Identification of research trends associated with image
capture using machine learning

Eduar Antonio Rodriguez Flores?, Luis Fernando Garcés
Giraldo2*, Alejandro Valencia-Arias3, Juan Camilo Patifo-
Vanegas#, Hernan Uribe4, Marianella Alicia Suarez

Pizzarello!, Conrado Giraldo Zuluaga®
1Direccion de Investigacion e Innovacion, Universidad Autonoma del Perd, Villa El Salvador,
Lima, Peru
2Escuela de Posgrados, Universidad Continental, Huancayo, Peru
3Vicerrectoria de Investigacion y Postgrado, Universidad de Los Lagos, Osorno, Chile
4Instituto Tecnoldgico Metropolitano, Medellin, Antioquia, Colombia
SUniversidad Pontificia Bolivariana, Medellin, Antioquia, Colombia
10RCID: https://orcid.org/0000-0003-0807-6686 | Email: eduar.rodriguez@autonoma.pe
20RCID: https://orcid.org/0000-0003-3286-8704 | Email: Igarces@continental.edu.pe
30RCID: https://orcid.org/0000-0001-9434-6923 | Email: javalenciar@gmail.com
40RCID: https://orcid.org/0000-0002-8334-9296 | Email: juanpatino@itm.edu.co
40RCID: https://orcid.org/0000-0003-3322-4310 | Email: hernanuribe@itm.edu.co
10RCID: https://orcid.org/0000-0002-2793-2268 | Email: marianella.suarez@autonoma.pe
S0RCID: https://orcid.org/0000-0003-1885-9158 | Email: conrado.giraldo@upb.edu.co

*Corresponding Author: Luis Fernando Garcés Giraldo | Email: |garces@continental.edu.pe
Abstract
Image recognition and capture has evolved over the years. From capturing a moment through analog black
and white cameras, to detecting objects and motion through the implementation of sensors in different
contexts. Currently, image capture devices use different machine learning techniques for motion detection
or object recognition in different sectors such as mobility, agriculture, climate, security, among others. Given
the diversity of applications of image capture, this research aims to analyze research trends in the
application of machine learning in image capture devices in order to guide the planning of future studies.
This is done through bibliometrics using the PRISMA2020 decision. As a main result, it was found that since
2020 interest in research on this topic has been increasing. In addition, it is concluded that computer vision
and object detection are emerging research topics in which future lines of research can be framed.
Keywords: image acquisition; machine learning; PRISM; sensors; Object detection.
Graphical abstract




199/ Journal of Daoist Studies 19-5s (2026)

Introduction

Image capture devices have gone through various processes and changes that have allowed them to make
great strides in the quality of the images captured and in the final application that can be obtained. In
principle, the main purpose of image capture was to record historical moments. In this way, towards the
nineteenth century, photography changed the way in which the image related to the subject portrayed,
breaking with the belief of a constant control of the author in the creation of the image, demonstrating that
the influence of nature was also fundamental in this process [1]

Today, digital photography has undergone a remarkable technological advance, moving from analog
cameras to high-resolution, low-cost digital cameras. Currently, there are several devices with integrated
cameras for image capture and even motion capture. Camera-based object detection is widely used in many
fields, including autonomous driving, transportation, robotics, and even medicine. Moreover, today's
cameras are not only used to capture flat images, but also to capture video, i.e., motion. For video captured
by a moving camera, motion detection is relatively difficult because the movement of the camera and the
movement of the object are mixed. [2] [3] [4]

Today, however, with the emergence of new technologies and advances in software, various features of
objects can be identified based on images captured by camera hardware using an object detection algorithm.
In this way, computer vision and deep learning methods have been studied and applied, allowing not only
the correction of the image, but also the adjustment of technical characteristics for air, agricultural, traffic
applications, among others. In this sense, video event detection requires first detecting and tracking objects,
and then recognizing what is happening around the tracked objects. Therefore, detecting and tracking
moving objects play an important role in intelligent surveillance. [3] [5] [6] [4]

When object segmentation is applied to this type of video, the shapes of moving objects are not effectively
segmented or detected. Recently, Ferone and Maddalena proposed neural background subtraction for the
detection of moving objects in video sequences captured by a pantiltzoom (PTZ) zoom camera. In this
algorithm, the background model automatically adapts to variations in the background of the scene that
may occur in a typical stationary camera setup or due to PTZ camera movement. However, the center of a
PTZ camera (or a camera on a turntable) is still fixed, unlike the center of a moving camera. Therefore,
background subtraction would fail for scenes captured by a moving camera. [7] [4] [4]

With this type of technology, the use of these devices has emerged as a potential market in the surveillance
and security sector. Therefore, the growing demand for security has led to more research on intelligent
surveillance. Smart surveillance has a wide range of applications, such as moving object detection, object
tracking, motion segmentation, object classification and identification, event detection, and behavioral
understanding and description. The analysis and interpretation of video sequences captured by cameras is
an active area of research. Many applications in this area require the initial detection of moving objects in a
scene. [8], [9] [10], [11] [12], [13] [14] [15] [16]

However, the surveillance and security industry is not the only one using this type of technology. For
example, one of the applications mentioned is the use of cameras as sensors in different contexts. One such
application uses spectral index and machine learning to detect harmful algal blooms in water. RGB color
sensors have proven themselves over the past four decades as fast, economical, and easy-to-use non-
invasive devices for quality assessment in the agricultural and food sectors. [17] [6] [18], [19]

Among these sensors, charge-coupled device (CCD) cameras and flatbed scanners are cost-effective
technologies capable of detecting the morphological characteristics of materials, the former being more
common for CCD camera applications and providing a large number of frames per second (fps), which is
ideal for monitoring various external attributes in industrial environments. Flatbed scanners produce still
images that are suitable for developing models for off-line quality assessment of food products. Numerous
studies have investigated the possibility of identifying plant varieties or species based on morphological
characteristics using color-based imaging. [20] [21] [20]
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Novel devices have also been used in the mobility sector, where advanced sensors, such as cameras, radars,
and LiDAR, have been considered to monitor traffic and provide more detailed information, such as the
number, location, and speed of vehicles, to make more informed decisions at traffic intersections. Examples
include Sydney Coordinated Adaptive Traffic (SCATS), Split Cycle Time Optimization and Compensation
(SCOOT) Technique, Effective Real-Time Distributed Hierarchical Optimization System (RHODES),
experience with adaptive signal control in Germany, and Intelligent Traffic Congestion Control System.
Among these advanced sensors, camera-based systems can provide detailed information about traffic
conditions cost-effectively thanks to relatively inexpensive camera modules. [22] [23] [24] [25] [26] [3]
Another interesting application of cameras in traffic monitoring and prediction is the detection of drunk
driving. This, for the configuration of ignition interlock devices that analyze the driver's alcoholic breath,
using a machine learning system to detect drunk drivers based on driver monitoring cameras already
integrated into modern vehicles. [27]

On the other hand, there are vision sensors, which are popular in the welding industry because they have
the advantages of non-contact, high speed, and large amount of information Robotic vision approaches are
mainly divided into active and passive methods Weld bead segmentation based on the passive method
usually captures the image of the weld with a CCD camera and then segments the bead into the image [28],
[29] [29] [30]

There is also the use of imaging devices for meteorological applications: Sky cameras are devices that
provide a hemispherical view of the sky with a temporal resolution that can be less than a minute. The
investigations that can be carried out with the camera are very broad and diverse, ranging from cloud
detection to aerosol characterization. The most important applications are: optical analysis of aerosol depth,
cloud identification and classification, solar resource assessment, and estimation of the three components
of solar radiation (global, direct, and diffuse) for which digital image levels have been used. [31] [32], [33]
[34], [35] [36] [37]

But satellite remote sensing has not only been used for meteorological applications, new imaging
applications have also been generated as a new method to assess water stress in crops. Different satellite
platforms have different spatial and temporal resolutions of thermal imagery, such as MODIS, ASTER,
GOES, AATSR, SEVIRI, and Landsat. Remote sensing platforms have been used for various applications in
agriculture, including surface energy balance estimation of vegetation monitoring, soil moisture
measurements, crop water stress detection, and yield estimation. However, its low spatial resolution and
long revisit times, mixed pixels, and cloudy weather conditions limit its usefulness for precision agriculture
or small farms [38] [39] [40] [41] [42] [43]

In this sense, images are generally considered as discrete pixels and are mathematically rearranged into a
two-dimensional matrix (number of pixels x number of bands) when using Continuous Machine Learning
(CML) models. The internal processing of a CML model is also done at the pixel level according to a set of
sophisticated rules. The positional relationship of the pixels is implicit in the matrix, while the CNN model
operates directly on the three-dimensional tens (height x width x bands), making the most of the
information in the neighborhood. A CNN generally refers to a class of deep networks that use many
convolutional kernels to extract feature maps at different levels [6] [6] [6]

In this way, the various advances and machine learning tools applied to image acquisition devices have
made it possible, for example, to use fixed cameras as an auxiliary tool for real-time monitoring and alarms,
which has facilitated the use of these cameras in applications such as the detection of illegal fishing
activities. In addition, cameras are usually mounted at low heights, surveillance cameras for environmental
monitoring and ecological protection, detection of ordinary objects among others. [6] [6] [17], [44] [6]
However, one of the challenges of vision-based methods is image processing, such as edge detection, image
filtering, and light fringe extraction. Structured. This is because the correction mechanism is essential to
guarantee the accuracy and reliability of the results obtained by capturing the images. [45] [46], [47] [48],
[49] [49], [50] [51]
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One of the biggest challenges, for example, in the application of such technologies in the agricultural sector
is temperature correction, which generally includes sensor calibration, environmental calibration, and
radiometric corrections. In recent years, artificial intelligence (AI) methods have been widely used to
improve detection accuracy through the use of reinforcement learning, deep learning, and machine learning
(ML). These approaches have shown promise for improving the accuracy and reliability of thermal data.
However, extensive field-scale studies are still needed to fully understand the accuracy of thermal sensors.
[51] [52] [53] [54] [51]

In this way, the application of bibliometrics makes it possible to identify areas that require further research
and development, and provides an overview of the most common trends and approaches in the application
of machine learning in image capture. Consequently, the main objective is to analyze research trends in the
application of machine learning in image capture devices in order to guide the planning of future studies.
To this end, the following research questions are posed:

PI1: What are the years in which there has been more interest in applying machine learning to vision
devices?
PI2: What kind of growth is there in the number of scientific papers on the use of machine learning in
imaging devices?
PI3: What are the main research references on the use of machine learning in imaging devices?
PI4: What is the thematic evolution derived from scientific production on the use of machine learning in
devices for image capture?
PI5: What are the main thematic groups on the use of machine learning in image capture devices?
PI6: What are the growing and emerging keywords in research on the use of machine learning in imaging
devices?
PI7: What topics are positioned as protagonists for the design of a research agenda on the use of machine
learning in image capture devices?
Therefore, the article is divided into several sections. Firstly, there is the methodological section, which
describes how the study was carried out, the sources of information used, the results obtained and the
subsequent discussion. Next, the identified research gaps are addressed and a research agenda is proposed.
Finally, the main conclusions are presented.

1. Materials and methods
2.1. Inclusion criteria
In this bibliometric study, the parameters of the PRISMA 2020 declaration were applied to carry out the
selection of relevant articles on Image Capture through Machine Learning. Two inclusion criteria were
established: firstly, titles and keywords, considered as the main metadata, and secondly, those documents
that contain the specific combination between Image Capture and Machine Learning, together with their
different citation modes. [55]
On the other hand, during the exclusion process, three phases were carried out in order to guarantee the
quality and relevance of the records included in the analysis. In the first phase, all records with erroneous
indexing were excluded. In the second phase, documents without access to the full text were excluded,
although this phase was only applied to systematic reviews of the literature. It is worth mentioning that in
this bibliometric analysis only the metadata of the documents were evaluated. Finally, in the third stage of
exclusion, conference proceedings, non-relevant texts and documents with incomplete indexing
information were discarded. These exclusion stages ensured the integrity and coherence of the results
obtained in this bibliometric research.
2.2. Sources of information
It was decided to use the Scopus and Web of Science databases, which are considered two of the most
important and recognized sources of scientific information today. These databases have gained prominence
due to their broad multidisciplinary coverage, which includes a wide range of scientific journals,
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conferences, technical reports, and other types of relevant academic literature. In addition, both Scopus and
Web of Science offer advanced search tools and bibliometric data extraction options that facilitate the
analysis and comparison of scientific production in the field of study. For the integration and comparison
of data between the two databases, a user-friendly method was used, as described in the work of Caputo
and Kargina The choice of these two databases ensures a thorough collection of relevant and reliable
information to perform a solid and complete bibliometric analysis in this area of research. [56]

2.3. Search strategy

Two specialized search equations were developed, adapted to the previously defined inclusion criteria, as
well as to the search peculiarities of the two selected databases. These search equations were designed to
optimize the retrial of relevant scientific studies and to ensure the integrity of the search in both databases.
In this way, a rigorous and complete search is guaranteed, allowing a complete and up-to-date view of the
state of research in the field of image acquisition through the use of machine learning techniques. In this
sense, we have the following specialized equations:

For the Scopus database: ( ( TITLE ( camera ) AND TITLE ( "machine learning" ) ) OR ( AUTHKEY ( camera
) AND AUTHKEY ( "machine learning")))))

For the Web of Science database: ( ( TI= ( camera ) AND TI= ("machine learning") OR ( AK = ( camera ) AND
AK = ("machine learning" ) ))))

d) Data Management

In this research, the Microsoft Excel® tool was used to extract, store and analyze the information obtained
from each of the selected databases. Likewise, both the free software VOSviewer® and Microsoft Excel®
were used to visualize and graphically represent the different bibliometric indicators. It is important to note
that VOSviewer® is a widely recognized tool in the scientific field for bibliometric analysis and data
visualization. In this sense, the study of the bibliometric analysis of chemical systems of agricultural soils
using VOSviewer® was a relevant reference for the application of this methodology in the present research.
With the use of these tools, it would be possible to rigorously and thoroughly analyze the scientific
production in the field of image acquisition using machine learning, providing a complete and updated
view of trends and advances in this field of study. [57]

2.4. Selection process

It is essential to mention whether an internal automatic classifier was used to support the selection process
and whether an internal or external validation was carried out to assess the risk of missing studies or
misclassification, as specified in the PRISMA 2020 statement and highlighted in the work of In this context,
in the present bibliometric study on machine learning image acquisition, Microsoft Excel-based®
automation tools were used as an internal tool. These tools were jointly developed by all the researchers in
the study, who then used them independently to apply the established inclusion and exclusion criteria. This
approach was adopted to reduce the risk of loss of studies or misclassifications by promoting convergence
of the results obtained. The use of these internal tools ensured a thorough and accurate evaluation of
relevant scientific papers, thus ensuring the reliability and consistency of the bibliographic selection
process. [55]

2.5. Data collection process

In this study, the automation tool used for this purpose was Microsoft Excel®. All authors of this work
independently performed the role of reviewers to validate the information extracted from the reports
obtained from the two selected databases. A collective data confirmation process was carried out, where an
exhaustive and rigorous review was carried out until an absolute convergence of results was achieved. It is
also worth noting that the data extraction and confirmation process did not require direct collaboration
with the investigators of the included studies, as the relevant information was available in the reports and
could be effectively extracted and validated using the automation tool provided by Microsoft Excel®. This
approach ensured consistency and reliability in the data collection process and provided a solid foundation
for bibliometric analysis in the field of machine learning image acquisition. [55]
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2.6. Data Elements

In this bibliometric study on image processing in machine learning, we searched for all the results relevant
to the research objectives, which meant following the specific search equations designed for each database.
That is, all the articles that mentioned the topic of interest were included. However, if in any case missing
or unclear information was found in the texts, these articles were excluded under the category of "non-
relevant texts" to ensure consistency and coherence with the purpose and scope of the study. of the study.
In this way, it was ensured that only those works that contributed to the understanding of the knowledge
base on image capture using machine learning were included, and that the inclusion of incomplete or
unclarifying information was avoided.

2.7. Assessment of study risk of bias

A thorough risk of bias assessment of the included studies was carried out to ensure the reliability and
completeness of the results obtained. To this end, all the authors of this study actively participated in the
data collection process using the automated tool Microsoft Excel®. Similarly, the assessment of risk of bias
was carried out jointly and collaboratively by all authors, who independently assessed each included study.
The use of the automated tool provided by Microsoft Excel® allowed for a systematic and standardised
assessment of risk of bias in each study, thus ensuring the quality and consistency of the results. This robust
and rigorous methodological approach guaranteed that the bibliometric analysis was carried out objectively
and with high scientific integrity, which strengthens the validity and solidity of the present research.

2.8. Impact measures

The measures of effect used in the synthesis or presentation of the results obtained are specified according
to the needs. While these measures are more common in primary research, in the present research, which
is based on secondary sources of research, we focus on the analysis of different bibliometric indicators.
These included the number of publications on the topic, the number of citations received by each article,
and the timing of the use of keywords in the titles and abstracts of the publications. To perform this analysis,
tools such as Microsoft Excel® were used for data collection and processing, and VOSviewer® to determine
thematic associations and visualize the nodes in the field of study. These bibliometric approaches allowed
us to study the temporal evolution and relevance of the topics, as well as to identify the relationships and
connections between the different scientific works related to image capture using machine learning.

2.9. Synthesis methods

In the development of bibliometrics on machine learning image capture, several processes were used to
select the eligible studies for each synthesis. The intervention characteristics of each study were tabulated
and compared with the groups intended for synthesis. In addition, methods were applied to prepare data
for presentation or synthesis by imputing missing summary statistics or performing data conversions where
necessary. Bibliometric tools of quantity, quality, and structure, as described in the study work, were used
to tabulate and visually present the results of the individual studies and syntheses. These bibliometric
indicators were applied automatically using Microsoft Excel® to those documents that passed the three
previously established exclusion phases. This rigorous and systematized methodological approach allowed
obtaining a detailed and objective vision of the scientific production in the field of study and facilitated the
clear and understandable presentation of the results obtained. [58]

2.10. Assessment of reporting bias

It is important to consider the risk of bias due to lack of results in a synthesis, which can arise from reporting
bias. In the present study, there is the possibility of bias towards certain synonyms found in thesauri such
as the IEEE, which is reflected in the inclusion criteria, the search strategy, and the data collection itself. In
addition, by limiting inclusion to conference proceedings and excluding non-relevant texts and documents
with incomplete indexing, valuable information could be omitted for the complete construction of
knowledge on the topic. Identifying and understanding this risk of bias is essential for the correct
interpretation of bibliometric results and for a critical and reliable evaluation of scientific production in the
field of image processing using machine learning.
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2.11. Assessment of certainty
In the context of machine learning imaging, it is important to address the method used to assess the certainty
or confidence in the body of evidence of the results obtained. Unlike primary studies, where certainty is
assessed on an individual basis, this literature review carries out an overall assessment of certainty. This is
achieved through the independent application of inclusion and exclusion criteria and the definition of
bibliometric indicators. In addition, the report of the possible biases defined in the methodological design
is considered and the limitations of the study in the discussion phase are mentioned. This approach allows
us to obtain a more complete and objective view of the body of evidence in the field of study, ensuring a
critical and reliable evaluation of scientific production in relation to machine learning image acquisition.
Similarly, I:_igge 1 presents the recommended flowchart in PRISMA2020.
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Figure 1. PRISMA flowchart. Own elaboration based on Scopus and Web of Science
This diagram shows the identification phase, product of the application of the search strategy in both
databases, as well as the elimination of duplicates. Then the three phases of exclusion and finally the 343
documents that were finally analyzed.

2. RESULTS
First, the annual scientific production is evaluated, based on the number of publications registered each
year, as shown in Figure 2. The analysis carried out in this study revealed a growth of the cubic polynomial
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type with a magnitude of 97.65%. This indicates a significant increase in scientific output related to this
topic over time. Specifically, it was observed that the years with the highest number of publications were
2022, 2021 and 2020, suggesting a significant interest and notable increase in research and advances in this
field during these periods. These results provide a clear and up-to-date view of the evolution and trends of
imaging in machine learning, allowing for a deeper understanding of the state of research in this field.
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Figure 2. Publications per year. Own elaboration based on Scopus and Web of Science
Bibliometric analysis of machine learning image processing identified two main groups of authors that
stand out in the field, as shown in Figure 3. The first group is made up of authors such as Kononenko I, Lu
J, Liu AJ, Dong F, Gu F, Gama J and Zhang GQ, who are positioned as benchmarks in terms of impact,
despite having a low scientific productivity in terms of the number of publications. On the other hand, the
second group of outstanding authors is characterized by high scientific productivity without necessarily
having a high number of citations. Authors such as Cenkeramaddi LR and Wang J.
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Figure 3. Main authors. Author's calculations based on Scopus and Web of Science.

As for the most important journals, three groups of scientific journals have been identified that stand out in
the field, as shown in Figure 4. The first group includes journals such as Sensors and IEEE Access, which
are positioned as the most important. They stand out both for their scientific productivity and for their
impact, which makes them outstanding references in the scientific community. On the other hand, the
second group of journals is characterized by its relevance in terms of impact despite low scientific
productivity, and includes journals such as Artificial Intelligence in Medicine and Methods in Ecology and
Evolution. Finally, the third group of journals is mainly characterized by high scientific productivity,
although their citation counts may be lower than those of other leading journals. In this group, the IEEE
Sensors Journal stands out.
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Figure 4. Main magazines. Author's calculations based on Scopus and Web of Science.

In terms of countries, three large groups of countries have been identified that stand out in this area, as
shown in Figure 5. The first group includes the United States, Australia, Germany and China, which are the
most important for their outstanding scientific productivity and high impact on the academic community.
On the other hand, the second group of countries is positioned as a benchmark in terms of impact, despite
low scientific productivity, with Slovenia as a prominent example. Finally, the third group of leading
countries stands out mainly for its high scientific productivity, although its number of citations may be
lower compared to other leading countries. Japan and the United Kingdom stand out in this group.
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Figure 5. Main countries. Own elaboration based on Scopus and Web of Science
Within the framework of the review of the literature on image acquisition using machine learning, an
exhaustive analysis of the thematic evolution in the literature related to this topic was carried out, covering
the period between 2001 and 2023, as shown in Figure 6. By examining the most used keyword in each year
of research, a significant evolution of the concepts over time could be observed. In particular, in 2001, the
emergence of terms such as "prediction reliability” was highlighted, reflecting the first approaches to
prediction reliability in the context of machine learning image capture. In contrast, in recent years there has
been a preponderance of topics such as "Computer Vision", "Sensors”, "Feature Extraction” and "Deep
Learning", indicating a clear trend towards research in computer vision. Computer vision, sensors, feature

extraction, and deep learning.
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Figure 6. Thematic development. Own elaboration based on Scopus and Web of Science

As for the keyword co-occurrence network in this study, it is found to be organized into a total of 6 different
thematic groups, as identified in Figure 7. The red cluster stands out as the most prominent, containing
terms such as "Computer Vision", "Detection", "Classification", "Object Detection" and "Image Analysis". It
is followed by the green cluster, which includes terms such as "Deep Learning," "Kinect," "Activity
Recognition," "Neural Networks," "Data Fusion," and "Convolutional Neural Networks." In addition, other
blue, purple, yellow, and light blue color groups were identified that reflect other areas of conceptual
affinity in the field of study. These findings provide a visual and structured representation of the thematic
relationships and interconnections of keywords in machine learning image capture research, enriching the
understanding of the main trends and areas of research in the discipline.
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Figure 7. Keyword co-occurrence network. Own elaboration based on Scopus and Web of Science

Figure 8 is presented below, proposing a Cartesian plane where the frequency of use of each keyword on
the X axis and the average year of use on the Y axis are represented. This results in four quadrants: the first
corresponds to consolidated keywords in the field of study, the second to emerging keywords, the third to
declining terms, and the fourth to low-frequency and recently used keywords.
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Keyword validity and frequency
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Figure 8. Keyword validity and frequency. Own elaboration based on Scopus and Web of Science

Quadrant 4, characterized by decreasing concepts, contains keywords such as "estimate," the frequency of
which has decreased over time. On the other hand, Quadrant 2 shows rare but highly topical words, which
become emerging concepts of current relevance, such as "Raspberry Pi", "Task Analysis", "Classification"
and "Visualization". Finally, in quadrant 1 are established and growing concepts, such as "monitor ring",
"object detection", "training" and "radar", which remain relevant and have seen an increase in use over time.
3. DISCUSSION

4.1. Analysis of the growth of the scientific literature on Image Capture through Machine Learning

This section identifies relevant research on the use of machine learning for image capture in the years 2020,
2021, and 2022. The research addresses a wide range of applications and approaches in this emerging field.
In 2022, notable research includes the study by Henriksen et al. on the classification of plastics using online
hyperspectral cameras and unsupervised machine learning techniques. This provides an intriguing
perspective on the application of advanced technologies in material identification. In 2019, Uma and Eswari
proposed an assisted safety and accident prevention system using the Internet of Things (IoT) and machine

learning. This addresses a crucial facet in implementing smart technologies for improved safety [59] [60]

In 2021, Hussain et al. conducted a comprehensive review of multi-view video summaries, providing a
comprehensive view of the field and highlighting recent trends in video processing. Zhou et al. presented
a new method to predict variations in winter wheat yield and protein content using multispectral images
taken by unmanned aerial vehicles (UAVs) and machine learning techniques. This represents a significant
advance in precision agriculture. Zhou et al. He presented a paper on the reidentification of people that
merged multiple characteristics with the learning of adaptive graphs. Their work made remarkable
progress in identifying and tracking people in security and surveillance systems [61] [62] [63] [63]

4.2. Analysis of Research References on Image Capture through Machine Learning

As for the most influential authors, two groups emerged: one with a high impact in the field and the other
with high productivity. Kononenko I is a notable reference in research due to the influential article titled
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'Machine learning for medical diagnosis: history, state of the art, and perspective' Kononenko explored the
application of machine learning in medical diagnosis, providing a historical and comprehensive view of the
evolution of technology and future prospects in the healthcare field. [64]

On the contrary, LuJ, Liu AJ, Dong F, Gu F, Gama ], and Zhang GQ had a significant impact on the scientific
community with their influential review titled 'Learning under concept drift: A review' In this article, the
authors address the challenge of conceptual drift in machine learning, offering a comprehensive analysis of
the strategies and approaches developed to address this problem. This review is of great value to the
research community in the field of machine learning. [65]

Cenkeramaddi LR was recognized for its high scientific productivity. One of the articles that contributed to
its prominent position is "Embedded Sensors, Communication Technologies, Computer Platforms, and
Machine Learning for UAVs: A Review." This study presents a comprehensive analysis of emerging
technologies applied to unmanned aerial vehicles (UAVs), including embedded sensors, communication
technologies, computing platforms, and machine learning. The review is of great interest to the research
community in the field of UAV imaging. [66]

Finally, Wang ] was recognized for his productivity in the field of study. His paper, 'Scaling effects on
chlorophyll content estimates with an RGB camera mounted on a UAV platform using machine learning
methods’, was one of the most notable works. This study investigates the use of RGB images captured by
UAVs and machine learning techniques to estimate chlorophyll content in vegetation, which is highly
relevant for precision agriculture and crop monitoring. The structure is clear, with logical progression and
causal connections between the statements. No changes have been made to the content. [67]

Sensors and IEEE Access are prominent journals in the field of ML imaging due to their high throughput
and influence. It is important to note that subjective evaluations have been excluded and that the language
used is clear, objective and value-neutral. The text adheres to the conventional structure and formal register,
with a precise choice of words and grammatical correctness. The text is balanced and free of filler words
and biases. Sensors have made significant contributions to the knowledge of this area through publications
such as 'Aerial mapping of pathogen-affected forests using UAVs, hyperspectral sensors and artificial
intelligence'. The article discusses the application of UAVs and hyperspectral sensors for the detection of
pathogens in forests through the use of artificial intelligence. The article "An End-to-End Deep Neural
Network for Autonomous Driving Designed for Embedded Automotive Platforms" presents an innovative
perspective on neural networks for autonomous driving, specifically designed for integration into
automotive platforms. [68] [69]

On the other hand, IEEE Access, a leading journal in the field of engineering, particularly in electronics,
telecommunications, systems and related areas of information and communication technologies (ICT), has
contributed to the advancement of this topic. For example, in their publication "A Review of Next-
Generation Violence Detection Techniques”, they addressed the development of techniques to detect
violence in various contexts. In the paper 'Fast and accurate detection of banana fruits in complex bottom
orchards’, the authors propose a machine learning approach for the rapid and accurate identification of
banana fruits in complex bottom orchards. [70] [71]

There are journals that stand out for their impact on the area of knowledge addressed. One such journal is
Artificial Intelligence In Medicine, which has made a significant contribution to medical diagnosis with the
publication of 'Machine learning for medical diagnosis: history, state of the art and perspective’ The article
provides a comprehensive review of the use of machine learning in medical diagnosis. In the study 'Machine
learning to classify animal species in camera trap images: Applications in ecology' published in Methods In
Ecology And Evolution, machine learning was used to classify animal species in images captured by camera
traps, which is an important contribution. [64] [72]

In addition, the IEEE Sensors Journal has been very productive with its article on embedded sensors,
communication technologies, computing platforms, and machine learning for UAVs. The article presented
an overview of emerging technologies for UAVs, including embedded sensors and machine learning
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approaches. This has generated a great deal of interest within the research community regarding the capture
of images by unmanned aerial vehicles. These journals have contributed significantly to the generation and
dissemination of knowledge in the field of image capture through machine learning. Its relevance in the
results obtained highlights its central role in the advancement and development of research in this field.
Several countries have made significant contributions to the topic of image capture through machine
learning. The United States has been a notable benchmark with research such as 'Machine learning to
classify animal species in camera trap images'. The text discusses two papers, 'Applications in Ecology' and
'Identification of Animal Species in Camera Trap Images Using Deep Learning and Citizen Science’, which
focus on the use of machine learning to classify animal species from images captured by photo traps. This
research is relevant for applications in ecology and conservation. [72] [73]

Australia has contributed significantly to the generation of scientific knowledge. For example, in the
research paper titled 'Learning under concept drift: A review', the authors focused on the challenge of
machine learning in environments where concepts change over time. In research titled 'UAVs,
Hyperspectral Remote Sensing, and Machine Learning Revolutionizing Reef Monitoring', the authors
explore the use of unmanned aerial vehicles, hyperspectral sensors, and machine learning to transform reef
monitoring. This has significant implications for marine conservation. Germany is another country that has
made significant contributions in this area. For example, the research paper titled "An Invitation to
Compressive Detection" delves into the field of signal compression. On the other hand, 'Status Quo and
Open Challenges in Vision-Based Sensing and Tracking of Temporary Resources on Infrastructure
Construction Sites' deals with the tracking of temporary resources in construction sites using artificial
vision. This is relevant for applications in the construction and infrastructure industry. [65] [74] [75] [76]
China has contributed significantly to scientific research, as evidenced by its work on predicting in-field
variability in grain yield and winter wheat protein content using UAV-based multispectral imaging and
machine learning approaches. This research is crucial for precision agriculture. In the research paper titled
'Real-time classification of rubberwood boards using an SSR-based CNN', the authors present a method for
real-time classification of rubberwood boards using an SSR-based convolutional neural network. This
method has important applications in the wood industry. [77]

In addjition, countries such as Japan, Slovenia and the United Kingdom have made important contributions
in this area. Slovenia conducted research on machine learning for medical diagnosis: history, state of the art
and perspectives, which has significantly advanced medical diagnosis. Japan has also made notable
contributions with work such as 'Computer Vision-Based Phenotyping to Improve Plant Productivity: A
Machine Learning Perspective', which focuses on improving plant productivity through computer vision-
based phenotyping. Finally, the UK has carried out research on the estimation of non-linear parameters in
real time using the Levenberg-Marquardt algorithm in field-programmable gate arrays. This research
focuses on the estimation of non-linear parameters in real time and their relevant applications in industrial
electronics. These countries have made significant contributions in the field of machine learning imaging,
enriching the study. [64] [78] [79]

4.3. Analysis of the thematic evolution of image capture through machine learning

During the early stages of machine learning image capture research, the concept of 'Prediction Reliability’
emerged as a fundamental aspect, as stated in . It was emphasized that the reliability of predictions is a
crucial factor to consider when applying machine learning techniques in medical diagnosis. The attention
paid to this concept allowed us to establish a solid foundation to ensure the accuracy and precision of the
results obtained from the machine learning models used in image interpretation. The emphasis on the
reliability of predictions provided guidelines for assessing the quality and consistency of results, thus
facilitating progress in the application of machine learning techniques in the interpretation of medical
images and related fields. [64]

As research has progressed, this conceptual approach has expanded to encompass additional aspects, such
as computer vision, sensors, feature extraction, and deep learning. This evolution has allowed for greater
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diversification in the applications and knowledge generated in this field. The field of image capture through
machine learning has expanded to include computer vision, advanced sensors, relevant feature extraction,
and deep learning. These concepts have significantly enriched the range of applications and knowledge in
this field.

Importantly, computer vision, sensors, feature extraction, and deep learning have played an essential role
in today's landscape of the subject. In 2019, there was a significant emphasis on Deep Learning, particularly
due to the study conducted by . The study applied a convolutional neural network trained on synthetic data
to identify fish species in underwater images. This approach proved to be highly effective and opened up
new perspectives for automation and accuracy in the identification of aquatic species. [80]

In 2020 and 2021, the concept of Feature Extraction was the main focus of research, particularly in the work
of . This study presents a review of food classification and volume estimation for image-based dietary
assessment. The authors discuss the application of trait extraction techniques, which have led to significant
improvements in accuracy for food identification and portion quantification. These findings contribute to
the development of more effective solutions for diet adherence. In 2022, they used the term "Sensors" in
their review of emerging technologies applied to advanced driver assistance solutions (ADAS). The review
revealed that the incorporation of sensors and perception technologies is a critical component in the
development of ADAS systems, which aim to improve both safety and the driving experience. [81] [82]
Finally, in 2023, he highlighted the focus on Computer Vision in his review of recent advances in
thermography and its application through machine learning techniques. Machine vision plays an essential
role in the accurate analysis of thermal images, enabling the detection and diagnosis of various conditions
and problems in a variety of applications. [83]

4.4. Analysis of the thematic clusters on Image Capture through Machine Learning

Thematic clusters were identified for the network of keywords related to Image Capture through Machine
Learning. One of the main groups, characterized by the color red, includes terms such as Computer Vision,
Detection, Classification, Object Detection, and Image Analysis. This group suggests a strong thematic
affinity between these words, indicating that they are closely related and are frequently used in studies on
the topic.

Several studies have investigated the detection of 3D objects from RGBD data using deep learning networks
based on Hough voting, including the work of . In addition, it used a realistic dataset and context-based
approach to address parking space detection. Similarly, it focused on supervised learning for the
recognition of human activities using 2D skeleton data. In addition, in this same group of words is a study
conducted by that company that applied machine learning using multiscale classifiers to detect remote
phenological patterns in trees in the Cerrado savannah. [84] [85] [86] [87]

The second most relevant group, represented by the color green, includes keywords such as Deep Learning,
Kinect, Activity Recognition, Neural Networks, Data Fusion, and Convolutional Neural Networks. These
terms demonstrate a strong thematic affinity, suggesting that they are intrinsically related and widely
explored in research on machine learning image capture.

Several significant studies have been conducted on the topic, including a survey on imitation learning
techniques for end-to-end autonomous vehicles conducted by . On the other hand, he conducted research
on body weight estimation to monitor patients while they were lying, standing, and walking using RGBD
data. In addition, he introduced a Markov maximum entropy model to recognize human activities with a
depth camera. [88] [89] [90]

These studies and the thematic group they form highlight the importance of image capture through
machine learning. This field is currently trending due to the use of Deep Learning techniques, Kinect sensors
for activity recognition, convolutional neural networks and data fusion. These concepts are fundamental to
the advancement of research and development in this area.

4.5. It is a clear and concise title that accurately reflects the content of the text.
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Analysis of keyword frequency and validity reveals distinct patterns of evolution in key concepts related
to image capture through machine learning. For example, quadrant 4 shows a decrease in the relevance or
use of certain concepts compared to previous periods. One such term that is in decline is 'Estimation’. The
text suggests that "estimation" was a major research topic in the past in the machine learning imaging
literature. However, their interest and use have declined in recent years.

The importance of this term may be related to a study conducted by the study on the estimation of visual
odometry in underwater environments using deep learning techniques. The research focused on addressing
the challenges of estimating the position and movement of underwater vehicles from images captured in
aquatic conditions with limited visibility. The approach aimed to improve the accuracy and reliability of
the visual estimation of odometry under difficult conditions, such as the lack of clear underwater visual
references. [91]

Although "estimation" was once relevant, its decline in its use suggests that researchers have shifted their
focus to emerging concepts such as "Computer Vision," "Deep Learning," "Sensors,” and "Feature
Extraction." This demonstrates the evolution of the thematic approach in the field of image capture through
machine learning and how new research advances are shaping the field.

In quadrant 2, we identify emerging concepts with high potential for relevance today and in the near future.
Among these concepts, 'Raspberry Pi', 'Task analysis' and 'Classification' stand out. Raspberry Pi is a
programmable device widely used in different applications, mainly sensors, and is an example of an
emerging concept in this field. For example, an intelligent monitoring system for controllers was developed
using Raspberry Pi. This device has become increasingly popular in the field of image capture due to its
versatility and affordable cost. It has the potential to be a powerful tool for future research and applications
in the field of computer vision and machine learning, as it can perform image processing and data analysis
tasks in real-time. [92]

Task analysis is an emerging concept that has been studied in various researches, including It plays a critical
role in the development of autonomous systems by breaking down complex tasks into more manageable
steps. In the context of image capture and machine learning, task analysis can be essential to improve the
accuracy and efficiency of algorithms and systems that involve image interpretation and classification. [88]
However, I made a small change to improve clarity and fluidity. The text already seems to meet the desired
characteristics. I replaced 'On the other hand' with 'In contrast', to better indicate the change in focus from
quadrant 2 to quadrant 1. In this quadrant, the term 'Monitoring' refers to the concept that has been widely
studied in relation to the monitoring and control of temporary resources in infrastructure construction
works. For example, Teizer examined the current status and open challenges in vision-based tracking and
temporary resource detection on construction sites, which is crucial to ensure safety and efficiency in
construction projects. [76]

On the other hand, object detection is another prominent concept in this quadrant. In relation to this term,
a deep learning framework for target detection in thermal imaging was presented to improve firefighting
operations. In addition, training is a relevant concept in the field of machine learning image capture. In this
case, the focus was on detecting and analysing vehicle taillights at night, as well as training algorithms for
this specific task. In addition, the term "radar" is an important concept in quadrant 1, and a new Monte
Carlo localization technique was proposed using the fusion of three-dimensional LiDAR and camera data.
It is important to note that all language used is clear, objective, and value-neutral, and technical terms are
employed consistently. [93]

4.6. Classification of Machine Learning-Based Image Capture Keywords by Function

Based on the main keywords, Table 1 is presented, which describes the tools associated with each keyword,
its main applications and key characteristics. This table provides a comprehensive overview of how each
tool is used within the field, offering insight into its functionalities and relevance to current research trends
and practices.
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Table 1. Rank keywords based on their function. The table was created using information from Scopus and

Web of Science.

Keyword Associated tools Applications Characteristics
Raspberrv Pi Microcontroller, IoT Projects, Home Small, Low Cost,
pberty Camera Automation Versatile
) . . Task Design, Identify complex tasks,
Task Analysis Observation, Interviews . & Y P
Ergonomics Efficient
cpe e o Sorts data into
Classification SVM, Neural Networks Pattern recognition .
categories, Accurate
. .. . Data analysis, Visual representation of
Visualization Graphs, Diagrams . Y . p
presentation information
o . oo Monit i t
Monitoring Sensors, Cameras Real-time monitoring Ontor ongoing even's
or changes
. . Object detection in Locate and classif
Object Detection YOLO, SSD ) ) . y
images objects
.. Back tion, - Adjust t f
Training 2 Propaga on Training ML models ]u's parameters for
gradient descent learning
Radar Microwave Sensor, Navigation, Obstacle Uses waves to detect
Antenna Detection objects

4.7. Practical implications

Initially, the focus was on exploring the reliability of predictions generated through machine learning
techniques applied in image capture. The study reveals a significant shift in conceptual approaches over
time, with a focus on key areas such as computer vision, sensors, feature extraction, and deep learning. This
change in theme indicates a growth in maturity and sophistication in the practical implementation of
machine learning in image capture.

The results of the primary cluster, identified by the conceptual similarity between terms such as 'Computer
Vision/, 'Detection’, 'Classification’, 'Object Detection' and 'Image Analysis', have significant implications for
the advancement and consolidation of this field of research. These keywords are essential for image capture
using machine learning, including object detection, image classification, and analysis. They are crucial for
decision-making and have applications in various fields, such as computer vision, robotics, and medicine.
Analyzing keyword frequency and recency can help identify emerging and declining trends in image
capture research using machine learning. The text describes a decrease in the use of the concept of
'Estimation’ and an increase in attention towards emerging technologies and task analysis to improve the
efficiency and accuracy of the system, as indicated by the emergence of terms such as 'Raspberry Pi', 'Task
Analysis', 'Classification' and 'Visualization'. The text describes a decrease in the use of the concept of
'Estimation’ and an increase in attention towards emerging technologies and task analysis to improve the
efficiency and accuracy of the system, as indicated by the emergence of terms such as 'Raspberry Pi', 'Task
Analysis', 'Classification' and 'Visualization'. The text also mentions image capture.

The growing importance of concepts such as "Monitoring", "Object Detection", "Training" and "Radar” is
reflected in their increased frequency and relevance in machine learning-based image capture. These areas
have significant practical implications in applications such as security, surveillance, anomaly detection, and
autonomous system control.

4.8. Limitations

The PRISMA methodology offers valuable insights into the evolution and trends of this field of research.
However, it is important to be aware of their limitations, which could affect the interpretation and
generalizability of the findings. One limitation is the possibility of bias in the data collected due to the
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restricted sources of the Scopus and Web of Science databases. The omission of relevant publications on
other platforms or languages could affect the representativeness of the study. In addition, bibliometric
analysis tools such as Microsoft Excel® and VOSviewer® may have limitations in terms of data processing
and visualization capacity. These tools may not be robust enough to address the complexity of relationships
in the keyword co-occurrence network or to perform deeper analysis of patterns and trends.

In addition, while the PRISMA methodology is widely accepted in the scientific literature, it has inherent
limitations. For example, the inclusion and exclusion of studies at the screening stage may depend on the
judgment of the investigator, which generates bias and affects the reproducibility of the study.

4.9. Research gaps

Based on the analysis of results and trends, Table 2 is presented, highlighting some gaps in research and
areas where further exploration is needed. The table also includes specific questions designed to guide
future studies to address these gaps, providing clear direction to advance knowledge and overcome existing
limitations in the field.

Table 2. Gaps in research. Own elaboration based on Scopus and Web of Science

Questions for future

Category Gaps in research Justification researchers
Currently, research is
mainly focused on
using machine learning What are the best ways
techniques to capture to incorporate machine
images. However, there learning into drones?
1. Integration of 1is a gap in the effective How can machine
machine learning integration of these learning experts and
techniques in drones. techniques into drone drone specialists
systems. This collaborate more
integration could effectively to close this
improve the efficiency gap?
and accuracy of image
capture.
Thematic gaps Research on the
application of machine
learning in  harsh What are the most
environmental effective machine
conditions, such as learning methods to
.. those with variable address challenges in
2. Application of . . )
machine learning  in hghtmg, extre'me harsh env1ronmen'ts.
adverse environments. Chmétes, o? Challenglng Hov\./ can data COHECth?n
terrain, is  lacking. be improved to train
Improving this area models in harsh
could increase the environmental
robustness and conditions?
generalizability of the
models.
. Most research on Whatunique challenges
) 1. Research in . ) . .
Geographical gaps machine learning do developing countries

developing countries.

imaging is conducted in

face when

applying



Interdisciplinary gaps

2. Regional differences
in technology adoption.

1. Collaboration
between machine
learning experts and
domain-specific
experts.

2. Ethics in Image

Capture with Machine
Learning.
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developed  countries.
However, there is a
research gap in
developing countries,
limiting our

understanding of the
specific challenges and
opportunities
these regions.
Research has not yet
explored regional
differences  in  the
adoption of machine

facing

learning
technologies.
Understanding  these
differences could lead to
the
more

imaging

development of
effective  and
contextualized
solutions.
Effective collaboration
between machine
learning experts
experts in  specific
domains, such as

and

ecology, medicine, or
agriculture, is crucial.
There is a key gap in this
collaboration. Fostering
this collaboration can
the
and

improve

applicability
relevance of the results.
The capture and use of
images through
machine learning must
take into account ethical

aspects, such as privacy,

algorithmic bias, and
fairness. Investigating
these implications is
crucial for the
responsible

development of

technology.

machine learning to
image capture? How
can machine learning
solutions be tailored to
specific

meet  your

needs?

What factors influence
regional differences in
the adoption of machine
learning for imaging?
How can solutions be
designed that take into
the
particularities of each
region?

account

How can we improve
collaboration between
learning
experts and experts in
different

machine

domains?

What methods of
communication and
collaboration can

facilitate the effective
transfer of knowledge
between these

disciplines?

How can we address the
ethical
related to image capture
through
machine learning? What
ethical frameworks and

challenges

and use

regulations should we
take into account when

researching and
applying these
technologies?
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Bibliometrics analyzes

the thematic evolution What are the main

in recent periods. trends in  machine

However, there is a gap learning-based image
1. Analysis of long-term  in the analysis of long- capture in  recent

trends in thematic term trends. decades? How have
evolution. Understanding how the machine learning
field has evolved over imaging techniques and
Time gaps time can reveal broader methodologies
patterns and developed over time?
perspectives.

Research is needed to
2. Impact of thematic 1nvestlgate how
thematic developments
have directly affected
applicability and
effectiveness.

developments on
practical applications.

4.10. Research agenda

Machine learning is currently used in computer vision. Machine vision is a fundamental tool in the
generation of algorithms and techniques that allow computers to interpret, understand and process images
in a similar way to humans. Future research may focus on improving the accuracy and speed of machine
vision algorithms for specific applications, such as real-time object detection and classification. In addition,
future research may focus on generating new models that explore new imaging domains to optimize
computational resource consumption.

The use of artificial intelligence can improve the accuracy and reliability of image capture models, especially
in complex and challenging contexts. To improve the perception and decision-making of real-time machine
vision systems, such as autonomous vehicles, it is important to explore the incorporation of AL

This includes the use of radars. The use of radar technology in machine learning-based image capture could
prove beneficial in scenarios with restricted optical visibility, such as adverse weather conditions or regions
with visual obstructions. This would improve the detection and location of objects in such difficult
conditions. It is also possible to combine radar data with other sources, such as RGB or LiDAR cameras, to
gain a more complete understanding of the environment and improve the robustness of the system.
Estimation involves predicting values or characteristics from the input data. Future research may focus on
developing more accurate and reliable estimation algorithms for specific applications, such as estimating
parameters in machine vision systems or estimating physical properties in remote sensing images. In
addition, exploring the incorporation of uncertainty and error propagation techniques in estimation models
can facilitate decision-making based on the results obtained.

This can be achieved through the use of Deep Learning. Deep learning enables the development of more
complex models that can learn hierarchical representations of features. In the future, challenges such as
interpreting and explaining deep learning models can be addressed to understand their decision-making
logic and motivation. In addition, the research could explore the integration of deep learning with other
techniques, such as reinforcement learning or knowledge transfer, to improve the performance of models
in image capture tasks.

Autonomous vehicles are an emerging area of research due to the growing demand for autonomous driving
systems in the transportation industry. Currently, object recognition algorithms are being developed to
enable autonomous vehicles to detect and recognize objects in real-time, such as pedestrians, vehicles, and
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obstacles in their environment. Future research should prioritize improving the accuracy of algorithms to
ensure safe driving in various conditions and scenarios. In addition, exploring data fusion techniques to
integrate information from different sensors can lead to a more complete perception of the environment.
Object recognition has become increasingly relevant due to its applications in security, robotics, and
healthcare. Currently, deep learning techniques, including convolutional neural networks, are being
developed and optimized to achieve more accurate object detection and recognition. As a future research
direction, we could explore methods to improve object recognition under challenging conditions, such as
low-resolution images, variable lighting, or environments with high object density. Transfer Learning and
Reinforcement Learning techniques can be used to adapt object recognition models in ever-changing
environments.

The term "real-time system" is relevant due to the need to process and analyze real-time image data for
critical applications such as object detection in autonomous vehicles and surveillance systems. Because of
these factors, developers are creating algorithms and architectures optimized to achieve real-time image
processing with low latency. Future research could focus on improving the efficiency and speed of real-
time systems through the use of specialized hardware accelerators and parallelization techniques.
Optimization refers to the application of techniques such as genetic algorithms and gradient descent to
adjust model parameters and improve performance. Future research could focus on developing
optimization algorithms to address complex problems and large data sets. In addition, researchers can
explore multi-objective optimization approaches to balance different aspects of system performance, such
as accuracy and speed, for optimal solutions for real-time applications.

Sensor fusion: The fusion of information from multiple sensors allows for a more complete and accurate
perception of the environment. This is crucial for applications such as autonomous vehicles, driver
assistance systems, and intelligent surveillance. The research has focused on the development of machine
learning algorithms and data fusion techniques to improve the robustness and reliability of the system.
Future studies should focus on developing advanced and efficient sensor fusion methods capable of
handling data from multiple sensors. In addition, it is possible to investigate how the integration of Deep
Learning and Reinforcement Learning techniques can improve the adaptability and learning of Sensor
Fusion systems.

This section refers to image processing. Image processing techniques are commonly used to pre-process
images before applying machine learning algorithms. This includes noise removal, contrast enhancement,
and edge detection. In addition, these techniques are used to extract relevant features from images, which
is crucial for tasks such as object detection and activity recognition. Future research could explore
combining classic image processing approaches with deep learning techniques to achieve more accurate
results. In addition, novel methods for real-time image processing may be worth exploring, particularly in
high-performance contexts such as autonomous vehicles and intelligent transportation systems.

Activity recognition is another area of interest, where deep learning algorithms and image processing
techniques are being developed to identify and categorize human activities, such as walking, running, or
driving. This is relevant in applications such as traffic monitoring systems and the detection of anomalous
behavior. Future studies should aim to expand the ability to recognize more complex activities, such as
specific sports or social interactions. This could be achieved by integrating data from different sensors, such
as cameras and inertial sensors, which can improve the accuracy and reliability of real-time activity
recognition.

In addition, Intelligent Transportation Systems (ITS) should be considered. ITS (Intelligent Transportation
Systems) rely on image capture technologies, such as cameras and radars, to monitor traffic, detect events,
and improve road safety. Future research may focus on developing smarter, more adaptable ITS systems
that use machine learning techniques to make informed decisions and predict traffic patterns. In addition,
Deep Learning and Reinforcement Learning algorithms can enhance the development of ITS systems to
adapt to various conditions and scenarios. Finally, Figure 9 is presented, which consolidates the key areas
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for future research based on the findings, highlighting emerging trends and potential gaps identified during
the analysis.

Research agenda

-.\H‘l\‘.!\h to the concept I\[ml relevant year of the concept

Computer Vision
Feature Extraction
Deep Learning
Sensors

Monitoring

Object Detection
Training

Artificial Intelligence
Radar

Estimation
Autonomous Vehicles
Object Recognition
Image Classification
Sensor Fusion

Image Segmentation

Keywords

Three-Dimensional Displays
Real-Time Systems

Image Processing

Intemet Of Things
Classification

Optimization

Visualization
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Raspberry Pi

Task Analysis
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Figure 9. Research agenda. Own elaboration based on Scopus and Web of Science

4. Conclusions

It can be concluded that the years of greatest interest in the field of Image Capture through Machine
Learning are 2022, 2021 and 2020. This indicates a steady growth and continued attention to this area of
study in recent years. The number of scientific papers related to Machine Learning Image Capture has
increased following a cubic polynomial trend, reflecting the dynamics and growing importance of this field
of research.

Prominent researchers in this field include Kononenko I, Lu ], Liu AJ, Dong F, Gu F, Gama ], and Zhang
GQ. The most influential journals in this area are Sensors and IEEE Access. In addition, the United States
and Australia are leaders in scientific production, indicating their important contributions to the
advancement of knowledge in this field. The evolution of topics in image capture through machine learning
has undergone significant changes over time. Initially, the focus was on "prediction reliability," but it has
since expanded to include more diverse and broader topics, such as "computer vision" and "sensors." This
transition indicates a maturation in the field. Researchers are now exploring more diverse and complex
applications of machine learning techniques in image analysis. This promises significant advances in areas
such as object detection, pattern recognition, and visual data analysis.
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The main thematic clusters identified consist of terms such as 'Computer Vision', 'Detection’, 'Classification’,
'Object Detection' and 'Image Analysis'. These terms reflect a strong conceptual affinity between key terms
related to image capture and processing using machine learning techniques. This indicates that researchers
are addressing interrelated topics in their research, which facilitates the development of integrated solutions
in this field. These groups can serve as a guide for future interdisciplinary research and collaborations.
Emerging and emerging keywords, such as 'Raspberry Pi', 'Task Analysis', 'Monitoring', 'Object Detection'
and 'Training’, indicate new directions and approaches in the research and learning of automatic image
capture. These emerging concepts suggest a growing interest in the application of specific technologies,
such as the Raspberry Pi, and in areas of study, such as task analysis and system optimization. Keyword
identification presents opportunities to explore innovative approaches and address current challenges in
this field. For example, it can help improve object detection systems and optimize real-time training
algorithms. These emerging topics can drive new lines of research with potential applications in various
industries and scientific fields.

Data Availability Statement. Data supporting the findings of this study are available from the
corresponding author, upon reasonable request

Declaration of interests: The authors declare that they have no conflict of interest.

Funding: No funding was received.

Acknowledgement: Not applicable

References

[1] F. B. Ruiz, "The Photographic Sign," The Semantic Relationship of Photography to Reality, Vol. 43, 2021.

[2] C. A. SotoMedina, J. Guerrerosantos, and Y. de la TorreGuerrerosantos, "Digital Photography; a
simple Digital photography update guide; a complete update guideline," 2014.

[3] S.Liand H. S. Yoon, "Locating Vehicles in 3D World Coordinates Using a Single Camera at a
Traffic Intersection,” Sensors, p. 23, 2023, doi: 10.3390/s23073661.

[4] W. C. Hu, C. H. Chen, T. Y. Chen, D. Y. Huang, and Z. C. Wu, "Detecting and Tracking Moving
Objects from Video Captured by Moving Camera," | Vis Commun Image Render164-180, 2015,
Yogurt: 10.1016/].].of JVCI.2015.03.03.

[5] A. Samantaray, B. Yang, J. E. Dietz, and B.C. Min, "Algae Detection Using Computer Vision and
Deep Learning," 2018.

[6] Z.Tan, C. Yang, Y. Qiu, W. Jia, C. Gao, and H. Duan, "A Three-Step Machine Learning Approach
to Detecting Algae Blooms Using Stationary RGB Camera Images," International Journal of Applied
Earth Observation and GeoinformationVol. 122, p. 103421, 2023, doi: 10.1016/].Jag.2023.103421.

[7] A. Ferone and L. Maddalena, "Neural Background Subtraction for PanTiltZoom Cameras," IEEE
Trans Syst Man Cybern Syst, vol. 44, pp. 571-579, 2014, doi: 10.1109/TSMC.2013.2280121.

[8] Y. Tian, R. S. Feris, H. Liu, A. Hampapur, and M.T. Sun, "Robust Detection of Abandoned and
Removed Objects in Complex Surveillance Video," IEEE Transactions on Systems, Man, and
Cybernetics, Part C (Applications and Hotfixes), vol. 41, pp. 565-576, 2011, doi:
10.1109/TSMCC.2010.2065803.

[9] K. Huang, L. Wang, T. Tan and S. Maybank, "A Real-Time Object Detection and Tracking System
for Outdoor Night Surveillance," Recognition of patterns41, pp. 432-444, 2008, yogurt:
10.1016/;j.Petcog.2007.05.017.

[10] W.C.Hu, C.Y. Yang, and D.Y. Huang, "Robust Real-Time Vessel Detection and Tracking for Visual
Surveillance of Cage Aquaculture,” | Vis Commun Image Represent22, pp. 543-556, 2011, doi:
10.1016/j.J.of JVCL.2011.03.009.

[11]  B. Sugandi, H. Kim, J. K. Tan and S. Ishikawa, "REAL-TIME TRACKING AND IDENTIFICATION
OF MOVING PEOPLE USING A CAMERA IN AN OUTDOOR ENVIRONMENT," 2008.



221/ Journal of Daoist Studies 19-5s (2026)

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

F.L. Lian, Y.C. Lin, C.T. Kuo, and J.H. Jean, "Voting-Based Motion Estimation for Real-Time Video
Streaming in Networked Mobile Camera Systems," IEEE Trans Industry Report, vol. 9, pp. 172-180,
2013, doi: 10.1109/T11.2012.2209664.

W.C. Hu, C.H. Chen, D.Y. Huang, and Y.T. Ye, "Segmentation of Video Objects in Rainy Situations
Based on a Difference Scheme with Object Structure and Color Analysis," | Vis Commun Image
Represent23, pp. 303-312, 2012, doi: 10.1016/j.J.of JVCI.2011.10.008.

G. Somasundaram, R. Sivalingam, V. Morellas, and N. Papanikolopoulos, "Classification and
Counting of Composite Objects in Traffic Scenes Using Global and Local Image Analysis," IEEE
Transactions in Intelligent Transportation Systems, vol. 14, pp. 69-81, 2013, doi:
10.1109/TITS.2012.2209877.

Tran, J. Yuan, and D. Forsyth, "Video Event Detection: From Subvolume Localization to Spacetime
Path Search," IEEE Trans Anal Pattern Mach IntellVol. 36 pp. 404—416, 2014,
d0i:10.1109/tapami.2013.137.

P. V. K. Borges, N. Conci, and A. Cavallaro, "Video-Based Understanding of Human Behavior: A
Survey," IEEE Transactions on Circuits and Systems for Video Technology, vol. 23, pp. 1993-2008, 2013,
doi: 10.1109/TCSVT.2013.2270402.

X. Wang et al., "A novel quality control model of video rainfall estimation: a survey based on
multiple surveillance cameras", | Hydrol (Amst, vol. 605, p. 127312, 2022, doi:
10.1016/j.jhydrol.2021.127312.

A. C. Pinder and G. Godfrey, Food Process Monitoring Systems. Boston, MA: Springer USA, 1993.
D.W. Sol, Machine Vision Technology for Food Quality Assessment. MA, USA: Academic Press, 2016.
E. Ropelewska, A. M. Rady and N. J. Watson, "Classification of apricot stones using image analysis
and machine learning", Sustainability, vol. 15, p. 9259, 2023, doi: 10.3390/SU15129259.

M. Z. Abdullah, "Imaging Systems," in Machine Vision Technology for Food Quality Assessment,
Amsterdam, The Netherlands, 2016, pp. 3-43.

P. S. Lowrie, "Method of urban traffic control; New South Wales Roads and Traffic Authority",
1990, Darlinghurst, Australia.

P. Hunt, D. L. Robertson, R. D. Bretherton, and M. C. Royle, "SCOOT'S ONLINE TRAFFIC SIGNAL
OPTIMIZATION TECHNIQUE," in Traffic Control Engineer, vol. 23, 1982.

P. Mirchandani and L. Head, "A Real-Time Traffic Sign Control System: Architecture, Algorithms,
and Analytics," Transp Res Part C Emerg Technol, vol. 9, pp. 415432, 2001, doi:
10.1016/S0968090X(00)000474.

W. Brilon and T. Wietholt, "Experiences with Adaptive Signal Control in Germany," Transportation
Research Registry: Journal of the Transportation Research Board, vol. 2356, pp. 9-16, 2013, doi:
10.1177/0361198113235600102.

A. Atta, S. Abbas, M. A. Khan, G. Ahmed, and U. Farooq, "An Adaptive Approach: Intelligent
Traffic Congestion Control System," Journal of Computer and Information Science of King Saud
University, Vol. 32 pp. 1012-1019, 2020, doi:10.1016/}.jksuci.2018.10.011.

K. Koch et al., "Leveraging Driver-Environment Interaction: Machine Learning Using Driver
Monitoring Cameras to Detect Drunk Driving," 2023. doi: 10.1145/35445548.3580975.

Z.Fang, D. Xu and M. Tan, "Visual Seam Tracking System for Thin Plate Butt Welding,"
International Journal of Advanced Manufacturing Technology, vol. 49, pp. 519-526, 2010, doi:
10.1007/s0017000924210.

K. Huang, Z. Dong, ]. Wang, and Y. Fei, "Segmentation of Weld Seams Using RealSense Depth
Camera Based on 3D Global Features and Sub-Region Texture Features," Signal Image Video Process,
vol. 17, pp. 2369-2383, 2023, doi: 10.1007/s11760022024542.



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Identification of research trends associated
with image capture using machine learning

H. N. M. Shah, M. Sulaiman, A. Z. Shukor, Z. Kamis, and A. A. Rahman, "Butt Weld Joint
Recognition and Location Identification Using Local Thresholds," Robot Comput Integr Manuf, vol.
51, pp. 181-188, 2018, doi: 10.1016/j.rcim.2017.12.007.

M. Trigo Gonzalez et al., "Photovoltaic Power Generation and Electricity: Inmediate Prediction
Combining Aerial Camera Imagery and Supervised Algorithm Learning in Southern Spain",
Renewing energy, vol. 206, pp. 251-262, 2023, doi: 10.1016/j.renene.2023.01.111.

F.]J. Olmo, A. Cazorla, L. Alados Arboledas, M. A. Lopez Alvarez, J. HernandezAndrés, and J.
Romero, "Recovery of optical depth using an AllSky CCD camera", Appl Opt, vol. 47, p. 182, 2008,
doi: 10.1364/A0.47.00H182.

J. Park, "Irregularities of plasma density in the upper ionosphere", Journal of Aeronautical and
Aerospace Engineering, p. 5, 2016, doi: 10.4172/21689792.C1.014.

M. Martinez Chico, F. J. Batlles and J. L. Bosch, "Classification of clouds in a Mediterranean place
using radiation data and sky images", Energy, vol. 36, pp. 4055-4062, 2011, doi:
10.1016/j.energy.2011.04.043.

J. Alonso, A. Ternero, F. J. Batlles, G. Lopez, J. Rodriguez and J. I. Burgaleta, "Prediction of
cloudiness in short periods of time using remote sensing and image processing techniques", Energy
Procedure, vol. 49, pp. 2280-2289, 2014, doi: 10.1016/j.egypro.2014.03.241.

J. Alonso Montesinos and F. J. Batlles, "The use of a celestial camera for the estimation of solar
radiation based on digital image processing", Energy, vol. 90, pp. 377-386, 2015, doi:
10.1016/j.energy.2015.07.028.

J. Alonso Montesinos, F. J. Batlles and J. L. B. Bosch, "Estimation of diffuse and global solar
irradiance with satellite images", Energy Converss Manag, vol. 105, pp. 1205-1212, 2015, doi:
10.1016/j.enconman.2015.08.037.

B. Seguin, J.P. Lagouarde and M. Savane, "The Assessment of Regional Crop Water Conditions
from Thermal Infrared Data from Meteorological Satellites", Remote Sense Approximately, vol. 35,
pp. 141-148, 1991, doi: 10.1016/00344257(91)90007S.

J. Xue, K. M. Bali, S. Light, T. Hessels, and 1. Kisekka, "Evaluation of Remote Sensing-Based
Evapotranspiration Models vs. Surface Renewal in Almonds, Tomatoes, and Corn," Agricultural
Water Management, vol. 238, p. 106228, 2020, doi: 10.1016/j.Agwat.2020.106228.

P. Leng, X. Song, Z.L. Li, Y. Wang, and R. Wang, "Toward Estimating Surface Soil Moisture
Content Using Geostationary Satellite Data Over an Area with Sparse Vegetation," Remote Sensing
(Basel), vol. 7, pp. 4112—4138, 2015, doi: 10.3390/rs70404112.

S. Veysi, A. A. Naseri, S. Hamzeh, and H. Bartholomeus, "A Satellite-Based Crop Water Stress
Index for Irrigation Scheduling in Sugarcane Fields," Agricultural Water Management189, pp. 70-86,
2017, doi: 10.1016/j.Agwat.2017.04.016.

L. Leroux, C. Baron, B. Zoungrana, S. B. Traore, D. Lo Seen and A. Begue, "Crop Monitoring Using
Vegetation and Thermal Indices for Yield Estimates: A Case Study of a Rainfed Cereal in Semi-
Arid West Africa," IEEE | Sel Top Appl Earth Obs Remote Sensing, vol. 9, pp. 347-362, 2016, doi:
10.1109/JSTARS.2015.2501343.

V. Sagan et al., "UAVBased High-Resolution Thermal Imaging for Vegetation Monitoring and Plant
Phenotyping Using ICI 8640 P, FLIR Vue Pro R 640, and ThermoMap Cameras," Remote Sensing
(Basel), vol. 11, p. 330, 2019, doi: 10.3390/rs11030330.

O. D. Pedrayes, D. G. Lema, R. Usamentiaga and D. F. Garcia, "Detection and Location of Fugitive
Emissions in Industrial Plants by Means of Surveillance Cameras", Compute Ind, vol. 142, p. 103731,
2022, doi: 10.1016/j.compind.2022.103731.

X. D. Gao and S.J. Na, "Weld Position Detection and Seam Tracking Based on Kalman Filtering of
Weld Pool Images," ] Manuf Syst, vol. 24, pp. 1-12, 2005, doi: 10.1016/502786125(06)000021.



223/ Journal of Daoist Studies 19-5s (2026)

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Y. Xu, H. Yu, J. Zhong, T. Lin, and S. Chen, "Real-Time Seam Tracking Control Technology During
GTAW Process of Welding Robot Based on a Passive Vision Sensor." | Mater Process Technol, vol.
212, pp. 1654-1662, 2012, doi: 10.1016/j.jmatprotec.2012.03.007.

M. Dinham and G. Fang, "Autonomous Identification and Localization of Weld Seams Using
EyeinHand Stereo Vision for Robotic Arc Welding," Robot Comput Integr Manuf, vol. 29, pp. 288-
301, 2013, doi: 10.1016/j.rcim.2013.01.004.

T. P. Pachidis and J. N. Lygouras, "Vision-Based Toolpath Generation Method for a Robot-Based
Arc Welding System," | Intell Robot System, vol. 48, pp. 307-331, 2007, doi: 10.1007/s108460069076y.
Z.Fang, D. Xu and M. Tan, "Initial Welding Point Positioning Based on Vision Using the
Geometric Relationship Between Two Seams," International Journal of Advanced Manufacturing
Technology, vol. 66, pp. 1535-1543, 2013, doi: 10.1007/s0017001244370.

L. Zhang, Q. Ye, W. Yang, and . Jiao, "Detection and Tracking of Weld Lines through Hidden
Markov Models in Space Cascade and Cross-Structured Light," IEEE Trans Instrum Meas, vol. 63,
pp. 742-753, 2014, doi: 10.1109/TIM.2013.2283139.

E. Tunca, E. S. Koksal and S. C. Taner, "Calibration of UAV thermal sensors using machine
learning methods to improve accuracy in agricultural applications”, Phys Technol infrared, p.
104804, 2023, doi: 10.1016/j.infrared.2023.104804.

A. ScholarWorks, A. D. D. D. Um., L. Um. and S., "On Thermal Sensor Calibration and Software
Techniques for ManyCore Thermal Management,” 2015. DOI: 10.7275/7532112.0.

A. F. TorresRua et al., "Estimation of evapotranspiration and energy fluxes using a high-resolution
emissivity model based on DeepLearning and the two-source energy balance model with SUAS
information", in Proceedings of the Autonomous Airborne and Ground Sensing Systems for Agricultural
Optimization and Phenotyping V, Thomasson, J.A., TorresRua, A.F., Eds.; SPIE, 2020, p. 10.

T. Malmivirta et al., "Hot or not? robust and accurate continuous thermal imaging on FLIR
cameras," in Proceedings of the 2019 IEEE International Conference on Ubiquitous Computing and
Communications, PerCom: IEEE, 2019, pp. 1-9.

M. ]. Page et al., "The 2020 PRISMA Statement: An Updated Guide to Reporting on Systematic
Reviews," International Journal of Surgery, vol. 88, p. 105906, 2021, doi: 10.1016/j.izsu.2021.105906.
A. Caputo and M. Kargina, "An Easy-to-Use Method for Merging Scopus and Web of Science Data
During Bibliometric Analysis," Journal of Marketing Analytics, Vol. 10, No. 1, pp. 82-88, March 2022,
doi: 10.1057/s41270021001427.

D. Hirawan, D. Oktafiani, T. A. Fauzan, S. Luckyardi, and N. Jamil, "Research Trends in
Agricultural System Soil Chemistry: A Bibliometric Analysis with VOSviewer," Moroccan Journal of
Chemistry, p. 10, 2022, doi: 10.48317/IMIST. PRSM/morjchemv10i3.33145.

V. Durieux and P. A. Gevenois, "Bibliometric Indicators: Measures of the Quality of Scientific
Publishing", Radiology, vol. 255, pp. 342-351, 2010, doi: 10.1148/radiol.09090626.

M. L. Henriksen, C. B. Karlsen, P. Klarskov, and M. Hinge, "Classification of Plastics through
Online Hyperspectral Camera Analysis and Unsupervised Machine Learning," Vib Spectrosc, vol.
118, p. 103329, 2022, doi: 10.1016/j.vibspec.2021.103329.

S. Uma and R. Eswari, "Accident Prevention and Safety Assistance Using IOT and Machine
Learning", | Reliab Intell Environ, vol. 8, pp. 79-103, 2022, doi: 10.1007/s40860021001363.

T. Hussain, K. Muhammad, W. Ding, J. Lloret, S. W. Baik, and V. H. C. Albuquerque, "A
Comprehensive Survey of MultiView Video Summarization," Pattern recognition, vol. 109, p.
107567, 2021, doi: 10.1016/j.patcog.2020.107567.

X. Zhou, Y. Kono, A. Win, T. Matsui, and T. S. T. Tanaka, "Predicting Within-Field Variability in
Grain Yield and Winter Wheat Protein Content Using UAVBased Multispectral Imaging and
Machine Learning Approaches," Plant Prod Sci, vol. 24, pp. 137-151, 2021, doi:
10.1080/1343943X.2020.1819165.



[63]

[64]
[65]

[66]

[67]

[68]

[69]

[70]
[71]

[72]

[73]
[74]
[75]
[76]

[77]

[78]

[79]

[80]

[81]

Identification of research trends associated
with image capture using machine learning

R. Zhou, X. Chang, L. Shi, Y.D. Shen, Y. Yang, and F. Nie, "Re-identifying people through the
fusion of multiple features with adaptive graph learning," IEEE Trans Neural Netw Learn Syst, vol.
31, pp. 1592-1601, 2020, doi: 10.1109/TNNLS.2019.2920905.

I. Kononenko, "Machine Learning for Medical Diagnosis: History, State of the Art, and
Perspective," Artif Intell Med, vol. 23, pp. 89-109, 2001, doi: 10.1016/509333657(01)00077X.

J.Lu, A. Liu, F. Dong, F. Gu, J. Gama, and G. Zhang, "Learning under Concept Drift: A Review,"
IEEE Trans Knowl Data Eng, p. 1 2018, doi: 10.1109/takde.2018.2876857.

A.N. Wilson, A. Kumar, A. Jha, and L. R. E. S. Cenkeramaddi, "Communication Technologies,
Computer Platforms, and Machine Learning for Unmanned Aerial Vehicles: A Review," IEEE Sens
J, vol. 22, pp. 1807-1826, 2022, doi: 10.1109/JSEN.2021.3139124.

Y. Guo et al., "Scaling Effects on Chlorophyll Content Estimates with an RGB Camera Mounted on
a UAV Platform Using Machine Learning Methods", Sensors, vol. 20, p. 5130, 2020, doi:
10.3390/520185130.

J. Sandino, G. Pegg, F. Gonzalez, and G. Smith, "Aerial Mapping of Pathogen-Affected Forests
Using Unmanned Aerial Vehicles, Hyperspectral Sensors, and Artificial Intelligence," Sensors, vol.
18, p. 944, 2018, doi: 10.3390/5s18040944.

J. Koci¢, N. Jovici¢, and V. Drndarevi¢, "An End-to-End Deep Neural Network for Autonomous
Driving Designed for Embedded Automotive Platforms," Sensors, vol. 19, 2019, doi:
10.3390/519092064.

M. Ramzan et al., "A Review of Next-Generation Violence Detection Techniques," IEEE Access, vol.
7, pp. 107560-107575, 2019, doi: 10.1109/ACCESS.2019.2932114.

L. Fu et al., "Rapid and accurate detection of banana fruits in complex bottom orchards", IEEE
Access, vol. 8, pp. 196835-196846, 2020, doi: 10.1109/ACCESS.2020.3029215.

M. A. Tabak et al., "Machine Learning to Classify Animal Species in Camera Trap Images:
Applications in Ecology," Ecol Evol Methods, vol. 10, pp. 585-590, 2019, doi:
10.1111/2041210X.13120.

M. Willi et al., "Identifying Animal Species in Camera Trap Images Using Deep Learning and
Citizen Science," Ecol Evol Methods, vol. 10, pp. 80-91, 2019, doi: 10.1111/2041210X.13099.

M. Parsons, D. Bratanov, K. Gaston and F. Uav. Gonzalez, "Hyperspectral Remote Sensing and
Machine Learning Revolutionize Reef Monitoring," Sensors, Vol. 18, 2018, doi: 10.3390/518072026.
S. Foucart and H. Rauhut, "An Invitation to Compressive Detection," I, pp. 1-39, 2013.

J. Teizer, "Status Quo and Open Challenges in VisionBased Sensing and Tracking of Temporary
Resources on Infrastructure Building Sites," Advanced Computer Engineering29, pp. 225-238, 2015,
doi: 10.1016/j.AE1.2015.03.006.

S. Liu, W. Jiang, L. Wu, H. Wen, M. Liu, and Y. Wang, "Real-Time Classification of Rubberwood
Boards Using an SSRBased CNN," IEEE Trans Instrum Meas, vol. 69, pp. 8725-8734, 2020, doi:
10.1109/TIM.2020.3001370.

K. Mochida et al., "Computer Vision-Based Phenotyping to Improve Plant Productivity: A Machine
Learning Perspective," Gigascience, p. 8, 2019, doi: 10.1093/gigascience/giy153.

J. Shawash and D. R. Selviah, "Real-Time Nonlinear Parameter Estimation Using the Levenberg-
Marquardt Algorithm in Field-Programmable Gate Arrays," IEEE Transactions in Industrial
Electronics, vol. 60, pp. 170-176, 2013, doi: 10.1109/TIE.2012.2183833.

V. Allken, N. O. Handegard, S. Rosen, T. Schreyeck, T. Mahiout, and K. Malde, "Identification of
Fish Species Using a Convolutional Neural Network Trained on Synthetic Data," ICES Journal of
Marine Science, vol. 76, pp. 342-349, 2019, doi: 10.1093/icesjms/fsy147.

F.P.W. Lo, Y. Sun, J. Qiu and B. Lo, "Image-Based Food Classification and Volume Estimation for
Dietary Assessment: A Review," IEEE | Biomed Health ReportVol. 24 pp. 1926-1939, 2020,
d0i:10.1109/JBHI.2020.2987943.



225/ Journal of Daoist Studies 19-5s (2026)

(82]

[83]

[84]

[85]

[86]

(871

[88]

[89]

[90]

[91]
[92]

[93]

J. Nidamanuri, C. Nibhanupudi, R. Assfalg, and H. Venkataraman, "A Progressive Review:
Emerging Technologies for ADAS Driven Solutions," IEEE Transactions in Smart Vehicles, vol. 7, pp.
326-341, 2022, doi: 10.1109/T1V.2021.3122898.

A.N. Wilson, K. A. Gupta, B. H. Koduru, A. Kumar, A. Jha, and L. R. Cenkeramaddi, "Recent
Advances in Thermal Imaging and Their Applications Using Machine Learning: A Review," IEEE
Sens |, vol. 23, pp. 3395-3407, 2023, doi: 10.1109/JSEN.2023.3234335.

M. Yan, Z. Li, X. Yu, and C. Jin, "An End-to-End Deep Learning Network for 3D Object Detection
from RGBD Data Based on Hough Voting," IEEE Access, vol. 8, pp. 138810-138822, 2020, doi:
10.1109/ACCESS.2020.3012695.

H. Do and J. Y. Choi, "Context-Based Parking Space Detection with a Realistic Dataset," IEEE
Access, vol. 8, pp. 171551-171559, 2020, doi: 10.1109/ACCESS.2020.3024668.

S. Ghazal, U. S. Khan, M. Mubasher Saleem, N. Rashid, and J. Igbal, "Recognition of Human
Activity Using 2D Skeleton Data and Supervised Machine Learning," Image Process IET2019, Vol.
13, pp. 2572-2578, 2019, yogurt: 10.1049/IETP.2019.0030.

J. Almeida, J. A. Santos, B. Alberton, R. da S. Torres, and L. P. C. Morellato, "Application of
multiscale classifier-based machine learning to detect remote phenology patterns in Cerrado
savanna trees," Ecol Inform, vol. 23, pp. 49-61, 2014, doi: 10.1016/j.ecoinf.2013.06.011.

L. Le Mero, D. Yi, M. Dianati and A. Mouzakitis, "A Survey on Imitation Learning Techniques for
EndtoEnd Autonomous Vehicles", IEEE Transactions in Intelligent Transportation Systems, vol. 23,
pp. 14128-14147, 2022, doi: 10.1109/T1TS.2022.3144867.

C. Pfitzner, S. May, and A. Niichter, "Body Weight Estimation for Dose Finding and Health
Tracking of Patients Lying Up, Standing, and Walking Based on RGBD Data," Sensors, vol. 18, p.
1311, 2018, doi: 10.3390/s18051311.

I. Alrashdi, M. H. Siddiqi, Y. Alhwaiti, M. Alruwaili and M. Azad, "Markov model of maximum
entropy for the recognition of human activity by means of a depth camera", IEEE Access, vol. 9, pp.
160635-160645, 2021, doi: 10.1109/ACCESS.2021.3132559.

B. Teixeira, H. Silva, A. Matos and E. Silva, "Deep Learning for the Estimation of Underwater
Visual Odometry", IEEE Access, vol. 8, pp. 44687-44701, 2020, doi: 10.1109/ACCESS.2020.2978406.
S. Shaily, S. Krishnan, S. Natarajan and S. Periyasamy, "Intelligent Driver Monitoring System",
Application of multimedical tools, vol. 80, pp. 25633-25648, 2021, doi: 10.1007/s11042021108771.

M. Bhattarai and M. MartinezRamon, "A Deep Learning Framework for Target Detection in
Thermal Imaging to Improve Fire Suppression," IEEE Access, vol. 8, pp. 88308-88321, 2020, doi:
10.1109/ACCESS.2020.2993767.



