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Abstract

Driving safety is an important matter that, if violated, can have serious consequences such as injury or even death. Several studies
have shown that fatigue, and the drowsiness that often results from it, has a significant impact on road safety. It is therefore essential
to detect the symptoms of fatigue at an early stage so that appropriate countermeasures can be taken before a dangerous situation
arises.

Various systems can be used to detect fatigue, including those that monitor physiological signals and look for specific patterns
to detect changes and trigger appropriate action if necessary. Mobile systems, which offer greater flexibility, are the focus of some
of these efforts. In order to facilitate a methodological approach in the development of new systems, it is imperative to obtain a
systematic overview within the initial phase. This enables the identification of both established and promising approaches, as well
as the identification of actual gaps that necessitate further research.

The aim of this article is to set out a protocol for the conduct of a systematic review in order to be able to subsequently
carry it out. This includes researching and defining features such as eligibility criteria, selecting appropriate databases, search
strategies and, most importantly, defining the specific research question. The result of this work is a clear and methodologically
prepared summary of the most important points to be considered when conducting the systematic review on the subject of ”Mobile
Physiological Monitoring Systems for Driver Fatigue Detection”.
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1. Introduction

The World Health Organization (WHO) reports that road traffic accidents claim approximately 1.3 million lives
annually [1]. WHO’s analysis further reveals that driver fatigue is responsible for up to 20% of all road accidents,
leading to an estimated 100,000 deaths every year [1]. Drowsiness and fatigue are significant contributors to road
accidents on a global scale. Despite public campaigns raising awareness of the risks associated with fatigued driving,
individual awareness, and self-regulation often fall short. Anyone can be vulnerable to fatigued driving due to insuffi-
cient sleep, physical changes, mental state [2], extended monotonous drives, night shifts, or untreated sleep disorders
[3, 4]. Additionally, drowsiness symptoms such as microsleeps—brief, involuntary lapses of attention—may occur
unnoticed by drivers, heightening accident risks.

Developing and implementing mobile drowsiness detection methods could transform road safety; thus, researching
driver drowsiness detection remains vital for enhancing road traffic safety and is a dynamic research domain [5, 6].
Mobile detection systems can provide real-time alerts about drowsiness signs, encouraging drivers to rest or take
necessary actions. Substantial research is required to create reliable and effective mobile drowsiness detection systems,
necessitating significant investment. Current drowsiness detection methods vary in reliability, with many untested in
real-world settings, typically assessed through driving simulations.

Detection systems are usually based on measuring drowsiness through vehicle-based, behaviour-based, or
physiology-based metrics [7]. An effective real-time drowsiness detection system could diminish drowsy driving
incidents, but existing solutions face methodological limitations [8]. Recent literature explores developments ranging
from traditional sensor-based systems to those integrating artificial intelligence models for fatigue detection, ranging
from conventional sensor applications with classic data processing to comprehensive systems utilizing sensors, AI
model predictions, and actuator responses, such as alarms for sleeping drivers [9].

For instance, a system in [10] determines drowsiness using biological data from PPG and GSR sensors on the wrist
and motion data from a smartwatch’s accelerometer and gyroscope. In [11], a feasible system detects drowsiness
based on heart rate assessments, while in [12], a real-time system uses EEG signals via a smartphone. There are also
other systems that enable convenient measurement of the heart signal. [13]. Also deep learning drowsiness detection
models are being used, such as in [4], where a model is developed using a yawning behaviour dataset, entailing data
collection, model training, fine-tuning, and performance evaluation. Generally, these deep learning solutions offer
accurate, real-time, and non-intrusive driver drowsiness detection through mobile applications [14, 15]. For example,
in [10], biosignals and driver behaviour are combined for enhanced detection accuracy.

Overall, given the existing varied solutions and lack of a standard consensus, further research on mobile drowsiness
detection is essential. Such research should validate and improve existing methods while exploring optimal alert
systems that neither distract nor discomfort drivers. This protocol of a systematic review aims to prepare the basis
for thorough survey on the current algorithms and technologies applied in mobile drowsiness detection for drivers.
To achieve this, the exact planning of a review with main and specific guiding research questions were formulated to
allow a scientifically based review process to be prepared.

2. Materials and Methods

This section describes the structured approach used to develop the protocol for a systematic review of mobile
physiological monitoring systems for the detection of driver fatigue. The methodology ensures clarity, transparency
and reproducibility in accordance with established standards for systematic literature reviews.

2.1. Framework for the review

The review follows a protocol-based structure guided by established guidelines such as PRISMA (based on the
’PRISMA 2020 Declaration’) [16]. The methodology provides a formal basis for defining the scope, identifying
sources, formulating database-specific queries and conducting a systematic selection and analysis process. This struc-
tured approach ensures that the planned review can be carried out in a rigorous and consistent manner.
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2.2. Selection of sources and development of the search strategy

The selection of bibliographic databases should reflect the interdisciplinary nature of the topic and combine per-
spectives from computer science, biomedical engineering and physiological signal analysis. The search strategy is
based on a set of topic-relevant keywords adapted to the syntax and indexing characteristics of each database [17].
This ensures that high quality and relevant publications are found. Conducting the search within a limited time frame
serves to ensure consistency and minimise discrepancies in the dataset.

2.3. Workflow design and tools

The methodology defines a multi-stage workflow that accompanies the review process from reference import to
data synthesis. It specifies the use of reference management software to organise data sets and support the screening
process. Manual filtering is used to ensure the correct interpretation of the relevance and quality of studies. Standard-
ised forms ensure consistency across publications and facilitate downstream analysis.

2.4. Synthesis approach

The methodology includes both qualitative and quantitative synthesis techniques. It should specify the use of open
source tools for processing and visualising the extracted data. Methods of visualisation and clear presentation to the
reader should be defined based on a review of existing approaches. Where the homogeneity of the data allows, further
statistical analyses may be carried out to investigate trends, correlations or methodological variations between studies.

3. Results

Based on the approach described in Section 2, the definition of the main parameters for the conception of the
systematic review was carried out. This provides the basis for the start with the next step of the review process, its
execution, which can be done by following the suggested methodology presented in this section. To provide a clear
structure of the article, Results section is divided into several subsections that address specific points.

3.1. Research Question definition

First, after the preliminary research on the state of the art and identification of current gaps, the research question
to be addressed in the review was defined to create the general scope of the planned work:

• What degree of effectiveness do mobile devices have when it comes to avoiding driver fatigue?

This provides a clear basis for the definition of the next parameters.

3.2. Additional Review Questions

In addition, further questions were formulated to be addressed as part of the review performed. This allows one to
create a clear structure of the planned work and ensure the handling of all the main points avoiding the risk of missing
some of them or getting a dis-balanced outcome.

• What are the main requirements for the implementation of mobile device to detect driver fatigue?
• Is there a way to detect driver fatigue with a reduced set of physiological parameters (signals from the driver)?
• How often are Machine Learning algorithms used to detect driver fatigue with mobile devices?
• Does the data analysis take place on the devices, or is the data sent to the cloud for data processing purposes?
• How invasive are the mobile devices for preventing driver fatigue?
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3.3. Eligibility Criteria

Following, the defined eligibility criteria is listed for both inclusion and exclusion criteria, providing a clear infor-
mation on the selection of the articles to be included in the review.

Inclusion criteria

• Study type: results of testing required systems and technologies at home, labs or in nursing houses, research
journal articles, and conference publications.
• Population: subjects who was participated in trials on implementation for mentioned systems or devices.
• The document must have been published in a peer review format.
• The approach and system should have been implemented and tested at least at the level of prototype.
• The system should have been developed for human measurements (not for animal)
• Include randomized controlled and clinical trials, research and review articles along with clinical guidelines.

Exclusion criteria

• Book chapters, white papers, editorial, and perspectives.
• Papers are not in English.
• Only the concept has been presented without any validation.
• Studies are not related to devices and systems for avoiding driver fatigue.
• Studies of which the publication dates are older than 5 years when the systematic review is performed.
• Studies which are not focused on the devices and systems for avoid driver fatigue.
• Published data are not available.

As illustrated in Table 1, the eligibility criteria have been summarised in a clear and concise manner.

Table 1: Eligibility Criteria Matrix for Systematic Review

Inclusion Criteria ✓ Exclusion Criteria X
Studies with systems tested in home, lab, or nurs-
ing settings (journal articles, conference papers)

✓ Book chapters, white papers, editorials X

Studies with human subjects in fatigue detection
trials

✓ Non-English publications X

Peer-reviewed publications (research articles,
conference papers)

✓ Concept papers without validation X

Studies with systems tested at prototype level or
higher

✓ Studies not related to driver fatigue detection sys-
tems

X

Randomized controlled trials, clinical trials, re-
views

✓ Studies older than 5 years at review time X

Human measurement-based systems (not animal
studies)

✓ Published data unavailable X

3.4. Information Sources

Following a comprehensive analysis of the relevant scientific databases, it was determined that the following
databases would be utilised for the collection of data:

• IEEE Xplore - being an extensive leading database for high-quality technical literature in electrical engineering
and computer science, offering critical insights into sensor technologies and algorithm development, including
the review domain.
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• PubMed - due to its comprehensive coverage of medical, biomedical and health-related literature, which is
essential for identifying available studies involving physiological parameters relevant to the domain of driver
fatigue detection.
• ScienceDirect - for its comprehensive collection of peer-reviewed journals in engineering, computer science,

and health sciences, facilitating the retrieval of interdisciplinary studies on mobile technologies and fatigue
monitoring.

3.5. Search Strategy

To perform a comprehensive research, first, a time period for the search must be defined. Ideally, it should not be
longer than one month to avoid inconsistency. Search queries should include the main keywords and be adapted to the
selected databases. The keywords specified during the preparatory work to address the defined research question are
as follows:

• mobile device,
• driver fatigue,
• detection,
• prevention,
• monitoring.

The suggested corresponding queries for the selected databases are as follows:

• for PubMed: (”mobile device”[TITLE] OR ”portable”[TITLE] OR “driver”[TITLE] OR “fatigue”[TITLE])
AND (driver fatigue OR sleepiness) AND (”detection” OR ”diagnosis” OR ”monitoring).
• for IEEE Xplore Digital Library: (((”Document Title”:”mobile device” OR ”Document Title”:”portable” OR

”Document Title”:”device” OR ”Document Title”:”ambulatory”) AND (”Full Text Only”:diagnosis OR ”Full
Text Only”:monitoring OR ”Full Text Only”:detection) AND (”Full Text Only”:”driver fatigue” OR ”Full Text
Only”:”sleepiness”))).
• for ScienceDirect: (TITLE(”mobile device”) OR TITLE(”portable”) OR TITLE(”device”) OR TI-

TLE(“ambulatory”)) AND (“driver fatigue” OR “sleepiness”) AND (detection OR diagnosis OR monitoring).

In the first step, the articles collected from the databases according to the defined queries are to be processed.
The records should be downloaded in a text format and then removing duplicates should be performed. The detailed
description of the further selection process is described in the next subsection.

3.6. Selection Process and Data Extraction

After performing the bibliographic searches, a reference management software is recommended to be used to
save, review, and select the manuscripts that will be analysed inline with the study. For this, several steps are to be
performed:

1. Initially, duplicates are to be identified and eliminated.
2. The next step is to select the suitable publications from the list of the remaining ones, first by their titles and their

abstracts to check them according to the eligibility criteria.
3. As next step, the subset of remaining scientific papers should be read diagonally and all publications that were

not related to the topic and do not conform to inclusion criteria should be eliminated.
4. Finally, a complete reading of all remaining publications is to be performed.

The flow of the selection process can be visualised as illustrated in Figure 1.
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Identification (Database Search: IEEE, PubMed, ScienceDirect)

Screening (Title and Abstract Review)

Eligibility (Diagonal Reading and Full-text Assessment)

Inclusion (Final Studies for Review)

Fig. 1: PRISMA-like Flowchart for Systematic Review Process

During the full reading, a predefined form has to be filled in with the relevant publication data (manually by a
researcher). The defined form fields are as follows:

• publication name,
• year of publication,
• measured parameters,
• number of subjects,
• type of device.

An additional form should be filled out for those publications that did not deal directly with the development of a
system for the detection of stress in drivers, but contain relevant information to carry out the systematic review. This
form is suggested to include the following fields:

• author,
• year,
• objective,
• type of publication.

3.7. Synthesis Methods

After the final selection of manuscripts to be analyzed, statistical analysis has to be performed as the next step.
For this, e.g. Python programming language libraries (such as NumPy, Pandas, Seaborn, Matplotlib and SciPy) can be
used. The use of visualizations/figures is highly recommended to improve the understanding of the results obtained
from this systematic review. Where possible, statistics are to be presented to explain relevant information collected
during the systematic review. The use of tables to represent the outcomes is encouraged to keep the clear overview
and structure. To reduce bias and improve reliability, it is recommended to perform an independent review by multiple
researchers, with discrepancies resolved by consensus. All selection and extraction steps should be documented in a
reproducible manner, which supports the verifiability of the entire process.

3.8. Additional recommendations

To reduce bias and improve reliability, it is recommended to perform an independent review by multiple re-
searchers, with discrepancies resolved by consensus. All selection and extraction steps should be documented in a
reproducible manner, which supports the verifiability of the entire process.

In summary, the developed protocol is outlined in Table 2, which provides a concise overview of the primary
defined parameters.
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Table 2: Summary of Systematic Review Parameters

Component Description
Primary Research Ques-
tion

What degree of effectiveness do mobile devices have in avoiding driver
fatigue?

Additional Questions Requirements for implementation, signal reduction possibilities, use of
machine learning, data processing location (local/cloud), invasiveness
of systems.

Inclusion Criteria Peer-reviewed studies; tested systems or prototypes; human partici-
pants; publications within the last 5 years; randomized trials and re-
views.

Exclusion Criteria Non-English publications; non-peer-reviewed documents; animal stud-
ies; conceptual-only publications without validation; unrelated to fa-
tigue prevention; missing data.

Databases IEEE Xplore, PubMed, ScienceDirect
Search Terms (Core) Mobile device, driver fatigue, detection, monitoring, prevention
Search Strategy Adapted search strings per database; defined time frame (max. 1

month); combination of title and content-based keyword matching.
Selection Process Duplicate removal → title/abstract screening → diagonal reading →

full-text analysis→ inclusion.
Data Extraction Fields Publication name, year of publication, measured parameters, device

type, number of subjects, processing method (local/cloud).
Secondary Data (if appli-
cable)

Author, year, publication type, objective (for indirectly relevant but in-
formative studies).

4. Discussion

The systematic review protocol presented in this article provides the basis for a structured and comprehensive
analysis of mobile physiological monitoring systems for the detection of driver fatigue. The clearly formulated primary
and secondary research questions ensure that the most important technical, methodological and practical aspects are
addressed. The inclusion and exclusion criteria are defined in accordance with standard practice for evidence-based
reviews and allow for an objective and reproducible selection process.

In particular, the focus on mobile devices and reduced physiological parameter sets reflects the growing demand
for unobtrusive real-time monitoring solutions that can be seamlessly integrated into the driving environment. The
inclusion of sub-questions on machine learning highlights the growing importance of intelligent signal processing
techniques in this area. Furthermore, the consideration of data processing strategies (on-device or in the cloud) and
invasiveness emphasises both technological feasibility and user acceptance - key factors for real-world deployment.

The selected databases cover the relevant interdisciplinary field of the topic, ranging from engineering and com-
puter science to biomedical applications. The search strategy and the defined keyword combinations are suitable
for capturing the relevant literature corpus. consistency. Overall, the proposed protocol demonstrates methodologi-
cal rigour and provides a transparent framework for conducting the subsequent review, allowing the identification of
current gaps, prevailing methods, and emerging trends in the field.

5. Conclusion

This article presents a systematic and methodologically robust protocol for the review of mobile physiological
monitoring systems for the detection of driver fatigue. By clearly defining the research objectives, inclusion/exclusion
criteria, data sources and extraction strategies, the basis for an objective and reproducible review process was estab-
lished.
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The resulting synthesis should provide valuable insights into current technologies, their effectiveness and potential
areas for further research and development. The results of the subsequent systematic review will support the devel-
opment of advanced, user-friendly fatigue detection systems and ultimately contribute to improved road safety. The
findings from this research are also applicable to other systems that i.e. investigate the relationship between personality
traits and their effects on driving and stress [18], thus facilitating the exploration of additional influencing factors.
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