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Abstract
Computer Vision (CV) is a prominent area of focus in Artificial Intelligence (AI) research, with applications ranging from self-
driving cars to medical imaging. A bibliometric analysis is presented in this study for the latest research in AI for CV, focusing 
on advancements in CV models, their evaluation, and their use in various applications from 1981 to 2023 using Web of Science 
Clarivate Core Collection database and a dataset of 1857 retrieved publication. VOS viewer and CiteSpace software were 
implemented to perform science mappings and bibliometric analysis techniques in the study. Hence, analysing citation networks, 
publication output, and collaboration patterns in the field to identify influential research publications, researchers, and institutions. 
The analysis reveals the top publications and researchers in the field, as well as the most common research topics and their relative 
importance. This study finds that deep learning techniques, such as convolutional neural networks (CNNs), are the dominant 
approach in CV research, with applications in object detection, feature extraction, and image analysis. Also, it found that USA 
has a wide partnership and collaborative range amongst making it the most productive country. This study also discussed few of 
the challenges and opportunities in AI for CV, including U-Net not generating more precise segmentation in biomedical image 
segmentation. The recommendation of this study for future research direction is the need for more interdisciplinary collaboration, 
the development of new evaluation techniques, and the exploration of novel applications of AI for CV. The bibliometric analysis 
results will be of interest to researchers, practitioners, and policymakers interested in AI, CV, and related fields, as well as anyone 
interested in the latest advancements in this exciting and rapidly evolving field.
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1. Introduction
Artificial intelligence (AI) and its applications have developed 
rapidly in recent years, with computer vision (CV) being a key 
area It has become an important technology transforming the 
way we live, work and interact with our environment [1]. One 
of the most exciting applications of AI is CV, which has grown 
exponentially in recent years. Computer vision (CV) is a field 
of research that focuses on machine learning to understand and 
interpret information from their environment. This study is 
implementing, in AI-Applications, Medical Reflections, etc., as 
well as in research and development, advances achieved [2]. In this 
study, bibliometric analysis of the AI for CV landscape provides 
a valuable resource tool for research and in the understanding of 
state-of-the-art advancements. To explore the latest developments 
in CV models, their analysis, and applications in areas such as self-
driving vehicles, monitoring systems, and medical imaging. 

Exploring literature sources, such as citation networks, source 
literature, and collaborative models, to identify challenges and 

gain insights into key research trends and directions in the field. 
Through this review, this review aims to identify influential 
publications, researchers and organizations to provide insights into 
key trends, challenges and opportunities in the field. Overall, the 
research data can guide future research in this exciting and rapidly 
growing field and help researchers and practitioners identify high-
impact projects, collaborate with leading experts, and develop 
AI edge new and innovative CV applications. The review stems 
from the critical importance of AI for CV and the need to write 
a comprehensive essay on the current state of research A review 
CV will provide a comprehensive understanding of research 
developments in AI, with the most influential research publications 
and researchers and leading institutional stakeholders including 
the field. 

This finding will be of interest to clinicians and policymakers. 
There have been recent developments in AI and CV (AICV), 
and significant growth has occurred in various sectors including 
transportation, health and safety [1]. Self-driving cars are becoming 
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a reality, and medical imaging techniques are advancing rapidly, 
providing more accurate and efficient diagnoses [2-4]. However, 
with these advancements come challenges, such as ensuring the 
safety and reliability of AI-based systems and addressing ethical 
concerns related to their use [5,6]. This study paper objective is to 
perform an analysis of research, on AICV. It aims to explore the 
existing publications in this field and present an overview. Firstly, 
it analyzes publications based on their performance including 
characteristics such, as publication types, citations, research areas 
and annual trends. 

Secondly, identification of impactful and productive matrices such 
as authors, countries and institutions in the research with detailed 
study of their collaborative associations. Thirdly, the bibliometric 
analysis using Burst detection on the authors, countries, institutions, 
journals and references to highlight the cutting-edge research 
over a period of time. Fourthly, describing various research 
hotspots, cutting edge, and growth trends in the AICV as well as 
the identification of research topics from keywords perspective. 
Lastly, a discussion on state-of-the-art issues, challenges, 
limitations, future trends and recommendations are presented. In 
summary, this bibliometric analysis of AI for CV aims to provide 
insights into the latest research trends and their potential impact on 
AI applications in self-driving cars, surveillance systems, medical 
imaging, and other areas.

1.1. Computer Vison Approaches and Issues Relating to it
Having undergone a transformative journey, CV has been largely 
transformed the by AI advancements, particularly deep learning 
techniques. In the same vein, convolutional neural networks 
(CNNs) has become a key player when it comes to carrying out 
CV research. CNNs performs well when it comes to tasks like 
semantic segmentation, object detection and image classification 
as a result of their ability to automatically work on  raw pixel data 
by hierarchical representations learning and extraction [4,7,8]. 
However, despite their performance, some limitations do exist 
with CNNs. One of which is in precise segmentation achievement 
in areas such as biomedical imaging where there is need for an 
accurate definition of anatomical structures [9]. For instance, U-Net 
architecture despite being known to produce effective results, it 
may decline when it comes to producing satisfactory segmentation 
results on complex biomedical images with structures intricate and 
variations subtle in intensity [10].

According to, beyond algorithmic complexities, practical 
challenges related to data quality, model interpretability, and 
scalability pose challenges to researchers in the field of CV [9]. 
Also, in term of deep learning model, it effectiveness performance 
solely relies heavily on the available high-quality annotated 
datasets, which are most times expensive, and time consuming 
in data gathering [11]. Moreover, due to the intrinsic black-
box nature of deep neural networks, there exists challenges in 
understanding how the models arrive at their final decisions, and 
this raises trustworthiness and transparency concerns, especially 
in development of applications like autonomous vehicles [9]. 
Additionally, while significant advancements in CV have been 

made possible by deep learning models, scalability happens to be a 
concern with regards to resource-constrained environments where 
the deployment of computationally intensive models may not be 
feasible [1].

Addressing these challenges involves a whole new approach 
that combines the collaboration of different expertise, spanning 
across diverse disciplines such as computer science, medicine, and 
engineering [12]. Similarly, interdisciplinary collaboration has 
potential to ensure the deployment ethics of AI-driven CV systems 
and not limited only developing robust algorithms [13]. Based on 
a research study by, in order to build trust and acceptance among 
end-users and stakeholders, efforts need to be made to improve 
the interpretations of AI models [11]. Similarly, current research 
focus is on investigating novel methodologies, such as domain 
adaptation and transfer learning which can be used to manage 
issues relating to data scarcity thereby also improving the CV 
models’ capabilities in applications and across various domains 
[14]. The proper management of these issues coupled with the 
adoption of interdisciplinary collaboration in the field of AICV 
has great potential towards a better understanding of intelligent 
machines and their applications [13].

1.2. AICV Research Trend
Based on the dynamic and multifaceted research application 
of AICV, it has birth various methodologies, applications, and 
collaborative networks. And through a comprehensive bibliometric 
analysis in this study, AICV key trends and patterns are discovered, 
as they provide a better understating of its development cycle from 
its embryonic stages to its most current state of development. One 
key trend is an increase in deep learning techniques application, 
particularly convolutional neural networks (CNNs), which have 
transformed the field of CV with high performance accuracy in 
image recognition, scene understanding, and object detection [15]. 
This key trend rapid growth and acceptance amongst researchers 
can be seen in the number of publications focusing on deep 
learning-based approaches, with emphasis on the significant 
role played by neural network architectures towards driving CV 
innovation.

In addition to methodological advancements key trends, research 
in AICV is characterized by collaborative efforts that spans across 
institutions, countries, and research fields. Collaboration play a 
vital role in promoting knowledge and ideas exchange, facilitating 
interdisciplinary collaborations, and leading to progress in 
addressing AICV challenges [16]. Further analysis on the 
geographical distribution of AICV research ecosystem shows the 
top countries with significant contributions in the research area with 
the likes of China and the United States. Furthermore, ow common 
than ever is the existence of interdisciplinary collaborations 
amongst academia and industry experts in conjunction with 
governmental agencies.

With the recent AICV growth, there would be a change in the 
research focus and trends which would change the future focus 
of the field. One of such trend is the integration of AI techniques 
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with existing CV traditional approaches to leverage the strengths 
of both approaches in providing effective solution to real-world 
challenges [17]. In addition, regarding the development of AI-based 
CV systems, there has been an increase in public interest based on 
societal, ethical, and regulatory point of view. This encompasses 
efforts to control and reduce the negative preconceived notion 
on AI models and algorithms, transparency, accountability, and 
ensuing a justifiable right to using the technology [12,18-20].

1.3. Impact on AI Applications in Self Driving Cars
The advent of AICV technology in the automotive industry has led 
to an innovative especially with the development of self-driving cars 
[8]. AICV play a vital role in the progress of autonomous vehicles 
by fitting vehicles with sensors which makes them perceive and 
interpret their surroundings, thus enabling them make split-second 
navigation decisions on the road [2]. Some common use of CV in 
autonomous vehicles comprise but not limited to the following; 
lane detection, object detection, pedestrian detection, and traffic 
sign recognition among others [2,3,8,21]. These application 
uses all leverage deep learning algorithms such as convolutional 
neural networks (CNNs) for data analysis from insights provided 
by the sensors (e.g. cameras, radar, and LiDAR systems) for the 
facilitation of dynamically adaptive driving [23].

Based on a study, the influence of AI applications in self-driving 
cars is analysed such that it is shown to extend beyond technology 
and innovation alone but encompasses and puts into consideration 
some societal factors like mobility, traffic efficiency, road safety 
improvements, and so on [23]. In context, driving mistakes by 
humans have been a primary cause of automobile accidents 
and this can be properly managed by adoption dn integration of 
AICV autonomous vehicles as they have impeccable potentials 
in reducing human error, thus saving lives [2]. Similarly, another 
study by, shows how the adoption of self-driving cars, with focus 
on electric vehicles plays a major role in the reduction of carbon 
emissions with abilities for route optimization [24]. However, the 
adoption of AI-driven autonomous vehicles also raises crucial 
regulatory, ethical, legal considerations, relating to privacy, 
cybersecurity, and liability concerns [18].

1.4. Impact on AI Applications in Surveillance Systems
In the same light, AICV technology has revolutionized the area of 
surveillance systems, by enhancing the of detection, monitoring, 
and analysis capabilities of various security applications [6]. 
AI-driven CV systems facilitate real-time video analytics, 
which makes the automatic tracking and detection of anomalies, 
activities, and objects in surveillance footage possible [4]. 
Significant applications of surveillance systems comprise of crowd 
monitoring, facial recognition, perimeter security, behavioural 
analysis, among others [3,7,15,25,]. These applications adopts AI 
learning algorithms like deep neural networks for the extraction of 
meaningful insights from visual data which aids proactive threat 
detection and response in security [18].

Further studies by, explains AICV impact in surveillance systems 

such that beyond traditional security surveillance, it spans 
across over to other areas of society-related concerns like ethics, 
privacy, and civil rights [26]. However, the establishment of 
AICV surveillance have potential for improving public security 
and safety. Regardless, there are some challenges with regards to 
unauthorized/ authorized personal data collection, storage, and use 
[1]. In addition, other data related issues like facial recognition 
accuracy, algorithm biasness, and potential for mass surveillance 
are major concerns against individual privacy rights [11]. That 
being said, there is a pressing need for governmental regulatory 
intervention in terms of construction and setting frameworks and 
policies in place to enable transparency and accountability of 
surveillance systems operation.

1.5. Medical Imaging
The field of diagnostic imaging have been revolutionized by 
the integration of AI with medical imaging which has led to a 
significance in enhanced diagnoses and treatments accuracy and 
efficiency in medicine [27]. AI-driven CV systems in medical 
imaging leverage advanced learning algorithms for the analysis 
of complex medical images like X-ray, CT, and MRI scans, 
which provide information about internal working of a patient 
to clinicians thus aiding in disease segmentation, detection, and 
classification tasks [4]. The integration of these technologies lead 
to an automated interpretation of image data by the provision of 
quantitative assessments and predictive insights which would be 
helpful to clinicians in decision-making [26]. Key applications of 
AICV in medical imaging include prediction and early detection 
of cardiovascular conditions, diseases such as cancer, neurological 
disorders, as well as treatment planning monitoring processes and 
optimization [9,20,28,29]. Hence, this integration makes high 
levels of diagnostic accuracy and precision achievable to medical 
practitioners which in turn leads to an overall improved patient 
care [27].

According to, the impact of AI applications in medical imaging 
extends beyond just diagnosis abilities as it extends to incorporate 
larger healthcare areas with patient-based results [12]. AI-based 
image systems have potential to reduce workflow processes 
by reduction in interpretation times, while still maintaining an 
enhanced overall efficiency [19]. In addition, these AI technologies 
help provides patients with personalized medicine by giving them 
treatment plans based on their individual health profiles. This 
results in an optimized health outcome and with zero or low risk 
adverse effects [26]. However, there also exists AICV challenges 
in medical imaging which requires the need for a regulatory 
and robust validation to ensure the reliability, effectiveness, and 
safety of AI-driven diagnosis [2]. Likewise, data security, model 
algorithm transparency, and patient privacy ethical considerations 
must be adhered to so as to build trust and acceptance among 
healthcare providers and patients.

1.6. Frameworks for an Understanding of the Complex Issues 
Surrounding AICV
Further to the explanation on interdisciplinary collaborations, 
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there is need for efforts that can address existing AICV complex 
issues which is an ongoing discussion in parliaments and 
among stakeholders such as industry leaders and policymakers 
[13]. The inclusion for a transparent communication and 
engagement amongst stakeholder is necessary for collaboration in 
understanding existing AICV opportunities and challenges [12]. 
Thus, by an proposing and adopting effective decision-making 
processes, stakeholders can collectively transform the build and 
development of AICV systems in an ethically inclined manner [2]. 
Finally, factors such as stakeholder change input, implementation 
of interdisciplinary collaboration, and transparent governance in 
AICV, can help to achieve and harness the full potential of AI-
driven CV technologies.

2. Methodology
The purpose of this study is to give a comprehensive bibliometric 
analysis of research in AICV. Firstly, publications relevant to the 
study are extracted from a high-quality database by using a retrieval 
strategy. Next, is the analysis and description of important features 
of the publications such as annual indicators, citation index of 
publications, publications research type and areas. Furthermore, 
the implementation of complementary bibliometric methods and 
tools are used to find out highly productive and impactful authors, 
countries, institutions, and the collaborative relationships between 
them in the study [30]. In addition, hotspots, future trends and 
research frontiers are also identified. Lastly, the study discusses 
the present-day topical issues, prospective trends, challenges and 
limitations. Figure 1 shows the research framework.
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Figure 1: Research Methodology Framework
2.1. Retrieval Strategy and Data Source
In this study, records were gotten from Web of Science (WoS) 
Clarivate Core Collection database which is an academic database. 
The database provides reliable and high-quality academic 
information to researchers and ranks amongst the top databases 
and one of the mainstreams of bibliometric analysis data source 
in academia [31]. For the reliable retrieval and collection of 
records used in the study, different search keywords in the study 
were coined to generate the following search query: ((“Artificial 
Intelligence” or " machine learning” OR “deep learning”) AND 
(“Computer Vision” or “machine vision” OR “vision”) AND 
(“Application” OR “self-driving cars” OR “surveillance systems” 
OR “medical imaging”)). TS = “Artificial Intelligence” and TS = 
“Computer Vision”, Database = Web of Science Core Collection, 
Timespan= 1981-2023, from January 1981 till 7th April, 2023. As 
of April 2023, a total of 1857 records were retrieved, screened and 

included in the study with the first record published in 1981. After 
which relevant information such as titles, abstracts, keywords 
were extracted for bibliometric analysis with an updated number 
of 416 records in the study.

2.2. Bibliometric Methods
According to, the field of bibliometric belongs to scientometrics 
discipline implemented to assess scientific events of research 
publications and a structural approach of its attributes and primary 
characteristics [24,32]. In this study, the bibliometric analysis 
focuses on scientific mapping and performance analysis to show 
AICV research development. According to, performance analysis 
focuses on the use of activity indicators to measure publications 
influence and productivity using item analysis such as author, 
country, institution etc. further explained that the performance 
analysis characteristics rudiments can be derived using some 
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bibliometric accepted indicators such as citations, number of 
publications, and average number of publication citations [33,34]. 
Similarly, scientific mapping analysis according to is used to show 
the structural knowledge and dynamic layout of a particular journal 
or research area [35]. It entails burst detection analysis, citation, 
co-authorship, co-occurrence analysis and timeline analysis [16]. 
Two visualization software namely; CiteSpace, and VOS viewer, 
were adopted and implemented in this study for the purpose of 
data extraction and analysis [36,37]. They were selected based on 
their independent strength and functions. CiteSpace is used for 
the search of emergent patterns and trends in publications while 
VOS viewer provides both visualization and network for scientific 
mapping [24,38]. 

3. Results
Based on the tools and methodology implemented in the study 
for data extraction, some AICV bibliometric analysis results are 
obtainable and can be shown through four sections.

3.1. Performance Analysis
Analysis of publication performance using factors such as types, 
annual indicators, citation frequency of the publications, research 
areas, etc. are discussed in this section.

3.1.1. Annual Indicators of Publications
The yearly AICV research citation and publication combined 
and displayed in Figure 2. From Figure 2, the first record on 
AICV, “IMAGE-ANALYSIS AND COMPUTER VISION IN 
MEDICINE” is an article that was published in 1994. The second 
publication was in 1995 with two records “OPTICAL-FLOW FROM 
1-D CORRELATION - APPLICATION TO A SIMPLE TIME-
TO-CRASH DETECTOR” and “VISUAL SURVEILLANCE IN 
A DYNAMIC AND UNCERTAIN WORLD”. The publication 
visualization however shows an upward trend, with no more than 
50 yearly publications before 2017, AICV has spiked the interest 
of researchers and has seen a rapid growth becoming a popular 
research niche since 2018. The interest rate however skyrocketed 
in 2022. With rapid publication growth since 1995 to 2022, it 
shows that researchers are interested in the field and judging from 
the rapid upward trend, the publications number in 2023 will 
not be lesser than 2022. Similarly, in terms of citations, the first 
citation occurred in 1995 and it grew really slowly before 2013. 
However, since 2014, the citation numbers have also seen a rapid 
increase from less than 500 in 2014 to over 16000 in 2022. Making 
it evident that in recent years, AICV has received wide attention 
from scholars. It is the first quarter of the year 2023 and so far, it’s 
been almost ¼ of 2022 total performance. 
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3.1.2. Types and Research Areas of Publications
From WoS database, every publication has different category 
types. Some records however, belong to two category types which 
made the total number summation of documents higher than the 
retrieved documents. The publication category types are shown in 
Table 1. Six (6) publication category types were extracted with 
Articles taking the lead for the largest share at 1596 records which 

is 85.945% of the 1857 retrieved records. This is followed by 
Review Articles category with 261 number of records accounting 
for 14.055% of the total retrieved records. Early Access is next with 
44 records making up 2.369%. Processing paper with 29 records 
and 1.562%. Data Paper with 3 records and 0.162%. finally, Book 
Chapters with 2 records and a percentage of 0.108%.

Document Types Record Count % of 1,857
Article 1596 85.945
Review Article 261 14.055
Early Access 44 2.369
Proceeding Paper 29 1.562
Data Paper 3 0.162
Book Chapters 2 0.108

Table 1: AICV Document Types
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Figure 3 however give insight on the top 10 most popular research 
areas which are Engineering (862), Computer Science (719), 
Chemistry (299), Telecommunications (252), Physics (178), 

Instruments Instrumentation (177), material science (176), Science 
Technology Other Topics (108), Environmental Science Ecology 
(96), Imaging Science Photographic technology (86).
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3.1.3. Publications that are Highly Cited
A recognized document that is mentioned and referred to by 
researchers describes this section of highly cited publications. 
This recognition citation is important in determining the impact 
and influence a research publication has. Table 2 displays the top 
10 highly cited publication alongside information such as the 
Journal name, article type, year of publication, citation numbers, 
and number of citations per year. All in a descending order. The 
most cited publication is an Article category type record published 
in 2019 in the Journal of Big Data. Titled “A survey on Image 
Data Augmentation for Deep Learning”. After its publication in 
20219, the record has accumulated 2791 citations in total and 
558.20 citations yearly. Also, as at the time of conducting this 
bibliometric analysis research, the least cited publication from 
the top 10 range of cited publication is titled, “A survey of the 

recent architectures of deep convolutional neural networks”. So 
far, it has gathered 772 citations and it accumulates 193 citations 
yearly since its publication in 2020. The top 10 highly cited 
articles were published between 2016-2019. And all the published 
articles except one were of Article type which could imply that 
they are novel researches. The exception however was a review 
type of record, published in 2018. Additionally, these publications 
primarily focus on image processing, computer vision, and big 
data. Interestingly, a reason for the high publication rate could 
be as a result of collaboration amongst authors, institutions and 
countries. This further suggests collaboration to being a factor 
to making significant research contribution which would cause a 
positive movement in the direction of strengthening the field of 
AICV in terms of countries/regions collaboration.

Rank Title Source Type Year Citation Yearly Citation
1. A survey on Image Data 

Augmentation for Deep Learning
Journal of Big Data Article 2019 2791 558.20

2. Fully Convolutional Networks for 
Semantic Segmentation

IEEE Transactions 
on Pattern Analysis 
and Machine 
Intelligence

Article 2017 2160 308.57

3. Efficient Processing of Deep Neural 
Networks: A Tutorial and Survey

Proceedings of the 
IEEE

Article 2017 1556 222.29

4. Convolutional neural networks: 
an overview and application in 
radiology

Insights Into 
Imaging

Review 2018 1035 172.50
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5. A survey of the recent architectures 
of deep convolutional neural 
networks

Artificial 
Intelligence Review

Article 2020 772 193.00

6. EEGNet: a compact convolutional 
neural network for EEG-based 
brain-computer interfaces

Journal of Neural 
Engineering

Article 2018 727 121.17

7. Threat of Adversarial Attacks on 
Deep Learning in Computer Vision: 
A Survey

IEEE Access Article 2018 707 117.83

8. Lung Pattern Classification for 
Interstitial Lung Diseases Using 
a Deep Convolutional Neural 
Network

IEEE Transactions 
on Medical Imaging

Article 2016 706 88.25

9. Survey on deep learning with class 
imbalance

Journal of Big Data Article 2019 699 139.80

10. Reading Text in the Wild with 
Convolutional Neural Networks

International 
Journal of 
Computer Vision

Article 2016 637 79.63

Table 2: 10 Highly Cited Top Publications
Journals are one of the most common research publishing sources. 
By integrating WoS text data file into VOS Viewer visualization 
software, a bibliographic coupling function to process individual 
journals, merge them and generate a relationship association 
between them. The generated association shows their collaboration 
which is depicted using cluster as shown in Figure 4. It visually 
displays sources and their level of citation using clusters trajectories. 

Also, with respect to the highly cited publication, it can be seen 
from Figure 4 that some of the journals are major stakeholders 
in the clusters for the other journals. IEEE Access can be seen to 
appear both on the bibliographic clustering and for highly cited 
publications as shown in Figure4 and Table 2 respectively. Each 
major cluster shows the association it has with other journals.
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Figure 4: Bibliographic Coupling of Journals 

 

Additionally, asides the bibliographic coupling of the journals and high citation of the 

publications, Table 3 shows the top 10 journals with theory record count. The record count 

can be seen depicted in Figure 4 during the bibliographic coupling analysis. IEEE Access has 

187 occurrences being the highest number with a 10% of the total records. Making it rank as 

the most performing journal in this study. Next is Sensors (156 and 8%) of occurrences and 

percentage respectively. Followed by Applied Sciences Basel (119 and 6.408%), Remote 

Sensing (46 and 2.477%), Electronics (36 and 1.939%), Computational Intelligence and 

Neuroscience (33 and 1.777%), CMC Computers Materials Continua (27 and 1.454%), IEEE 

Transactions on Medical Imaging (27 and 1.454%), IEEE Transactions on Pattern Analysis 

and Machine Intelligence (19 and 1.023%), and Mathematics (17 and 0.915%). Amongst the 

top 10 journals, IEEE had the highest number of occurrences which implies how impactful 

the Journal is as a whole to the research of artificial intelligence and computer vision.  
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high citation of the publications, Table 3 shows the top 10 journals 
with theory record count. The record count can be seen depicted in 
Figure 4 during the bibliographic coupling analysis. IEEE Access 
has 187 occurrences being the highest number with a 10% of the 
total records. Making it rank as the most performing journal in this 
study. Next is Sensors (156 and 8%) of occurrences and percentage 

respectively. Followed by Applied Sciences Basel (119 and 
6.408%), Remote Sensing (46 and 2.477%), Electronics (36 and 
1.939%), Computational Intelligence and Neuroscience (33 and 
1.777%), CMC Computers Materials Continua (27 and 1.454%), 
IEEE Transactions on Medical Imaging (27 and 1.454%), IEEE 
Transactions on Pattern Analysis and Machine Intelligence (19 
and 1.023%), and Mathematics (17 and 0.915%). Amongst the top 
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10 journals, IEEE had the highest number of occurrences which 
implies how impactful the Journal is as a whole to the research of 

artificial intelligence and computer vision.

Publication Titles Record Count % of 1,857
IEEE Access 187 10.070
Sensors 156 8.401
Applied Sciences Basel 119 6.408
Remote Sensing 46 2.477
Electronics 36 1.939
Computational Intelligence and Neuroscience 33 1.777
CMC Computers Materials Continua 27 1.454
IEEE Transactions on Medical Imaging 27 1.454
IEEE Transactions on Pattern Analysis and 
Machine Intelligence

19 1.023

Mathematics 17 0.915

Table 3: Top 10 Journals Journal
3.2. Countries, Institutions, and Authors Analysis
This segment analyzes publications utilizing three points of view: 
Authors, institutions, and countries. The analysis is done using 
the following points; the most productive countries, institutions 
and based on the cooperation of authors. Utilizing VOS Watcher 
1.6.19, the reference investigation analyzes the most influential 
authors, countries and institutions. 

3.2.1. Citation Analysis
The top 10 citations in terms of countries, authors publications and 
institutions along with their related statistics are listed in Table 4. 
The sorting of the table is done using the number of citations for 
the authors, countries and institutions in descending order. Firstly, 
form the authors analysis, Niyato Dusit rank first with 790 citations. 
This is followed by Muhammad khan with 418 citations. The top 5 
authors (Niyato Dusit, Muhammad Khan, Ting Daniel S.W, Khan 
Muhammed Attique, and Yang Jing) have over 100 citations while 
the remaining 5 (Fuentes Sigfredo, Viejo Claudia Gonzalez, Kadry 
Seifedine, Wang Peng, Yang Jie) have < 100 citations. However, 
the lowest citation from the top 10 list is 28 citations from Yang 
Jie. In terms of countries, USA has the largest citation count for 
its publications at 21409. The USA topped the chart with a wide 

margin in AICV research. 

This is followed by Peoples Republic of China (8582 and England 
(5408) had over 5000 citations.  70% of the top 10 country list 
(Australia 3897, Spain 2857, South Korea 2650, Germany 
2562, Italy 2325, India 1321, and Saudi Arabia 1085 have over 
100 citations and less than 5000 citations to their name. From 
an institutional perspective, Nanyang Technology University 
in Singapore ranks first in citation rankings with 1324 citations. 
It is a national research university in Singapore and the second 
oldest autonomous university in the country. Next is the Chinese 
Academy of Sciences with 1320 citations, which is a close call 
to the top ranked institution. Situated in China, the institution 
is the national academy of the People's Republic of China for 
natural sciences. This is followed by John Hopkins University in 
Baltimore, Maryland with 966 citations, University of Michigan 
in Ann Arbor, Michigan with 836 citations, Tsinghua University in 
in Beijing, China with 580 citations. Out of the top 10 institutions, 
seven (7) are from Asia continent and three (3) are from the North 
America continent. Four (4) universities are located in China, three 
(3) universities are located in the United States, one (1) university 
from Singapore, South Korea and Saudi Arabia respectively.

Rank Author Citation Countries Citation Institution Citation
1. Niyato Dusit 790 USA 21409 Nanyang 

Technology 
University

1324

2. Muhammad 
khan

418 Peoples R 
china

8582 Chinese 
Academy of 
Sciences

1320

3. Ting Daniel 
S.W

332 England 5408 John Hopkins 
University

966

4. Khan 
Muhammed 
Attique

260 Australia 3897 University of 
Michigan

836
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5. Yang Jing 153 Spain 2857 Tsinghua 
University

580

6. Fuentes 
Sigfredo

82 South 
Korea

2650 Sejong 
University

495

7. Viejo Claudia 
Gonzalez

79 Germany 2562 University of 
Florida

415

8. Kadry 
Seifedine

76 Italy 2325 King Abdulaziz 
University

192

9. Wang Peng 66 India 1321 University 
Chinese 
Academy 
Science

172

10. Yang Jie 28 Saudi 
Arabia

1085 Zhejiang 
University

100

Table 4: Top 10 Cited Countries/Institutions/Authors Publications

3.2.2. Countries/Regions that are Most Productive
Publication numbers has been shown to be directly reflect the 
productivity and impact a country has regarding a research topic. 
As shown in Table 5, the top most productive country with the 
highest number of publications is Peoples Republic of China with 
566 publications making up 30.479 of the extracted 1857 records. 

Peoples Republic of China, USA, England, South Korea, Spain, 
Italy and India all have over 100 publications in total making up 
82.929% of the total 1,857 records. In general, publications in 
this study are geographical dispersed and not concentrated in a 
particular region or continent.

Countries/Regions Record Count % of 1,857
Peoples R China 566 30.479
USA 345 18.578
England 167 8.993
South Korea 137 7.377
Spain 122 6.570
Italy 103 5.547
India 100 5.385
Australia 95 5.116
Germany 94 5.062
Saudi Arabia 88 4.739

Table 5: The top 10 Productive Countries

Furthermore, Figure 5 shows both the collaboration of countries as 
well as their citation indexes of the 88 countries that participated 
in the study using CiteSpace and VOS software respectively. The 
network of countries that collaborated shown in Fig. 5a are visually 
represented on CiteSpace software for visualization via the use of 
nodes and links. Each node represents a country and a link between 
any two nodes indicates publication collaboration between the 

countries. Hence, a large node indicates that a country has relevant 
published literatures. Also, if a link is wide, it indicates closeness 
and cooperation between the two countries. For the countries and 
their collaboration in this study, there are 88 nodes and 415314 
total strength links of all the countries in the study. However, for 
the top 10 countries, there is a 45 strength link between them as 
shown in Figure 5a.
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Using WoS, institutions that have made publications in the area of Artificial intelligence and 

computer vision are 2730. However, the most productive institution is based off three factors, 

publications number, number of citation and total strength links in terms of collaboration with 

other institutions. In terms of publications, Chinese Academy of Science has the most 

appearances in terms of number of documents were significant in. The institution had the 

highest number of documents published. This is based on individual or collaborative 

publications. With 38 documents, the institution had the lead amongst 2730 institutions as 

shown in Figure 6a. In terms of citations, Nanyang Technology University has the highest 

number of citations with 1324 citations as seen in Table 4. This implies the how significant 

and impactful the institution is to the body of research in the field of AICV.  

 

In terms of collaboration and total strength links, Chinese academy of science tops the charts 

again with 2485 strength links. This high amount of documents it recorded is a good 

explanation as to why the institution has a strong link number as previously explained. The 
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Organization Doc Organization Cite Organization Link
Chinese 
Academy of 
Science

38 Nanyang 
Technology 
university 

1324 Chinese 
Academy of 
Science

2485

Zhejiang 
University

20 Chinese 
Academy of 
Science

1320 University 
of Chinese 
Academy 
Science

1495

King 
Abdulaziz 
University

17 John Hopkins 
University

966 Nanyang 
Technology 
university 

1177

Tsinghua 
University

16 University of 
Michigan

836 Zhejiang 
University

1093

University 
of Chinese 
Academy 
Science

15 Tsinghua 
University

580 John Hopkins 
University

1051

Nanyang 
Technology 
university 

15 Sejong 
University

495 Tsinghua 
University

803

John Hopkins 
University

15 University of 
Florida

415 University of 
Florida

802

University of 
Florida

15 King 
Abdulaziz 
University

192 University of 
Michigan

644

University of 
Michigan

15 University 
of Chinese 
Academy 
Science

172 Sejong 
University

478

Sejong 
University

14 Zhejiang 
University

100 King 
Abdulaziz 
University

408
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3.2.4. The Analysis of the Authors Cooperation 

A representation of connections among researchers in the field of AICV is displayed visually 

using the collaborative network of authors. From data analysis using VOS viewer, 8367 

authors have at least one publication document in the topic area of AICV. To analyse the top 

authors, a streamline of the authors was needed to get the top 10 authors. Hence, the least 

amount of documents published by an author was set to 5. Having done that 12 authors met 

the threshold. The top 10 authors were given in Table 7. Khan Muhammad Attique top the 

chart with 9 documents to his name. Every author in the top 10 all have a minimum of 5 

documents.  
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3.2.3. The Analysis of the Authors Cooperation
A representation of connections among researchers in the field 
of AICV is displayed visually using the collaborative network of 
authors. From data analysis using VOS viewer, 8367 authors have 
at least one publication document in the topic area of AICV. To 
analyse the top authors, a streamline of the authors was needed 

to get the top 10 authors. Hence, the least amount of documents 
published by an author was set to 5. Having done that 12 authors 
met the threshold. The top 10 authors were given in Table 7. Khan 
Muhammad Attique top the chart with 9 documents to his name. 
Every author in the top 10 all have a minimum of 5 documents. 

Rank Author Document Author Strength Link
1. Khan 

Muhammad 
Attique

9 Fuentes Sigfredo 318

2. Wang Seifedine 7 Viejo Claudia 
Gonzalez

318

3. Wang Peng 7 Khan 
Muhammad 
Attique

302

4. Fuentes Sigfredo 6 Kadry Seifedine 269
5. Yang Jing 5 Wang Hao 126
6. Viejo Claudia 

Gonzalez
5 Yang Jing 122

7. Wang Hao 5 Yang Jie 121
8. Yang Jie 5 Wang Peng 97
9. Niyato Dusit 5 Niyato Dusit 82
10. Ting Daniel S.W 5 Ting Daniel S.W 74

Table 7: Authors Documents and Strength Links

However, to get the cooperation and link strength of the authors, 
it was calculated based on the number of documents the authors 
have and their collaborations rate with other authors. Fuentes 
Sigfredo, an Associate Professor in Digital Agriculture, Food 
and Wine Sciences at the University of Melbourne and Viejo 
Claudia Gonzalez, a Postdoctoral research fellow at University of 
Melbourne both top the chart with 318 strength links in the area of 

AICV. This shows that not only are the top authors collaborating 
with other externally, they also have internal collaborations 
amongst themselves in the University of Melbourne. Furthermore, 
Figure 7a shows a visualization all the 8367 authors and the 
collaborative network that exists between them. The collaborative 
network shows a cluster of 88 Authors who collaborated together 
amongst the total authors in the research of AICV.

 
Figure 7a: The Collaborative Network with 88 Authors 

Regarding the citation of authors, Table 4 lists the top 10 cited authors in the research area of 

AICV. Niyato Dusit tops the charts with 790 citations. However, other authors too have 

contributed immensely to the research area. For the visualization of the collaborative citation 

authors, a visualization model criteria were put in place with two (2) being the minimum 

number of documents for each author. Out of the 8367 authors, 538 met the threshold and out 

of the 538 that met the threshold, 219 authors were connected together as shown in Figure 7b.  

Figure 7b shows the citation collaborative network of some of authors. It depicts how the 

authors collaborated and which authors collaborated more. The colour assignation is used to 

depict the authors that made contributions by collaborating together on the research areas. In 

addition, Figure 7c shows more cluster details on the authors collaboration by showing the 

visualization density of their collaboration in years. The citation collaborative years of the 

authors are represented by the shade of the node colour and shown bottom-right in the year-

range bar. It can be seen that between 2020 and 2022, there has been more collaborations 

between authors compared to the years before. 

Figure 7a: The Collaborative Network with 88 Authors
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Regarding the citation of authors, Table 4 lists the top 10 cited 
authors in the research area of AICV. Niyato Dusit tops the charts 
with 790 citations. However, other authors too have contributed 
immensely to the research area. For the visualization of the 
collaborative citation authors, a visualization model criteria were 
put in place with two (2) being the minimum number of documents 
for each author. Out of the 8367 authors, 538 met the threshold and 
out of the 538 that met the threshold, 219 authors were connected 
together as shown in Figure 7b.  Figure 7b shows the citation 
collaborative network of some of authors. It depicts how the authors 

collaborated and which authors collaborated more. The colour 
assignation is used to depict the authors that made contributions 
by collaborating together on the research areas. In addition, Figure 
7c shows more cluster details on the authors collaboration by 
showing the visualization density of their collaboration in years. 
The citation collaborative years of the authors are represented by 
the shade of the node colour and shown bottom-right in the year-
range bar. It can be seen that between 2020 and 2022, there has 
been more collaborations between authors compared to the years 
before.
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For a much understanding of the performance improvements over a period of time in an area, 

a burst detection analysis of certain factors such as publications, authors, institutions, journals 

(sources) etc. is essential. CiteSpace software is the software used to derive burst detection 

analyses on the factors. As shown in Tables 8 to 11 respectively. Table 8 lists the top 10 

strongest citation bursts of cited authors from 2005 to 2020. From the table, an unknown 

author from 2005 tops the chart with a citation burst run from 2005 till 2017. The impact of 

the author spanned through 12 years in the research of AICV. Although, the authors identity 

is unknown according to CiteSpace software, it could be said that the unknown author could 
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For a much understanding of the performance improvements over 
a period of time in an area, a burst detection analysis of certain 
factors such as publications, authors, institutions, journals (sources) 
etc. is essential. CiteSpace software is the software used to derive 
burst detection analyses on the factors. As shown in Tables 8 to 
11 respectively. Table 8 lists the top 10 strongest citation bursts 
of cited authors from 2005 to 2020. From the table, an unknown 
author from 2005 tops the chart with a citation burst run from 2005 
till 2017. The impact of the author spanned through 12 years in 
the research of AICV. Although, the authors identity is unknown 
according to CiteSpace software, it could be said that the unknown 
author could be a corporate body that decided to stay anonymous. 
The strength impact of the unknown author however is 8.03. This 

is followed by another author, Lowe DG whose first burst occurred 
in 2012 up until 2018 with a strength of 8.48. Also, from the top 
10 table, the author with the highest strength is Krizhevsky A. who 
is the third on the list with an impact strength of 17.32, spanning 
for two (2) years from 2016 up until 2018. The authors strengths 
indicate that that these authors ae publications that strongly impact 
the field of AICV and are frequently referenced and cited by 
scholars. In the AICV research are, three authors each in 2005, 
2012 and 2019 respectively had citation burst run, two authors 
have citation burst in 2016, in 2017, 3 authors, and in 2018, two 
authors. Finally, the end of the individual authors citation burst run 
implies a period of fast advancements in the research which is an 
indication that recent accomplishments in years are recent and of 
a high level. 
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be a corporate body that decided to stay anonymous. The strength impact of the unknown 

author however is 8.03. This is followed by another author, Lowe DG whose first burst 

occurred in 2012 up until 2018 with a strength of 8.48. Also, from the top 10 table, the author 

with the highest strength is Krizhevsky A. who is the third on the list with an impact strength 

of 17.32, spanning for two (2) years from 2016 up until 2018. The authors strengths indicate 

that that these authors ae publications that strongly impact the field of AICV and are 

frequently referenced and cited by scholars. In the AICV research are, three authors each in 

2005, 2012 and 2019 respectively had citation burst run, two authors have citation burst in 

2016, in 2017, 3 authors, and in 2018, two authors. Finally, the end of the individual authors 

citation burst run implies a period of fast advancements in the research which is an indication 

that recent accomplishments in years are recent and of a high level.  

 

 Cited Authors  Year  Strength  Begin  End  1994 - 2023  

Unknown  2005  8.03  2005  2017  ▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▃▃▃▃▃▃▃▂▂▂▂▂▂  

Lowe DG  2012  8.48  2012  2018  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▃▂▂▂▂▂  

Krizhevsky A  2016  17.32  2016  2018  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▂▂▂▂▂  

Lecun Y  2016  9.2  2016  2018  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▂▂▂▂▂  

Jia YQ  2017  12.41  2017  2020  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▂▂▂  

Rusk N  2017  8.55  2017  2020  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▂▂▂  

Nair G  2017  8.05  2017  2019  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▂▂▂▂  

Yosinski J  2018  9.36  2018  2019  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▂▂▂▂  

Karpathy A  2018  8.91  2018  2020  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▂▂▂  

Bay H  2019  8.89  2019  2020  ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▂▂▂  

Table 8: Top 10 Cited Authors with the Strongest Citation Bursts 

 

Table 9 shows the top 10 Strongest Citation References Bursts. From Table 9, the citations 

burst is seen to start after 2013 which shows the interest rate period. On the average, the 

references with strongest citation burst span over a period of three years and all the 

publications from 2017 had a burst for three years straight up until 2020. The end of the most 

recent burst is in 2020.  
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Table 9 shows the top 10 Strongest Citation References Bursts. 
From Table 9, the citations burst is seen to start after 2013 which 
shows the interest rate period. On the average, the references with 

strongest citation burst span over a period of three years and all the 
publications from 2017 had a burst for three years straight up until 
2020. The end of the most recent burst is in 2020. 

References  Year Strength Begin  End  1994 - 2023  

LeCun Y, 2015, NATURE, V521, 

P436, DOI 10.1038/nature14539, 

DOI  

2015 13.81 2016 2019 
▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂

▂▂▂▂▂▂▃▃▃▃▂▂▂▂  

Simonyan K, 2015, ARXIV, V0, 

P0, DOI 

10.48550/ARXIV.1409.1556, DOI  

2015 31.76 2017 2020 
▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂

▂▂▂▂▂▂▂▃▃▃▃▂▂▂  

Ren SQ, 2015, ADV NEUR IN, 

V28, P0, DOI 

10.1109/TPAMI.2016.2577031, 

DOI  

2015 20.71 2017 2020 
▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂

▂▂▂▂▂▂▂▃▃▃▃▂▂▂  

Russakovsky O, 2015, INT J 

COMPUT VISION, V115, P211, 

DOI 10.1007/s11263-015-0816-y, 

DOI  

2015 18.33 2017 2020 
▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂

▂▂▂▂▂▂▂▃▃▃▃▂▂▂  

Ronneberger O, 2015, LECT 

NOTES COMPUT SC, V9351, 

P234, DOI 10.1007/978-3-319-

24574-4, 28, DOI  

2015 15.43 2017 2020 
▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂

▂▂▂▂▂▂▂▃▃▃▃▂▂▂  

Szegedy C., 2015, PROC CVPR 

IEEE, V0, PP1, DOI 

10.1109/CVPR.2015.7298594, 

10.1109/CVPR.2015.7298594, 

DOI  

2015 15.43 2017 2020 
▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂

▂▂▂▂▂▂▂▃▃▃▃▂▂▂  

Long J, 2015, PROC CVPR IEEE, 

V0, PP3431, DOI 
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Table 10 shows the top 10 Cited Journals with the Strongest Citation Bursts. As earlier stated 

that the IEEE is a strong household in the area of research especially in the area of AICV as 

seen from Table 2 and Figure 4 respectively. However, from Table 10, it shows the run IEEE 
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burst start year in 1995, but it lasted from 1995 up till 2018 in the area of AICV. Making it 

the journal with the largest citation burst span and burst strength at 27.91.  The start and end 

year of the citation runs for all the journal were from 1995-2018 and 2018-2020 respectively. 
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Table 10 shows the top 10 Cited Journals with the Strongest Citation 
Bursts. As earlier stated that the IEEE is a strong household in the 
area of research especially in the area of AICV as seen from Table 
2 and Figure 4 respectively. However, from Table 10, it shows 
the run IEEE (Transactions on Pattern Analysis and Machine 

Intelligence) not only had the oldest citation burst start year in 
1995, but it lasted from 1995 up till 2018 in the area of AICV. 
Making it the journal with the largest citation burst span and burst 
strength at 27.91.  The start and end year of the citation runs for 
all the journal were from 1995-2018 and 2018-2020 respectively.
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From Table 11 and 12, the strongest five top countries and two of the top institutions having 

citation bursts from 1994-2023. From the countries table Switzerland has the longest citation 

burst run for 24 years, from 1994 till 2018 and a burst strength of 5.49. Followed by USA 

from 1995 till 2007 and a strength of 4.98. the country with the highest strength however is 

Singapore with a strength of 9.02 and it spans for two years from 2018-2020.the most recent 

country with a citation burst is Pakistan which started its run in 2016 up until the time of this 

research (2023). It has accumulated impressive strength of 5.16 so far.  These data show the 

influence these countries have in the research and development of the field of AICV. In 

addition, from Table 12, two universities with citation bursts were detected. These 

universities are also from the countries with strongest citation bursts. Massachusetts Institute 

of Technology (MIT) from the USA and National University of Singapore from Singapore. In 

the research are of AICV, MIT had a run from 1995 up until 2017 and a strength of 3,78 

while National University of Singapore started its run after MIT in 2019 till 2021 with a 

strength of 4.13 which is greater strength of the two.  
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From Table 11 and 12, the strongest five top countries and two of 
the top institutions having citation bursts from 1994-2023. From 
the countries table Switzerland has the longest citation burst run 
for 24 years, from 1994 till 2018 and a burst strength of 5.49. 
Followed by USA from 1995 till 2007 and a strength of 4.98. the 
country with the highest strength however is Singapore with a 
strength of 9.02 and it spans for two years from 2018-2020.the 
most recent country with a citation burst is Pakistan which started 
its run in 2016 up until the time of this research (2023). It has 
accumulated impressive strength of 5.16 so far.  These data show 

the influence these countries have in the research and development 
of the field of AICV. In addition, from Table 12, two universities 
with citation bursts were detected. These universities are also from 
the countries with strongest citation bursts. Massachusetts Institute 
of Technology (MIT) from the USA and National University of 
Singapore from Singapore. In the research are of AICV, MIT had a 
run from 1995 up until 2017 and a strength of 3,78 while National 
University of Singapore started its run after MIT in 2019 till 2021 
with a strength of 4.13 which is greater strength of the two.
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Institutions  Year  Strength  Begin  End  1993 - 2023  
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3.4. Analysis of Keyword 

Keyword analysis adds to the topics identification and show key areas in a particular field. 

This section performs different analysis to identify research hotspots, frontiers, and trends on 

the keywords. The analysis includes, co-occurrence analysis, burst detection analysis, and 

timeline visualization. Two visualization tools, VOS viewer and CiteSpace are implemented 

to process the analysis.  

 

3.4.1. Analysis of Co-Occurrence 

Concurrent keyword analysis provides a better understanding of hot research areas in a field. 

Using VOS viewer, this section performs keyword co-occurrence analysis in literature. The 

total number of keywords in the research area of AICV since 1981 up until 7th April, 2023 is 

7465 keywords. For the co-occurrence analysis, the minimum number of occurrence of any 

particular keyword is set to 5. Thus, after setting the minimum number of occurrence, out of 

the 7465 keywords, 407 keywords meet the threshold. The co-occurrence network of 

keywords is shown in Figure 8a. each node in the figure represent keywords, and in the case 

where two or more nodes are connected together simply means that the keywords in that node 

appear all appear in the same publication. Also, the size of a node implies the frequency of a 
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3.4. Analysis of Keyword
Keyword analysis adds to the topics identification and show key 
areas in a particular field. This section performs different analysis 
to identify research hotspots, frontiers, and trends on the keywords. 
The analysis includes, co-occurrence analysis, burst detection 
analysis, and timeline visualization. Two visualization tools, VOS 
viewer and CiteSpace are implemented to process the analysis. 

3.4.1. Analysis of Co-Occurrence
Concurrent keyword analysis provides a better understanding of hot 
research areas in a field. Using VOS viewer, this section performs 
keyword co-occurrence analysis in literature. The total number of 
keywords in the research area of AICV since 1981 up until 7th 

April, 2023 is 7465 keywords. For the co-occurrence analysis, the 
minimum number of occurrence of any particular keyword is set 
to 5. Thus, after setting the minimum number of occurrence, out 
of the 7465 keywords, 407 keywords meet the threshold. The co-
occurrence network of keywords is shown in Figure 8a. each node 
in the figure represent keywords, and in the case where two or more 
nodes are connected together simply means that the keywords 
in that node appear all appear in the same publication. Also, the 
size of a node implies the frequency of a keyword. Hence, the 
larger the node, the more frequently the keyword appears. The 
407 keywords are divided into clusters that can be identified by 
different distinct colours.  Furthermore, the keywords overlay 
co-occurrences are shown in Figure 8b, and just like Figure 8a, 
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it also shows the clusters distribution of the keywords but with 
additional information in the bottom-right which is the publication 
year range with the keyword representing its colour shade. Hence, 
darker colour depicts an earlier published keyword. The research 
directions from 2019 to 2022 are dispersed, with “deep learning”, 
“machine learning” and “artificial intelligence” keywords as the 

centre of research from 2020- beginning of 2022. Additionally, 
largest occurrences keywords are “deep learning”, “machine 
learning”, “artificial intelligence”, “object detection” and “feature 
extraction”. Hence, it is evident that the hotspots in AICV research 
area are directly proportional correlated with these keywords.
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Figure 8a: The Co-Occurence Network of Keywords Figure 8a: The Co-Occurence Network of Keywords

 
Figure 8b: The Co-Occurrence Overlay of Keywords 

3.4.2. Keywords of Burst Detection Analysis 

For further keywords progression analysis overtime, CiteSpace is implemented for burst 

detection analysis of the keywords in all the extracted records with the following burst 

settings; time slice = 1 year, g-index = 18, and the TOP Number = top 10 of most cited 

keywords. Table 13 lists the top 3 keywords with the strongest citation bursts. With a 6-year 

run burst and a wide range attention from scholars, the keyword “features” was the earliest 

frequently cited keyword from 2012 till 2018. It has a citation strength of 3.46 and holds the 
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3.4.3. Timeline Visualization
Asides the co-occurrences and citation bursts of keywords, the 
evolution of a field over a period of time can be determined using 
keywords. From January 1994 to April 2023, the timeline analysis 
of keywords using CiteSpace visualization software are shown in 
this section. The time slice for this analysis is set to 1-year with 
the g-index at 18 and the selection set to top 10 levels of most 
cited keywords. Hence, the timeline review of keywords is shown 
in Figure 9 and Table 14. There is division of keywords into 12 
clusters with respective clusters labelled using a log-likelihood 

ratio (LLR). The sequence of appearance of each keyword from 
individual clusters is determined by timeline order. From Table 14, 
connected curves represents the mutual and reciprocal keywords 
relationship. From the first cluster (#0) “machine learning”, its 
publications range spans from 1994 up to 2022. Six (6) of the 
12 cluster have recent publications on them as they span up till 
recently (2023). They are, internet of things, computational 
modelling, mask R-CNN, object detection, image processing and 
3d point clouds.  The shortest duration of the 12 clusters however 
is Cluster #14 which started and ended in 2014.
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Table 14: Cluster Information Summary List of Keywords

4. Discussion
Bibliometric results in the past have shown several relevant and 
trending issues. The research advancements and progress of AICV 
is shown on the dual-map overlay implies. AICV top-edge research 
results spans a set of fields which includes detection, science etc. 
Also, analysis of keyword in terms of hotspots shows that AICV 
research centers on “deep learning”, “machine learning”, ‘‘artificial 
intelligence’’, “object detection “, and “feature extraction”. 
Additionally, the timeline review clusters show the occurrences 
to some extent.

4.1. Topical Current Issues
Present-day AICV research is tailored on the use of AI-related 

technologies for solving issues related to integrating CV 
with vehicle detection and its systems. study focused on the 
implementation of deep learning applications for object detection 
and scene perception in autonomous vehicles [2]. Furthermore, the 
integration of deep learning can be used to optimize the sensing 
data volume which in correlation to minimizing costs of data 
storage and also solve Vehicle Routing Problems (VRP) [39].

4.2. Imminent Trends and Challenges
Applications of AI-related technologies have been used to solve 
issues related to object detection, image detection and processing 
as well as features extraction in the detected and processed images. 
However, there are also some bottlenecks. For instance, according 
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to in biomedical image segmentation, most recent proposed 
deep networks are developed based on U-Net. However, while 
remarkable success has been achieved from it, it’s bottleneck 
prevents it from generating more precise segmentation [40]. The 
author further explained giving reasons such as limitation in its 
receptive field due to fixed kernel size, and presence of noise 
and irrelevant information after capturing spatial information 
using shallower layer. In another study, by, the limitations of 
manual and visual damage detection methods that are costly and 
time consuming are discussed in Surface Damage identification 
for Heritage Site Protection [25]. The use of AI with the right 
matrices, and right combination of models can lead to an improved 
computer vision application. 

According to a study, there exists future plans to build an interactive 
recommendation tool for the purpose of exploring articles thereby 
providing recommendations in terms of visualization techniques, 
automated algorithms, tools and datasets, while keeping in view 
the task requirements. Also, according to, AI can assist to make 
treatment recommendations based on specific characteristics of 
each individual patient’s tumor and monitor patients over time 
in the area of haematology and oncology [1,26]. The adoption 
of Neural Networks by companies such as Amazon, Microsoft, 
Facebook and Google has led to the following advancements; power 
recommendation engine, translation purpose, facial detection and 
recognition and Gmail spam filter in the companies respectively 
[3]. In the field of computer vision and image processing, future 
research can be conducted in; the development of data-driven 
algorithms will allow logistics planners to anticipate adequately 
on future events in the medium- and long-term, including a 
combination of both tacit human experiences and machine learning 
mechanisms [41].

How to potentially detect a broad range of yogic postures 
performed by multiple persons and generalizing the method for 
use in the real world in Yogic Posture Recognition [20]. The 
possibility of testing techniques capable of separating an image 
from its background automatically using instance segmentation 
(Mask-RCNN) or classifying with superpixels [42]. In addition, 
according to, for a better classification rate when features are 
merged together in the diagnosis of arthritis, both clinical 
symptoms and radiographic assessments need to be considered to 
develop a detection method [43]. Facilitation of solution for issues 
related to integrating computer vision with features extraction, 
image analysis, processing and detection will be achievable as AI-
related technologies improves.

4.3. Limitations
With regards to AICV research, an in-depth knowledge review for 
researchers through the implementation of bibliometric analysis is 
provided in this study. However, limitations in this study is the use 
of a single sourced database. Furthermore, some retrieval settings 
of extracted records from the analysis software may lead to an 
oversight of some publications. In the future, other high-quality 
databases will be put into consideration as well as some of the 
undefined terms will get included in future study for collection 

of data. Also, this study centres on an extensive outlook of the 
AICV field and not a detailed specific analysis. Recommendations 
to future researchers however, is to integrate more databases and 
can make analysis and compares based on databases standpoints. 

Researchers from top countries should also be encouraged to 
engage in intercountry collaborations to make developing countries 
meet up with the technological trend and also to increase the strong 
teamwork and quality of the research field. In addition, more 
advanced analytical methods such as text mining can be adopted 
and implemented in AICV research. Despite these limitations, 
this bibliometric analysis provides researchers and stakeholders 
with a better understanding of the field's evolution by giving a 
comprehensive overview of the current research landscape in AI 
for CV, identifying key trends, challenges, and opportunities and 
presenting the growth of AICV from various standpoints.

5. Conclusion
The research in this study covers a bibliometric analysis of germane 
literatures in AICV from multiple viewpoints, with results on vital 
physiognomies, structural knowledge, hotspots, and progressive 
trends. Based on the result analysis, a wrap up is as follows: 
1) The analysis performance in publication numbers and citations 
shows an upward overall trend with AICV receiving attention from 
researchers in recent years. The publications comprised mainly of 
85.945% Articles, with the two prevalent research areas being 
Engineering and Computer Science. The top publication with great 
citation impact was earned for their paper on “A survey on Image 
Data Augmentation for Deep Learning” with 2791 citations. From 
the bibliographic coupling of the journals, research in AICV is 
headed towards a direction which is multidisciplinary with IEEE 
Access, Sensors and Applied Sciences Basel being the three (n=3) 
most productive journals [44]. 
2) From the conducted AICV research, the most influential country 
is USA, with an extensive series of collaboration. Nanyang 
Technology University is the most productive institution, while 
Chinese Academy of Science is he institution with highest 
publication. Overall, institutions are coming together and 
collaborating to advance research in the field. the most influential 
authors in terms of citation, publication, and collaboration are 
Niyato Dusit, Khan Muhammad Attique, and Fuentes Sigfredo 
respectively. 
3) From the burst detection analysis, a corporate author presumably 
takes the lead of influence and impact for 12 years. LeCun (2015), 
Simonyan (2015), and Ren (2015) are highly referenced reputable 
authors in the field. In terms of Journals, IEEE Transactions On 
Pattern Analysis and Machine Intelligence was the most cited 
journal by researchers for 23 years. Additionally, Switzerland 
and Massachusetts Institute of Technology (MIT) are respectively 
the country and institution with an impact in the field over a long 
period of time. 
4)	 Keyword analysis hotspots of AICV shows emphasis 
on “deep learning”, “machine learning”, ‘‘artificial intelligence”, 
“object detection” and “feature extraction”. However, two 
keywords, “image analysis” and “vehicle detection” have become 
the latest direction research in AICV is steered to. In addition, from 
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the timeline analysis, the identified keyword cluster of 12 can be 
regarded as the core and current direction of AICV research. 
5)	 having obtained the results from the various analyses, 
current issues, trends, limitations, challenges and recommendation 
for future research by authors have also been discussed. This AICV 
research paper presents a publications comprehensive analysis 
from 1981 to 2023 but with obtainable records starting from 1994. 
The analysis results would be helpful to prospective researchers 
interested in AICV research to have a better understanding of the 
growth and progress of the field from multiple standpoints. The 
benefits of this bibliometric analysis to researchers, automobile 
companies, and individuals or industries interested in carrying 
out projects in AI or CV as it shows the current technological 
development and gaps in the field of AICV.
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