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Abstract

In order to fully understand the current comprehensive development of the
manned/unmanned system cooperative operation (MUMT) problem, the current
domestic research in this field is analyzed by using Citespace and Tableau, with a view
to supporting the prediction of the future development trend. It is found that, against the
background of rapid development of informatization, unmanned and intelligentization,
the research on issues related to manned/unmanned coordinated warfare is becoming
more and more common, with the space ranging from the air to the sea, from the surface
to the underwater and then to the ground, and the outreach of the research content is
also becoming more and more rich, which mainly involves the planning of operational
missions, generation of operational capabilities, operational technology requirements,
and exploration of the operational modes, and so on. In the future, manned/unmanned
combat will be the main mode of war, which has been confirmed by the Russian-
Ukrainian war, but how to conduct more systematic and comprehensive in-depth
research and precise and efficient deepening of the application will be directly related
to the victory or defeat of the future war.
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1. INTRODUCTORY

With the steady advancement of military informatization and intelligence, various new
technologies have been applied to combat systems, and informatized and intelligent warfare
will become the main form of future warfare. Unmanned combat system has become a
subversive weapon in the new type of war, showing unique advantages in reconnaissance, fire
guidance and strike, search and rescue and other diversified combat tasks. At present, some of
our special forces have already started to issue unmanned weapons and equipment and form
"mixed" battle teams. Due to the limited level of intelligence of unmanned systems, they cannot
completely replace human thinking and judgment, and manned /unmanned system synergy will
become the new normal of unmanned system application in the future battlefield.

Manned/unmanned coordinated combat (hereinafter referred to as "coordinated combat"),
is born to adapt to the new battlefield environment and style, is the mechanization,
informationization, intelligent integration of a new style of combat, with the development of
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modern information technology, the future battlefield, weapons systems will become more and
more complex, manned/unmanned combat will become the basic operational form of our
special forces of the future, the study of its development and application is the key to win the
future war. Become the future of our army special forces of the basic combat form, its
development and use of research is the key to win the future war, countries around the world
are now vigorously set up relevant professional detachments, empowering the relevant high-
tech technology, in order to quickly develop manned / unmanned combat, seize the initiative
on the battlefield.

2. RESEARCH DESIGN
2.1.Research methodology

By referring to the research of Sun Linhui et al. on "International Manned/Unmanned Aircraft
Cooperative Operations Research Status, Hot Spots and Development Trends" by using the
BiblioShiny visual analysis technique with the WoS data from 2000-2022 as a library[1] , we
propose to use Citespace and Tableau data research and analysis software to explore the hidden
information in the collected Cnki data in both qualitative and quantitative analysis. Tableau
data research and analysis software is used to analyze the collected Cnki data qualitatively and
quantitatively, and to explore the hidden information in the data.

Citespace is a tool for visualizing and analyzing the scientific literature network, which is
characterized by its ability to show the interrelationships of authors and papers through
graphics in a large number of related literature, as well as to show the themes, subfields, and
major academic events of research in recent years through keyword analysis, clustering
analysis, timeline analysis, and scientific research cooperation network analysis to provide a
basis for researching the future development trend of the field. Tableau is a software with
excellent visualization effect, which can transform complex data into intuitive and vivid
visualization charts, such as bar charts, bar charts, line charts, maps, scatter plots and other
forms, and supports custom chart styles, colors, fonts and so on, so that the user can personalize
the design according to their own needs and preferences. Its visualization quality is high, with
excellent performance in chart clarity, aesthetics and interactivity, which can help users better
understand and convey data information. In addition to the basic data visualization functions,
it also provides some advanced analysis functions, such as predictive analysis, cluster analysis,
trend analysis, etc., to help users dig deeper into the potential patterns and trends in the data
and provide strong support for decision-making.

2.2.Data acquisition

By logging into the China Knowledge Network and using advanced search to obtain relevant
literature from the Cnki Academic Database, we set the search topic 1 "manned-unmanned,
manned/unmanned, manned and unmanned, manned/unmanned” and the topic 2 "synergy,
combat, synergy", in order to make the data collected more distinct and specific, we set the
search topic relationship as "And", and the year as 2000-2024. In order to make the data
collected more distinct and specific, we set the search subject relationship as "And", and the
year limit as 2000-2024, mainly considering that the research on manned/unmanned system
synergy has been developing rapidly in the last decade; a total of 295 pieces of literature were
retrieved, combining with the scope of research and keywords to filter 283 pieces of literature
(see the table below). keywords to screen the literature 283 (Table 1).
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Table 1. Data statistical graph

Number | Number

Literature Search Topics1 AndOr Search Topics?2 search of of
sources Not term )
searches | filters
Manned-unmanned systems svnersistic
Manned/unmanned systems yners
Manned and unmanned Service 2000-
Cnki And 295 283
systems coordinated 2024
With/without manned .
action
systems

3. RESEARCH FINDINGS

Through the screening of all the literature information in a specific format imported into
Citespace and Tableau software for data processing and analysis, in the use of Citespace data
processing, set the same time nodes, node screening using g-index, set the K-value of 25,
through the non-stop adjustments and validation, determined to take the Pathfinder
pathfinding network algorithm, in order to make the data will not be too dispersed, to
determine the overall pruning of the integrated network, after the completion of the setup,
respectively, from the keywords, authors, institutions, as well as the level of the cited literature,
cited authors for Tableau visualization research.

3.1.Analysis of the volume of communications

The research about manned/unmanned system cooperative warfare has started from a long
time ago, only that with the progress of the times, the development of science and technology,
the shape of the war changes, and the related research is more and more and more in-depth,
especially in 2014, the related research began to show a spurt of growth (Fig. 1). The reason for
this is that it is attributed to the international situation at that time, but also related to the rapid
development of national science and technology, and more closely related to the security needs
of the country.

7
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Figure 1. Data analysis graph
3.2.Keyword co-occurrence map

The CiteSpace keyword co-occurrence graph is important in a number of ways, one being
that the node size of a keyword can reflect the frequency of the keyword's occurrence, and the
higher the frequency of thelt indicates that it is a research hotspot in recent time; second, the
change of the co-occurrence diagram under different time slices can understand the dynamic
evolution process of the research hotspot; third, the connecting lines in the diagram indicate
the covariance relationship with each other.By analyzing the keywords, a keyword co-
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occurrence network containing 245 nodes and 342 connecting lines with a network density of
0.0114 wasformed, and through the adjustment of some graph parameters, the keyword co-
occurrence network knowledge graph for domestic manned/unmanned system co-operation
was obtained, as shown in Fig. 2.
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Figure 2. Keyword co-occurrence map

The closeness of a node to another node in the graph depends on its centrality, and when the
centrality of a node is greater than 0.1, it is determined to be a key hub within the domain. High
frequency and centrality indicate that the keyword centrality is important. From the data in

Table 2, it can be seen that the keywords "UAV", "coordinated operations"”, "effectiveness

evaluation", "coordinated control ", "operational planning" and "intelligent collaboration" are
more important and play the role of bridge.

Table 2. Keyword co-occurrence sheet

byword frequency centrality particular year
manned aircraft 24 0.38 2011
Key technologies 16 0.34 2009
coordinated action 76 0.33 2010
Evaluation of effectiveness 16 0.31 2013
task sth. 12 0.29 2013
unmanned aerial vehicle 67 0.21 2007
unmanned system 9 0.19 2016
command and control 12 0.18 2012
cooperative control 7 0.17 2014
air warfare 2 0.16 2014
loyal wingman 10 0.15 2017
intelligent collaboration 2 0.14 2019
artificial intelligence (Al) 9 0.13 2020
growing trend 6 0.11 2007
Type of operation 8 0.10 2019
synergistic 7 0.10 2014
autonomous control 2 0.10 2015
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3.3.Keyword clustering mapping

CiteSpace keyword clustering diagram is to cluster a large number of keywords to show the
thematic direction of the research field and the hierarchical relationship between the themes.
The clarity of clustering is usually assessed using the values of Q and S (i.e.,, modular and mean
contour values) in the graph.When the modular value (Q value) is greater than 0.3, it indicates
that the clustering structure is significant; and when the mean contour value (S value) is greater
than or equal to 0.7, it indicates that the clustering is reasonable and convincing . By analyzing
the literature, a knowledge map of the keyword clustering network was obtained, as shown in
Figure 5. In Figure 5, the connecting lines between the clustering modules indicate the degree
of association between the keywords, and the denser the lines, the closer the association. The
clustering knowledge map #0-#13 indicates that the domestic combat effectiveness
assessment field is mainly centered on "manned aircraft”, "effectiveness assessment”,
"command and control”, "coordinated operation", "coordinated operation”, "command and
control”" and "command and control". "Collaboration" "Loyal wingmen" "Unmanned systems"
"Operational modes" "Tasking" and "Collaborative Decision Making".

Since it is difficult to obtain the specific information covered by the hotspot words through
the cluster names, it is necessary to combine the analysis of subclusters to gain a deeper
understanding of the specific content contained in each cluster name. Detailed information
about the subclusters can be found in the table of hot word clustering for domestic
manned/unmanned system cooperative combat research shown in Table 3, which will help to
understand what the hot words represent more comprehensively. More specific and detailed
domain-related information can be obtained by subclustering. For example, clustering
collaborative warfare, it contains sub-clusters such as architecture, task assignment,
collaborative decision making, system architecture, and task decomposition.

Figure 3. Keyword clustering mapping
3.4.Timeline mapping

CiteSpace timeline mapping can clearly delineate the development stages of a research field
in different time intervals. By arranging the literature in chronological order on the timeline, it
is possible to visualize the time periods in which the research activities are more active and the
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time periods in which they are relatively quiet, and each stage will show its unique
characteristics; it is possible to see that "manned aircraft”, "performance evaluation”,
"unmanned systems", etc. have been hot research topics for a period of time, and secondly, it is
possible to trace the development of the research area. "*Unmanned systems” and the like

have been a hot research topic for some time. Secondly, it is possible to trace the evolution of
the research question and analyze the driving forces and influencing factors behind it. It can be

seen that in the past decade, the research on "human-machine collaboration”, "combat mode",
"task allocation", "collaborative decision-making", "combat concept”, etc. has gradually become
a hot research topic. It can be seen that in the past decade, "human-machine collaboration"”,
"combat mode", "task allocation", "collaborative decision-making", "combat concept" and so on
have gradually become the main direction of research, reflecting the rapid development of
contemporary science and technology; then it can also reflect the temporal correlation and
interaction of different topics; finally, it can assist in predicting the trend of research, which can
be predicted based on the historical trend, and also can discover the potential research

direction.

Table 3. Timeline sheet

Serial Average contour Cluster
Subcategory name
number year value name
manned Manned aircraft; Cooperative operations;
#0 2016 0.966 aircraft Architecture; Hybrid formation
Evaluation of Performance assessment; target allocation; manned
#1 2017 0.994 X aircraft; man-machine coordination; manned
effectiveness . .
aircraft/unmanned aircraft
47 2016 0.873 command Command and Control; Air Warfare; Key
) and control | Technology; Cooperative Air Warfare; Autonomous
#3 2018 0.936 _loyal Wingman; Loyal W1r.1grlnan; Swarm; Mission
wingman Breakdown; Mission Assignment
44 2018 0.924 unmanned Unmanned Systems; Data Chain; Archltecture;
system Operations; System Confrontation
human- Human-machine collaboration; Intelligent air
#5 2022 0.911 machine warfare; Air warfare; Human-machine synergy;
collaboration Human-machine mutual trust
46 2020 0952 Operating Operational Mode1§; Currept State of Devglopment;
modes Models; Operations; Wide Area Surveillance
Task assignment; Cooperative control; Manned and
#7 2016 0.978 task sth. unmanned detachments; Characterization of swarm
relationships; Blackboard modeling
48 2018 0.951 attack mode Attack Mode; Combfit Style; Mode; Weaponry;
Coordinated Strike
Ant colony optimization; Distributed model
ant colony predictive control; Suppression of enemy air
#9 2013 0.989 NN L R g
optimization | defense systems; Mission coordination; Trajectory
planning
collaborative Collaborative Decision Making; Operations; Ship-
#10 2019 1 decision- Aircraft Collaboration; Operational Planning;
making Operational Processes
Operational Concepts;; System Design; Collaborative
concept of Architecture; Situational Synchronization;
#13 2022 0.988 operations Technology Systems; Manned and Unmanned
Distributed Collaborative Warfare
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Figure 4. Timeline mapping
3.5.Keyword emergence mapping

CiteSpace Keyword Emergence Mapping provides a clear view of which topics suddenly
become the focus of research at a given time, spotting emerging research frontiers and
identifying turning points, in a timely manner.

According to the time of emergence (Figure 1) from top to bottom, it can clearly reflect that
the hotspots of the current research are "cooperative control”, "system architecture"”, "combat
style”, "combat application”, "artificial intelligence” and "combat concept". "combat
application”, "artificial intelligence" and "combat concept"; sorted according to the intensity of
emergence (Figure 2), the figure shows that over time, people's research focuses on It can be
seen from the figure that as time goes by, the focus of research has gradually shifted from
operational research such as manned aircraft, operational concepts, operational styles, and
operational applications to technical research such as key technologies, cooperative control,
and effectiveness evaluation, which on the one hand indicates that the focus of research is

changing and the research of related theories has become more in-depth.

4. CONCLUSION
4.1.Construct a research system for manned/unmanned system synergistic operation

By analyzing and studying all the domestic literature related to the topic and summarizing
the main contents of the research, we can roughly construct the research system of
manned/unmanned system coordinated operation, which mainly includes the basic theory
layer, mission layer and operation layer, and at the same time, each layer corresponds to the
technical research consisting of models and algorithms, among which the content of basic
theory research is mainly through borrowing from some foreign literatures and writings, and
the mission management technology and operation technology are mainly learned from the
domestic research on manned/unmanned system coordinated operation. The basic theory
research is mainly based on some foreign literature and works, and the mission management
technology and combat technology are mainly learned from the domestic research on manned
aircraft/unmanned aircraft cooperative combat. It is found that there is no direct relationship
between the research system and the order of research, the development of theories will
promote the progress of technology, but conversely the progress of technology also improves
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the related theories; the relationship between theories, missions, operations, and technologies
is complementary and mutually reinforcing.

4.2.Sorting out research ideas for manned/unmanned system synergies

Manned/unmanned systems coordinated combat is an important development direction in
the future, the United States, Russia, Britain, France and other military powers compete to
invest a lot of manpower, energy, material and financial resources, especially the United States,
its land, sea and air forces have developed their own manned/unmanned aircraft coordinated
combat programs in conjunction with their own actual situation, which is very worthwhile for
us to learn and learn from. Combined with the research ideas of general problems, referring to
the domestic research methods on related problems since recent years, for the problem of
manned/unmanned system coordinated combat, it is crucial to sort out the research ideas due
to the fact that it involves more disciplines and specialties, which include both basic theoretical
research and specialized technical needs, and also needs to be combined with specific combat
for demonstration and improvement. At present, domestic research on airborne
manned/unmanned cooperative warfare is more in-depth, but there are fewer studies on
manned/unmanned cooperative warfare on the ground, at sea and in underwater space.

4.3.1dentify key research directions for manned /unmanned systems co operation

By putting the two indicators of centrality and frequency of keywords into Tableau software
for analysis and generating a tree diagram, the current main research directions in the field can
be seen according to the depth of the color, in addition to the hotspots of the research about
collaborative operations as well as unmanned aerial vehicles (UAVs), followed by the key
technologies, task allocation and effectiveness evaluation, which correspond to the theoretical
layer, the task layer and the operational layer, respectively. At present, at the technical level,
the main solution to the problem of mission planning through modeling, through the study of
grouping technology, cooperative control technology, command and control technology to map
the combat technology, through the use of physical elements of topological evaluation method,
gray hierarchical analysis, gray theory analysis, based on hopfield and other methods to assess
the effectiveness of the combat, the above methods are very good solution to the current
problem, but the development of science and technology is rapidly changing, and the battlefield
environment is changing rapidly, and the battlefield environment is changing rapidly, and the
battlefield environment is changing rapidly. However, with the rapid development of science
and technology, the battlefield environment is changing rapidly, and more in-depth research is
necessary to maximize the effectiveness of manned/unmanned systems in coordinated
operations.
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