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Abstract: The traditional chimney software architecture design, which is based on the application object, scale and equipment, is difficult
to meet the urgent need of multi-resolution, multi-viewpoint, two-dimensional and three-dimensional consistent battlefield situation com-
prehensive display. Referring to the idea of U.S. Army’s general operational diagram, the architecture of the current battlefield situation in-
tegrated display system is upgraded and improved. Aiming at the problems of information splitting and real-time undifferentiated access of
multi-domain heterogeneous data, technical means such as spatial analysis and multi-source data integration are put forward, and the prob-
lems of fast loading and visualization of 3D models of the large battlefield space are solved by designing force clustering and motion trajec-
tory smoothing algorithms. This method improves the service ability and the level of the battlefield situation comprehensive display sys-

tem, and has a broad arrange of application.
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0 Introduction

Under the condition of informatization, the focus of
competition among the warring parties in joint opera-
tions is information superiority. The key to obtaining the
advantage of information is to obtain the battlefield situ-
ation promptly and accurately. Common Operational Pic-
ture (COP) is the most effective platform for command-
ers to perceive and share the battlefield situation and the
coordinated planning, and then the commanders can
make decisions quickly!?. At present, the research and
application of COP in the U.S. military is relatively ma-
ture, and COP has played an important role in the opera-
tional command of the U.S. military in the Afghan War

and the Iraq War.

Some domestic institutions and research institutes
have developed some information systems with COP
characteristics, such as the Army’s "United 99" and
"Military Situation Integrated Decision-Making Sys-
tem". Some systems have initially achieved the integra-
tion of training campaign and strategy. Some systems
even have achieved the integration of the main battle
weapon and the command system™?. However, most sys-
tems have problems such as slow data update speed and
imperfect release/reading mechanism, resulting in poor
interaction. It is difficult to achieve the consistency and
seamless switching between the global situation and the
local situation under different perspectives and resolu-
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tions.

The battlefield situation comprehensive display sys-
tem (simplified as "the System") overlays the force dis-
tribution and situation changes of both sides on the elec-
tronic map, and presents it from the perspective of equip-
ment or individual soldiers, which can give users an im-
mersive feeling. The System has two forms of expres-
sion: two-dimensional and three-dimensional, the former
presents a multi-resolution battlefield situation, and the
latter presents a realistic three-dimensional battlefield en-
vironment based on virtual reality technology®”, both of
which meet the personalized view needs of different us-
ers.

Based on the typical COP architecture, the System
is reconstructed, that is, the System is divided into data
layer, technical layer and application layer according to
the logical function, and the technical and tactical indica-
tors are listed®. The multivariate data integration tech-
nology is used to solve the problem of multivariate het-
erogeneous data fusion in the data layer, and the spatial
analysis technology is used to solve the problem of infor-
mation splitting. Five application subsystems are de-
signed and the interface relations between the subsys-
tems are given. Force clustering algorithm and motion
trajectory smoothing algorithm are designed to optimize
the display effect and efficiency of large-scale target
data in the application layer. Through the aggregation
and decoupling of situation information, the goal of real-
time self-adjustment of granularity can be achieved at all

levels of strategy, campaign, tactics, individual soldiers,
equipment and so on. Through the sharing of situation
information between different levels and combat units,
users at different levels of the System can achieve con-
sistent perception and understanding of the battlefield

situation.

1 Requirement Analysis

Modern war has a large scale and a wide range of
battlefield space, including sea, land, air and other physi-
cal space and electromagnetic, network, information,
psychological, social and other abstract space. Accord-
ing to the characteristics, it can be divided into social do-
main, cognitive domain, information domain and physi-
cal domain” (see Fig. 1(a)). The battlefield space is ana-
lyzed and formally described from two aspects: battle-
field situation factors and combat tasks. The general
composition of the battlefield data sample space is
shown in the Fig. 1(b).The elements of battlefield situa-
tion are closely related to combat tasks. Battlefield situa-
tion factors restrict combat tasks, and different combat
tasks correspond to different battlefield situation ele-
ments.

A battlefield situation display system that can meet
the needs is shown as follows:

1) A platform that integrates all the information of
battlefield space, such as battlefield environment, com-

Personnel
factors
Commander

Social space

Social domain

iti i o : Warfighter
Cognitive domain Cognitive domain Scout
Support
Electromagnetic personnel

space

SR

Equipment Resource
factors factors
= Sensors = Ol
= Command = Food
and control = Supplies

Constraints

Information
space

Information
domain

Cyberspace
Land battlefield

4 Environmental (" Time factors )

factors
= Land environment|
= Seaenvironment || ®
= Atmospheric

Operations

2]
-~
[Z]
<
=
o
=
72}

e Time zone
e Time units

(=

: Information
environment needs
= Electromagnetic
Sea battlefield environment
N PAN y
Air battlefield \_ Battlefield situation factors Y, \ 4

(a) Typical operational domain

(b) The general composition of the battlefield data sample space
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bat situation, etc.

2) A visual three-dimensional virtual battlefield en-
vironment that not only presents the battlefield situation
realistically, but also supports spatial analysis, virtual
manipulation, immersive scene roaming and other func-
tions.

3) A platform that can provide personalized views
for users at different levels.

4) An interface that can be connected to the com-
mand automation system and integrated into the combat
command system.

The information transmission process from data to
the battlefield situation is shown in Fig.2.
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Fig.2 The information transmission process from data to
battlefield situation

2 Architecture Design

The service-oriented architecture of COP provides
a variety of information services through networked in-
formation service, and it is also convenient for non-
professional users to make military thematic maps,
which can solve many problems of the existing battle-
field situation comprehensive display system with infor-
mation support. Based on the typical COP architecture,
the battlefield situation display system is divided into
data layer, technology layer and application layer accord-
ing to its logic function. The lower layer provides ser-
vice support for the upper layer invocation, and the up-
per layer aggregates the lower layer functions"” (Fig.3).

According to the relationship between information,
two different visualization methods are adopted to pres-
ent it (Fig.4). The data describing the topography, ter-
rain, elevation, electromagnetism and other environmen-
tal elements of the task space are integrated into the ba-
sic layer and can be presented directly through the sys-
tem. Data describing the combat forces of the mission
space and other elements are integrated into the model
layer. Static combat entities are used to describe person-
nel, weapons and equipment, and dynamic combat enti-
ties are used to describe the motion trajectory and trend
of static combat entities. The basic layer and model
layer not only support each other, but also influence
each other. The basic layer provides the scene data for
loading and display control for the model layer, and the
behavior results of the combat forces in the model layer
will affect the basic layer data, such as the explosion
will destroy the topography.
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Fig.3 Architecture diagram of the System based on COP
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The application layer of the System is composed of
two-dimensional situation generation subsystem, two-
dimensional situation real-time rendering engine, three-
dimensional situation generation subsystem, three-
dimensional situation real-time rendering engine and
multi-source data access and situation comprehensive
display control subsystem. The main timing of the sys-
tem is as follows:

1) The starts, and the

dimensional situation real-time rendering engine loads

System two/three-
the basic data of the local two/three-dimensional envi-
ronment data subsystem and multi-source data access
and situation comprehensive display control subsystem
to generate the two/three-dimensional basic situation.

2) At the same time, the simulation dynamic data in-
terface receives, collates and parses the external real-
time data, and then distributes it to the two/three-
dimensional situation generation subsystem.

3) The two/three-dimensional situation generation
subsystem generates the two/three-dimensional dynamic
situation. The dynamic situation and the basic situation
are synthesized to generate a comprehensive situation
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time rendering
engine
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situation, etc

3D dynamic situation
data, real-time situation
information, simulation

that is finally displayed to the user.

4) The multi-source data access and situation com-
prehensive display control subsystem detects whether
there is a user operation, receives and processes human-
computer interaction instructions, carries out environ-
mental control, calculation and operation, and finally
outputs the situation and rendering signals.

2.1 Interface Relationship

The information interaction and internal interface
between the five subsystems in the application layer of
the System are shown in Fig.5.

2.2 Information Splitting

Information splitting in the system refers to the pro-
cess of responding to the user’s operations, determining
the information flow according to the needs of users, the
resources available in the combat area, the availability of
infrastructure and security policies, and showing tar-
geted and consistent information to users in different
roles. The spatial analysis method which is a process of
selecting areas for analysis is used to split the informa-
tion in the System.
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Fig. 5 Internal interface diagram of the application layer
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Intercept a square with a side length of 2 in the area
of the entity and make the following assumptions about
the relevant parameters of the entity.

1) Treat the entity as a geometric sphere with a ra-
dius of R.

2) The average speed is S.

3) The average length of stay in the square is 7.

Regardless of any prior knowledge, the relationship
between the square region and the entities within the re-
gion can be expressed as

M=K*f(R, S, T) (1)
where K is a proportional constant.

Assuming that the entity moves only in the plane.
In the worst case, there is a 50% chance that the entity
will remain in the square after moving for a certain pe-
riod of time. By calculating the area ratio of two square
regions, the constant K can be obtained (see Fig.6).

(Kd—-dy
(IT)Z =0.5 2)

Kd-d

Kd

Fig.6 Method of calculating constants

Similarly, it is still assumed that there is a 50%
probability that the entity will still be in the cube area af-
ter moving in 3D space for a certain period of time. By
calculating the volume ratio of two cube regions, the

constant K can also be obtained.

(Kd—d)' _
KDy =05 3)

2.3 Data Acquisition and Processing

The data comes from a variety of sources and must
be preprocessed before it can be used. Data acquisition
and processing are carried out according to the follow-
ing steps.

1) Receive data. The data mainly come from the fol-
lowing sources.

a. Remote sensing satellite, navigation satellite,

early warning satellite, meteorological satellite, etc.

b. Ground measurement and control station, data re-
ceiving station, etc.

c. Report of electromagnetic, nuclear, biochemical,
surveying and mapping departments.

d. Information bulletin from higher departments.

e. Data from radar, infrared, photoelectric, sonar
and other sensors.

f. Data obtained by our combat units through their
own equipment.

g. Processed information about the enemy's actions,
plans, intentions, etc.

h. Computer-generated force data that act as enemy
or support forces.

2) Integrate data. Clean the original data at different
times and different sources, deal with the consistency of
time-space benchmark, data semantics, data format and
so on, and then build a multi-source spatial situation
data assimilation model.

3) Fuse data. Simulate the way the human brain
deals with complex problems to analyze data, fuse and
reason out deeper information.

4) Maintain the consistency of data. Data is stored
in a distributed database. The data synchronization
mechanism of the database management system is used
to maintain the consistency among the nodes of the data-
base.

The integration technology of multisource data en-
sures the uniqueness and interoperability of data. By in-
tegrating data, the target situation information with high
accuracy and reliability can be obtained"’. Through
multi-level and large-scale data fusion, deep level infor-
mation can be mined to improve the recognition rate of
target situation information and expand the space-time
range of situation information.

2.4 Main Index

Function items are not only the concrete implemen-
tation of system requirements, but also the direct result
of architecture design, which can be refined according to
the actual situation. It mainly includes the following as-
pects.

1) Support to add and delete 3D models, adjust 3D
effects, and control position, posture, size, speed and
other states.

2) Support to call physical engine interfaces such as
collision detection, motion computing, physical damage,
etc.

3) Support map operations such as zooming in,
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zooming out, and roaming, and support the display and
control of moving targets.

4) Support distance measurement, area coverage
calculation, plotting and layer control.

5) Support local loading of commonly used raster
files (such as bmp, png, jpg, tiff, geotiff) and vector files
(such as shp, mif, tab, gdb) and manipulate layers.

6) Support to display map layers on different scales.

7) Support for saving and printing maps as picture
files in pdf, png, jpeg, bmp and tiff formats.

8) Support multi-dimensional, perceptible and mea-
surable rendering of virtual battlefield environment, in-
cluding basic geographical environment such as topogra-
phy and landform, and thematic environment such as
electromagnetism, meteorology, hydrology and network.

9) Support access to battlefield situational aware-
ness information resources from sea, land, air, space, net-
work and electromagnetic space. Support a comprehen-
sive display of the full-space battlefield situation. Sup-
port the visualization and analysis of working range of
the sensors and communication link. Support the display
of routes, orbits, coordinate systems and grids.

10) Support the dynamic presentation of the posi-
tion, trajectory and air posture of weapons and equip-
ment.

11) Support operations such as compression, de-
noising, smoothing and playback of target tracks. Sup-
port the functions of outlier monitoring, trajectory fea-
ture point extraction and target track fusion.

12) Support the display, control and linkage of 2D
and 3D views.

13) Support high-resolution, multi-channel, parallel
rendering output function.

Performance items are the intuitive reflection of the
architecture to the environment and interaction con-
straints, including the following aspects.

1) Real-time and timely delay requirements of
simulation synchronization information.

2) The time requirement for refreshing the display
of a 2D map after loading 2D military symbols.

3) The time requirement for refreshing the display
of a 2D map after loading the 2D situation layer file. Re-
quirements for the number of symbols plotted on each
layer.

4) Frame rate requirements for refreshing the 2D
dynamic targets.

5) Frame rate requirements for the number of 3D
dynamic targets displayed on the same screen.

6) Requirements for data types for 3D visualization.

3 Key Technology

3.1 Force Clustering Algorithm

On the battlefield, discrete combat forces generally
move according to formation, therefore, distance can be
used to cluster military situation information. The effi-
ciency of scene rendering is improved by aggregating
targets, which is helpful to respond to the operation of
users more quickly.

The definition of force clustering algorithm based
on distance is given below. A maximum distance R is
given for n points representing targets in N-dimensional
space R, and the n discrete points are clustered accord-
ing to the following conditions.

Vx; €8, 3Ix; €8, |x,—x;|<d, S, means the /-th clus-
ter.

Vx,€8,3x; €8S

cluster, S,, means the m-th cluster.
There are two advantages of the force clustering al-

[#m, x,—x/‘ >d, S, means the /-th

m?2

gorithm:

1) It is not a NP-Hard problem!'.

2) It is effective to calculate the distance between 2
points by using spatial geometric model.

The implementation process of the force clustering
algorithm is shown in Fig.7.

Coordinates of
points representing
combat forces

v

Compute spatial
triangles

v

Calculate the
distance between
any 2 points

)’

Cut edges larger
than the maximum
distance R

v

| Output all clusters

Fig.7 Force clustering algorithm based on distance

Input: n points representing targets

Output: clusters representing battlefield situations

Algorithm description:

1) Capture combat forces in battlefield space, and
mark them with points.
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2) Connect all points to make it a complete graph,
and calculate the distance between 2 points by using spa-
tial geometric model.

3) Cut edges larger than the maximum distance R.

4) Form a cluster by a connected point set. Output

all clusters.
3.2 Motion Trajectory Smoothing Technology

The trajectory data generated by the moving target

True trajectory . :
/ &

(a) True trajectory

is a series of points which are constantly changing and
cannot be predicted. When visualizing the trajectory of a
moving target, if you directly connect the adjacent
points in order, the trajectory curve will jump, which
looks as unnatural as shown in Fig.8(a). Therefore, the
trajectory curve needs to be smoothed to make it more
natural. The process of smoothing the trajectory curve
can be divided into two stages: calculating and updating,
as shown in Fig.8(b).

True trajectory q
A alculated .
A trajector
. "Calculated
trajectory  \

Calculated
trajectory

Calculating stage
Updating stage

(b) The process of smoothing the trajectory curve

Fig.8 Examples of motion trajectory smoothing technology

When the moving target does not generate new tra-
jectory point data, its future direction and position are
calculated according to the current motion state. Consid-
ering the inertia of motion, it is usually assumed that the
velocity and acceleration of the moving target remain
constant. Because of the large number of moving targets
in the battlefield space, in order to make the System re-
spond quickly to users’ operation, the calculating func-
tions should be as simple and unified as possible. No
matter how fast the moving target is, the lower power
functions can achieve good results.

Set the initial coordinate of the target as (x,,v,,z,),

the initial speed as (v, ,v,,v.), the accelerated speed as

(a,.a,.a.), the coordinates of the target (x,,y,.z,) mov-
ing for kaT in the 3D scene can be calculated through
the following linear function group and quadratic func-
tion group.

Linear function group:

xX,=x,+v, -k-aT

Vi=Yot+v, k-aT
z,=z,+V, k- aT

Quadratic function group:
X=X+, - k-aT+0.5-a, -(k-aT)
Ve=Yo+v, k-aT+05-a, (k-aT)
2,=20+Vv, k- aT+0.5-a. (k- aT)

When the moving target generates new trajectory
point data, the System updates the trajectory curve. The
data transmission of the System generally has time de-
lay. The longer the time delay, the greater the deviation
between the calculated coordinates and the actual coordi-
nates. In order to reduce the deviation, the relevant pa-
rameters of the calculation function group will be up-
dated as soon as new data is received , and transit the tar-
get to the current actual coordinate in one step according
to the time difference, then continue to use the above cal-
culating function to calculate the coordinates according
to the preset step. The strategy corrects the deviation be-
tween the calculated coordinates and the actual coordi-
nates in one step. If the time delay is too long, the trajec-
tory curve of the target may show an unnatural jump in
the System. Use the following smoothing function to

solve this problem:

X Xold

new

X;=Xgqt+i

where x; is the smoothing value of step i, x,, is the calcu-
lated coordinate when new data is received, x,., is the re-
vised new coordinate, n represents the number of steps,
i €[l,n].

The value of n is critical. The larger the n is, the
better the smoothing effect is, but the longer time it
takes correspondingly. On the contrary, the smaller the n
is, the shorter time it takes, but the worse the smoothing



316

Wuhan University Journal of Natural Sciences 2023, Vol.28 No.4

effect is. After finishing the smoothing process, continue
to use the above calculating function to calculate the co-
ordinates.

4 Conclusion

Using the core concept of Common Operational
Picture to improve the architecture of the system can ef-
fectively solve the existing problems such as informa-
tion splitting and real-time indifference access of multi-
domain multivariate heterogeneous data. The system can
enable users to accurately and intuitively obtain the re-
quired information in the dynamic and interactive 3D
virtual battlefield environment, and support users to use
visualization technology for battlefield planning, com-
mand decision-making and command control, and help
users understand the current battlefield situation and pre-
dict the future development trend. The next step will fo-
cus on how to refine the model, improve the algorithm
and deal with massive spatio-temporal data more effec-
tively.
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