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Abstract

Currently, the world is facing the problem of plastic pollution in water bodies. Plastic waste has become
an abundant pollutant in the marine, coastal and river environments, making it a major threat to aquatic
life. Visual Observation in plastic monitoring is a popular method used to measure quantity, compaosition,
and distribution, identify emerging trends, and design preventive measures or mitigation strategies. This
study attempts to review recent studies regarding visual observation for detecting macroplastic objects in
terms of current research trends and methodologies and suggests promising future research directions.
This study used a systematic method with a bibliometric approach and qualitative content analysis to
identify and review 108 articles on detecting litter objects in the water. The study results show that
automatic object detection is starting to become a trend in visual Observation by relying on artificial
intelligence (Al) with UAV devices and cameras that are processed using Machine Learning and Deep
Learning methods which provide promising accuracy results.
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Introduction

The issue of plastic pollution is currently a
public concern (Miles-Board, n.d.), and the
world is facing the problem of plastic pollution
in water bodies. Plastics have become the
dominant material in the consumer market,
annual production of plastics of 460 million
tonnes in 2019 (Ritchie & Roser, 2022).
Recently, the use of single-use plastics has been
increasing (Andrady & Neal, 2009), (Geyer et
al., 2017), (Anggraini et al., 2021). Plastic waste
has become a redundant pollutant in the marine,
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coastal and river environments, making it a
major threat to aquatic life. Plastic production is
expected to continue to increase and is directly
proportional to  environmental  pollution
(Lebreton & Andrady, 2019) and disturbing
human life (Muis et al., 2021). In studying
plastics in water, the scientific community pays
more attention to microplastics, even though
macroplastics are an important source of
secondary microplastics due to
degradation/fragmentation processes (Gewert et
al., 2017). Recently, several scientists have
started to develop studies on macroplastics in
water bodies. Visual observation in macroplastic
monitoring is a popular method used to measure
quantity, composition, and distribution, identify
emerging trends, and design preventive
measures or mitigation strategies.


mailto:c1dac401@eng.kitakyu-u.ac.jp
https://dx.doi.org/10.23969/jcbeem.v8i1.12254

Visual Observation to Detect Macroplastic Object in River: A Review of Current Knowledge

In addition, this method can automatically
predict a new class of images from floating
macroplastic objects with very high accuracy.
Given the large volume of macro-plastic waste
disposal, intelligent systems must take over the
complex task of localizing floating plastic waste
instead of relying on manual and time-
consuming methods. The process of detecting
macroplastic objects can be done automatically.
There have been some studies using machine
learning and deep learning methods that can
provide a high level of accuracy. Deep learning
is used extensively for automatic object
detection and classification. This method can
detect floating and riverbank plastic (Martin et
al., 2018). Applying deep learning methods in
the context of floating waste research can help
create faster and more accurate waste detection
and classification tools (LeCun et al., 2015).

The purpose of this study was to find out the
development of research related to the topic
"Visual Observation to Detect Macroplastic
Objects in Waterbodies” in terms of the
distribution  of  bibliometric maps and
research/publication trends in the Scopus
database using VOSviewer software.
Bibliometrics is considered effective in
providing useful datasets for researchers,
policymakers, and other stakeholders to improve
research quality (Nandiyanto et al., 2020), see
research gaps, and see trends in future research
directions. The distribution of the bibliometric
map can consist of the topic areas studied, the
type of publication, the journal where it was
published, the researcher's country of origin, the
method used, and the language used.

Identifying papers
base, Keywords:
o lastic”

Screening |
Title, abstract, duplication,
and availability

Result: 317 documents
Result: 2,802 documents

Research Methodology

Data Collection and selection criteria
This study uses VOSviewer to generate robust

co-occurrence  and  co-citation  analyses.
VOSviewer is software for data mining,
mapping, and grouping articles retrieved from
database sources (Xie et al., 2020). Science
mapping has been used to visualize recent
developments and gaps in the research area
(Chen, 2017).

All articles analyzed in this study were taken
from the Scopus database, where Scopus is one
of the complete peer-reviewed journal databases
and can provide good scientific, and academic
information (Klapka & Slaby, 2018) with a good
filtering system. The analysis activity in this
study begins with identifying papers that
strongly correlate with the study material
(identification stage). Then, article data and
citations from the Scopus database, accessed 4-5
July 2022, were selected based on the following
criteria: (1) Four words, including "waste",
"plastic”, "detection”, and "river" are used
interchangeably for extract article metadata from
the database, and (2) articles published from
2014 to 2023 in English (2,892 documents). At
the screening stage, each article's title and
abstract were reviewed to align with the research
and check the availability of the full text in the
database (317 documents). Microplastic is the
most researched item excluded from the criteria,
and health risks, biota, and unrelated keywords
are excluded.

Screening Il
(Screening of Keyword)
Microplastics, health risks,
biota, & unrelated keywords
were excluded

Feasibility
Paper are limited relevance,
and findingsare excluded

Result: 40 documents
Result: 108 documents

Figure 1. Method stages.
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Approximately 108 documents were selected for
substantial assessment at the feasibility stage. In
this phase, papers that present weak
methodology and limited relevance are
excluded. Finally, 40 documents were selected
for data analysis.

Data Analysis

The 40 selected articles were downloaded in
*.ris format and processed using VOSviewer
software. Furthermore, VVOSviewer is used to
visualize and analyze trends in the form of
bibliometric maps (Van Eck & Waltman, 2010),
(Nur et al., 2020). VOSviewer can create
publication maps or journal maps based on
networks (co-citation) or keyword maps based
on shared networks (Nur et al., 2020) and co-
author networks. Keyword frequency can be set
as desired, and less relevant keywords can be
removed. In  bibliographical ~ metadata,
"keywords" represent words that carry important
scientific information paper is usually used for
indexing purposes (Ramadan et al., 2022). In
mapping, the VOSviewer results are getting
thicker links the stronger the relationship
between terms. That visualization and network
overlay was then analyzed qualitatively.

Results and Discussion

Visualization topic using VOSviewer

The analysis in this study used VOSviewer, and
then 4 clusters were formed with different
colors, namely red, green, blue, and yellow,
which showed the relationship between one
topic and another. From VOSviewer, people can
view the bibliometric mapping with various
network

visualizations consisting of
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visualization  (Figure 2) and

visualization (Figure 3). Furthermore, keywords

overlay

are labeled with colored circles with circle sizes
positively correlated with the occurrence of
keywords in titles and abstracts. Furthermore,
the size of the letters and circles is determined
by the frequency of their appearance, where the
more often the keywords appear, the larger the
size of the letters and vice versa.

Based on the Vosviewer mapping results, it can
be seen that "plastic waste" is the most common
theme, with the largest circle on the map
forming a network connected to various other
keywords. In Figure 2, the clusters in each
topic area were studied. The keywords "Object
"Machine

Learning", and "River" are in the same cluster as

Detection", Learning", "Deep
the red area; this shows that there is a close

relationship between them. In addition,
keywords such as "Macroplastic", "Unmanned
Aerial Vehicle", and "Aerial Survey" are in the
same cluster (green area).

Furthermore, Figure 3 shows the trend from
year to year related to this research; this shows
that the new trend in detecting waste objects
uses Al more than conventional methods, which
are time-consuming and labour-intensive. The
trend of detecting plastic waste objects in rivers
using machine learning and deep learning
methods or system learning has been used in
recent studies, shown on the trend map in
yellow. Artificial intelligence appears and is
widely developed in the waste management
industry, which has undergone a significant
transformation (Fang et al., 2023) towards good

efficiency.
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Figure 2. Visualization topic area using VOSviewer using network visualization.
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Figure 3. Visualization topic area using VOSviewer using overlay visualization.

Visualization of Macroplastic Topic

In several studies on plastic waste, macroplastic
has become a topic of discussion, as shown in
Figure 4 in the VOSviewer mapping. A survey
device in the form of a UAV (Unmanned Aerial
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Vehicle) or drone for aerial surveys has been
used. UAVs offer promising new possibilities
for monitoring river plastic (Geraeds et al,
2019) which could cover larger and more remote
survey areas. The image processing analysis
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method uses Machine Learning, Deep Learning
(CNN/Conventional neural network) with
research locations in river and sea environments
and coastlines. The river discussed is a large
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Figure 4. Visualization of Macroplastic” topic using network visualization.

Some researchers who use UAVs as survey
devices are Martin et al. (Martin et al., 2018)
who conducted a study on the beach, Geraeds et
al. (Geraeds et al., 2019) conducted a study on
the main river; and Fallati et al. (Fallati et al.,
2019), beach area studies. It is still rare to find
research sites in narrow urban canals and urban
rivers, especially in the Southeast Asia region,
which allegedly has a lot of macroplastic waste
pollution. It takes challenges to fly UAVs
automatically in dense areas and requires further
study of UAV protocols in dense areas.
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Visualization of Object Detection Topic

Object detection is a technique for identifying or
finding objects in images or videos. Detection of
macroplastic waste objects in rivers is used to
determine the presence of macroplastic waste,
the amount, type, and even density distribution.
Based on the VOSviewer mapping, information
is obtained that the survey device used in object
detection is a camera, with the research location
being seas and rivers. The research object has
yet to examine macroplastics in general.
However, the keywords plastic bottles are
already available, as shown in the network map
in Figure 5.
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Figure 5. Visualization of “Object Detection” topic using network visualization.
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Figure 6. Visualization of “Deep Learning” topic using network visualization.

Visualization of Deep Learning Topic

Deep learning is an Al method that uses
computers to process data in ways inspired by
2023). Deep
learning models can recognize complex patterns

the human brain (Soori et al.,

in images and other data to generate accurate
insights and predictions (LeCun et al., 2015). In
VOSviewer mapping Figure 6, it is known that
Deep Learning generally uses a survey tool in
the form of a UAV/drone to perform image
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analysis with the location of detecting plastic
waste in the river. The type of Deep Learning
used is CNN or Conventional Neural Networks.
There is an object detection study using small
boat-mounted video cameras. This study can
detect the presence of plastic using an object
detection algorithm with an accuracy of 95.2%
(Armitage et al., 2022).

The "Train & Consumption Model" is the most

challenging part of the automated object



Journal of Community Based Environmental Engineering and Management, 2024, Vol. 8, No. 1: 93-102

detection process. This process was usually done
in Python, but now ArcGIS Pro has developed
new tools to do deep learning workflows from
start to finish through ArcGIS Pro, which has
been used in the agriculture and transport field.
It does not rule out being used in detecting
floating garbage objects, which has never been
done by many scientists before.

The trend of using Al in object detection is very
reasonable in the current era of advances in
science and technology and is still being
developed with better accuracy to provide
convenience compared to conventional methods.

(%\, VOSviewer

Figure 7. Visualization of Author using density visualization.

2019 2020 2021 2022

Figure 8. The trend of articles.
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Visualization — of  Author  using  density
visualization

Another general search via Google Scholar was
carried out, and 271 documents related to the
research topic were obtained after the screening
process. Then the pdf file of the journal is
imported into the Zotero application. Then the
file is exported as a *RIS file. Files in the form
of *RIS are then mapped into VOSviewer to see
the "Author" mapping, and the results can be
seen in Figure 7. It is found that Tim Van
Emmerik is the author who has written the most
and cited paper with the topic of plastic waste in

waters, especially rivers.

On June 20, 2023, another search was carried
out on scopus.com by entering the same
keywords as before, but the data was limited to
only four years (2019-2022), and the results
obtained 23 documents that were closely related
to the topic. The trend shows an increasing
graph in the last four years, so it can be
concluded that this topic is quite promising to be
discussed in future journals by filling in existing
research gaps because Al will continue to
develop.
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Conclusions

Through visual Observation, this study analyzes
qualitative content to identify and review 108
articles related to macroplastic detection in
waters. Based on the distribution of bibliometric
maps obtained from the Scopus database and
processed in the VOSviewer software,
information is obtained that research related to
the topic "Visual Observations for Detecting
Macroplastic Objects in Fresh Water Bodies" is
currently a trend for automatic detection with
Al. The devices used are UAVs and cameras
processed using Machine Learning and Deep
Learning methods. Developments in the last four
years (2019-2022) have shown a positive trend,
S0 it is quite promising to continue to be studied
in the future by taking advantage of the existing

gaps.
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