To check the degree of compliance with the contract,
patients are manually monitored by health and social
care professionals through interviews and surveys. A
very costly, tedious and error-prone procedure.

This research aims to resolve some of the limitations
of the current systems. Firstly, it proposes a general
methodology that can be applied in different closed
spaces in multi-occupancy contexts. Furthermore,
this methodology is based on fuzzy logic, freeing
the system from context dependencies and previous
training. Finally, a system capable of detecting daily
activities in people with diabetes is proposed in order
to study their daily life and thus help health and social
care professionals to check if patients are performing
the indicated daily routine. Therefore contributing to

the Sustainable Development Goals (SDGs), e.g. by
providing a new service to the healthcare system.

Consequently, in this work, a new general
methodology based on fuzzy logic through protoforms
and linguistic membership functions is established for
the detection of human activities in patients affected
by type 2 diabetes mellitus. This type of detection
aims to determine the degree of compliance with the
therapeutic contract established between the patient and
the social-healthcare professionals.

The following sections have been defined in order
to conduct the work. In Section 2 a review of the
most recent literature on the works related to this
research is performed. Below, Section 3 establishes
the general methodology where the framework, the
architecture, the devices and the definition of the
general linguistic protoforms are specified. Next,
Section 4 establishes a case study to define a fuzzy
logic model applying the general methodology to
recognise human activities in patients affected by type
2 diabetes mellitus.Subsequently, an analysis of the
alignment of this research with the SDGs is presented
in Section 5. Finally, Section 6 discusses future work
and the conclusions drawn.

2. Related works

In the following, a brief bibliographical review will
be carried out on the works related to the research
established in this document.

Generally, Human Activity Recognition (HAR)
systems establish four stages Gupta et al., 2022: i) data
collection, ii) data pre-processing, iii) model inference
and iv) human activity detection. These stages are


