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Abstract: According to the World Health Organization, about 15% of the world’s population has 1
some form of disability. Assistive Technology, in this context, contributes directly to the overcoming -
of difficulties encountered by people with disabilities in their daily lives, allowing them to receive
education and become part of the labor market and society in a worthy manner. Assistive Technology
has made great advances in its integration with Artificial Intelligence of Things (AloT) devices. AloT s
processes and analyzes the large amount of data generated by IoT devices and applies Artificial
Intelligence models, specifically Machine Learning, to discover patterns for generating insightsand 7
assisting in decision making. Based on a systematic literature review, this article aims at identifying s
the Machine Learning models used in multiple different research about Artificial Intelligence of Things
applied to Assistive Technology. The survey of the topics approached in this article also highlights the 10
context of such research, their application, IoT devices used, and gaps and opportunities for further 11
development. Survey results show that 50% of the analyzed research address visual impairment, 12
and for this reason, most of the topics cover issues related to computational vision. Portable devices, 13
wearables, and smartphones constituted the majority of IoT devices. Deep Neural Networks represent 14
81% of the Machine Learning models applied in the reviewed research. 15

Keywords: AloT; Artificial Intelligence; Assistive Technology; Deep Learning; Machine Learning 16

1. Introduction 7

According to the World Health Organization, about 15% of the world population has s
some type of disability, totaling approximately 190 million people. This number continues 1o
to grow due to the increase in chronic health conditions and the aging of the world popula- 20
tion. Taking into consideration that disabilities may be of temporary or permanent nature, =
they may encompass a wide range of special needs, restrictions, and health conditions. =22
These disabilities could be represented by degenerative diseases such as Parkinson’s, Amy- 2s
otrophic Lateral Sclerosis (ALS), and Alzheimer’s; physical, mental, visual, and hearing  za
disabilities; chronic non-communicable diseases. Also, conditions resulting from aging,a =5
period marked by the highest rates of development of some disabilities [1]. 26

According to the United Nations Convention on the Rights of Persons with Disabilities 27
(CRPD) disability is not an attribute of the person, but the result of environmental and  2s
behavioral barriers, arising from the interaction between people with disabilities and =
society, preventing them from participating equally, fully, and effectively as citizens in 3o
society. Therefore, dealing with the obstacles that affect people with disabilities contributes s
to the improvement of their social participation in general. Within this context, Assistive 2
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Technology (AT) contribute directly to the reduction of difficulties encountered by people s
with disabilities in their daily lives. Assistive Technology allows them to live independently,  sa
healthy, and productively, to receive education, and be participants in the labor market and s
society in a worthy manner [2]. 36

Assistive Technology encompasses services, products, methodologies, strategies, and a7
practices that aim to minimize and/or eliminate restrictions and limitations imposed ona  ss
person due to a disability or incapacity [3]. It focuses on providing independence, quality of s
life, and social inclusion to people with disabilities. Some examples of Assistive Technology 4o
are hearing aids, memory aids, eyeglasses, wheelchairs, hearing aids, pill organizers, and s
communication aids. Assistive Technology has made great advances in its integration with 42
AloT devices (Artificial Intelligence of Things) and Machine Learning [4-6]. AloT processes a3
and analyzes the large amount of data generated by IoT devices and applies Artificial s
Intelligence techniques, specifically Machine Learning, to discover patterns for generating s
insights and assisting in decision making [7]. 46

When applied to AT, AloT allows the conception of an array of disruptive solutions a7
to address the disability issue. Some examples of such solutions are navigation systems s
for blind people, voice assistants for people with disabilities [8], remote monitoring of 4
health conditions [9], telemedicine and telehealth [10], communication systems based on  so
sign language [11], auxiliary memory for people with cognitive disabilities and a series of s
smart objects such as medicine dispensers, wheelchair [12], exoskeleton [13], etc. These =2
are numerous applications of great value for those in need, quoting Mary Pat Radabaugh s
(former director of IBM’s National Support Center for People with Disabilities in 1988) s
“For people without disabilities, technology makes life easier. For people with disabilities, s
technology makes life possible” [14]. 56

Given the importance of the development of Artificial Intelligence of Things applied  s-
to Assistive Technology, this systematic literature review aims at identifying the Machine s
Learning models used in different research on this topic. The survey of the topics ap- e
proached in this article also highlights the context of such research, their application, IoT o
devices used, and gaps and opportunities for further development. o1

This article is organized as follows. Section 2 presents the concepts related to the e
research. Section 3 presents the research methodology used, which includes: the research’s s
objective and questions, the steps of the systematic literature review, and threats to the s
validity of the results. Section 4 presents the research results of this review. Section 5 s
presents the conclusion based on the study results and recommendations for future studies. s

2. Assisted Technology, AIoT and Machine Learning o7

Aiming at minimizing and/or eliminating restrictions and limitations imposed on s
a person due to a disability or incapacity, The World Health Organization defines Assis- o
tive Technology as a wider term encompassing any system or service related to assistive 7
products and services. The Assistive Technology Industry Association defines Assistive =
Technology’s products and services, as any item, piece of equipment, hardware, or software, 7
intended to assist people with some type of disability. Such products and services area 7
result of the combination of TA and AloT (Artificial Intelligence of Things) [11]. 7a

Artificial Intelligence of Things is obtained by the combination of IoT (Internet of s
Things) [15] and Artificial Intelligence (AI) techniques [16]. IoT is defined as any device 7
able to interconnect, such as sensors, and can collect relevant data in real time [17]. This +»
relevance is revealed by processing the obtained data through Artificial Intelligence models, s
especially making use of Machine Learning (ML). Some cases also require the usage of 7
Deep Learning (DL) to analyze the collected data to extract useful information for decision-  so
making [18-20]. The application of ML techniques shows promise for the healthcare sector &
[21], improving efficiency in this segment [22]. 82

The term Al was coined by John McCarthy [23], considered the father of Al in 1956 s
during the first Al conference at Dartmouth College. McCarthy defines Al: It is the science  sa
and engineering of making intelligent machines, especially intelligent computer programs. s
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It is related to the similar task of using computers to understand human intelligence, but s
Al does not have to confine itself to methods that are biologically observable [24]. Several e
areas have been expanding faster recently and need dynamic solutions that can be solved s
with Al [25], such as sustainability [26], health [27] telecommunication systems [28? ], data e
privacy [29,30], electric vehicles [31], and electrical power systems [32-34]. 90

Alan Turing, however, proposed in 1950 the question “Can machines think?” The o
Turing test was then launched with the aim of determining whether a computer can e
demonstrate the same intelligence as a human being [35]. To pass this test the system o3
would need to possess capabilities that are currently the subject of study in Machine s
Learning, such as Natural Language Processing [36], Knowledge Representation [37], and s
Automated Reasoning [38]. Given the advances in Al models, several applications are being o6
used to improve the quality of life of people with physical disabilities, and applications o7
for smart healthcare [39], such as using smart robots [40-42], or more specific applications s
such as in sign language [43—48]. 9

Machine Learning is a subfield of Al that aims at developing models and computer 100
programs able to learn automatically by extracting knowledge from data [49]. These 1o
programs must be able to improve and extend themselves from experience, without being 102
explicitly programmed. In the IoT context, these models are used to process and analyze a 10
large amount of data collected by devices, to automatically discover patterns and generate o4
meaningful insights from this data. Such a task would be impossible for humans to 1os
perform manually. Some of these ML models are Echo state networks [50], ensemble 106
learning methods [51-53], k-nearest neighbors (K-NN) [54], group method of data handling 107
(GMDH) [55], long short-term memory (LSTM) [56], convolutional neural networks (CNNs)  10e
[57-60], and adaptive neuro-fuzzy inference system (ANFIS) [61]. 100

Deep Learning is a subfield of Machine Learning. Deep Learning specifically studies 110
Deep Neural Networks. Like ML, Deep Learning also uses data-based learning methods, 111
however, computation and processing are done using multilayer neural networks [62]. The 112
basic difference between a non-deep, also known as a Shallow Neural Network, and a Deep 112
Neural Network is the number of layers. Shallow neural networks have three layers and 11
deep ones have more than three layers, including the input layer and the output layer [63]. s
These models can be applied in prediction [64-66], classification [67-69], and optimization 116
[70-72] problems. 117

3. Research Methodology 118

A Systematic Literature Review (SLR) was performed to achieve the objectives of the 110
current study. SLR is a methodological review of research results that aims to aggregate 120
existing evidence on a research problem, as well as identify, select, evaluate, and summarize 1z
primary articles considered relevant on the research topic in an unbiased and repeatable 122
way. RSL is considered a secondary study for aggregating previous studies [73]. 123

Banijamali et al. [74] implements these research steps: planning, this step includes 124
the activities of identifying the research objective, defining the research questions, devel- 12
oping a review protocol and evaluating the review protocol, these activities can be done 126
interactively; conducting, this step includes the activities of Identifying primary articles 127
using search strategies, selecting studies using inclusion and exclusion selection criteria 1zs
for studies, extracting data and synthesizing the data; publication, this step includes the 120
activities of specifying the report, formatting the report and evaluating the report. 130

3.1. Research Purpose 131

The objective of this literature review is to identify the models of ML used in research 132
of Al of Things Based Assistive Technology. Also, it aims at identifying the context of these 133
models’ applications through the survey of the topics of study, the IoT devices used, and 134
identifying development gaps and opportunities. Due to the great magnitude of conditions 1ss
characterized as disabilities, the scope of the study was defined for research that addresses 136
the following disabilities: visual impairment, hearing impairment, cognitive impairment, 1s7


https://doi.org/10.20944/preprints202209.0306.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 d0i:10.20944/preprints202209.0306.v1

4of16

and degenerative diseases such as ALS, Alzheimer’s, and Parkinson’s. Table 1 presents the 13s
research questions of this study. 130

Table 1. Research Questions.

ID ‘ Question ‘ Justification
What are the Machm? Learmng rr.lodels Identification of ML models used in AloT
QP1 used in AloT applied to Assistive applied to AT
Technology? Pp '
What are the topics of study that have -
Qr2 been researched in the context of AloT Providing context related to research

applied to Assistive Technology? topics.

What are the IoT devices used in the

Providing context related to the types of

QPr3 context of AloT applied to Assistive ToT devices used.
Technology?
Is there a disparity in the number of .
Qr4 studies found according to the problems Identify gaps for research and

selected in the research? development of solutions.

QP1 intends to identify the Machine Learning models applied in the development 140
of AloT applied to Assistive Technology. All models mentioned in the selected primary 1a
articles were identified for this purpose. 142

QP2 intends to provide a context related to the topics addressed in the development of a3
AloT applied to Assistance Technology. The study topics addressed by the selected primary 14
articles were identified for this purpose. 145

QP3 intends to provide context related to the types of IoT devices that have been used 146
for the development of AloT applied to Assistance Technology. All IoT devices listed by 147
the proposed solutions were identified for this analysis. The devices were also classified as  14s
Arduino, RaspberryPY or Nvidia Jetson based. 140

QP4 identifies gaps for AloT applied to Assistive Technology research and develop- 1se
ment indicating for which disability or incapacity the study intends to develop a solution. s

3.2. Research Process 152

This section aims at detailing the research process used in this RSL. Database Search or 1ss
automatic search strategy was used for this study. It consists of searching digital libraries 1sa
using a Search String [75]. A search string consists of combining keywords using logical 1ss
operators such as OR and AND. Usually, synonyms of each keyword are grouped by the 1se
OR operator, and an AND operation is used to join these groups. 187

The keywords defined for this study were: Assistive Technology, AloT, and Machine 1se
Learning. Interactive tests were carried out on each of the bases to identify the search 1so
strings, whose returns were the most significant in terms of scope and relevance of the 1e0
studies. The selected libraries are justified for being among the most used in research in 16
Computer Science [75]. Table 2 presents the bases used and the respective search strings ez
defined after the iterative validation process. 163

The automatic database search was performed on 09/14/2021. Each database returned  1es
a set of articles as shown in Table 3. These articles were processed to remove duplicated ies
entries, this task was performed automatically by the tool Parsifal. Initially, a total of two 166
hundred and sixty-seven articles were selected, of which seventy-nine were duplicates, 16
leaving one hundred and eighty-eight articles. The set of articles resulting from the research  1es
stage passed to the next stage of the RSL and Study Selection. 169

3.3. Study Selection Criteria 170

This section aims to present the selection and exclusion criteria used in this RSL. 17
The presented criteria are preconditions for the acceptance or exclusion of an article in 17
the RSL. This selection seeks to identify relevant studies that can answer the proposed 17
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Table 2. Database and Search Strings.

Data Base ‘ ID ‘ Search String ‘ Url

("assistive technology" OR
"impaired people") AND
(AIoT OR IoT OR "internet of http:/ /www.
things") AND ("machine engineeringvillage.com
learning" OR "deep learning"
OR "neural networks")
("assistive technology" OR
impaired OR parkinson OR
alzheimer) AND (IoT OR
AlIoT OR "Internet of Things"
OR "artificial intelligence or
things") AND ("machine
learning" OR "deep learning"
OR "neural network")
("assistive technology" OR
impaired OR parkinson OR
alzheimer) AND (iot OR aiot
OR "Internet of Things" OR http:

"artificial intelligence or / /www.isiknowledge.com
things") AND ("machine
learning" OR "deep learning"
OR "neural network")
("assistive technology") AND
(IoT OR "internet of things")
Science@Direct SCD AND ("machine learning" OR
"deep learning" OR "neural
networks")
("assistive technology" OR
impaired OR parkinson OR
alzheimer) AND (iot OR aiot
OR "Internet of Things" OR
"artificial intelligence or
things" ) AND ( "machine
learning" OR "deep learning"
OR "neural network")

El Compendex EIC

IEEE Digital Library IEEE http:/ /ieeexplore.ieee.org

ISI Web of Science WOS

http:
/ /www.sciencedirect.com

Scopus SCPS http:/ /www.scopus.com

Table 3. Number of selected articles from each database.

Number of

Database selected articles
El Compendex 37
IEEE Digital Library 63
ISI Web of Science 32
Science@Direct 67
Scopus 68
Number of Articles 267
Number of duplicated articles 79
Number of selected articles 188

research questions [73]. The criteria are applied to the set of articles resulting from the 17
search process. Some of the criteria were applied directly to the databases, according to the 175
available filters, with variations for each of the bases. Table 4 presents the inclusion criteria, 17e
and the indication of those applied directly to the bases. Table 5 lists the exclusion criteria. 177

It is worth mentioning that it is enough that one of the exclusion criteria is met for an 17
article to be excluded. On the other hand, for an article to be selected it is necessary that all = 17e
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Table 4. Inclusion Criteria.

— Applied directly

D Criteria to the databases:
Studies published

cn between 2017 and 2021 FIC, EEE, WOS5 5CD, 5CPS

CI2 Peer-reviewed primary articles EIC, WOS, SCD, SCPS
Studies within the context of AloT applied to

13 AT, within the scope of deficiencies established i
Articles published
Cl4 . . EIC, IEEE, WOS, SCPS
in English
Table 5. Exclusion Criteria.
Applied directly

D Criteria to the databases:

Secondary or

CEl tertiary studies i
CE2 Studies within the context )
of AloT applied to AT
CE3 Short articles, books, and gray 11teratgre EIC, WOS, SCD, SCPS
(manuals, reports, theses, and dissertations)
Not having
CE4 access to the study )
CE5 Duplicated )
study
Redundant studies
CE6 by the same author i
CE7 Studies prior EIC, IEEE, WOS, SCD, SCPS

to 2017

the inclusion criteria are satisfied. Initially, the title and abstract of each article were read  1s0
and taken into consideration when applying the selection criteria and, in cases where the e
reading was insufficient for this, the article was read until the selection or exclusion could s
be confirmed. At the end of this stage, a total of 30 articles remained, this set passed to the 1e:
next stage of the process, the Quality Assessment. 184

3.4. Quality Assessment 165

This section presents the quality assessment process used in this RSL. The previous 1ss
step resulted in a set of pre-selected articles. However, for these articles to be considered ez
accepted by the RSL, it is necessary to go through the quality assessment process. At this 1ss
stage, each study is evaluated to ensure the quality of the data that will be extracted in the 1eo
subsequent data extraction stage [73], meaning that it intends to identify studies that are 100
relevant to answer the research questions. 191

Table 6 shows a questionnaire containing five questions prepared for this RSL to assess 102
the quality of the articles. Each question has three options as answers, each option has e
its respective score. Options are “yes”, “partially” and “no” scoring respectively 1.0, 0.5, 104
and 0. The total score for each article is defined by the sum of the values obtained from 1s5
five answers. A maximum value of 5.0 indicates a well-matched article for this RSL and a 106
minimum of 0.0 indicates the article is not suitable for this RSL. A cutoff score of 2.0 was  1o7
defined so only articles with a score greater than 2.0 will be effectively considered accepted 108
for the RSL. This quality assessment method was implemented and applied using Parsifal. 109

The primary articles were read in their entirety for the attribution of grades. Table 7 200
shows the result of the quality assessment. The input set of this stage contained 30 articles, 201
of which 3 articles received a score less than or equal to 2.0. Thus, 27 articles passed to the 202
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Table 6. Questionnaire for quality evaluation.

1D Question
Are the study objectives
AQl clearly defined?
AQ2 Is the problem to

be solved clearly described?
Do the authors describe in detail the use

AQ3 of the ML models used in the solution?

AO4 Did the study perform a well-described
experiment to evaluate the proposal?

AQ5 Do the findings of the study indicate

a validity relevant to it?

next stage, Data Extraction. The selected studies were submitted to the next stage of the 20
RLS, Data Extraction. 204

Table 7. Quality evaluation selected articles.

ID ‘ Subject ‘ Author ‘ Score
A01 Assistive Technology Janior et al. [76] 4.0
A02 Medicines Recognition Chang et al. [77] 3.5
A03 Localized Assistive Scene Ghazal et al. [78] 45
A04 Drug Pill Recognition Chang et al. [79] 5.0
A05 Visually Impaired People Rao and Singh [80] 25
A06 Visually Impaired Pedestrian Chang et al. [81] 45
A07 Pattern Recognition Bal et al. [82] 3.0
A08 Exploring Printed Text Su et al. [83] 5.0
A09 Intelligent Navigation Yadav et al. [84] 5.0
A10 Rehabilitation of People Jacob et al. [13] 5.0
All Visually Impaired Users Jiang et al. [85] 3.0
Al12 Sign Language Recognition Liet al. [86] 2.5
Al13 Sign Language Recognition Punsara et al. [87] 2.5
Al4 Assistive Sign Language Boppana ef al. [88] 5.0
A15 Smart Wheelchair Al Shabibi and Kesavan [89] 4.0
Ale Personal Assistant Javed and Sarwar [90] 5.0
Al7 Visual Aiding System Kandoth et al. [91] 3.5
A18 Assistance of patients Sharma et al. [92] 5.0
A19 Parkinson’s Disease Assist Baby et al. [93] 3.0
A20 Assistive Device Wang et al. [94] 3.5
A21 Navigation system Kumar et al. [95] 3.0
A22 Sign Language Interpretation Lee et al. [96] 5.0
A23 Assistive for visually M et al. [97] 4.0
A24 Assistant for the Visually Hengle et al. [98] 5.0
A25 Zebra crossing detection Akbari et al. [99] 5.0
A26 Scene-to-Speech Mobile Karkar et al. [100] 4.5

3.5. Data Extraction 208

The data extraction process makes usage of a data extraction form generated specifi- 206
cally for this RSL using the Parsifal tool. Filling in the fields of this form after the reading 2o
of each selected article allows the recovery of data to answer the research questions raised  zos
by this RSL found on Table 1. This form also collects metadata used to identify the studies 200
individually assisting the extraction process [73]. Table 8 presents the fields and the purpose 210
of each field within the extraction form. 211

Table 8 brings ten data properties defined for this study where PD1 to PD3 are used 212
to identify and locate articles. The other properties were defined to answer the research 213
questions, where: PD4 answers QP1; PD5 and PD6 answer QP2; PD7 answers QP3; and 21


https://doi.org/10.20944/preprints202209.0306.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 d0i:10.20944/preprints202209.0306.v1

8 of 16
Table 8. Data Extraction Form.
1D Field Values Objective

PD1 ID Incremental numeric value Study Identification

PD2 Title Textual Value Study Identification

PD3 Doi Textual Value Study Location

PD4 ML model Textual Value Answer QP1

PD5 Topic Textual Value Answer QP2

PD6 Key Words Textual Value Answer QP2

PD7 IoT Device Textual Value Answer QP3

Multiple selection options:
hearing impairment, cognitive
PD8 Adressed Issue impairment, motor impairment, Answer QP4
visual impairment, and
degenerative disease.

PD8 answers QP4. Data was extracted and organized by the Parsifal tool after the complete 215
reading of each of the selected articles, see Table 7, facilitating the extraction process. 216

3.6. Threats to the Validity of the Study 217

Biases in the identification of primary articles and in the extraction of data from 2.
the articles corroborated by the fact that each researcher was responsible for evaluating 21s
a set of disjointed articles, in the selection as well as in the quality assessment, with 220
no peer validation is a threat to the validity of the study. Another threat is the small 22
number of articles selected in this RSL, which implies the possibility that the sample is not 222
representative to extract evidence that can effectively answer the research questions. The  z2s
selection of databases, or digital libraries, can also be considered a threat, since these may 224
not cover the completeness of the studies carried out in the context of the problem, which 225
includes questions from different areas of sociology and medicine. 226

4. Obtained Result 227

This section summarizes the findings and results of the analyzes of the selected :2s
primary articles. The selection process conducted in the selected databases collected an 22
initial amount of two hundred and sixty-seven articles. Of these articles, twenty-seven =230
were considered for this RSL, see Table 7, for their contribution to the topic. Section 4.1 2
proposes to answer the research questions, Table 1, based on the data extracted by the form  2s2
presented in Table 8. Section 4.2 aims at summarizing the research’s findings. 233

4.1. Research Questions Answers 234

QP1. What are the Machine Learning models used in AloT applied to Assistive 2:s
Technology? 236

Out of the twenty-seven primary articles studied, 81% presented solutions based on 237
ANN, 15% of them applied of other ML techniques, and 7% did not present the techniques 2ss
used. As shown in Table 9, within the context of Neural Networks, the following ML 23
techniques were addressed: ANN, CNN, use of Multiple-CNN, Clever CNN, R-CNN 240
(Region-based CNN), Faster R-CNN, PNN (Probabilistic Neural Network), RNN (Recurrent 24
Neural Network) and Multi-trained DL models. The models not based on neural networks a2
were: Hoeffding Tree, Logistic regression, Naive Bayes, Random Forest, k-Means, Linear 2as
Regression, Independent Component Analysis, Support Vector Machines (SVM), and HOG 244

(Histogram of Oriented Gradients). 245
QP2. What are the topics of study that have been researched in the context of AIoT 246
applied to Assistive Technology? 247

Figure 1 presents a word cloud created using the keywords of each of these articles to 248
provide a general idea about the topics being studied on the selected primary articles. 240
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Table 9. Algorithms and Machine Learning Techniques applied, and the respective deficiency
addressed for each study.

Applied ML models Articles Impairments
ANN Al, A10, A13, A21 Visual, motor
coordination, hearing
CNN A6, A8, A9, All, Visual, hearing,
Al12, Al4, A24 degenerative
RNN A18, A22 Degenerative,
auditory
Multiple CNN A25 Visual
Clever CNN A5, A17 Visual
R-CNN A3, A4 Visual, elderly care
Faster R-CNN A2, A23 Elderly care, visual
PNN A7 hearing
Multi-trained .
DL models A26 Visual
Linear Regression A19 Degenerative
SVM A20, A24 Motor coordination, visual
Independent . A20 Motor coordination
Component Analysis
Naive Bayes Ale, A18 Cognitive, degenerative
Hoeffding Tree Ale6 Cognitive
Logistic regression Al6 Cognitive
Random Forest E16 Cognitive
k-Means E16 Cognitive
HOG E25 Visual
guality _ &
NS AW S 2 %
WX 2 %
st loT 2% " W %
e 2 s D2
\ - N
N
/s et 2 %P S
S O Object s NS~
LSS0 v. 00 S
X 6?% é‘% &

® K
gxnetwnrjgm I ’%Face
& > Raspherry_ System &

computing

Figure 1. Word cloud.

The research topics discussed in the primary articles were: Assisted Locomotion, zs
Assisted Navigation, Facial Recognition, Human Activity Recognition, Image Captioning, =s:
Object Detection, Object Recognition, OCR (Optical Character Recognition), Scene-to- zs:
speech, Self-Balancing Object, Smart Assistant, Speech recognition, Rehabilitation, Text-to- 2s3
speech, and Text detection. Table 10 shows the articles where these topics occurred. 254

QP3. What are the IoT devices used in the context of AloT applied to Assistive =ss
Technology? 256
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Table 10. Topics and occurrences in selected articles.

Topics Primary article(s)
Scene-to-speech Al, A3
Assisted Navigation A3, A5, A6, A9, A17, A21, A25
Sign Recognition A7, A12, A13, A14, A22
Object Recognition A2, A4, A9
Object Detection All, Al15, A23
Facial Recognition A21, A24
OCR A7,A24
Assisted Locomotion Al5
Speech recognition Ale6
Text-to-speech A24
Image Captioning A24
Text detection A24
Smart Assistant A24
Human Activity Recognition Al6, A18
Rehabilitation Al0
Self-Balancing Object Al19

IoT devices used in the primary articles” proposed solutions: portable devices, wear- s
ables, various sensors, smartphones, cane, finger-worm, exoskeletons, wheelchairs, and  2se
others. Table 11 presents the articles where these devices were used. 250

Table 11. IoT devices and their occurrences in the selected articles.

IoT Devices Primary Article
Portable device Al, A2, A4, A5, A6, A7, A9, A13, Al4, A17, A19, A23, A24
Wearable A2, A4, A5, A6, A7, All, A13, A20, A22, A24
Various sensors A3, A9, A13, A15, Ale6, A18, A19, A21, A22
Smartphone A3, A4, A5, A13, Al6, A21, A26
Cane A6, A17
Finger-worm A8
Exoskeleton A10
Wheelchair Al5
Other Al8
Non-defined Al12, A25

Out of the primary articles, 60% of them showed the use of RaspberryPY, Arduino, zee
and Nvidia Jetson-based devices, respectively 41%, 15%, and 7% of the device total. Table 26
12 presents the articles that used RaspberryPY, Arduino, and Nvidia Jetson-based devices  ze2
in their research. 263

Table 12. RaspberryPY, Arduino, and Nvidia Jetson-based IoT devices.

Board Primary Article
RaspberryPY Al, A4, A5, A7, A9, A13, Al4, A17, A23, A24
Arduino A8, A15, A21, A23
Nvidia Jetson A2, A4

QP4. Is there a disparity in the number of studies found according to the problems zc.
selected in the research? 265
The selected articles point to a large disparity in the development of AloT applied to  zes
Assistive Technology in relation to the impairments chosen for this study. 52% of the total ze-
number of articles addressed issues related to visual impairment, 19% of them hearing zes
impairment and the rest distributed between 11% motor coordination impairments, 7%  zeo
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degenerative diseases, and 4% cognitive impairment. This shows that most AloT applied to 27
Assistive Technology developments, within the selected articles, address visual impairment. 27

4.2. Threats to the Validity of the Study 272

Biases in the identification of primary articles and in the extraction of data from 27
the articles corroborated by the fact that each researcher was responsible for evaluating 27
a set of disjointed articles, in the selection as well as in the quality assessment, with 275
no peer validation is a threat to the validity of the study. Another threat is the small 27
number of articles selected in this RSL, which implies the possibility that the sample is not 277
representative to extract evidence that can effectively answer the research questions. The 27
selection of databases, or digital libraries, can also be considered a threat, since these may 27
not cover the completeness of the studies carried out in the context of the problem, which  zs0
includes questions from different areas of sociology and medicine. 201

5. Conclusions and Future Work 282

This article presented a Systematic Literature Review, which aimed to identify Machine  zes
Learning algorithms and techniques used in AloT applied to Assistive Technology solutions  zss
as well as the context of its applications. These two hundred and sixty-seven articles were  2es
pre-selected using automatic search mechanisms on the previously selected database, 2ss
or digital libraries. After applying selection criteria and the quality assessment process ez
twenty-seven articles were considered from this initial set. 208

This final set of articles was submitted to the data extraction process, where after :eo
extracted, the data was organized, summarized, and analyzed to answer the research =ze0
questions raised in this RSL. After surveying the findings, it was possible to conclude 2o
that 50% of the analyzed articles addressed visual impairment, identifying a gap and ze:
opportunity to develop Assistive Technology for all other disabilities. It was also possible 203
to observe that most topics were influenced by a large number of research focused on visual 204
impairment resulting in a majority of topics related to or based on Computer Vision. 208

It was possible to identify that 81% of the studies used Machine Learning algorithms 2e6
and techniques based on neural networks and that only 15% of the studies used different 207
techniques. This shows not only the interest of researchers in neural networks but also  2es
the great applicability of these learning techniques in the solution of Assistive Technology  zee
problems. Conversely, it also shows there is a gap waiting to be filled in relation to the s
other algorithms and techniques. 301

Some threats to the validity of the results were also raised, such as biases in the 3oz
identification of primary articles and extraction of results, the selection of digital libraries, sos
and the number of studies selected in the SLR. Future work, related to the first question, itis sos
intended to adopt peer review in the SLR stages such as the application of selection criteria, sos
quality assessment, and data extraction. For handling the second threat, including other o6
digital libraries and databases not covered by this SLR can also significantly contribute to  sor
the scope of primary articles. Finally for the last one, adopting a hybrid search strategy, sos
possibly using snowballing and a manual search in addition to an automated search. 309

Author Contributions: Writing—original draft, methodology, software, validation, and formal 310
analysis, Mauricio Pasetto de Freitas; Writing—review and editing, Vinicius Aquino Piai; Writing— 311
review and editing, Ricardo Heffel Farias; Writing—review and editing, supervision, Anita Maria da 12
Rocha Fernandes; Project administration, Secundino Lopes and Valderi Reis Quietinho Leithardt 313

Funding: This work was supported by national funds through the Foundation for Science and Tech- 314
nology, I.P. (Portuguese Foundation for Science and Technology) by the project UIDB/05064/2020 s1s
(VALORIZA—Research Center for Endogenous Resource Valorization), and Project UIDB/04111/2020, 16
ILIND-Lusophone Institute of Investigation and Development, under project COFAC/ILIND/ 317
COPELABS/3/2020. 318

Informed Consent Statement: Not applicable. 310

Data Availability Statement: Not applicable. 320


https://doi.org/10.20944/preprints202209.0306.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 d0i:10.20944/preprints202209.0306.v1

12 of 16
Conflicts of Interest: The authors declare no conflict of interest. 321
References 322
1.  WHO. World Health Organization: World report on disability. https://apps.who.int/iris/handle/10665/44575, accessed on 323
September 14, 2022. 324
2. King, P; Guevara Martinez, E. Robotic Assistive Technologies: Principles and Practice. =~ IEEE Pulse 2020, 11, 27-28. s2s
doi:10.1109/MPULS.2020.2972726. 326

3.  Fall, C.L.; Gagnon-Turcotte, G.; Dubé, ].E; Gagné, ].S.; Delisle, Y.; Campeau-Lecours, A.; Gosselin, C.; Gosselin, B. Wireless 327
sEMG-Based Body—Machine Interface for Assistive Technology Devices. IEEE Journal of Biomedical and Health Informatics 2017, s2s
21,967-977. doi:10.1109/JBHIL.2016.2642837. 320

4. Tyagi, N,; Sharma, D,; Singh, J.; Sharma, B.; Narang, S. Assistive Navigation System for Visually Impaired and Blind People: A 330
Review. In Proceedings of the 2021 International Conference on Artificial Intelligence and Machine Vision (AIMV), 2021, pp. 1-5. 321

doi:10.1109/ AIMV53313.2021.9670951. 332
5. Baucas, M.]; Spachos, P.; Gregori, S. Internet-of-Things Devices and Assistive Technologies for Health Care: Applications, 333
Challenges, and Opportunities. IEEE Signal Processing Magazine 2021, 38, 65-77. doi:10.1109/MSP.2021.3075929. 334

6. Hussain Shah, SJ.; Albishri, A.A,; Lee, Y. Deep Learning Framework For Internet Of Things For People With Dis- 335
abilities. ~ In Proceedings of the 2021 IEEE International Conference on Big Data (Big Data), 2021, pp. 3609-3614. sz6

doi:10.1109/BigData52589.2021.9671475. 337
7. Sung, TW, Tsai, PW.; Gaber, T.; Lee, C.Y. Artificial Intelligence of Things (AloT) technologies and applications, 2021. sse
do0i:10.1155/2021/9781271. 330

8.  Polyakov, E.V.; Mazhanov, M.S.; Rolich, A.Y.; Voskov, L.S.; Kachalova, M.V.; Polyakov, S.V. Investigation and development of the = sao
intelligent voice assistant for the Internet of Things using machine learning. In Proceedings of the 2018 Moscow Workshop on 341

Electronic and Networking Technologies (MWENT), 2018, pp. 1-5. doi:10.1109/MWENT.2018.8337236. 342
9. Qian, K; Zhang, Z.; Yamamoto, Y.; Schuller, B.W. Artificial Intelligence Internet of Things for the Elderly: From Assisted Living  sas
to Health-Care Monitoring. IEEE Signal Processing Magazine 2021, 38, 78-88. doi:10.1109/MSP.2021.3057298. 344
10. Carter, D.; Kolencik, J.; Cug, J. Smart Internet of Things-enabled Mobile-based Health Monitoring Systems and Medical Big Data  3as
in COVID-19 Telemedicine. American Journal of Medical Research 2021, 8, 20-30. 346
11.  Zhang, J.; Tao, D. Empowering Things With Intelligence: A Survey of the Progress, Challenges, and Opportunities in Artificial 347
Intelligence of Things. IEEE Internet of Things Journal 2021, 8, 7789-7817. doi:10.1109/J10T.2020.3039359. 348

12. Soma, S.; Patil, N.; Salva, F.; Jadhav, V. An Approach to Develop a Smart and Intelligent Wheelchair. In Proceedings of the 340
2018 9th International Conference on Computing, Communication and Networking Technologies (ICCCNT), 2018, pp. 1-7. 350
doi:10.1109/ICCCNT.2018.8494050. 351

13. Jacob, S.; Alagirisamy, M.; Xi, C.; Balasubramanian, V.; Srinivasan, R.; R., P; Jhanjhi, N.Z.; Islam, SM.N. Al and IoT-Enabled ss2
Smart Exoskeleton System for Rehabilitation of Paralyzed People in Connected Communities. IEEE Access 2021, 9, 80340-80350. ss3
doi:10.1109/ ACCESS.2021.3083093. 354

14. Bryant, B.R; Seok, S. Introduction to the special series: Technology and disabilities in education, 2017. doi:10.1080/10400435.2016.1230154.

15. Viel, E; Silva, L.A.; Valderi Leithardt, R.Q.; Zeferino, C.A. Internet of Things: Concepts, Architectures and Technologies. sse
In Proceedings of the 2018 13th IEEE International Conference on Industry Applications INDUSCON), 2018, pp. 909-916. ss7
doi:10.1109/INDUSCON.2018.8627298. 358

16. Sopelsa Neto, N.F,; Stefenon, S.F; Meyer, L.H.; Bruns, R.; Nied, A.; Seman, L.O.; Gonzalez, G.V,; Leithardt, VR.Q.; Yow, K.C. A 350
Study of Multilayer Perceptron Networks Applied to Classification of Ceramic Insulators Using Ultrasound. Applied Sciences — seo

2021, 11, 1592. doi:10.3390/app11041592. 361
17. Leithardt, V.; Santos, D.; Silva, L.; Viel, E.; Zeferino, C.; Silva, J. A Solution for Dynamic Management of User Profiles in IoT 62
Environments. IEEE Latin America Transactions 2020, 18, 1193-1199. do0i:10.1109/TLA.2020.9099759. 363

18. Stefenon, S.F.; Kasburg, C.; Nied, A.; Klaar, A.C.R,; Ferreira, EC.S.; Branco, N.W. Hybrid deep learning for power generation ses
forecasting in active solar trackers. IET Generation, Transmission & Distribution 2020, 14, 5667-5674. do0i:10.1049/iet-gtd.2020.0814. 3es
19. Kasburg, C.; Stefenon, S.F. Deep Learning for Photovoltaic Generation Forecast in Active Solar Trackers. IEEE Latin America  ses

Transactions 2019, 17, 2013-2019. doi:10.1109/TLA.2019.9011546. 367
20. Dingli, A.; Fournier, K.S. Financial time series forecasting-a deep learning approach. International Journal of Machine Learning and  ses
Computing 2017, 7, 118-122. doi:10.18178/ijmlc.2017.7.5.632. 360

21. Salazar, L.H.A,; Leithardt, VR.Q.; Parreira, W.D.; da Rocha Fernandes, A.M.; Barbosa, J.L.V.; Correia, S.D. Application of Machine 370
Learning Techniques to Predict a Patient’s No-Show in the Healthcare Sector. Future Internet 2022, 14. doi:10.3390/fi14010003. 371
22. Salazar, L.H.; Fernandes, A.M.R.; Dazzi, R.; Raduenz, J.; Garcia, N.M.; Leithardt, V.R.Q. Prediction of Attendance at Medical 372
Appointments Based on Machine Learning. In Proceedings of the 2020 15th Iberian Conference on Information Systems and  s7s
Technologies (CISTI), 2020, pp. 1-6. doi:10.23919/CISTI49556.2020.9140973. 374
23. Dick, S. Artificial intelligence. Harvard Data Science Review 2019, 1, 1-8. d0i:10.1162/99608{92.92fe150c. 375
24. Stefenon, S.F; Branco, N.-W.; Nied, A.; Bertol, D.W.; Finardi, E.C.; Sartori, A.; Meyer, L.H.; Grebogi, R.B. Analysis of training se
techniques of ANN for classification of insulators in electrical power systems. IET Generation, Transmission & Distribution 2020, 37z
14, 1591-1597. doi:10.1049/iet-gtd.2019.1579. 378


https://apps.who.int/iris/handle/10665/44575
https://doi.org/10.1109/MPULS.2020.2972726
https://doi.org/10.1109/JBHI.2016.2642837
https://doi.org/10.1109/AIMV53313.2021.9670951
https://doi.org/10.1109/MSP.2021.3075929
https://doi.org/10.1109/BigData52589.2021.9671475
https://doi.org/10.1155/2021/9781271
https://doi.org/10.1109/MWENT.2018.8337236
https://doi.org/10.1109/MSP.2021.3057298
https://doi.org/10.1109/JIOT.2020.3039359
https://doi.org/10.1109/ICCCNT.2018.8494050
https://doi.org/10.1109/ACCESS.2021.3083093
https://doi.org/10.1080/10400435.2016.1230154
https://doi.org/10.1109/INDUSCON.2018.8627298
https://doi.org/10.3390/app11041592
https://doi.org/10.1109/TLA.2020.9099759
https://doi.org/10.1049/iet-gtd.2020.0814
https://doi.org/10.1109/TLA.2019.9011546
https://doi.org/10.18178/ijmlc.2017.7.5.632
https://doi.org/10.3390/fi14010003
https://doi.org/10.23919/CISTI49556.2020.9140973
https://doi.org/10.1162/99608f92.92fe150c
https://doi.org/10.1049/iet-gtd.2019.1579
https://doi.org/10.20944/preprints202209.0306.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 d0i:10.20944/preprints202209.0306.v1

13 of 16

25. Suzin, J.C.; Zeferino, C.A ; Leithardt, V.R.Q. Digital Statelessness. In Proceedings of the New Trends in Disruptive Technologies, s7o
Tech Ethics and Artificial Intelligence; de Paz Santana, J.F,; de la Iglesia, D.H.; L6pez Rivero, A.]., Eds.; Springer International  sso

Publishing: Cham, 2022; pp. 178-189. doi:10.1007 /978-3-030-87687-6_18. 381
26. Muniz, RN.; Stefenon, S.E; Buratto, W.G.; Nied, A.; Meyer, L.H.; Finardi, E.C.; Kiihl, RM.; S4, J.A.S.d.; Rocha, BR.P.d. Tools for se=
Measuring Energy Sustainability: A Comparative Review. Energies 2020, 13, 2366. do0i:10.3390/en13092366. 383
27. daSilva, L.D.L.; Pereira, T.F,; Leithardt, V.R.Q.; Seman, L.O.; Zeferino, C.A. Hybrid Impedance-Admittance Control for Upper sss
Limb Exoskeleton Using Electromyography. Applied Sciences 2020, 10. doi:10.3390/app10207146. 385
28. Righez, FO.; Dela Rocca, G.A.; Arruda, P.A.; Stefenon, S.F. Analysis of Technical and Financial Viability of a Fixed Site Internet  sse
Broadband. Revista Gestdo Inovagdo e Tecnologias 2016, 6, 3537-3552. 387
29. Lopes, H.; Pires, LM.; Sdnchez San Blas, H.; Garcia-Ovejero, R.; Leithardt, V. PriADA: Management and Adaptation of Information  sss
Based on Data Privacy in Public Environments. Computers 2020, 9. doi:10.3390/computers9040077. 389
30. Silva, L.A.; Leithardt, V.R.Q.; Rolim, C.O.; Gonzilez, G.V,; Geyer, C.ER;; Silva, ].S. PRISER: Managing Notification in Multiples 390
Devices with Data Privacy Support. Sensors 2019, 19. doi:10.3390/s19143098. 301
31. Pinto, H.; Américo, J.; Leal, O.; Stefenon, S. Development of Measurement Device and Data Acquisition for Electric Vehicle. Rev. 3oz
GEINTEC 2021, 11, 5809-5822. 303

32. Stefenon, S.E; Furtado Neto, C.S.; Coelho, T.S.; Nied, A.; Yamaguchi, C.K.; Yow, K.C. Particle swarm optimization for de- 3ea
sign of insulators of distribution power system based on finite element method. Electrical Engineering 2022, 104, 615-622. 305
d0i:10.1007 /s00202-021-01332-3. 396

33. Stefenon, S.F; Seman, L.O,; Pavan, B.A.; Ovejero, R.G.; Leithardt, V.R.Q. Optimal design of electrical power distribution grid = se7
spacers using finite element method. IET Generation, Transmission & Distribution 2022, 16, 1865-1876. doi:10.1049/gtd2.12425. 308

34. Stefenon, S.F.; Kasburg, C.; Freire, R.Z.; Silva Ferreira, F.C.; Bertol, D.W.; Nied, A. Photovoltaic power forecasting using wavelet soo
Neuro-Fuzzy for active solar trackers. Journal of Intelligent & Fuzzy Systems 2021, 40, 1083-1096. doi:10.3233/JIFS-201279. 400

35. Turing, A.M. Computing Machinery and Intelligence. Mind 1950, LIX, 433-460. d0i:10.1093/mind /LIX.236.433. 401

36. Tissot, H.C.; Shah, A.D.; Brealey, D.; Harris, S.; Agbakoba, R.; Folarin, A.; Romao, L.; Roguski, L.; Dobson, R.; Asselbergs, EW. 402
Natural Language Processing for Mimicking Clinical Trial Recruitment in Critical Care: A Semi-Automated Simulation Based on 403
the LeoPARDS Trial. IEEE Journal of Biomedical and Health Informatics 2020, 24, 2950-2959. doi:10.1109/JBHI.2020.2977925. 404

37. Zhou, H; Yang, Y;; Ning, S.; Liu, Z.; Lang, C.; Lin, Y.; Huang, D. Combining Context and Knowledge Representations for 4os
Chemical-Disease Relation Extraction. IEEE/ACM Transactions on Computational Biology and Bioinformatics 2019, 16, 1879-1889.  40e
doi:10.1109/TCBB.2018.2838661. 407

38. Kumar, S.A.; Brown, M.A. Spatio-Temporal Reasoning within a Neural Network framework for Intelligent Physical 4o0s
Systems. In Proceedings of the 2018 IEEE Symposium Series on Computational Intelligence (SSCI), 2018, pp. 274-280. 400

do0i:10.1109/SSCI.2018.8628748. 410
39. Nasr, M,; Islam, M.M,; Shehata, S.; Karray, F; Quintana, Y. Smart Healthcare in the Age of AL: Recent Advances, Challenges, and 411
Future Prospects. IEEE Access 2021, 9, 145248-145270. doi:10.1109/ACCESS.2021.3118960. a12

40. Fuadi, D.H.; Novita, D.; Taufik, M. Socially Assistive Robot Interaction by Objects Detection and Face Recognition on Convolu- 413
tional Neural Network for Parental Monitoring. In Proceedings of the 2021 International Conference on Artificial Intelligence and ~ a14
Mechatronics Systems (AIMS), 2021, pp. 1-6. doi:10.1109/ AIMS52415.2021.9466091. 415

41. Kearney, K.T,; Presenza, D.; Sacca, F; Wright, P. Key challenges for developing a Socially Assistive Robotic (SAR) solution for 416
the health sector. In Proceedings of the 2018 IEEE 23rd International Workshop on Computer Aided Modeling and Design of 417
Communication Links and Networks (CAMAD), 2018, pp. 1-7. d0i:10.1109/CAMAD.2018.8515005. 418

42. Sarkar, PP; Tohin, M.A.; Khaled, M.A ; Islam, M.R. Design Process of an Affordable Smart Robotic Crutch for Paralyzed Patients. 410
In Proceedings of the 2019 IEEE International Conference on Robotics, Automation, Artificial-intelligence and Internet-of-Things 420
(RAAICON), 2019, pp. 112-115. doi:10.1109/RAAICON48939.2019.6260845. 421

43. Caliwag, A.; Angsanto, S.R.; Lim, W. Korean Sign Language Translation Using Machine Learning. In Proceedings of the 2018 Tenth 422
International Conference on Ubiquitous and Future Networks (ICUFN), 2018, pp. 826-828. d0i:10.1109/ICUFN.2018.8436747. 423

44. Feng, S.; Yuan, T. Sign language translation based on new continuous sign language dataset. —In Proceedings of the 424
2022 IEEE International Conference on Artificial Intelligence and Computer Applications (ICAICA), 2022, pp. 491-494. 42
doi:10.1109/ICAICA54878.2022.9844468. 426

45. Hossain, S.; Sarma, D.; Mittra, T.; Alam, M.N,; Saha, I; Johora, ET. Bengali Hand Sign Gestures Recognition using Convolutional 427
Neural Network. In Proceedings of the 2020 Second International Conference on Inventive Research in Computing Applications 42s
(ICIRCA), 2020, pp. 636—-641. doi:10.1109/ICIRCA48905.2020.9183357. 420

46. Suardi, C.; Handayani, A.N.; Asmara, R.A.; Wibawa, A.P.; Hayati, L.N.; Azis, H. Design of Sign Language Recognition Using 430
E-CNN. In Proceedings of the 2021 3rd East Indonesia Conference on Computer and Information Technology (EIConCIT), 2021, 431
pp. 166-170. doi:10.1109/EIConCIT50028.2021.9431877. 432

47. Mohameed, R.A.A.; Naji, RM.S.; Ahmeed, A.M.A; Saeed, D.A.A.; Mosleh, M.A.A. Automated translation for Yemeni’s Sign 433
Language to Text UsingTransfer Learning-based Convolutional Neural Networks. In Proceedings of the 2021 1st International Con- 434
ference on Emerging Smart Technologies and Applications (eSmarTA), 2021, pp. 1-5. doi:10.1109/eSmarTA52612.2021.9515741. 435


https://doi.org/10.1007/978-3-030-87687-6_18
https://doi.org/10.3390/en13092366
https://doi.org/10.3390/app10207146
https://doi.org/10.3390/computers9040077
https://doi.org/10.3390/s19143098
https://doi.org/10.1007/s00202-021-01332-3
https://doi.org/10.1049/gtd2.12425
https://doi.org/10.3233/JIFS-201279
https://doi.org/10.1093/mind/LIX.236.433
https://doi.org/10.1109/JBHI.2020.2977925
https://doi.org/10.1109/TCBB.2018.2838661
https://doi.org/10.1109/SSCI.2018.8628748
https://doi.org/10.1109/ACCESS.2021.3118960
https://doi.org/10.1109/AIMS52415.2021.9466091
https://doi.org/10.1109/CAMAD.2018.8515005
https://doi.org/10.1109/RAAICON48939.2019.6260845
https://doi.org/10.1109/ICUFN.2018.8436747
https://doi.org/10.1109/ICAICA54878.2022.9844468
https://doi.org/10.1109/ICIRCA48905.2020.9183357
https://doi.org/10.1109/EIConCIT50028.2021.9431877
https://doi.org/10.1109/eSmarTA52612.2021.9515741
https://doi.org/10.20944/preprints202209.0306.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 d0i:10.20944/preprints202209.0306.v1

14 of 16

48. Zikky, M.; Hakkun, R.Y.; Ainun Rizqi, A.F; Hamid, A.; Basuki, A. Development of Educational Game for Recognizing Indonesian 436
Sign Language (SIBI) and Breaking Down the Communication Barrier with Deaf People. In Proceedings of the 2017 21st 437

International Computer Science and Engineering Conference (ICSEC), 2017, pp. 1-6. doi:10.1109/ICSEC.2017.8443936. 438
49. Stefenon, S.F; Silva, M.C.; Bertol, D.W.; Meyer, L.H.; Nied, A. Fault diagnosis of insulators from ultrasound detection using 43¢
neural networks. Journal of Intelligent & Fuzzy Systems 2019, 37, 6655-6664. doi:10.3233/JIFS-190013. 440

50. Stefenon, S.F; Seman, L.O.; Sopelsa Neto, N.F.; Meyer, L.H.; Nied, A.; Yow, K.C. Echo state network applied for clas- 4a1
sification of medium voltage insulators.  International Journal of Electrical Power & Energy Systems 2022, 134, 107336. aa2
doi:10.1016/j.jjepes.2021.107336. 443

51. Stefenon, S.F; Ribeiro, M.H.D.M.; Nied, A.; Yow, K.C.; Mariani, V.C.; dos Santos Coelho, L.; Seman, L.O. Time series forecasting 4as
using ensemble learning methods for emergency prevention in hydroelectric power plants with dam. Electric Power Systems  aas

Research 2022, 202, 107584. doi:10.1016/j.epsr.2021.107584. 446
52. Ribeiro, M.H.D.M,; Stefenon, S.F; de Lima, ].D.; Nied, A.; Mariani, V.C.; Coelho, L.S. Electricity Price Forecasting Based on 47
Self-Adaptive Decomposition and Heterogeneous Ensemble Learning. Energies 2020, 13, 5190. do0i:10.3390/en13195190. 448

53. Stefenon, S.E; Ribeiro, M.H.D.M.; Nied, A.; Mariani, V.C.; Coelho, L.S.; Leithardt, V.R.Q.; Silva, L.A.; Seman, L.O. Hy- 4
brid Wavelet Stacking Ensemble Model for Insulators Contamination Forecasting.  IEEE Access 2021, 9, 66387-66397. aso

doi:10.1109/ ACCESS.2021.3076410. 451
54. Corso, M.P; Perez, FL.; Stefenon, S.F,; Yow, K.C.; Ovejero, R.G.; Leithardt, V.R.Q. Classification of Contaminated Insulators Using  4s2
k-Nearest Neighbors Based on Computer Vision. Computers 2021, 10, 112. d0i:10.3390/computers10090112. 453

55. Stefenon, S.E; Ribeiro, M.H.D.M.; Nied, A.; Mariani, V.C.; Coelho, L.S.; da Rocha, D.EM.; Grebogi, R.B.; Ruano, A.E.B. Wavelet 4s4
group method of data handling for fault prediction in electrical power insulators. International Journal of Electrical Power & Energy — ass
Systems 2020, 123, 106269. doi:10.1016/j.jjepes.2020.106269. 456

56. Fernandes, F,; Stefenon, S.F; Seman, L.O.; Nied, A.; Ferreira, FC.S; Subtil, M.C.M.; Klaar, A.C.R.; Leithardt, VR.Q. Long 4s7
short-term memory stacking model to predict the number of cases and deaths caused by COVID-19. Journal of Intelligent & Fuzzy — ass

Systems 2022, 6, 6221-6234. doi:10.3233/JIFS-212788. 50
57. Vieira, J.C.; Sartori, A.; Stefenon, S.E.; Perez, EL.; de Jesus, G.S.; Leithardt, V.R.Q. Low-Cost CNN for Automatic Violence aso
Recognition on Embedded System. IEEE Access 2022, 10, 25190-25202. doi:10.1109/ACCESS.2022.3155123. a61
58. Stefenon, S.F; Singh, G.; Yow, K.C.; Cimatti, A. Semi-ProtoPNet Deep Neural Network for the Classification of Defective Power 42
Grid Distribution Structures. Sensors 2022, 22, 4859. do0i:10.3390/s22134859. 463
59. Leithardt, V. Classifying garments from fashion-MNIST dataset through CNNSs. Advances in Science, Technology and Engineering  aea
Systems Journal 2021, 6, 989-994. 65
60. dos Santos, G.H.; Seman, L.O.; Bezerra, E.A.; Leithardt, VR.Q.; Mendes, A.S.; Stefenon, S.F. Static Attitude Determination Using 4ee
Convolutional Neural Networks. Sensors 2021, 21, 6419. do0i:10.3390/s21196419. 467
61. Stefenon, S.F; Freire, R.Z.; Coelho, L.S.; Meyer, L.H.; Grebogi, R.B.; Buratto, W.G.; Nied, A. Electrical Insulator Fault Forecasting 4es
Based on a Wavelet Neuro-Fuzzy System. Energies 2020, 13, 484. doi:10.3390/en13020484. 469
62. Chang, C.H. Deep and Shallow Architecture of Multilayer Neural Networks. IEEE Transactions on Neural Networks and Learning  azo
Systems 2015, 26, 2477-2486. do0i:10.1109/TNNLS.2014.2387439. a1

63. Stefenon, S.F; Freire, R.Z.; Meyer, L.H.; Corso, M.P; Sartori, A.; Nied, A.; Klaar, A.C.R.; Yow, K.C. Fault detection in insulators 472
based on ultrasonic signal processing using a hybrid deep learning technique. IET Science, Measurement & Technology 2020, 473
14,953-961. d0i:10.1049/iet-smt.2020.0083. 474

64. Salazar, L.H.; Fernandes, A.; Dazzi, R.; Garcia, N.; Leithardt, V.R. Using different models of machine learning to predict attendance 475
at medical appointments. Journal of Information Systems Engineering and Management 2020, 5, em0122. doi:10.29333 /jisem /8430.  aze

65. Medeiros, A.; Sartori, A.; Stefenon, S.F.; Meyer, L.H.; Nied, A. Comparison of artificial intelligence techniques to failure 477
prediction in contaminated insulators based on leakage current. Journal of Intelligent & Fuzzy Systems 2022, 42, 3285-3298. 47s

doi:10.3233 /JIFS-211126. a7
66. Sopelsa Neto, N.F,; Stefenon, S.F; Meyer, L.H.; Ovejero, R.G.; Leithardt, V.R.Q. Fault Prediction Based on Leakage Currentin 4so
Contaminated Insulators Using Enhanced Time Series Forecasting Models. Sensors 2022, 22, 6121. d0i:10.3390/s22166121. a81

67. Stefenon, S.F.; Grebogi, R.B.; Freire, R.Z.; Nied, A.; Meyer, L.H. Optimized Ensemble Extreme Learning Machine for Classification 4s2
of Electrical Insulators Conditions. IEEE Transactions on Industrial Electronics 2020, 67, 5170-5178. doi:10.1109/TIE.2019.2926044. a4s3
68. Stefenon, S.F.,; Corso, M.P.; Nied, A.; Perez, FL.; Yow, K.C.; Gonzalez, G.V,; Leithardt, VR.Q. Classification of insulators using 4ss
neural network based on computer vision. IET Generation, Transmission & Distribution 2021, 16, 1096-1107. doi:10.1049/gtd2.12353. 4es
69. Stefenon, S.F; Bruns, R.; Sartori, A.; Meyer, L.H.; Ovejero, R.G.; Leithardt, VR.Q. Analysis of the Ultrasonic Sig- 4se
nal in Polymeric Contaminated Insulators Through Ensemble Learning Methods.  IEEE Access 2022, 10, 33980-33991. 47

doi:10.1109/ ACCESS.2022.3161506. 488
70. Zahraee, S.; Khalaji Assadi, M.; Saidur, R. Application of Artificial Intelligence Methods for Hybrid Energy System Optimization. sse
Renewable and Sustainable Energy Reviews 2016, 66, 617-630. d0i:10.1016/j.rser.2016.08.028. 490

71. Islam, J.; Vasant, PM.; Negash, B.M.; Laruccia, M.B.; Myint, M.; Watada, J. A holistic review on artificial intelligence techniques for o1
well placement optimization problem. Advances in Engineering Software 2020, 141, 102767. doi:10.1016/j.advengsoft.2019.102767.  4e2


https://doi.org/10.1109/ICSEC.2017.8443936
https://doi.org/10.3233/JIFS-190013
https://doi.org/10.1016/j.ijepes.2021.107336
https://doi.org/10.1016/j.epsr.2021.107584
https://doi.org/10.3390/en13195190
https://doi.org/10.1109/ACCESS.2021.3076410
https://doi.org/10.3390/computers10090112
https://doi.org/10.1016/j.ijepes.2020.106269
https://doi.org/10.3233/JIFS-212788
https://doi.org/10.1109/ACCESS.2022.3155123
https://doi.org/10.3390/s22134859
https://doi.org/10.3390/s21196419
https://doi.org/10.3390/en13020484
https://doi.org/10.1109/TNNLS.2014.2387439
https://doi.org/10.1049/iet-smt.2020.0083
https://doi.org/10.29333/jisem/8430
https://doi.org/10.3233/JIFS-211126
https://doi.org/10.3390/s22166121
https://doi.org/10.1109/TIE.2019.2926044
https://doi.org/10.1049/gtd2.12353
https://doi.org/10.1109/ACCESS.2022.3161506
https://doi.org/10.1016/j.rser.2016.08.028
https://doi.org/10.1016/j.advengsoft.2019.102767
https://doi.org/10.20944/preprints202209.0306.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 d0i:10.20944/preprints202209.0306.v1

15 of 16

72. Stefenon, S.F; Seman, L.O.; Schutel Furtado Neto, C.; Nied, A.; Seganfredo, D.M.; Garcia da Luz, E; Sabino, P.H.; Torre- 43
blanca Gonzélez, J.; Quietinho Leithardt, V.R. Electric Field Evaluation Using the Finite Element Method and Proxy Models for 44
the Design of Stator Slots in a Permanent Magnet Synchronous Motor. Electronics 2020, 9, 1975. doi:10.3390/electronics9111975.  aes

73. Kitchenham, B.; Brereton, P. A systematic review of systematic review process research in software engineering. Information and e

software technology 2013, 55, 2049-2075. 407
74. Banijamali, A.; Pakanen, O.P; Kuvaja, P.; Oivo, M. Software architectures of the convergence of cloud computing and the Internet 408
of Things: A systematic literature review. Information and Software Technology 2020, 122, 106271. 490
75. Keele, S.; et al. Guidelines for performing systematic literature reviews in software engineering. Technical report, Technical soo
report, ver. 2.3 ebse technical report. ebse, 2007. 501

76. Junior, M.J.; Maia, O.B.; Oliveira, H.; Souto, E.; Barreto, R. Assistive Technology through Internet of Things and Edge Computing. soz
In Proceedings of the 2019 IEEE 9th International Conference on Consumer Electronics (ICCE-Berlin), 2019, pp. 330-332. =03
doi:10.1109/ICCE-Berlin47944.2019.8966148. 504

77. Chang, W.J],; Yu, Y.X;; Chen, ].H.; Zhang, Z.Y.; Ko, S.J.; Yang, T.H.; Hsu, C.H.; Chen, L.B.; Chen, M.C. A Deep Learning Based sos
Wearable Medicines Recognition System for Visually Impaired People. In Proceedings of the 2019 IEEE International Conference sos
on Artificial Intelligence Circuits and Systems (AICAS), 2019, pp. 207-208. d0i:10.1109/AICAS.2019.8771559. 507

78. Ghazal, M.,; Basmaji, T.; Qasymeh, M.; Salim, R.; Khalil, A. Localized Assistive Scene Understanding using Deep Learning and  sos
the IoT. In Proceedings of the 2019 7th International Conference on Future Internet of Things and Cloud Workshops (FiCloudW), = sos
2019, pp. 53-58. doi:10.1109/FiCloudW.2019.00023. 510

79. Chang, WJ].; Chen, L.B.; Hsu, C.H.; Chen, J.H.; Yang, T.C.; Lin, C.P. MedGlasses: A Wearable Smart-Glasses-Based Drug s
Pill Recognition System Using Deep Learning for Visually Impaired Chronic Patients. IEEE Access 2020, 8, 17013-17024. s12
doi:10.1109/ ACCESS.2020.2967400. 513

80. Rao, S.; Singh, VM. Computer Vision and Iot Based Smart System for Visually Impaired People. In Proceedings of the sis
2021 11th International Conference on Cloud Computing, Data Science & Engineering (Confluence), 2021, pp. 552-556. sis
d0i:10.1109/Confluence51648.2021.9377120. 516

81. Chang, WJ.; Chen, L.B.; Sie, C.Y,; Yang, C.H. An Artificial Intelligence Edge Computing-Based Assistive System si7
for Visually Impaired Pedestrian Safety at Zebra Crossings. IEEE Transactions on Consumer Electronics 2021, 67, 3-11. s1s
doi:10.1109/TCE.2020.3037065. 510

82. Bal, D.; Arfi, AM.; Dey, S. Dynamic Hand Gesture Pattern Recognition Using Probabilistic Neural Network. In Pro- sz20
ceedings of the 2021 IEEE International IOT, Electronics and Mechatronics Conference (IEMTRONICS), 2021, pp. 1-4. sz

d0i:10.1109/IEMTRONICS52119.2021.9422496. 522
83. Su, Y.S.; Chou, C.H,; Chu, Y.L,; Yang, Z.Y. A Finger-Worn Device for Exploring Chinese Printed Text With Using CNN Algorithm  s23
on a Micro IoT Processor. IEEE Access 2019, 7, 116529-116541. doi:10.1109/ACCESS.2019.2936143. 524

84. Yadav, D.K.; Mookheriji, S.; Gomes, J.; Patil, S. Intelligent Navigation System for the Visually Impaired - A Deep Learning szs
Approach. In Proceedings of the 2020 Fourth International Conference on Computing Methodologies and Communication sz2e

(ICCMCQ), 2020, pp. 652-659. doi:10.1109/ICCMC48092.2020.ICCMC-000121. 527
85. Jiang, B.; Yang, J.; Lv, Z.; Song, H. Wearable Vision Assistance System Based on Binocular Sensors for Visually Impaired Users. s2e
IEEE Internet of Things Journal 2019, 6, 1375-1383. doi:10.1109/J10T.2018.2842229. 520

86. Li, T, Yan,Y,; Du, W. Sign Language Recognition Based on Computer Vision. In Proceedings of the 2022 IEEE International Confer- sso
ence on Artificial Intelligence and Computer Applications (ICAICA), 2022, pp. 927-931. do0i:10.1109/ICAICA54878.2022.9844497.  s31
87. Punsara, K.; Premachandra, H.; Chanaka, A.; Wijayawickrama, R.; Nimsiri, A.; Rajitha de, S. IoT Based Sign Language Recognition  ss2
System. In Proceedings of the 2020 2nd International Conference on Advancements in Computing (ICAC), 2020, Vol. 1, pp. sss
162-167. doi:10.1109/ICAC51239.2020.9357267. 534
88. Boppana, L.; Ahamed, R.; Rane, H.; Kodali, R K. Assistive Sign Language Converter for Deaf and Dumb. In Proceedings of sss
the 2019 International Conference on Internet of Things (iThings) and IEEE Green Computing and Communications (Green- sse
Com) and IEEE Cyber, Physical and Social Computing (CPSCom) and IEEE Smart Data (SmartData), 2019, pp. 302-307. ss7
doi:10.1109/iThings /GreenCom/CPSCom /SmartData.2019.00071. 538
89. Al Shabibi, M.A K ; Kesavan, S.M. IoT Based Smart Wheelchair for Disabled People. In Proceedings of the 2021 International Con- s3e
ference on System, Computation, Automation and Networking (ICSCAN), 2021, pp. 1-6. doi:10.1109/ICSCANS53069.2021.9526427.  sa0
90. Javed, A.; Sarwar, M. ur Rehman S, Khan HU, Al-Otaibi YD, Alnumay WS. Pp-spa: privacy preserved smartphone-based sa1
personal assistant to improve routine life functioning of cognitive impaired individuals. Neural Process Lett 2021, 10, 1-18. saz
doi:10.1007 /s11063-020-10414-5. 543
91. Kandoth, A.; Arya, N.R.;; Mohan, P.R.; Priya, T.V.; Geetha, M. Dhrishti: A Visual Aiding System for Outdoor Environment. In  sas
Proceedings of the 2020 5th International Conference on Communication and Electronics Systems (ICCES), 2020, pp. 305-310. sas

d0i:10.1109/ICCES48766.2020.9137967. 546
92. Sharma, S.; Dudeja, R K.; Aujla, G.S.; Bali, R.S.; Kumar, N. DeTrAs: deep learning-based healthcare framework for IoT-based sz
assistance of Alzheimer patients. Neural Computing and Applications 2020, pp. 1-13. doi:10.1007/s00521-020-05327-2. 548

93. Baby, C.J.; Mazumdar, A.; Sood, H.; Gupta, Y.; Panda, A.; Poonkuzhali, R. Parkinson’s Disease Assist Device Using Machine sao
Learning and Internet of Things. In Proceedings of the 2018 International Conference on Communication and Signal Processing  sso
(ICCSP), 2018, pp. 0922-0927. d0i:10.1109/ICCSP.2018.8523831. 551


https://doi.org/10.3390/electronics9111975
https://doi.org/10.1109/ICCE-Berlin47944.2019.8966148
https://doi.org/10.1109/AICAS.2019.8771559
https://doi.org/10.1109/FiCloudW.2019.00023
https://doi.org/10.1109/ACCESS.2020.2967400
https://doi.org/10.1109/Confluence51648.2021.9377120
https://doi.org/10.1109/TCE.2020.3037065
https://doi.org/10.1109/IEMTRONICS52119.2021.9422496
https://doi.org/10.1109/ACCESS.2019.2936143
https://doi.org/10.1109/ICCMC48092.2020.ICCMC-000121
https://doi.org/10.1109/JIOT.2018.2842229
https://doi.org/10.1109/ICAICA54878.2022.9844497
https://doi.org/10.1109/ICAC51239.2020.9357267
https://doi.org/10.1109/iThings/GreenCom/CPSCom/SmartData.2019.00071
https://doi.org/10.1109/ICSCAN53069.2021.9526427
https://doi.org/10.1007/s11063-020-10414-5
https://doi.org/10.1109/ICCES48766.2020.9137967
https://doi.org/10.1007/s00521-020-05327-2
https://doi.org/10.1109/ICCSP.2018.8523831
https://doi.org/10.20944/preprints202209.0306.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 d0i:10.20944/preprints202209.0306.v1

16 of 16

94. Wang, KJ.; Tung, HW.; Huang, Z.; Thakur, P.; Mao, Z.H.; You, M.X. EXGbuds: universal wearable assistive device for disabled ss2
people to interact with the environment seamlessly. In Proceedings of the Companion of the 2018 ACM/IEEE International sss
Conference on Human-Robot Interaction, 2018, pp. 369-370. doi:10.1145/3173386.3177836. 554

95. Kumar, P; Gandhi, U.; Varatharajan, R.; Manogaran, G.; Jidhesh, R. R., J., & Vadivel, T.(2017). Intelligent face recognition and sss
navigation system using neural learning for smart security in Internet of Things. Cluster Computing, pp. 1-12. do0i:10.1007/s10586-  sse

017-1323-4. 557
96. Lee, B.G.; Chong, TW.; Chung, W.Y. Sensor fusion of motion-based sign language interpretation with deep learning. Sensors 2020, sss
20, 6256. d0i:10.3390/s20216256. 550

97. M, S,;Joy, ].; Kuriakose, A.; M B, B.; Babu, A.K.; Kunjumon, M. VIZIYON: Assistive handheld device for visually challenged. seo
Procedia Computer Science 2020, 171, 2486-2492. Third International Conference on Computing and Network Communications  sex
(CoCoNet'19), d0i:10.1016 /j.procs.2020.04.269. s62

98. Hengle, A.; Kulkarni, A.; Bavadekar, N.; Kulkarni, N.; Udyawar, R. Smart Cap: A Deep Learning and IoT Based Assistant for ses
the Visually Impaired. In Proceedings of the 2020 Third International Conference on Smart Systems and Inventive Technology ses
(ICSSIT), 2020, pp. 1109-1116. doi:10.1109/1CSSIT48917.2020.9214140. 565

99. Akbari, Y.;; Hassen, H.; Subramanian, N.; Kunhoth, J.; Al-Maadeed, S.; Alhajyaseen, W. A vision-based zebra crossing detection ses
method for people with visual impairments. In Proceedings of the 2020 IEEE International Conference on Informatics, IoT, and  ser
Enabling Technologies (ICIoT), 2020, pp. 118-123. d0i:10.1109/ICI0T48696.2020.9089622. s68

100. Karkar, A.; Kunhoth, J.; Al-Maadeed, S. A Scene-to-Speech Mobile based Application: Multiple Trained Models Approach. In  ses
Proceedings of the 2020 IEEE International Conference on Informatics, IoT, and Enabling Technologies (ICIoT), 2020, pp. 490-497. sz
doi:10.1109/ICI0T48696.2020.9089557. 571


https://doi.org/10.1145/3173386.3177836
https://doi.org/10.1007/s10586-017-1323-4
https://doi.org/10.1007/s10586-017-1323-4
https://doi.org/10.1007/s10586-017-1323-4
https://doi.org/10.3390/s20216256
https://doi.org/10.1016/j.procs.2020.04.269
https://doi.org/10.1109/ICSSIT48917.2020.9214140
https://doi.org/10.1109/ICIoT48696.2020.9089622
https://doi.org/10.1109/ICIoT48696.2020.9089557
https://doi.org/10.20944/preprints202209.0306.v1

