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Abstract

Since the inception of sustainable green unmanned aerial vehicles (UAV), energy efficiency and mission-oriented intentions
are the emerging turns in the UAV sector. This study aims to examine the energy efficiency and network performance of
mission-based UAVs by conducting a bibliometric analysis of 1391 publications between 2005 and 2023 from the Web of
Science (WoS). For a total of 383 records extracted from the Web of Science (WoS), bibliometric analysis was conducted using
two techniques: performance analysis, which finds the various research elements (i.e., publication statistics, citation statistics,
top publishing countries, top publishing journals, top publishing institutions, and top publishers), and science mapping, which
includes relationships among the above-found research elements (i.e., citations by country, citations by journals, keyword co-
occurrences, co-authorship, co-citations, and bibliographic coupling) using the open source VOS viewer and Biblioshiny. The
findings showed that the China, India, and the USA are the most productive countries in UAV research. Future research on
the use of UAVs for a variety of missions was also identified as having potential active areas of study, taking into account
network performance and energy consumption in the developing mission-based UAV sector. Indian research contribution on
energy in UAVs and their network performance are feeble.
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1. Introduction

Today, rapid developments in unmanned aerial vehicles (UAV)
sustain highly spatial remote sensing in short spans of time at

alow cost. Based on real-time applications, remote monitoring

missions such as reconnaissance missions are being deployed

increasingly with the strong investment and support of various

governments. Past COVID-19 pandemics witnessed the

expansion of UAV reconnaissance applications for various

mission-critical uses like information dissemination and

surveillance, forecasting of temperature in a particular area etc.
Most of the manufacturing and radioactive industries are

reflecting the fast evolution of such UAVs. The underlying use

of UAV in civil engineering to create and estimate the long

bridges map in minimum time and cost with aerial surveying
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roadmaps, which is another context of data acquisition
technology where it not only captures the many stresses such
as pests, nutrition deficiencies, and diseases information in
farming but also helps in spraying proper liquor medicine in
the competing areas efficiently without any losses to human
lives or crops. Promoting invaluable help in environmental
perception with cross-multidisciplinary technology creates a
great significance in the field of various engineering and
technology fields. Therefore, it is much more important now
to explore UAV research in various applications where it could
be significantly used. Further, the fierce competition and ever-
growing expectations of a green environment have
transformed this industry to the next level, where innovative
platforms are integrated with schemes of UAV network
performance that exist in 3D space.>4 Since the small UAVs
are designed to survive for 30 minutes in the air. But this was
an influence when deployed in particular missions where it
drifted in particular surroundings. Present-day UAV design is
more complex, dynamic, challenging, and highly competitive
with the huge demands for long existing flight in air
Government and other users aspire to exuberant energy
efficient schemes with quality of service (QoS) deployed in
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particular missions where it drifted in particular surroundings
and elongate the mission for an elongated time without
degrading the network performances. Present-day UAV design
is more complex, dynamic, challenging, and highly
competitive with the huge demands of long flight time.

Surveyed papers traditionally focus on the content of the
publications,® while bibliometric method provides a novel
approach which pays attention to the characteristics of the
countries, disciplines and how the papers in this emerging
research area have evolved.

The main objective of the present performed bibliometric
analysis is to highlight and understand the significant research
trends in the context of the use of green UAVs for mission-
oriented mapping and detection activities, network
performances, efc. Among VOS viewer,® BibExcel,"
CiteSpace,® Bibliometrix is one of the highlighted software
tools used by the researchers to perform the bibliometric
analysis. To achieve this objective, this paper presents
performance analysis® (i.e., publication statistics, citation
statistics, top publishing countries, top publishing journals, top
publishing institutions, top publishers, top Web of Science
(WoS) categories) and science mappingt? (i.e., citations by
country, citations by journals, keyword co-occurrences, co-
authorship, co-citations, bibliographic coupling) for relevant
bibliographic records extracted from the WoS database. The
article is organized as follows: Section 2 provides information
about the research approach, materials, and methods used to
conduct the bibliometric analysis. Section 3 is the core of this
manuscript, which presents the detailed bibliometric analysis
in terms of performance analysis and science mapping,
outlines the important insights that emerged from the
bibliometric analysis, and includes subjective discussions on
the results. Finally, Section 4 concludes the study and
summarizes the outcomes of the study. Furthermore, potential
limitations and future research directions are also highlighted.

2. Material and methods

Chen et al.™Y suggested a method for discerning and mapping
the cumulative scientific knowledge and evolutionary nuances
of established fields by making sense of vast amounts of
unstructured data in rigorous ways, which paves the way in
business, provided the basis for performing the presented

bibliometric analysis based on the pertinent literature methods.

The meta-analysis of journal retrospectives to determine the
overall degree and direction of effects or associations is
another tool suggested in Ref. [12]. Bibliometric analysis and
meta-analysis rely on quantitative procedures as opposed to
systematic literature reviews, which frequently use qualitative
techniques and may be tainted by interpretation bias from
academics with various backgrounds. This bias can be avoided
or reduced because bibliometric analysis and meta-analysis
use quantitative techniques. One important essential stated by
Danvila-del-Valle et al.¥ is that the research can be developed
by looking at various intellectual frameworks and selecting the
pertinent references, authors, themes, and journals. Identify
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the essential impacts and get an organized assessment of the
traits and advancements in the research domains by using the
conclusion provided in Ref. [14]. We created a three-stage
common strategy (see Fig. 1, which gives the methodology to
drive the bibliometric analysis using the WoS database) from
these four baseline methodologies. Keywords and search
criteria (stage 1), database search and export (stage 2), and
bibliometric analysis (stage 3) are the three steps that make up
the procedure. Below is a detailed discussion of each stage:

Stage I: Keyword and search criteria

To fulfill the requirements for further explorations; the authors
put forward a comprehensive information set of systematic
literature reviews, references, citations, and a bibliography.
The study on network performance in mission oriented UAVs
for green sustainable environment with its application in all
schemes (traditional to innovative) would provide holistic
learning to all concerned.[*>*1 Regarding the employment of
green UAVs for missions involving energy-efficient
communication, a number of research questions (RQ) have
been developed. A search query was created to extract the
pertinent literature from the database using a variety of
keywords based on the questions studied that had been
prepared, as shown in Fig. 1. In order to specify the scope of
the study, search criteria were also established in the first stage.
Only works published in English between 2014 and 2022 were
taken into account for the bibliometric analysis that was
conducted. The present study encompasses following research
queries (RQs):

RQ1: How have drones and UAVs been used for mission-
oriented activities?

RQ2: Which is the most influential research articles (MIRA)
and most influential references (MIR)?

RQ3: How foundations of research domain developed?

RQ4: What are the prominent themes in the extant literature?

RQ5: How evolution of concepts developed in the research
domain?

RQ6: What is the future scope of study?

Stage II: Database search and export: The second stage
involved in finding a database and doing a keyword search
against it. We used the one and only WoS database—one of
the largest in the sciences and engineering—for this study.
WoS contains a carefully chosen collection of excellent, peer-
reviewed literature, whereas Scopus also contains publications
that are not pertinent. Additionally, the WoS offers tools for
examining the connections between articles, authors, and
institutions as well as a variety of measures based on citations,
including the impact factor and the h-index. So, in order to
obtain the most important trends in this field, we chose to use
WoS for the subject bibliometric analysis with the goal of only
analyzing high-quality, peer-reviewed literature. As a result of
the specified research query, a total of 383 literature records
(dated March 11, 2023) were extracted and exported for
bibliometric analysis.
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search Query:
UAV.” AND

stage 1: Keywords and Selection criteria
Keywords: Drone, UAV, Mission .Energy .Network Performance

“drone” OR “dynamic UAV” OR “green
“Mission*” or “Mission Oriented” AND

stage 2: Web of Science

Define: Queries, Timelimit

Selection: type of record, language

Stage 3: VoS Viewer

Publication Trends: Top Countries, Journals, Organizations

Citation : Network maps,

bibliographic couplings

Fig. 1 Research methodology to derive the bibliometric analysis.

Stage II1: Bibliometric analysis
The exported literature records from the WoS were statistically
and graphically examined in the third and last stages. The
analysis involved performance analysis, science mapping and
network analysis. Contrary to journal distribution analysis,
which preserves the insights of the preeminent journals and
the intellectual foundation of the subject, performance
analysis covered the most prominent authors, sources,
institutions, nations, and cited references as presented in Ref.
[17]. The focus on research themes based on the words used
in papers and a co-citation analysis that offers the evolution of
research fronts and significant documents is another parameter
of thematic clusters and temporal evolution. Such a thorough
outcome demonstrates the exponential growth of research in a
given field, with the vast majority of contributions coming
from other nations. The author provides a different type of
analysis utilizing VOS Viewer in Ref. [16]. where it is possible
to determine the current state of development and the top
trends in terms of influence, major journals, articles, subjects,
authors, institutions, and nations. The analysis and graphical
presentations are important because they can aid the
researchers and professionals in understanding the current
condition of the field in which they are working.

Although science mapping covered bibliographic coupling,
co-citation analysis, and citation analysis. RStudio 4.2.2
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Packages and VOS viewer 1.6.18 were used to analyze both of
them (Bibliometrix — Biblioshiny). Using Biblioshiny,8!
network analysis utilizing co-occurrence analysis, thematic
progression, and topic trends were investigated.

3. Results and discussion

3.1 Performance analysis of network performance/energy
in research articles related to mission-oriented UAV
Article publication activity

The trend of research articles’ publication on network
performance and energy in mission UAVs marked its
beginning in 2005 (as seen in Fig. 2). Work in this field could
be traced back to the development of drone and UAV concepts
during the latter half of the 21st century. It is evident that a
single article was written in 2005, when Harmon et a/.l*%1 came
out with energy optimization behavioral outcomes of UAVs,
suggesting energy efficiency aspects towards UAVs. However,
aggressive research in this field started in 2018 with eight
articles. The most prolific years were 2022 (93 articles each),
2021 (90 articles), 2020 (70 articles), 2019 (56 articles), and
2018 (30 articles). An increase in research articles was
observed during 2019-2020 due to the COVID-19 pandemic
and its effects on the economy and emergency conditions,
including transportation, medical facilities, emergency
monitoring, and providing networks over disaster areas, as
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Fig. 2 Publication trend on Network Performance and Energy Research in Mission-Oriented UAV from 2005-23.

well as research and academic works, which seem to be the
new research area for the future world to work on for
promoting various engineering purposes. Also, a rising trend
was noticed during 2023, with seven articles in two months.

Most influential authors, institutions, and countries

With the help of bibliometric analysis, the statistical
evaluation of published research articles was categorized into
influential and productive categories: authors, institutions, and
countries (Table 1). The most influential author (MIA) in
network performance and energy research in mission UAVs
with 1357 citations was Y. Zeng. However, the most
productive author (MPA) in this field was Zhang, with 12
articles and 189 citations. Nati University Singapore leads
with 1171 citations from 6 articles and was preceded by
Southeast University with 945 citations from 14 articles.
Amongst countries, China stood at the top with 2254 citations

from 146 research articles in energy and network performance.

Most influential journals

Table 2 presents the leading nine journals that published
articles in the field of energy and network performance in
mission UAVs. The most influential articles were from the
IEEE Transactions on Wireless Communications, which
scored the highest in total citations from 8 articles, whereas
the IEEE Access and Sensors led in the maximum number of
publications (54 and 41 articles), with a very good record of
total citations (626 and 353). Other prominent journals were
the IEEE Internet of Things Journal (TA = 36; TC = 393), the
Journal of Intelligent and Robotic Systems (TA = 33; TC =
1847), and the Journal of Computer Networks (TA=11; TC =
187). These top 5 journals contributed 175 research articles
out of 383, which is almost 45% in the field of energy and
performance focusing UAV missions.

Table 1. Article retrieving and collection approach.

Stage Data retrieval process Repudiate  Acknowledge
1 Search criteria
11 Article indexing database: WoS
12 Retrieving date: 11 March 2023
Search words and terms: (“Drone" OR "Drones" OR "Unmanned Aerial Vehicle" OR "UAV" OR
1.3 "Unmanned Aerial System” OR "UAS") AND (mission oriented or mission* or reconnaissance mission) 1391
AND (network performance OR energy * OR energy efficient)
14 Subject area: (telecommunication OR automation and control system OR remote sensing or power system 612 279
and electric vehicle)
15 Type of document: (“Article”) 339 440
1.6 Publication year: 2013-2022 20 420
1.7 Language of document: (“English”) 3 417
2 Article selection criteria
2.1 Erroneous records screening: Include documents with valid author information only 00 417
59 Content screening: Include articles if “Titles, abstracts, and keywords” indicate relevance to scope of 34 383

study (i.e., energy efficient or mission) only
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Table 2. Most influential authors — institutions — countries.

TC  Author TA TC Institute/Affiliation TA TC Country TA
1357 Zeng,Y 9 1171 Nati univ singapore 6 2254 China 146
1163 Zhangr 7 945 Southeast univ 14 1190 Singapore 10
717 Xu,j 5 929 Univ Sydney 7 1165 Australia 18
195 Wu,q 7 671 Guangdon univ technol 5 837 USA 57
189 Zhang,x 12 186 Nanjing univ aeronaut and astronaut 20 692 Spain 22
169 Li,j 7 165 Purple mt labs 5 612 Italy 25
156  Wang,j 7 128 Chinese acad sci 6 505 England 20

Note: TC = Total Citations. TA = Total Articles.

Most influential research articles (MIRA)

Out of all MIRAs, Y. Zeng (2019) led with 595 citations,
which encompass the study on energy minimization for
wireless communication (Table 3). It is followed by Y. Zeng
(2018), with 264 citations, focused on the flight time
minimization of UAVs. Both of them came when UAVs were
transforming from 2D to 3D while focusing on mission-
oriented targets. Detailed analysis of MIRA revealed crucial,
impactful, and influential research areas like: Y. Zeng (2017);
configuration and specifications of an unmanned aerial vehicle
(TORRES-SANCHEZ, 2013); energy-efficient routing
collection in UAV intentions (LAKEW DS, 2020); and 5G
placement of an unmanned aerial vehicle (ORSINO A., 2017).

Table 3. Most influential journals.

Journal Name TA TC
IEEE transactions on wireless 8 1026
communications

IEEE access 54 626
IEEE internet of things journal 36 393
Sensors 41 353
Journal of intelligent & robotic systems 33 305
IEEE transactions on communications 7 299
IEEE communications magazine 258
Computer networks 11 187
IEEE transactions on vehicular technology 10 180

Note: TC = Total Citations. TA = Total Articles

Most influential references (MIR)

Table 4 presents details of MIR cited locally (LC) and globally
(GC). LC refers to the frequency of a reference cited by others
in energy or network performance (UAV mission). GC refers
to the frequency of a reference cited by others that may be
outside the context of energy or network performance (UAV
mission). "Energy Minimization for Wireless Communication
with Rotary-Wing UAV" by Y. Zeng, 2019 is the MIR (LC =
41, GC =595, Ratio = 6.89%), followed by "Trajectory Design
for Completion Time Minimization in UAV-Enabled
Multicasting" by Y. Zeng, 2018 (L = 22, GC = 264, Ratio =
8.33%). Standing at the top in MIRA and also in MIR, Y. Zeng,
2019, "Energy Minimization for Wireless Communication
with Rotary-Wing UAV" had the highest GC (LC =22, GC =
595, Ratio = 6.89%). Reference "Joint Optimisation on

© Engineered Science Publisher LLC 2023

Trajectory, Altitude, Velocity, and Link Scheduling for
Minimum Mission Time in UAV-Aided Data Collection" by
LI JX, 2020, had the highest LC/GC ratio (LC =11, GC = 62,
Ratio = 17.74%)).

Table 4. Top most 5 influential research articles (mira).

Author Title TC
Y. Zeng, Energy  Minimization for Wireless 505
2019, Communication With Rotary-Wing UAV
Y. Zeng, Trajectory Design for Completion Time
2018 Minimization in UAV-Enabled 264
' Multicasting
ZHANG Cellular-.E.nabIed UAY CommunlcaFlon: A
SW. 2019 Connectivity-Constrained Trajectory 198
' ' Optimization Perspective
TORRES- Configuration and specifications of an
SANCHEZ . .
3, 2013 L?nmannfec.i Aerial Vehicle (UAV) forearly 175
PLOS ONE site specific weed management
Effects of Heterogeneous Mobility on
ORSINO A, . L .
2017 D2D- and Drone-Assisted Mission-Critical 109
MTC in 5G
ZHAN C, Completion Time Minimization for Multi- 101
2019, UAV-Enabled Data Collection
LAKEW Routing in Flying Ad Hoc Networks: A 92
DS, 2020, Comprehensive Survey
GUPTAL, Survey of Important Issues in UAV 87
2016, Communication Networks
Development and integration of a solar
MALAVER  powered unmanned aerial vehicle and a 85
A, 2015, wireless sensor network to monitor
greenhouse gases
FRIEDRICH Hybrid-Electric Propulsion for Aircraft 84
C, 2015,

Note: TC = Total Citations.

3.2 Foundations of research of energy/ Network
performance research in UAV through Co-citation analysis
The data retrieval process in the WoS data base involved
filtering through keywords or a broad spectrum (energy or
network performance in missions UAVs), which may have
some limitations in accessing any important article that does
not satisfy both criteria.

Analysis of co-citations in references facilitates access to
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and uncovers the foundations and fundamentals of research
areas.!¥l Analysis of reference data by measuring semantic
associations by VOS viewer version 1.6.18 (Analysis type:
Co-citation, Analysis unit: Cited references, Threshold: 10) on
the data set of 383 articles provided useful information about
the following four important clusters based on co-citation
coupling®?” (Fig. 3), which are mentioned as:

1 — Influence of collaborative mission control on UAV (Red
colored)

2 — Air/water search and rescue /Energy conservation in UAV
(Green colored)

3- Structural modeling/collaborative multi-UAV framework
(Blue colored)

4 — Enhancing network performance (Yellow colored)

This co-citation in Fig. 3 derives the baseline foundation of
research where it finds two publications that are cited together
in one article. After tracking the same pair of papers, co-cited
papers tend to form a research cluster that shares a common
theme. Such common themes are detected in the present
analysis given by four different colors: red, green, blue, and
yellow.

3.3 Thematic clusters of energy/ Network performance
research in mission UAV through bibliographic coupling

Influence of collaborative mission control on UAV (red
colored): Zhao et al? suggested the influence of multiple
UAV collaboratively handle the targeted mission using
machine learning models. Another Finger er al.'?? investigated
the effect of UAV aircrafts mobility on the battery. The effect
of hello packets on AODV routing elaborated in Ref. [23].
Another author® developed a design for disaster management

by UAV which percept the utilitarian values. Similarly,
Arjomandi-Nezhad and Poudel et al.?°% investigated
implications on quality of service metrics towards the mission
based environment of UAV in the centre of their studies.

Air/water mobility and rescue /Energy conservation in
UAV (Green colored)

The foundations of motives for UAVs were examined,?"28]
where they suggested that people depend on drones not only
due to their high mobility but also due to their rescue missions,
emergency completeness, and various other economical
reasons of power savings. For investigating motives behind
UAV performance and targeted mobility, S. Jung et al.* and
A. Alioua et al.®% provided a meta-analytic perspective for
determinants of energy harvesting models. Conservation as a
green UAV,4% influence of branding the UAV in sustainable
developments,®3 importance of communication with flight
span and battery life evaluations on UAVs,F*31 and
motivations of people, industry, and governments in driving
new markets while developing green or energy-based UAVs in
Indial! were also prominently referred to study focusing on
reconnaissance missions and UAV mobility influencing
energy motives.

Structural modeling /collaborative multi UAV framework
(Blue colored)

Various researchers cited the structural modeling*-% in their
work in collaborative communication and multi-UAV.
Similarly,*? was cited for the conceptual framework of multi-
agent UAV,*! the unified framework for UAV perceived value,
and for the power consumption prognosis./?

di franco ¢, 2016, j intell ro

mozaffarim, 2046, ieee commun

lyu jb, 2017, iege commun lett

alzenad m, 2047, ieee wirel co

zengy, 2017, igge t wirel.com
zengy, 2018, igee t wirel com -

-
mozaffari m; 2017, ieee t wire

mozaffari m, 2016, ieee t wire

shakhatreh h, 2019, ieee acces

zengy. 2016, i@commun mag,

al-hourani aj 2014, ieee wirel
L

wu qq, 2018, igee t wirel comm

zhan ¢, 2018, iege wirel commu

zengy, 2019, igee t wirel com

. 1ib,2019, ieggiinternet thin
e

mozaffari m, 2@, ieee-commun

w

guptalav, 2016leee coMmunic

erdelj m, 2017ggomput netw, v

]
fotouhi a, 2019y ieee commun s

zengy, 2019 pieee; v107, p2

mnih v, 2015, pature, v518, p5

Fig. 3 Co-citation Reference Network with threshold of minimum 10 citations.
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Enhancing network performance (Yellow colored)
Authors in Refs. [43-46] worked on the foundations of
targeted mission attributes, UAV habitat, and recreational
throughput. All of these authors were referred in various
studies on enhancing network performance metrics such as
throughputs in mission-targeted drones.

3.4 Thematic clusters of energy/ network performance
research in mission targeted UAV through co-occurrence
analysis

This analysis provides knowledge to explore thematic clusters
in UAV research areas in detail. Here, the co-occurrence of
themes and keywords is constructed into a pictorial network
to uncover the thematic co-existence of UAV communication
topics. The data were analyzed using VOS viewer (Analysis
type: co-occurrence, analysis unit: all keywords, minimum
number of occurrences of a key word: 15). Out of 2985
keywords, 50 met the threshold, and the top 50 cutoff marks
were chosen for calculating the total strength of co-occurrence
links with other keywords. Thus, the keywords with the
greatest total link strength were selected (Fig. 4).

The results from the VOS viewer application that provided
popular themes and keywords in the study are found in Table
4. Along with frequency, clustering of keywords on the basis
of coupling can be observed in the network (Fig. 4),
establishing the priorities for scientific research as well as for
planning and administration in educational institutions. The
analysis gives information about the top 30 keywords. The

word "mission unmanned aerial vehicles" obviously topped
the list of co-occurrences as it was used in the string to extract
information from the WoS database. This way, it establishes
the potential relationship between the two words, which
enlightens the research trends on which one can work in the
future by finding papers on the two connected words with
different technologies and using them in his or her work. One
such example is the relationship between the design of UAVs
and performance, as seen in Fig. 4 with green cluster analysis,
where one can find publications related to them and work on
implementing new designs that promote the best performances.
Thematic co-occurrence analysis revealed the green cluster to
have the maximum number of keywords (330 cumulative, or
29.35% of the top 30 keywords) with stronger links with other
keywords in the domain of UAV missions with respect to
network performance and energy. Further, on observing all the
other clusters, it is clear that "UAV", "performance," along
with "energy" and "throughput,” were key themes in the Red
Cluster, comprising a cumulative score of co-occurrences with
19% of the top 30 keywords, indicating some studies done in
an Indian context. Also, by observing the yellow cluster,
themes namely "energy behaviour", "management", "internet"
and "5G" co-occurred cumulatively with 16% of the top 30
keywords, which may have been carried out in the USA.1
Light blue clusters have a smaller number of co-occurring
keywords, but keywords like "routings", "coverage", "path
planning", etc. were prominent in Canada and China and were
futuristic in nature.[484°

trajectorgplanning

reinforcemgnt learning

© Engineered Science Publisher LLC 2023

traj@gtory navigation
medel
data cgllection” /] " x
{ *trajectory @ptimization airgraft
s e A » tracking
resource m@gnagement o &Y cqsump}tion ta§k agaiysis
: ; battery
@ - 2 a7 ) d n
' comm@cathn L = b performance
trajectogy design f unmanngd‘a@lvghlcle(qav) ~_path planning vehicles
allogation Wy, AN : network
L5 ‘ -~ optimization
& internetof things @ p m systems system
@ unmannéd@ial vehicles )
networks
throughput ; survalllance - algapithm drgne
drenes
internet - engrey
energy efficiency.
management
coverage
5g uays
routing
deplouinent

Fig. 4 Co-occurrence connection of top 50 articles between two keywords.
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3.5 Thematic evolution of network performance/energy in
UAV research through co-occurrence analysis

After analyzing the results of "thematic co-occurrence
analysis" with VOS viewer, certain limitations were identified,
as this tool provides good results for interpreting prominent
themes but not their trends. To mitigate this issue, biblioshiny
(a network approach) was used to depict the evolution and
thematic trends. Option "Author Keywords" was selected
rather than "Keyword Plus" to get better insights about themes.
Software provided automated four time periods or time slices

(2005-2010; 2011-2015; 2016-2020; and 2021-2023) on
selecting cutting points "4".

Table 5 presents the 16 most frequent keywords, indicating
the major themes discussed in UAV mission literature. The
word "unmanned aerial vehicle" tops the list with 67
occurrences, followed by "energy consumption" (20), "drone"
(16), "remote or routing" (11) and "throughput" (9). This
indicated that most of the work in the field of energy and
throughput was focused on mission-based UAV domains.

Table 5. Top Most 5 influential research articles (MIRA).

LC Authors Title GC LC:GC(%)
Y. Zeng. 2019, IEEE T WIREL Energy Minimization for Wireless Communication with Rotary-Wing
41 ' 9. ' UAV 595 6.89
COMMUN
Trajectory Design for Completion Time Minimization in UAV-Enabled
gp  Y:4eng, 2018, [EEE TWIREL Multicastin 264 833
COMMUN g '
Cellular-Enabled UAV Communication: A Connectivity-Constrained
18 ZHANG SW, 2019, IEEE T Trajectory Optimization Perspective 198 9.09
COMMUN Jectory Lp P '
Joint Optimization on Trajectory, Altitude, Velocity, and Link Scheduli
11 LIJX, 2020, IEEE INTERNET It Uprimization on T rajectory, ALCe, . and L1 W9 e 17.74
for Minimum Mission Time in UAV-Aided Data Collection
THINGS
8 ZHAN C, 2019, IEEE T WIREL Completion Time Minimization for Multi-UAV-Enabled Data Collection 101 7.92
COMMUN '
8 LAKEW DS, 2020, IEEE Routing in Flying Ad Hoc Networks: A Comprehensive Survey 92 870
COMMUN SURV TUT '
; CABREIRA TM, 2018, IEEE inerlgg/{;?::are Spiral Coverage Path Planning for UAV Photogrammetric . .
ROBOT AUTOM LET ppiications '
mprehensive Ener nsumption Model for Unmanned Aerial
7 ABEYWICKRAMA HV, 2018, S/Zhiglzs eBZseZ oneE?: ci:rci)caSIuStEgic;s ofolszttecr) LPJerfoa;mf:r:jce . 65 10.77
IEEE ACCESS ’ P y '
AV-Enabled Radio A Network: Multi-M mmunication an
] ZHANG JW, 2018, IEEE T _lrJra.ectorab;:Si Erl]d 0 Access Netwo ulti-Mode Communication and o 7
SIGNAL PROCES ) y 9 '
Experimental investigation on the online fuzzy energy management of
HYDROGEN ENERG Y vP y '
Fuzzy logi ivalent consumption optimization of a hybri
5 XIE ¥, 2019, AEROSP SCI eIL;ct?/icogroC tl)JEIlssieodnesquste?nefotrct?nr:;mr:)etzdoaec;ipatl veheil::IZs e 38 13.16
TECHNOL prop 4 '
istic UAV Utilization in Wireless N ks: Motivati
LIU DX, 2020, IEEE COMMUN Oppo_rtur_nstlc UAV Utilization in Wireless Networks: Motivations,
5 Applications, and Challenges 47  10.64
MAG
4 MARDANI A, 2019, IEEE Communication-Aware UAV Path Planning 37 1081
ACCESS '
Energy Consumption and Completion Time Tradeoff in Rotary-Wing
4 WU FH, 2019, IEEE ACCESS UAYV Enabled WPCN 29 13.79
4 PRASETIA AS, 2019, IEEE Mission-Based Energy Consumption Prediction of Multirotor UAV 24 1667

ACCESS

Note: LC = Local Citations. GC = Global Citations
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Further, the thematic evolution of the keywords presented
in four time scales (2005-2010; 2011-2015; 2016-2020; and
2021-2023) revealed various sub-themes related to UAV
behavior in 3D missions, which could be the determinants of
energy and throughput. The keyword "deep learning" was also
observed at the 15th position in the list, suggesting that authors
are also generally contributing to deep learning in UAV
research (Table 5).

3.6 Trend of topics/ themes of energy/throughput vehicle
research in mission-based UAV's

We could get the thematic evolution as explained above.
Thematic evolution through co-occurrence analysis could
provide prominent themes but not the futuristic and upcoming
in-trend themes, and it is suggested to identify broader as well
as niche themes. To get better results, the Biblioshiny
application was used (analysis type: documents, words, topic
trends, with options). Author’s keywords: word minimum
frequency = 5, number of words per year = 5. This provides a
spatial representation of the connections between the
disciplines, fields, and texts as well as the author's discovery
of new themes or historical developments. A list of the top 50
words that passed the threshold level is also presented (Fig. 5).
This information could enrich the knowledge of researchers in

emerging areas of missionary UAVs and aerial vehicles. [Note:

F=Frequency. FOY=First Occurrence Year. MOY=Median
Year of Occurrence. LOY [Last Occurrence Year]

2005-2010 2011-2013

DUE‘U’

Dunrnanne%enal vehicles (uavs)

Basic topics and themes

Analysis provided results to identify basic topics and themes
in the area of energy and network performance in UAV
missions. Themes with keywords: unmanned aerial vehicles
(F = 67, FOY = 2005, MOY = 2016, LOY = 2023), energy
consumption (F = 20, FOY = 2015, MOY = 2018, LOY =
2022), and throughput (F = 9, FOY = 2018, MOY = 2021,
LOY = 2023) could be treated as the basic themes.

Emerging topics and themes

Analysis of Fig. 6 provided results to identify emerging topics
and themes in the area of energy and network performance in
mission UAVs. Themes with keywords: internet (F = 38, FOY
=2021,MOY =2022, LOY =2022), energy efficient (F = 14),
energy (F = 38, FOY = 2016), MOY = 2018, LOY = 2020),
aerial vehicle (F = 12), 2018 (MOY = 2020), LOY = 2022),
and performance (F = 38, FOY = 2018 (MOY = 2020), LOY
= 2022) could be treated as emerging themes. Through this
given trend, it is found that although most of the research on
aerial vehicles started in 2019, it was conducted very little, as
seen by their low frequency count. Another frequency of the
word "optimization," which seems to be higher since 2020,
shows the major contribution of the world in this domain. The
emerging demand for network performance, energy, or
services for the UAV is still scarce in the world, which can be
more explored in the future.

2016-2020 2021-2023

unmanned aeun'rnanne'dfaerial nehiclesﬂ

unmanned aenal vehnle (uav)[l

[ lenergy eﬁ‘it:ie'n'cjr unmanned aerial vehicle uav)
survellance -~ ® :droné , ',.' routing prntncnlD
[ unmanned aerial vehicle [ Junmanned aerial vehicles — N "(// drone[]
Ll energy-management. energy cnnsumptmn Snlar powered uavD
Cuay = unmanned aerial vehicle [UEV] DETIE'TQ EE@I@IEHH[ pmpu|§i0n 5¥5t5m|_|
Dmuln nb]ectwe n|:|t|n’||zat|nE“JIE.r enegggg
Dsnlar—pnwered Lav mobility =1

| Junmanned aerial vehicles

[ Jlong enduhighs tlw\rnughpnt phtengtypmg%
[throughput® | AEROEEENSINg

; W\ s
[lsolar energy /" copnitive radio=
[Jtrajectory.planning air-to-ground—=
I:Ihmh thrnughputphenotvnlng di téﬁﬁg
gﬂ%?%?ﬁ%ﬁﬂ?a%t|019”9fﬂ? mifagement=

e raInforcement ieaming  JEEPIEAMINg=

el el
i igplie=

Fig. 5 Thematic Evolution, using R-Biblioshiny (Top 50 Author’s Keywords).
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Trend Topics
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Fig. 6 Trend of Topics — Time Span 2014 to 2022.

Evolution of trends in countries MOY=2016, LOY=2018), Korea (F=6, FOY=2011,
Analysis from Fig. 7 helped to identify the evolution of themes MOY=2018, LOY=2022). Inference could be drawn that the
related to energy and performance in UAVs with country- evolution of studies in this domain could have started in
specific names, viz., China (F =41, FOY =2011; MOY =2020; developed countries in West and East Asia, like Korea and the
LOY =2022); India (F=24), FOY=2011; MOY =2015; LOY USA, and extended to developing countries in Southeast Asia,
= 2022); and the United States of America (F = 32, FOY = like India and China. Hence, UAV research has been a trending
2005; MOY = 2016; LOY = 2022). Italy (F=11, FOY=2014, domain in India for the past few years.

AU DE AU_CO

Iunmanned aerial vehicles

lunmanned 3erial vehicle (uav)

unmanned aerial vehicle

E]trajectory |
[:]task analyy),

" india
l:ldata collection

uav. z
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. >
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[l path planning
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[Tlinternet of things / e
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[Itrajectory planning
[—_Imonitoring >
[Clwireless'sensornetworks
[internet of things (iot)

Emenergy efficiency
Csurveillance
—droges

=—uavs
==routing

Fig. 7 Three field plotting between author-keyword —country from 2005-2022.
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Countries contribution in UAYV research

Analysis from Fig. 8 helped to identify the evolution of articles
related to energy and performance in UAVs with country
contribution with specific years in terms of no of articles =NA,
first contribution year=FCY, last contribution year = LCY, viz.
the world's highest contribution in the research domain by
China (NA = 612; FCY = 2010; LCY = 2023), USA (NA =
312), India (NA = 124; FCY = 2011; LCY = 2023) and Italy
(NA =80; FCY = 2005, LCY =Although China started late in
the domain, the researchers explored more and contributed to
the world with the highest number of articles. Next, a
developing country like India contributed in the same domain
with its great efforts, which influenced the mission intentions
for the various targeted missions. Next, the developed
countries like the USA and Korea, although they started
contributing in this domain in 2005, have seen their
contributions degrade per year and almost settle on
diminishing for the coming years. Through this analysis, it can
be predicted that the countries that have contributed in the past
few years to publications will give the world a new
opportunity to see their publications, and new research will try
to find their challenges solved through them by searching
papers in the same country.

Word dynamics

The words that appear next to "UAV," or unmanned aerial
vehicle," in the titles and abstracts of the detected publications
are displayed in this section as a word cloud. Words are
displayed in the word cloud in varying sizes based on how
frequently they appear. The prominent words are positioned in
the middle of word clouds, despite the fact that placement is
frequently haphazard. In this study, the analysis of document
topics was used to produce the word cloud results. According

Country Production over Time

800

400

Articles

200

nn nn

to Fig. 9, "optimization," "design," "energy," "performance,"
"throughput," "coverage," and "communication" were the
terms most frequently associated with UAVs on which
scholars, academicians, or industries can work that are
trending in recent years and can contribute in their same
domain, which would be easy for one who does not know
which research topics are in trend, so through this word
"dynamic," a larger density will give more publications, and a
less dense word gives the areas that are lacking and have more
chances where others are not considered.

4. Limitation

The data set used in the current study was taken from articles
that were published and indexed in the Web of Science (WoS)
database between the years of 2005 and 2022, making it
comprehensive in nature. This database only included journal
articles; it did not include conference or review papers, which
limited the scope of any further research. The data set was
further constrained by the subject area, which was restricted to
reconnaissance missions and monitoring, sustainable
economies, energy, performance, maneuvers, recons,
surveillances, aerial surveillance, rejuvenation economies,
remote sensing, and social monitoring. Although some
research ignites the energy of vehicle-to-vehicle
communication, which improves the time gap in platooning
systems.5% Wu ef al.54 solves the limitations in the real time
field where the vehicle nodes fail to adapt in drastic
acceleration/decelerations losing the battery power. Still Li.[52
finds the new limitation on achieving optimal electric vehicle
charging using the natural resources which might be the new
area for research in future. These restricted locations might be
the subject of additional research.

2005
2006

2007
2008
2009
20101
2011
2012
20131

20141
2015
z017] |
20181
2020
20211
20221
2023

Year

Country

— CHINA
INDIA
— ITALY
KOREA
— UsA

Fig. 8 Countries contribution over time span of 2005-2023 (bibllioshiny).
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5. Conclusions

The present comprehensive bibliometric study confirmed the
significant growth in energy efficiency and mission-oriented
performance in the mission-based UAV domain from 2005
onward. G. M. Cappello et al.’® and V. Sanchez-Aguero et
al.% considered founders of UAVs, drones, or aerial vehicles
with energy and throughput. The KokIcredited for mission-
aware UAV and assessing performance expectations studies in
developing countries.lInfluential research in the domain of
mission-oriented UAVs and green UAVs was carried out by
Saini et al.57 on attracting new customers for path planning in
the outdoors, on hello packets, which influence the quality of
service of UAVs and throughput in Ref. [58,59] on supply
chain delivery, energy-aware environments and information
dissemination in Ref. [60,61] on deep learning models for
mission-oriented aerial monitoring environments, and
Manjarrez 14 on fuzzy stages of energy in empowering UAVs
and influence on network performance. The present study may
be used as a guidance for future research in the areas of deep
learning, energy consumption, network performance in
mission intention, scaling hello intervals, optimizing routings,
etc. in niche mission target formats and sustainable
developments, like agriculture, smart cities, reconnaissance
missions, fire emergency rescues, medical monitoring,
pandemic observation, entertainment, etc. The research
questions regarding the publication trend of drones and UAVs
being used in mission-oriented activities (RQ1), the most
influential research articles and most influential references in
(RQ2), new research foundations for network metrics
optimization in (RQ3), and prominent themes in the field of
UAV communication in (RQ4). Further the findings and open
avenues to investigate drone transportation in minimum
energy, long range UAV communication, which is again the
hot spot for low power in reconnaissance sectors where the
studies have been scarce. The study may also encourage more
research in developing and emerging economies in sustainable
green UAV and in Tier Il and Il cities (non-metro) to
investigate emergencies, provisioning networks in dense areas
where cellular networks are scarce, and performance levels to
reach the ultimate benchmark of mission intention in various

12 | Eng. Sci., 2023, 23, 895

sustainable development sectors, viz. agriculture, pandemic
(COVID-19), volcanic observation, medical observation,
sheltering cellular networks, etc.
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Nomenclature

UAV Unmanned Aerial vehicle
RQ Research Query or Research Question
MPA Most Productive Author
MIA Most Influential Author
TA Total Article
TC Total citation
MIRA Most influential research Article
MIR Most Influential reference
LC Local Citation count
GC Global Citation count
AODV Adhoc on demand distance vector routing
Tx Transmission range of UAV
FOY First occurrence Year
MQOY Median Occurrence Year
LOY Last Occurrence Year
NA Number of Article
FCY First contribution Year
LCY Last Contribution Year
CcC Colour of cluster
NOC Number of occurrences
TLS Total strength of links
PK Percentage strength of keyword
R Rank of Keyword based on PK
F Frequency of word
References

[1] J. J. Majewski, J. Melody, A. Messier, LiTE SAR, Ku-band
synthetic aperture radar for small unmanned air vehicles. 2018
IEEE Radar Conference (RadarConf18), 2018, 598-605, doi:
10.1109/RADAR.2018.8378627.

© Engineered Science Publisher LLC 2023



Engineered Science

Review article

[2] N. Bloise, M. C. Ruiz, D. D’Ambrosio, G. Guglieri,
Preliminary design of a remotely piloted aircraft system for crop-
spraying on vineyards. 2020 IEEE International Workshop on
Metrology for Agriculture and Forestry (MetroAgriFor).
November 4-6, 2020, 1-6, doi:
10.1109/MetroAgriFor50201.2020.9277607.

[3] Y. Chang, An enhanced rerouting cost estimation algorithm
towards Internet of drone, The Journal of Supercomputing, 2020,
76, pp.10036-10049, doi: 10.1007/s11227-020-03243-9.

[4] Z. Qi, A. Lahuerta-Lavieja, J. Li, K. K. Nagalapur, Deployable
networks for public safety in 5G and beyond: a coverage and
interference study. 2021 IEEE 4th 5G World Forum (5GWF),
October 13-15, 2021, 346-351, doi:
10.1109/5GWF52925.2021.00067.

[5] R. Merkert, J. Bushell, Managing the drone revolution: a
systematic literature review into the current use of airborne
drones and future strategic directions for their effective control,
Journal of Air Transport Management, 2020, 89, 101929, doi:
10.1016/j.jairtraman.2020.101929.

[6] N. J. van Eck, L. Waltman, VOS: A New Method for
Visualizing Similarities Between Objects. In: Decker, R., Lenz,
H.J. (eds) Advances in Data Analysis. Studies in Classification,
Data Analysis, and Knowledge Organization. Springer, Berlin,

Heidelberg, 2007, 299-306, doi: 10.1007/978-3-540-70981-7_34.

[7] A. Thirumagal and M. Mani, Literature Growth and
Development of “E-learning”: A Bibliometric Analysis using
Bibexcel. Journal of Information & Systems Management.,2019,
9, 108, doi: 10.6025/jism/2019/9/3/108-114.

[8] C. Chen, CiteSpace II: detecting and visualizing emerging
trends and transient patterns in scientific literature, Journal of the
American Society for Information Science and Technology, 2006,
57, 359-377, doi: 10.1002/as1.20317.

[9] A. Zolich, A. Scegrov, E. Vagsholm, V. Hovstein, T. A.
Johansen, missions of unmanned
vehicles—network architecture and performance analysis, 2017
IEEE International Conference on Communications (ICC), 2017,
1-7, doi: 10.1109/ICC.2017.7996481.

[10] A. Shamsoshoara, F. Afghah, A. Razi, S. Mousavi, J.
Ashdown, K. Turk, An autonomous spectrum management
scheme for unmanned aerial vehicle networks in disaster relief
operations, [EEE Access, 2020, 8, 58064-58079, doi:
10.1109/ACCESS.2020.2982932.

[11] B. Chen, M. Yang, Y. Chen, Q. Ning, D. Xie, A novel energy
harvesting scheme in interference networks with UAVs, Physical
Communication, 2019, 33, 259-265, doi:
10.1016/j.phycom.2019.01.011.

[12] N. Donthu, S. Kumar, D. Mukherjee, N. Pandey, W. M. Lim,
How to conduct a bibliometric analysis: an overview and
guidelines, Journal of Business Research, 2021, 133, 285-296,
doi: 10.1016/j.jbusres.2021.04.070.

[13] 1. Danvila-del-Valle, C. Estévez-Mendoza, F. J. Lara, Human
resources training: a bibliometric analysis, Journal of Business
Research, 2019, 101, 627-636, doi:
10.1016/j.jbusres.2019.02.026.

[14] K. van Nunen, J. Li, G. Reniers, K. Ponnet, Bibliometric

Coordinated maritime

© Engineered Science Publisher LLC 2023

analysis of safety culture research, Safety Science, 2018, 108,
248-258, doi: 10.1016/j.s5¢1.2017.08.011.

[15] L. Mora, R. Bolici, M. Deakin, The first two decades of
smart-city research: a bibliometric analysis, Journal of Urban
Technology, 2017, 24, 3-27, doi:
10.1080/10630732.2017.1285123.

[16] F. Garrigos-Simon, Y. Narangajavana-Kaosiri, I. Lengua-
Lengua, Tourism and sustainability: a bibliometric and
visualization analysis, Sustainability, 2018, 10, 1976, doi:
10.3390/su10061976.

[17] F. Goerlandt, J. Li, G. Reniers, The landscape of risk
communication research: a scientometric analysis, International
Journal of Environmental Research and Public Health, 2020, 17,
3255, doi: 10.3390/ijerph17093255.

[18] A. M. Syed and H. S. Bawazir, Recent trends in business
financial risk — A bibliometric analysis, Cogent Economics &
Finance, 2021, 1913877, doi: 10.1080/23322039.2021.1913877.
[19] F. G. Harmon, A. A. Frank, S. S. Joshi, The control of a
parallel hybrid-electric propulsion system for a small unmanned
aerial vehicle using a CMAC neural network, Neural Networks,
2005, 18, 772-780, doi: 10.1016/j.neunet.2005.06.030.

[20] H. Small, Co-citation in the scientific literature: a new
measure of the relationship between two documents, Journal of
the American Society for Information Science, 1973, 24, 265-269,
doi: 10.1002/asi.4630240406.

[21] Z. Zhao, C. Luo, A. Solomon, F. Basti, C. Caicedo, M. C.
Gursoy, Q. Qiu, Machine learning-based traffic management
model for UAS instantaneous density prediction in an urban area.
2020 AIAA/IEEE 39th Digital Avionics Systems Conference
(DASC), San Antonio, TX, USA. IEEE, 2020, 1-10, doi:
10.1109/DASC50938.2020.9256471.

[22] D. F. Finger, C. Braun, C. Bil, Impact of battery performance
on the initial sizing of hybrid-electric general aviation aircraft,
Journal of Aerospace Engineering, 2020, 33, doi:
10.1061/(asce)as.1943-5525.0001113.

[23] S. Mukhopadhyay, R. Maurer, P. Guss, Newer aerial
platform for emergency response by the United States
Department of Energy. SPIE Optical Engineering + Applications.
Proc SPIE 11494, Hard X-Ray, Gamma-Ray, and Neutron
Detector Physics XXII, Online Only. 2020, 11494, 44-53, doi:
10.1117/12.2560116.

[24] U. Ozdemir, Y. O. Aktas, K. Demirbag, A. Erdem, G. D.
Kalaycioglu, I. Ozkol, G. Inalhan, Design of a commercial hybrid
VTOL UAV system. 2013 International Conference on
Unmanned Aircraft Systems (ICUAS). May 28-31, 2013, Atlanta,
GA, USA, IEEE, 2013, 214-220, doi:
10.1109/ICUAS.2013.6564693.

[25] A. Arjomandi-Nezhad, M. Moeini-Aghtaie, M. Fotuhi-
Firuzabad, F. Aminifar, Budget-constrained drone allocation for
distribution system damage assessment, I[ET Smart Grid, 2022, 5,
42-50, doi: 10.1049/stg2.12050.

[26] S. Poudel, S. Moh, Task assignment algorithms for
unmanned aerial vehicle networks: a comprehensive survey,
Vehicular ~ Communications, 2022, 35, 100469, doi:
10.1016/j.vehcom.2022.100469.

Eng. Sci., 2023, 23, 895 | 13



Review article

Engineered Science

[27] L. A. L. F. da Costa, R. Kunst, E. Pignaton de Freitas, Q-
FANET: improved Q-learning based routing protocol for
FANETs, Computer Networks, 2021, 198, 108379, doi:
10.1016/j.comnet.2021.108379.

[28] M. Shi, K. Qin, Distributed control of networked unmanned
aerial vehicles for valley area coverage, Mobile Information
Systems, 2016, 2016, 1-12, doi: 10.1155/2016/3680265.

[29] S. Jung, S. Hwang, H. Shin, D. H. Shim, Perception,
guidance, and navigation for indoor autonomous drone racing
using deep learning, IEEE Robotics and Automation Letters,2018,
3,2539-2544, doi: 10.1109/LRA.2018.2808368.[LinkOut]

[30] A. Alioua, H.-E. Djeghri, M. Elyazid Tayeb Cherif, S.-M.
Senouci, H. Sedjelmaci, UAVs for traffic monitoring: a sequential
game-based computation offloading/sharing approach, Computer
Networks, 2020, 177, 107273, doi:
10.1016/j.comnet.2020.107273.

[31] A. Elshrkasi, K. Dimyati, K. A. Bin Ahmad, E. Abdullah,
Employing an energy harvesting strategy to enhance the
performance of a wireless emergency network, Sensors, 2022, 22,
4385, doi: 10.3390/s22124385.

[32] C. W. Chan, T. Y. Kam, A procedure for power consumption
estimation of multi-rotor unmanned aerial vehicle, Journal of
Physics:  Conference Series, 2020, 1509, 012015, doi:
10.1088/1742-6596/1509/1/012015.

[33] A. Banerjee, K. K. Venkatasubramanian, T. Mukherjee, S. K.
S. Gupta, Ensuring safety, security, and sustainability of mission-
critical cyber—physical systems, Proceedings of the IEEE, 2012,
100, 283-299, doi: 10.1109/JPROC.2011.2165689.

[34] M. Rodrigues, D. F. Pigatto, K. R. L. J. C. Branco,
Navigation phases platform: towards green computing for UAVs.
2018 IEEE Symposium on Computers and Communications
(ISCC). June 25-28, 2018, Natal, Brazil. IEEE, 2018, 1171-1176,
doi: 10.1109/ISCC.2018.8538713.

[35] S. Zainurin, R. E. M. Nasir, W. Kuntjoro, Flight dynamic
stability performance of the baseline-ix blended-wing-body
unmanned aerial system using flight simulator, Journal of
Aeronautics Astronautics and Aviation, 2021, 53, 179-192, doi:
10.6125/JoAAA.202106_53(2).10.

[36] J. Schumann, P. Moosbrugger, K. Y. Rozier, Runtime
analysis with R2U2: a tool exhibition report. Runtime
Verification. Cham: Springer International Publishing, 2016:
504-509, doi: 10.1007/978-3-319-46982-9 35.

[37] M. Volk, J. Sterle, 5G experimentation for public safety:
technologies, facilities and use cases, /[EEE Access, 2021, 9,
41184-41217, doi: 10.1109/ACCESS.2021.3064405.

[38] S. Suman, S. De, Performance analysis of UAV-aided RF
energy transfer. 2020 International = Conference on
COMmunication Systems &NETworkS (COMSNETS), January
7-11, 2020, Bengaluru, India. IEEE, 2020, 575-578, doi:
10.1109/COMSNETS48256.2020.9027446.

[39] W. Wang, X. Guo, Y. Liu, A. Tang, Q. Yang, Factors affecting
unmanned aerial vehicles’ unsafe behaviors and influence
mechanism based on social network theory, Transportation
Research Record: Journal of the Transportation Research Board,
2023, 2677, 1030-1045, doi: 10.1177/03611981221138782.

14| Eng. Sci., 2023, 23, 895

[40] B. Alkouz, A. Bouguettaya, Formation-based selection of
drone swarm services, MobiQuitous 20: MobiQuitous 2020 -
17th EAI International Conference on Mobile and Ubiquitous
Systems: Computing, Networking and Services. December 7 - 9,
2020, Darmstadt, Germany. New York: ACM, 2020, 386-394, doi:
10.1145/3448891.3448899.

[41] H. T. Tran, J. C. Domercant, D. N. Mavris, Evaluating the
agility of adaptive command and control networks from a cyber
complex adaptive systems perspective, The Journal of Defense
Modeling and  Simulation:  Applications,  Methodology,
Technology, 2015,12,405-422, doi: 10.1177/1548512915592517.
[42] M. Bronz, G. Hattenberger, J.-M. Moschetta, Development
of a long endurance mini-UAV: eternity, International Journal of
Micro Air Vehicles, 2013, 5, 261-272, doi: 10.1260/1756-
8293.5.4.261.

[43] K. Tiwari, X. Xiao, A. Malik, N. Y. Chong, A unified
framework for operational range estimation of mobile robots
operating on a single discharge to avoid complete immobilization,
Mechatronics, 2019, 57, 173-187, doi:
10.1016/j.mechatronics.2018.12.006.

[44] G. Sierra, K. Goebel, A novel model-based framework for
power consumption prognosis in multirotors applied to the
battery end of discharge prognostics, Journal of Nondestructive
Evaluation, Diagnostics and Prognostics of Engineering Systems,
2020, 3, 021006, doi: 10.1115/1.4046611.

[45] F. Liu, T.-Y. Fan, C. Grant, C.-H. Hsu, N.
Venkatasubramanian, DragonFly: drone-assisted high-rise
monitoring for fire safety. 2021 40th International Symposium on
Reliable Distributed Systems (SRDS). September 20-23, 2021,
Chicago, IL, USA. [IEEE, 2021, 331-342, doti
10.1109/SRDS53918.2021.00040.

[46] S. V. Varma Sagi, L. Petnga, Multi-UAS formation
recognition in dynamic environments, Procedia Computer
Science, 2020, 168, 241-248, doi: 10.1016/j.procs.2020.02.260.
[47] R. Grodi, D. B. Rawat, C. Bajracharya, Performance
evaluation of Unmanned Aerial Vehicle ad hoc networks.
SoutheastCon. April 9-12, 2015, Fort Lauderdale, FL, USA.
IEEE, 2015, 1-4, doi: 10.1109/SECON.2015.7133020.

[48] N. Iversen, O. B. Schofield, L. Cousin, N. Ayoub, G.
vomBogel, E. Ebeid, Design, integration and implementation of
an intelligent and self-recharging drone system for autonomous
power line inspection. 2021 IEEE/RSJ International Conference
on Intelligent Robots and Systems (IROS). September 27 -
October 1, 2021, Prague, Czech Republic, IEEE, 2021, 4168-
4175, doi: 10.1109/IROS51168.2021.9635924.

[49] F. Zhang, G. Wang, Y. Hu, L. Chen, A.-X. Zhu, Design of an
integrated remote and ground sensing monitor system for
assessing farmland quality, Semsors, 2020, 20, 336, doi:
10.3390/s20020336.

[50] H. Li, R. Tiwari, V. Pickert, S. Dlay, Fuzzy control for
platooning systems based on V2V communication. 2018
International Conference on Computing, Electronics &
Communications Engineering (iCCECE), Southend, UK. IEEE,
2019, 247-252, doi: 10.1109/iCCECOME.2018.8658807.

[51] H. Li, H. Wu, 1. Gulati, S. A. Ali, V. Pickert, S. Dlay, An

© Engineered Science Publisher LLC 2023


http://dx.doi.org/10.1109/LRA.2018.2808368

Engineered Science

Review article

improved sliding mode control (SMC) approach for enhancement
of communication delay in vehicle platoon system, [ET
Intelligent Transport Systems, 2022, 16, 958-970, doi:
10.1049/itr2.12189.

[52] H. Li, X. Dai, R. Kotter, N. Aslam, Modelling and
Uncertainty Analysis of On-site Renewable Sources for Optimal
EV Charging. 2022. International conference on capacity
building in the Renewable Energy Sector [[-CARES 2022] At:
Newecastle upon Tyne and Colombo, Sri Lanka.

[53] G. M. Cappello, G. Colajanni, P. Daniele, L. Galluccio, C.
Grasso, G. Schembra, L. Scrimali, Optimizing FANET lifetime
for 5G softwarized network provisioning, /EEE Transactions on
Network and Service Management, 2022, 19, 4629-4649, doi:
10.1109/tnsm.2022.3193883.

[54] V. Sanchez-Aguero, F. Valera, 1. Vidal, C. Tipantuia, X.
Hesselbach, Energy-aware management in multi-UAV
deployments: modelling and strategies, Sensors, 2020, 20, 2791,
doi: 10.3390/s20102791.

[55] Z. Kok, Use of eternal flight unmanned aircraft in military
operations, proceedings of SPIE - The International Society for
Optical Engineering, Unmanned Systems Technology XVI,
Baltimore, MD, USA, 2014, 9084, 908410, doi:
10.1117/12.2051007.

[56] S. M. H. Jafri, R. Kala, Path Planning of a Mobile Robot in
Outdoor Terrain, Intelligent Systems Technologies
Applications. Advances in Intelligent Systems and Computing,
Springer, 2016, 385, 187-195, doi: 10.1007/978-3-319-23258-
4 17.

[57] H. K. Saini, K. Jain, Impact of hello intervals in AODV in
FANET, Journal of Physics: Conference Series, 2021, 2062,
012005, doi: 10.1088/1742-6596/2062/1/012005.

[58] F. H. Panahi, F. H. Panahi, T. Ohtsuki, A reinforcement
learning-based fire warning and suppression system using
unmanned aerial vehicles, /EEE Transactions on Instrumentation
2023, 72, 1-16, doi:

and

and Measurement,
10.1109/TIM.2022.3227558.
[59] A. A. Al-Habob, O. A. Dobre, S. Muhaidat, H. V. Poor,
Energy-efficient information placement and delivery using UAVs,
IEEE Internet of Things Journal, 2023, 10, 357-366, doi:
10.1109/J10T.2022.3200916.

[60] X. Jiang, M. Sheng, N. Zhao, C. Xing, W. Lu, X. Wang,
Green UAV communications for 6G: a survey, Chinese Journal
of Aeronautics, 2022, 35, 19-34, doi: 10.1016/j.cja.2021.04.025.
[61] L. Yue, R. Yang, Y. Zhang, L. Yu, Z. Wang, Deep
reinforcement learning for UAV intelligent mission planning,
Complexity, 2022, 2022, 1-13, doi: 10.1155/2022/3551508.

[62] L. H. Manjarrez, J. C. Ramos-Fernandez, E. S. Espinoza, R.
Lozano, Estimation of energy consumption and flight time

margin for a UAV mission based on fuzzy systems, Technologies,
2023, 11, 12, doi: 10.3390/technologies11010012.

© Engineered Science Publisher LLC 2023

Author Information

Hemant Kumar Saini is currently
working as an Assistant Professor at
Chandigarh University in Mohali, Punjab.
, He has 11.5 years of experience in the
rﬁ\’m : ,’ software industry, academics, research,
K and  incubation  cells.  Prior to
Chandigarh University, he worked in TEQIP-III under the
Central Govt. NPIU, handling various NBA and ABET quality
works. He is pursuing his Ph.D. in Adhoc networks from
Manipal University Jaipur. His research areas are wireless
sensor networks, FANET, the Internet of Things, computer
networks, and network security. He has published 18 papers
in scopus conferences, 6 papers in reputed journals, 3
chapters in CRC Taylor Francis, and 2 chapters in De Gruyter,
SSRN, and presented many papers at national conferences. He
supervised many undergraduate and postgraduate scholars.

He is a member of CSI ,CSTA and IAENG.

Dr. Kusumlata Jain is currently working
as Associate Professor at Manipal
University Jaipur. She has more than 12
years of experience in the software
Research and

industry, Academics,

Training. Prior to Manipal University
Vidyapith, Mody
University Laxmangarh handling various administrative and

Jaipur, she worked with Banasthali

academic assignments. She has done her Ph. D. in Computer
Science from Banasthali Vidyapeeth. Her research area is
Wireless Sensor Network, Internet of Things, Computer
Networks and Network Security. She has published more than
25 papers in repute journals and presented many papers in
national and international conferences. She is executing
projects from Industry and Government of Rajasthan. She
supervised many undergraduate and post graduate student
projects and Ph.D. research scholar. She is Member of ACM
and CSI.

Publisher’s Note: Engineered Science Publisher remains
neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Eng. Sci., 2023, 23, 895 | 15



