
Citation: Obeso-Benítez, P.;

Pérez-de-Heredia-Torres, M.;

Huertas-Hoyas, E.; Sánchez-

Herrera-Baeza, P.; Máximo-

Bocanegra, N.; Serrada-Tejeda, S.;

Marron-Romera, M.; Macias-Guarasa,

J.; Losada-Gutierrez, C.; Palazuelos-

Cagigas, S.E.; et al. Protocol for the

Development of Automatic

Multisensory Systems to Analyze

Human Activity for Functional

Evaluation: Application to the

EYEFUL System. Appl. Sci. 2024, 14,

3415. https://doi.org/10.3390/

app14083415

Academic Editors: Luigi Bibbò and J.

Artur Serrano

Received: 4 March 2024

Revised: 8 April 2024

Accepted: 16 April 2024

Published: 18 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Study Protocol

Protocol for the Development of Automatic Multisensory
Systems to Analyze Human Activity for Functional Evaluation:
Application to the EYEFUL System
Paula Obeso-Benítez 1 , Marta Pérez-de-Heredia-Torres 1,* , Elisabet Huertas-Hoyas 1 ,
Patricia Sánchez-Herrera-Baeza 1 , Nuria Máximo-Bocanegra 1 , Sergio Serrada-Tejeda 1 ,
Marta Marron-Romera 2 , Javier Macias-Guarasa 2 , Cristina Losada-Gutierrez 2 ,
Sira E. Palazuelos-Cagigas 2 , Jose L. Martin-Sanchez 2 and Rosa M. Martínez-Piédrola 1

1 Department of Physical Therapy, Occupational Therapy, Rehabilitation and Physical Medicine, Rey Juan
Carlos University, Avenida de Atenas s/n., Alcorcón, 28922 Madrid, Spain; paula.obeso@urjc.es (P.O.-B.);
elisabet.huertas@urjc.es (E.H.-H.); patricia.sanchezherrera@urjc.es (P.S.-H.-B.);
nuria.maximo@urjc.es (N.M.-B.); sergio.tejeda@urjc.es (S.S.-T.); rosa.martinez@urjc.es (R.M.M.-P.)

2 Universidad de Alcalá, Department of Electronics, Edificio Politécnico, Ctra. Madrid-Barcelona, Km 33,600,
Alcalá de Henares, 28805 Madrid, Spain; marta.marron@uah.es (M.M.-R.);
javier.maciasguarasa@uah.es (J.M.-G.); cristina.losada@uah.es (C.L.-G.); sira.palazuelos@uah.es (S.E.P.-C.);
joseluis.martin@uah.es (J.L.M.-S.)

* Correspondence: marta.perezdeheredia@urjc.es; Tel.: +34-91-488-88-86

Featured Application: This study protocol is relevant as it serves as a guideline for describing the
steps to follow for the creation of a multisensory system that is capable of automatically analyzing
human activity and determining their functional ability and state of dependence. It also contains
valuable information on the clinical validation process of the system.

Abstract: The EYEFUL system represents a pioneering initiative designed to leverage multisensory
systems for the automatic evaluation of functional ability and determination of dependency status in
people performing activities of daily living. This interdisciplinary effort, bridging the gap between
engineering and health sciences, aims to overcome the limitations of current evaluation tools, which
often lack objectivity and fail to capture the full range of functional capacity. Until now, it has
been derived from subjective reports and observational methods. By integrating wearable sensors
and environmental technologies, EYEFUL offers an innovative approach to quantitatively assess an
individual’s ability to perform activities of daily living, providing a more accurate and unbiased
evaluation of functionality and personal independence. This paper describes the protocol planned
for the development of the EYEFUL system, from the initial design of the methodology to the
deployment of multisensory systems and the subsequent clinical validation process. The implications
of this research are far-reaching, offering the potential to improve clinical evaluations of functional
ability and ultimately improve the quality of life of people with varying levels of dependency.
With its emphasis on technological innovation and interdisciplinary collaboration, the EYEFUL
system sets a new standard for objective evaluation, highlighting the critical role of advanced
screening technologies in addressing the challenges of modern healthcare. We expect that the
publication of the protocol will help similar initiatives by providing a structured approach and
rigorous validation process.

Keywords: dependency; activities of daily living; wearable sensors; human activity recognition;
multisensory; functional; evaluation systems

1. Introduction

Functionality is a person’s ability to independently perform activities of daily living
(ADLs) [1]. ADLs can be classified into basic activities of daily living (BADLs), instrumental
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activities of daily living (IADLs), and advanced activities of daily living (AADLs) [2,3].
BADLs are characterized by being related to basic human needs that are common to all
populations and are linked to survival. IADLs are culturally biased, are linked to the
environment, require greater cognitive and motor complexity, and involve interaction with
the environment [4]. Furthermore, AADLs involve tasks related to the performance of
social occupations such as leisure, community, religious, and work activities [3]. According
to the conceptual framework of rehabilitation, dependency is defined as the permanent
state of persons who, for reasons derived from age, illness, or disability, and linked to the
lack or loss of physical, mental, intellectual, or sensory autonomy, require the attention
of another person or persons or significant help to perform their basic activities of daily
living or, in the case of persons with intellectual disabilities or mental illness, require
other support for their personal autonomy [5–7]. Depending on each country, people with
dependency receive a different level of social and/or economic support [7,8]. In Europe,
the receipt for support for dependency in the population over 65 years of age is, e.g., 11.3%
in Spain, 23.4% in Switzerland, and 18.4% in Germany [9].

For the assessment of ability and dependence, several methods and tools exist [10];
however, none have been considered as the gold standard [5,11]. These tools can be
observational [12], self-administered, or hetero-administered instruments [13], or even
involve interviews with family members and/or caregivers [14]. The scientific literature
considers that the existing instruments for assessing functional capacities present practical
limitations; since the information they detail is not related to the quality of performance [14],
they require a long period of time for their administration and implicitly produce different
biases [5,13]. Certain biases exist due to subjectivity [11,15], gender and cultural biases [16],
evaluator bias [17], and respondent bias [5,13]. In the case of personal interviews, a reliable
source of information is required [18,19]; self-administered instruments are subject to
recall bias [17,18,20] and observational instruments may be adversely affected by observer
interventions or biases [15].

Technology can lead to improvements in the assessment of functional capacity through
the monitoring of activities and the behaviors required [5]. In addition, technology facili-
tates the development of more effective assessments [15,21] by enabling objective quantifica-
tion [15], and can even contribute to the early detection of changes in functionality [5]. The
emergence of wearable devices in recent years has meant the inclusion of a new powerful
and flexible tool for monitoring, storing, and transferring different clinical measurements of
the human body: movement, temperature, blood pressure, sleep pattern, location, etc. [22].
Data from wearables can be used in isolation or together with other sensors [23] and are
a valid method to characterize activity parameters [24] such as frequency, intensity, or
duration [21].

Most of the current technological methods of functional assessment only focus on one
functional component [5,25] and not on the functionality, as this requires the integration
of several tools that include more than one domain. Among the works related to the
recognition of human actions available in the literature [26,27], the protocol by Morgan C
et al. [28] seeks to assess the symptoms of Parkinson’s disease in an everyday environment,
using the Sensor Platform for Healthcare in a Residential Environment (SPHERE) tech-
nology. By analyzing the metrics obtained by the sensors, its objective is to infer clinical
and functional data on Parkinson’s disease. Our current objectives seek to create and
clinically validate a multisensory technological system capable of automatically assessing
a subject’s level of dependence when performing activities of daily living in a controlled
environment that reflects an everyday home. The value of the assessments performed in
real environments [5,17,24,29] is that these can eliminate biases [18] and provide a more
representative measure of the person’s real capacity [24,29]. In addition, intelligent systems
have been shown to reduce the socioeconomic impact of dependent people [21], as they can
be more accurate, objective, avoid biases, and can measure several parameters at the same
time, which translates into a cost-efficient assessment of the person’s health status [24].
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The protocol presented in this paper corresponds to a guide for the development of
an automatic multisensory system to analyze human activity for functional evaluation,
specifically the EYEFUL system. This protocol aims to set out the sequences and actions
necessary to develop a final system of these characteristics so that it can be applied to other
initiatives in which human functional evaluations by automatic technological systems are
required. The operational objectives for the development and clinical validation of systems
similar to EYEFUL are as follows:

• To design and develop a multisensory system suitable for the objective and automatic
assessment of functional capacity and determination of dependency status.

• To validate the system in clinical settings, ensuring its reliability, sensitivity, and
specificity in assessment of functionality during the performance of ADLs.

• To provide a practical guide for the development of a multisensory automatic assess-
ment system and the process to clinically validate it.

By integrating technological innovation with clinical expertise, the EYEFUL project
aims to advance the field of functional evaluation and contribute to the improvement of
care for people with different levels of dependency. The description of the protocol to be
used aims to allow similar initiatives for automatic functional evaluations to benefit from
its structured approach.

2. Protocol Description

This section describes the protocol design, outlining a structured, interdisciplinary
approach to develop an automatic and objective multisensory system for the evaluation
of functional ability, from the considerations of the development team to the clinical
validation and dissemination of results. In the case of the EYEFUL system, it is finally
aimed at evaluate subjects’ dependence statuses.

To ease understanding of the protocol structure, we provide graphical flowcharts of the
main phases in Figures 1–3, in which we show the profile of the research members (clinical
or technical), the input information (in blue background color), the output information
(in light orange background color), and the data and process paths (in red and blue
colors, respectively).

2.1. Development Team and Collaborative Framework

The project team in charge of adopting the protocol for the development of a mul-
tisensory system for objective and automatic assessments of functionality through the
performance of ADLs must include specialists from diverse fields, including telecommu-
nication engineering, industrial electronics, automation engineering, advanced electronic
systems engineering, and health-related fields such as medical specialist and occupational
therapists. This interdisciplinary team will ensure a holistic approach to the design, devel-
opment, and validation of the system. The team development effort is shown in Figure 1,
as a preliminary stage in the protocol application.

A tight coordination of the interdisciplinary team must be considered to properly
address the strict requirements of the clinical design and validation, with the realistic
expectations on the capabilities of the technical systems to address the clinical requirements.
This organization and coordination will facilitate a seamless integration of technological
advancements and clinical insights.

A careful design of the communication and sharing information tools is to be per-
formed, paying special attention to adequate training of the interdisciplinary team members
to properly handle them.
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definitions of sensorization and equipment (Section 2.3).

2.2. Selection of Activities of Daily Living (ADLs)

The initial phase of the protocol involves a systematic selection of ADLs to be assessed
by the system, as shown in Figure 1. This selection is based on a comprehensive analysis of
existing classifications of ADLs, with a focus on basic activities of daily living (BADLs) and
instrumental activities of daily living (IADLs). The selection criteria emphasize objectivity,
relevance to a broad population, and the ability to capture a wide range of functional
capacities. The selected ADLs must undergo a rigorous evaluation by medical specialists
and occupational therapists to ensure they are indicative of dependency levels.

This phase of selection of ADLs will be carried out in the following several stages, also
considering iterations across them, if required:

1. In the first stage, the complete list of all available ADLs will be carefully analyzed,
using as a reference the classification of activities from the Assessment Motor and
Process Skills (AMPS) [12], as it is an observational assessment tool that evaluates the
quality of performance in ADLs and has a wide range of activities classified according
to their difficulty of execution. The research group of clinicians, particularly the
occupational therapists, will make a selection based on the most complete activities.
Consideration will be given to the number of performance components and functional
requirements they contain, their feasibility based on environmental characteristics,
their level of difficulty and physical effort, their efficiency and safety, and the need for
assistance to ensure a correct and complete evaluation of functional capacities. The
selection strategy will consider the following criteria:

• Allow for the most objective evaluation of the subject regardless of gender.
• Be capable of evaluating performance with the greatest possible independence

from the subject’s pathology or physical or psychological impairment.
• Be a known activity for the largest possible population.
• Be complementary activities to each other in order to observe the most limiting

components of performance.

The list of selected activities will be fully detailed, considering their movement char-
acteristics, cognitive processing of the action, and performance requirements.

2. In the second stage, the selected ADLs will be examined by the team of medical
specialists to determine if limitations and characteristic signs of dependence could be
detected after the performance and observation of these activities.
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3. In the third stage, a group of clinical experts in occupational therapy, external to
the research team will independently score the activities according to the following:
(i) the suitability of the activity to measure the desired parameters; (ii) the appearance
of relevant functionality parameters. This scoring will be based on observations made
in a population with dependence when performing the selected activities.
The three previous phases will conclude with the selection of the final ADLs, which
must complement each other and serve as the basis for the development of the
EYEFUL system.

4. In the final fourth stage, the clinical research team, along with the engineering team,
will evaluate the technical implications of the final selection of ADLs, in what respect
to both suitable sensor configurations, and the requirements of parameters to be mea-
sured. The engineering team will provide information on the current and foreseeable
capabilities of automatic systems to successfully analyze the available activities. From
this coordinated effort, the engineering and clinical experts will also propose the
required modifications needed to shape the final activities. This will allow for an early
integration of the technical and clinical perspectives in the methodological design.

2.3. Definition of the Sensorization, Computing, and Communication Configuration for
ADL Monitoring

Following the selection of ADLs, the protocol requires the definition of the optimal
configuration of sensors, data acquisition methods, and required computational and com-
munication equipment (the flowchart for this phase is shown in Figure 1). This includes the
type of sensors (e.g., depth sensors, audio sensors, and wearable devices), their placement
(considering the details of the space where the functional assessment will take place), and
the data they will collect (including required data throughput and storage requirements).

The configuration should capture the detailed information on the functional param-
eters, environmental interactions, and physiological parameters during the performance
of ADLs. A key goal is to ensure that the data collected are robust, reliable, and capable
of supporting the objective assessment of functional capacity. Coordination between the
clinical and engineering teams is essential in this task, as clinics will need to adapt and
modify the proposed activities based on the characteristics and functions of the selected
sensors together with the engineers, as well as their placement.

Special attention should be devoted to communication and storage specifications, as
they will be crucial to avoid problems during the data acquisition efforts.

2.4. Definition of Quantitative Metrics and Their Relationship with Measurable
Functional Parameters

A critical component of the protocol is the detailed description of parameters, metrics,
and characteristics that, when measured or estimated, encompass a complete and compre-
hensive evaluation of functionality (the flowchart for this phase is shown in Figure 2). This
set of data will be referred to as metrics, in general. For this process, a catalogue of metrics
will be developed from the necessary aspects to be considered in a functional assessment:

• Metrics related to physical aspects such as body position, balance, speed of movement,
bimanual coordination, etc.

• Metrics related to interaction with objects such as fine coordination, object manipula-
tion, hand–eye coordination, etc.

• Metrics related to cognitive aspects such as problem solving, sequencing, following
instructions, etc.

In turn, a series of metrics obtained from wearable devices, such as heart rate, num-
ber of steps, energy expenditure, etc., will be also defined, as they can provide relevant
information to be used in the functional assessment process.

The development of these metrics involves, again, close collaboration between engi-
neers and healthcare professionals to ensure technical feasibility, and that they are clinically
relevant and accurately reflect people’s functional capacity.
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2.5. Definition of Relevant Inferences

In order to continue in the process of designing a system similar to EYFUL, it is
necessary to specify the quantitative and qualitative inferences that we want the system
to generate. These inferences will be composed by both quantitative data (high level
measurements) and also qualitative information. They will be obtained from the previously
defined metrics, also based on machine learning techniques. The flowchart associated for
this phase is shown in Figure 2.

In the case of EYEFUL, being a system that evaluates functionality and dependency
status, the most relevant inference will be the dependency status. To show another example,
we could think of “Walking capacity” as an inference, while the distance travelled in meters,
or the time spent in walking would be associated metrics. Comparing the quantitative high
level measurements with values calculated on users without dependence we could even
relate them to specific alterations. Thus, a new catalogue of inferences should be defined
from the previously established catalogue of metrics.

This task will be crucial in the algorithmic design since any modification in the cat-
alogue of inferences will have an impact on the algorithms and vice versa. A joint work
between engineers for the technical part and clinicians for the inference decisions will
be necessary.

2.6. Design of the Technical and Clinical Validation Processes

The final system will undergo extensive technical and clinical validation to ensure its
accuracy, reliability, and clinical utility. This phase is critical for establishing the system’s
effectiveness as a tool for clinical assessment and research (its flowchart is shown in
Figure 2):

• Technical validation: A fully detailed technical validation will be designed, in which
the performance and correct functioning of the systems related to both the characteri-
zation of subjects’ activity and the estimation of evaluation values will be assessed. A
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population over 18 years old will be selected. For the initial evaluations, the subjects
will not have any pathology or functional limitation, fulfilling the strict requirements
of data privacy and informed consent. These subjects will perform the selected ac-
tivities for the automatic systems training, verification, and analytical validation of
EYEFUL [30].

• Clinical validation: A comprehensive clinical validation will be designed with a focus
on determining if the final system meets sensitivity and specificity criteria to detect
the necessary functional limitations to discriminate a situation of dependence [30–32].
As a guide to the clinical validation of a system such as EYEFUL, the same processes
and clinical validation of traditional tests, tools, and measurement instruments will be
followed [30]. The steps involved in the clinical validation process are reproducibility
analysis, content validity analysis, concurrent validity analysis, and discriminant
validity analysis [30–32].

This phase will include deciding which of the available standardized evaluation tools
will be used to compare their results with those of the developed system for criterion
validity. These tools should be the gold standard for the concepts being measured.

2.7. Algorithmic Development and Technical Validation

This phase is devoted to the design, implementation, and technical evaluation of the
algorithms and systems in charge of the automatic analysis of the recorded sequences
to estimate the metrics and inferences devised in previous phases. It also includes the
generation and evaluation of the relevant inferences from the automatic analysis. The
associated flowchart is shown in Figure 3.

The development and evaluation will require an initial compilation of existing sets of
labeled data already published in the literature and available for research purposes. There
are many datasets available for body analysis tasks that are may not be directly related to
the final system objectives but are general enough to be used for pre-training the models
that will be used and developed in different tasks (for example, body pose estimation and
tracking, recognition of human activities, etc.).

A crucial task will be the characterization of human activity at body and face level,
with the aim of exploiting and improving existing human activity characterization systems
to meet the new challenges posed by the proposed system (EYEFUL in our case). It will
address the development of robust algorithms and the use of the different types of sensors
(as previously defined), for the extraction of different data. The process will include
an extensive work in the fine-grained analysis and characterization of human activities.
Algorithmic solutions based on deep learning will be designed, implemented, and tested
using existing datasets, and refined with data extracted from recorded sessions in the space
where the people will carry out the selected ADLs.

Once the set of metrics has been defined and the algorithms for their automatic
extraction have been developed, their integration will be addressed in two directions.

• The first one by integrating them into the process of assessing functionality. So, from
the catalog of defined elements, we will select the most discriminative subset in order
to score the functional level. Machine learning techniques are to be used in the selection
of those metrics in a data driven approach. The close coordination with the clinical
team will again be necessary in this effort.

• The second one, once the extracted metrics form different sensors are validated, their
fusion is to be considered to improve the overall estimations (related to the users’
location and pose, activity characterization and assessment, emotional state characteri-
zation, etc.).
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Finally, in the technical validation stage, the results of the algorithms will be compared
with manually annotated and labeled data. As detailed above, these data will initially
come from publicly available datasets and, later on, from actual recordings of subjects’
test sessions within the protocol scope. Specifically, careful image annotation work will
be needed for the evaluation of the defined metrics (more on this in Section 2.8). Again, a
close coordination between engineers clinicians will be necessary to properly assess the
evaluation results of the metrics and inferences with a clinical perspective.

As an example of the application of this phase to the EYEFUL project, Figure 4
shows a prospective simplified schematic example of the algorithmic system modules
needed for automatic human functional evaluation, showing the sensor sources, some
automatic analysis modules (object detection, human action recognition, etc.), and the
output information to be generated (quantitative metrics and inferences).
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2.8. Deployment and Clinical Validation

This phase covers the actual hardware and software deployment, and all the tasks
leading to the clinical validation process. The associated flowchart is shown in Figure 3.
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The system deployment in the assessment space will be the responsibility of the engi-
neering group. They will install and configure the sensor, communication, and processing
equipment in the space where the people will carry out the selected ADLs, and to verify its
correct functioning. Once the hardware is deployed and verified, a full installation of all the
integrated algorithmic modules will be performed, also checking their correct operation.

A user control interface will be designed and implemented. It is necessary to integrate
all the information from the different sensors in a single interface, which allows the handling
by the clinical staff during the recording and data capture phases, and also during the
assessment system operation. The clinicians will specify how they want the user control
interface, and the engineers will make the necessary modifications.

To carry out the clinical validation process of the system following this protocol, it is
necessary to have cohorts of people with different characteristics. In the case of the EYEFUL
system, we will require people with and without dependence. The inclusion criteria for the
group of people without dependence, who will form the control group, are as follows:

1. Be over 18 years of age.
2. Have no recognized degree of dependence.
3. Accept and sign the informed consent form.

The inclusion criteria for the group of people with dependence, who will form the
experimental group, are the following:

1. To be over 18 years of age.
2. To have a recognized degree of dependence (from degree I, level 1 to degree II, level 2).
3. To be able to walk independently, with or without support products (canes, crutches,

walkers, etc.)
4. To accept and sign the informed consent form.

Exclusion criteria for the study are specified as:

1. Having a cognitive, physical, or sensory deficit that impedes the understanding of
questionnaires or the performance of the tests.

2. Wheelchair users.

A sample of the control group will be required for the training of the system. The
control group will be obtained by proximity to the research team and the university
environment, for convenience and for matching purposes. All subjects will be informed
and must sign the informed consent form approved by the Ethics Committee before
participating in the study.

This phase also includes the recordings for the users of both the control and depen-
dence groups, which implies intensive work in users’ recruitment, recording sessions
scheduling, and labeling. The labeling process is a specialized task that requires the use of
specific annotation applications and will be carried out by the occupational therapy group,
as they specialize in administering standardized observational tests that assess functional
limitation. It is a time-consuming task, but it is crucial in the training and evaluation phase
of the systems from a technical standpoint and in the final clinical validation. We have
identified the ELAN annotation application [33] as a suitable tool for this task, as it allows
the temporal labeling of multimedia sequences (specifically audio and video streams), that
can be applied to any system within this protocol scope.

Once the verification, analytical validation and technical validation of the data gener-
ated by the system have been completed, the clinical validation will be carried out, i.e., it
will be demonstrated whether the system acceptably identifies, measures, or predicts the
level of dependence.

Applying the documentation of clinical validation of traditional measurement tools [30–32],
the clinical validation in the case of the EYEFUL system will address the following analyses:

• Reliability analysis will examine the degree to which EYEFUL measures without error,
and internal consistency will evaluate whether the metrics measuring dependence are
homogeneous with each other.
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• Content validity will evaluate whether EYEFUL covers all the metrics it is intended
to measure.

• Criterion validity will seek to establish the degree of correlation between the scores
obtained with EYEFUL and those obtained from the assessment tools established as
the gold standard. This will require a sample of 45 subjects without dependence.

• Finally, for the analysis of construct validity, the degree of EYEFUL’s ability to distin-
guish between the population without dependence and the population with depen-
dence will be determined. This will require a sample of 90 subjects, 45 non-dependent
and 45 dependent, and the resulting EYEFUL scores of both groups will be used. These
subjects will follow the inclusion and exclusion criteria described above. To determine
the appropriate sample size for the clinical validity phases, the G*Power software
(version 3.1.7) was used [31,32].

2.9. Dissemination of Results

Upon completion of the development and validation phases, the final phase will be
in charge of disseminating the results through scientific publications, presentations at
conferences, and scientific events in the fields of health sciences and engineering. The aim
of this dissemination will be to share the knowledge acquired in the project, to promote the
adoption of the system, and to encourage research in the field of automatic and objective
evaluation of functional limitations and dependency status.

3. Materials

For the development of systems using the described protocol, it will be necessary to
have a specific space for the deployment of equipment and where to capture data, recording
people while carrying out ADLs. In the specific case of the EYEFUL system, the “Activity
Sensory Analysis Laboratory” is available. It is a 100 m2 simulated house divided into
4 rooms (bedroom, living room, kitchen, and bathroom) of 25 m2 each. All of them are fully
equipped with adapted furniture, electrical appliances, and kitchenware. This laboratory
will be equipped with different sensor equipment, developed as the project progresses
(following the proposed protocol), capable of collecting data during the performance of the
proposed ADLs (see Figure 5).
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4. Organizational Details and Reproducibility

Regarding the reproducibility of the study, this section elaborates on the organizational
details and criteria for choices made in the EYEFUL project.

4.1. Criteria for Choosing ADLs

The selection of ADLs for evaluation using the EYEFUL system will be guided by
comprehensive criteria. This decision-making process, detailed in the protocol, ensures
that the chosen ADLs provide a balanced view of an individual’s functional status.

4.2. Flowcharts and Documentation

Flowcharts outlining the step-by-step process of process of creating EYEFUL have
been provided in Figures 1–3. These visual guides, along with detailed documentation of
the study protocol, provide a roadmap for replicating the study in other settings.

5. Discussion

The EYEFUL system will represent a significant advancement in the objective evalua-
tion of functional capacities and dependency status, employing a multisensory system to
capture the nuances of performance during ADLs. The project will be carried out strictly
following the proposed protocol and is expected to be in development for three years. The
following discussion underscores the potential implications of our findings for both clinical
practice and research, emphasizing the innovative integration of technology and healthcare.

5.1. Implications for Clinical Practice

The introduction of the EYEFUL system and its development protocol into clinical set-
tings could improve the way functional capacities are assessed, moving beyond subjective
observations and self-reports to a more accurate and unbiased evaluation. The system’s
ability to provide detailed metrics when performing ADLs can help healthcare profession-
als diagnose functional limitations, plan personalized care, and track the progression of
conditions over time. In addition, the use of this technology can increase the accuracy of
evaluations of dependency status, thereby improving resource allocation and support for
these individuals.

5.2. Contributions to Research

From a research point of view, the proposed protocol offers a valuable guidance tool
for designing and creating other systems to study the dynamics of human activity and
dependency. By providing a standardized method for assessing functional capacity, it
facilitates comparative studies across populations and conditions, contributing to a deeper
understanding of the factors influencing independence and quality of life in various cohorts.
Additionally, the data generated by the EYEFUL system can inform the development of
new interventions aimed at preserving or enhancing functional abilities.

5.3. Addressing Limitations and Future Directions

While the EYEFUL system introduces a promising approach to functional capacity
assessment, it is not without limitations. Given that the system is not yet built, it is not
known to what extent the EYEFUL system will be able to detect complex aspects of human
activity, and this will have to be evaluated after the system implementation and evaluation.
Future research will aim to validate the system in a variety of environments and populations
to ensure its broad applicability.

6. Conclusions

The described protocol, based on the proposal to develop the EYEFUL system, intro-
duces a novel pathway for the development of new systems for the evaluation of functional
abilities and dependency status, highlighting the potential of multisensory systems such as
EYEFUL to transform clinical and research practices.
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By generating objective and detailed evaluations during ADL performance, the EYE-
FUL system will provide information on individual functional abilities, contributing to
more personalized and effective care strategies.

The protocol underlines the importance of interdisciplinary collaboration in advancing
health technologies and lays the foundation for future innovations in functional capacity
evaluation. The proposed structured approach will help initiatives similar to the EYEFUL
project to grow on a common basis with a rigorous design and development process, and
comprehensive technical and clinical validation efforts.

As future tasks, the full development and validation of the EYEFUL system will be
carried out, specifically focusing on improving its accuracy, ease of use, and applicability in
diverse populations and settings, with the goal of setting a new standard in the evaluation
of functionality and dependency statuses.
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