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ABSTRACT

This paper addresses the challenges of translating pivotal military symbols like double arrows
onto 2D digital maps, particularly when automation is essential. It proposes a comprehensive
method integrating data structure, user workflow, and algorithms to generate tactically aligned,
balanced, and visually appealing double arrows for military 2D digital maps. Experimental
validation affirms its efficacy in meeting tactical requisites and aesthetic standards. Additionally,
it outlines avenues for future research to further enhance and broaden the applicability of this
method. In essence, this study presents a robust solution for the automated generation of double
arrows on 2D digital military maps, marking a significant step in advancing automated
symbolization for military planning.

Keywords: Military maps; Military map symbols; Operations planning; Approximation; Avrtificial intelligence.
1. INTRODUCTION
1.1. Introducing the double arrow in military maps

Military maps are an appropriate way to visually show military operations and other activities
[6]. In that arrow, symbols represent military action and other operations, giving us information
about tactical intentions such as the importance of task direction (primary direction, secondary
direction), level (force) of tasks (strategic level, campaign level, tactical level, platoon, company,
battalion, etc.), deployment position of the mission, mission’s goals, the purpose of the mission
(attack, counterattack, move the squad, search and hunt, etc.), stages of the mission (which
happened or are expected to happen); deployment squad of the mission It can be said that arrow
symbols are the soul of the military maps; an arrow in the wrong direction or asymmetrical not
only misrepresents the tactical intentions but also affects the overall beauty of the maps. Therefore,
drawing arrow symbols is an important issue when building a 2D digital map application. In
addition to the general requirements of a 2D digital map application [3], such as satisfying the
regulations on mapping consulting work [1], satisfy position accuracy, quick response time, easy
to operate, easy to edit. Arrow symbols must also meet the following criteria: True expression of
the tactical intentions of the commander, nice shape (proportionate, not over the benchmark).

This paper focuses on the study of generating double-arrow symbols on 2D digital maps with
support for automated operations. The double arrow symbol consists of two wings on the right and
left of the arrow's axis, representing a tactical intention for attack or counterattack. The wing stroke
is darker in the primary direction, and the two wings are farther from the axis than in the secondary
direction. The complexity arises from the need to balance the two wings from the deployment
position to the mission's target.

Considering technological advancements, the growing interest in using artificial intelligence
(Al) to enhance map-making is evident. As noted in [7], Al can significantly automate map
generation tasks, offering a simpler, more accurate, and more efficient approach for creating
symbols such as the double arrow. This integration of Al not only enhances accuracy and
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symmetry but also streamlines the process, reducing the manual effort and time required compared
to traditional methods [8, 10]. Our research aims to develop a method that addresses the complexity
of double arrow symbols while harnessing the potential of Al for automatic operations in 2D digital
map applications [5].

1.2. Concepts and Requirements of the Double Arrow

Concepts

Deployment segment of mission: The start positions of the forces involved in the mission are
limited by the endpoints of the two wings of the arrow. The deployment segment width is rg.

Deployment position of the mission: The center of the deployment segment.

The main axis of the arrow: A line connecting the deployment position to the mission's end
goal. The arrow's direction is determined based on this axis, and the total distance between
consecutive points on the major axis is denoted as D.

Arrowhead: A pointed arrow with the tip pointing to the mission’s end goal. It has a length (d),
width (r), and wing length (r).

ArrowBody: Two wings on the right and left connect the two vertices of the deployment
segment to the inner body of the Arrowhead.

B ———— — B
S — . %- =

/

Primary Direction / ‘//'
e ————————————— 2 ~ }z_ LS

~~~~~~~~~

Secondary Direction

Figure 1. The double arrow. Figure 2. Concepts in the double arrow.
Tactical requirements

Tactical requirements dictate that the double arrow symbol must extend from the deployment
location to the mission's end goal, reflecting the execution intention of each task. For
counterattacks, it points from the deployment position to the target, and for attacks, it points from
the deployment position to the captured target.

Technical requirements include ensuring the arrow is in the right direction, balanced, and not
exceeding the reference point. Working on 2D digital maps requires simplicity, edit ability,
accuracy, and quick response time.

Recommendations for the arrowhead size involve correlation dimensions and guidelines for a
balanced shape, considering factors like D/6 to D/9 for r values and adjusting for large D compared
to rq. Correlation dimensions of arrow vertices:

r=21/2*d, re = 1/3*r @

Figure 3. The example of a double arrow with a very large D.
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1.3. The problem and requirements

Create a 2D map application with an automated double arrow generation algorithm, adhering
to tactical, technical, and aesthetic requirements. Evaluate criteria through user feedback for
simplicity, shape, and balance. Additionally, experiments will be conducted to ensure the
arrowhead points to the mission's end goal, quick response time, ArrowBody symmetry, and
adherence to size recommendations.

2. PROPOSED METHOD

2.1. Design of the double arrow on a 2D digital map application

This section presents the structural design (components) of the double arrow symbol and the
design of the user workflow for the double arrow. A key requirement of this design is to support
automatic operations, which are crucial for drawing double arrows efficiently and accurately.
Unlike existing models such as Flow Graphs [4], our algorithm optimally combines symbol
manipulation with Cartography/General Staff regulations [1] and double arrow size
recommendations (sec. 1.2) to create balanced and aesthetically pleasing double arrows.

2.1.1. The design and user’s workflow for the double arrow on a 2D digital map application

The double arrow design consists of three polylines: the left wing, right wing, and Arrowhead.
Both wings are symmetrical and curved about the arrow's main axis, while the Arrowhead follows
dimensions determined by formula (1).
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Figure 4. Design of a double arrow for 2D map application.

The double arrow operation is divided into two processes: creating a new double arrow and
editing an existing double arrow. Therefore, the user’s workflow consists of two parts:

Figure 5. Drawing a new double arrow. Figure 6. Editing a double arrow.
- Click on points or enter coordinates (at least - Retrieve coordinates of left wing, right wing,
5 points). and Arrowhead for editing.
- First two points define the arrow's width _ yse the mouse to adjust corresponding edit
(Deployment segment). points.
- Last two points create the Arrowhead. - ¢0, c1 adjust arrow body width (r0).

- Points in Truc modify the arrow's main axis.
- Points 1, 3, 0, 4 control Arrowhead width.
- Points 0, 4 adjust Arrowhead body width.
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This design allows automatic generation and display of double arrows at two levels:
Level 1: User inputs deployment segment and ArrowHead details;

Level 2: System calculates main axis and ArrowHead based on user-entered deployment path,

mission goals, and direction priorities.
2.1.2. The parameters of the double arrow

Operation Points (p[n]): User's operation points, where n > 0.

The parameters at the ArrowHead

[ ]
Figure 7. Parameters of the arrowhead.

ArrowHead Points (A[5]): A set of 5 points:
A0, Al, A2, A3, A4.

Length of ArrowHead (d): determined by the
last two operation points: p[n-2], p[n-1].

Width of ArrowHead (r): determined by the
width of the two wings or default to d/2.

Large angle of ArrowHead (p1): determined by
the main axis and outer tip of the arrowhead.
Small angle of ArrowHead (p2): determined by
the axis and small wing of the arrowhead.
Length of small wing of ArrowHead (w):
determined by distances between outer and
inner wings.

2.2. The double arrow operation algorithms

The parameters of the ArrowBody
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Figure 8. Parameters of the arrowbody.

Main axis of the arrow (Truc[]): Operation
points excluding the first two: p[2], p[3]...,
p[n-1].

Length of the main axis of Arrow (dr):
determined by the total distance in the arrow
axis.

Width of Arrow tail (rd): determined by
distance between the first two operation
points.

Small width of ArrowHead (rm): determined
by the distance between vertex A[0] and A[4]
of the arrowhead.

Length of the axis at Truc[i] (di): determined
by total length from point i to the final point
of the main axis.

Direction of the main axis at Truc[i] (vi):
determined by direction from point i to point
i +1 on the main axis.

Width of ArrowBody at Truc[i] (ri):
determined by distance of two symmetrical
points on the two arrow bodies through the
main axis, based on values of rq, rm, dr, di.

Based on section 2.1.1, the double arrow operation involves two main processes, outlined below:

1. Create a New Double Arrow:

- Use user's operation points to calculate arrow information.
- Generate a new double arrow based on calculated information.

2. Edit an Existing Double Arrow:

- Read arrow information of the existing double arrow.

- Utilize the mouse to edit control points for various adjustments: Change arrow tail width;
Adjust arrow body width; Modify arrowhead wing width; Adjust arrowhead body width; Shape
customization of the arrow.

This article focuses on detailing the process of creating a new arrow, which constitutes the
primary content of the double arrow operation algorithm.
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2.3. The algorithm for creating a new double arrow

A key feature of our algorithm is its ability to automatically generate double arrows based on
the user's workflow. The user simply needs to follow specific steps to define the deployment
segment, target point, and arrow direction. Subsequently, the software creates a double arrow
adhering to tactical, technical, and aesthetic requirements. This automatic generation not only
enhances user efficiency but also ensures uniformity and precision in representing military
operations. Here, we outline the algorithm for the automatic generation of double arrows:

Input: Set of n user input points p[n].

Output: Draw a double arrow comprising the left wing, right wing, ArrowHead, and the arrow
body, meeting specified requirements.

2.3.1. Check Input

The algorithm checks whether the user input points p[n] can create a double arrow or not. To
create a double arrow, the number of points n > 5, the edges created by consecutive points do not
intersect each other and do not cut into the arrow tail.

.
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Figure 9. The algorithms of double arrow Figure 10. The Algorithm for checking
operations. input.

2.3.2. Get double arrow information from input

From the input points, the user must calculate the double arrow information to generate the
components of the arrow. The algorithm calculates the general information of the arrow, including
the beginning points of the left wing, the right wing, and the main axis of the arrow. The algorithm
to get general information of the double arrow from points in p[n] is described as shown below.

2.3.3. Calculate arrowhead

From the set of points on the main axis (Truc) and the parameters of the double arrow (if any),
perform calculations to create the points of the arrowhead. The set of arrowhead points is stored
in the array A [5]. The algorithm diagram for calculating the points of the arrowhead is described
as follows:
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Figure 11. The algorithm for getting
arrow information.

2.3.4. Calculate arrow body

Start

A=

Points[5]:

n = Truc Length:
d = GetDistance (Truc[n-2], Truc[n-1]):

iflr =0) r=d/2;
ifl91=0) 01 = 90;
#p2=0) p2=45;

iftw =0) w = r/(3*Sin(p2);
a = GetAngle(Truc[n-2], Truc[n-1]);

PPy

= Truc[n-2] move (a + ¢ ) distance 1/2:
= Truc[n-2] move (a - ¢ ) distance 1/2;

Pal
= A[1] move (a — @2 ) distance w;
= A[3] move (o + ¢ ) distance w

I R

eturn A

Figure 12. The algorithm for calculating the

arrowhead.

Calculate the points of the left wing (L[]) and right wing (R[]) of the arrow body, based on the
set of points on the main axis (Truc), the five points forming the arrowhead (A), and the specified
double arrow parameters. When creating a new double arrow, the crucial step is to calculate the
arrow body width (r0). The method involves measuring manually crafted battle plans' double
arrows and using regression analysis to determine r0. Regression equations are derived from
existing battle plans with given variables: x = dr/rq and y = ra/ro.

Table 1. Measurement results of double arrows in existing battle plans.

X ~20 |~30|~50|~70|~9.0 |~20.0
y ~03|~04|~05|~06|~065|~0.7
Number 5 5 5 5 5 5

Using some regression calculation methods [9], we obtain the regression equations that best fit

the data, with the results shown in the table below:

Table 2. The results of Function approximation with regression analysis.

No Regression Type Equation Correlation
(%)
1 | Linear regression y =0.0182x + 0.3939 85.12
2 | Quadratic regression y =—0.0022x* + 0.0685x + 0.2183 99.90
3 | Cubic regression y = 0.0000x3 — 0.0023x2 + 0.0689x + 0.2177 99.90
4 | Power regression y = 0.2915x%32 93.99
5 | ab-Exponential regression | y =0.3967 - 1.0352* 78.82
6 | Logarithmic regression y = 0.2407 + 0.1666 - Inx 97.23
7 | Hyperbolic regression y =0.7138 — 0.8095 /x 96.00
8 | Exponential regression y = &0-9245 +0.03466x 87.82
The value of ro is determined by the quadratic regression equation:
Ta dT 2
"= T00022x2 + 0.0685x + 02183’ 1, @)
Subsequent r; values are calculated by:
=Ty, + d—l(ro — Tm); i € [1; Truc. Length] (3)
T
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2.3.5. Render double arrow

Render the Double Arrow by determining color, drawing style, line thickness, and fill color
based on the task's characteristics, stages, and goals. Geometric structure rendering is performed
for the three objects: left wing, right wing, and arrowhead. The technical requirements dictate the
shapes of these objects:

The arrowhead is represented using straight lines. The left and right wings of the arrow are
"cubic spline interpolations" with 150 interpolation points, a value experimentally chosen to
balance calculation speed and aesthetic appeal.

GisDesktop, a military 2D map operation software [2], successfully applies the double arrow
drawing method. Positive user feedback emphasizes the aesthetic, symmetrical appearance of
arrows, and the software's user-friendliness.

Start
L = Pointf]:
R =Point[];

lineStyle = GetL ineInfo();
L[] = Cubic InterpolateXY(L, 150);

@ . R[] = Cubic InterpolateX Y(R, 150);
‘ o v

Yes
h 4 HeadArow = CreatePolyline(A lineStyle);
LeftBody = CreatePolyline(L,lineStyle);

@ yes){ lineStyle = MainMissionStyle(lineStyle);

no
'—b{ RightBody = CreatePolyline(R.lineStyle);

Figure 14. The algorithm diagram for
rendering double arrows.

3. APPLICATION AND EXPERIMENTS
3.1. Experimental criteria

Criteria evaluation involves measuring various aspects using GisDesktop, as outlined below:
Table 3. Measurement method and the criterion's pass condition .

x=dprs
ro=rel (-0.0022 + 0.0685x + 0.2183);

¥
17 - .

L[0]=10; R[0]=RoO; |
i=0; ™
L[i+1] = Trucfi] move (v;- 99) distance 142;
Rfi+1] = Trucfi] move (v;+ 90) distarce r/2; Fi =Tyt (d{dp) *(1p-1y)

, ]

Figure 13. The algorithm diagram for
generating the double arrow body.

No | Sign Criteria name Pricing method and eligibility criteria Unit
1 | Criteria The arrowhead Measure the distance from the arrowhead Pixcels
1 points to the top to the final position of the main axis:
mission’s end goal | <5*linewidth
2 | Criteria Quick response Count the time from the end of the | Milliseconds
2 time drawing operation to the completion of
the arrow display: <= 500
3 | Criteria | The arrowbody is | |[DistancOf (cO Truc [0]) — DistancOf Pixcels
3 symmetrical about | (Truc[0] c1)| < 5* linewidth (figure 5).
the main axis
4 | Criteria The size of the |d — 2*r| < 3* linewidth (figure 1) Pixcels
4 arrowhead follows
recommendation
(c.1)
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3.2. Experimental environment, scenario

Experimental environment: The double arrow drawing method has been applied in the
GisDesktop system, so we use this software and install a stopwatch and a ruler to measure the time
and accuracy of the method. The specific environment is described below:

Table 4. Experimental environment.

Software Area Computer info
OS Hardware information
GisDesktop East | Windows 11 Pro N, version | Processor:Intel(R) Core(TM) i7-
Sea 22H2, 64 bit. 8750H CPU @ 2.20GHz 2.21 GHz.
Display resolution 1920 x 1080 | Ram: 16.0 GB.
Graphics card: support full HD.

Experimental scenario: Draw symbols at a map scale with line width from 1 to 7 pixels, the
number of points on the main axis ranging from 5 (the minimum) to 15. Perform counting of
drawing time, measuring the size and shape of the arrows at different map display scales.

Scenario 1: Draw 70 symbols at map scale 1000000; Measure distances at map scales 1000000
and 100000.

Scenario 2: Draw 70 symbols at map scale 100000; Measure distances at map scales 100000
and 25000.

3.3. Results
Table 5. Test results of experimental 1.

Line Criteria 1 Criteria 2 Criteria 3 Criteria 4
width | L 000 | 100 Number of input points 1000 | 100 | 1000 | 100
000 000 5 7 9 | 11 | 15 000 000 000 000
<5 <5 <3
1 2] 45 220 | 180 | 256 | 350 | 357 04l 2 0z] 25
<10 <10 <6
2 22] 51 125 | 280 | 255 | 387 | 420 05| 37 01 ] 5
<15 <15 <9
3 37] 76 131 | 234 | 321 | 411 | 359 0z] 4 06 3
<20 <20 <12
4 8 | 95 201 | 198 | 254 | 312 | 412 16 | 79 12 | 51
<25 <25 <15
S 75| 9.9 180 | 189 | 233 ) 299 | 401 18] 7.2 13| 65
<30 <30 <18
6 9.1] 125 137 1 256 | 270 | 306 | 327 15| 6.1 26| 6.9
<35 <35 <21
7 95| 152 177 ] 233 | 242 | 347 | 476 1.2] 73 35] 82
Table 6. Test results of experimental 2.
Line Criteria 1l Criteria 2 Criteria 3 Criteria4
width 100 25 Number of input points 100 25 100 25
000 000 5 17 ]9 [11]15 000 000 000 000
1 <5 13| 14| 30| 34| 38 <5 <3
13| 26| 4| 2] 7] 9| 0 0] 04 04| 24
5 <10 77 23| 33| 40| 48 <10 <6
14| 32 3] 7] 5| 7 01| 17 01] 14

146 Mac Van Vien, “A method of drawing double arrow symbols ... 2D digital map applications.”



Nghién ciru khoa hoc cong nghé

Line Criteria l Critqriaz . Criteria 3 Criteria 4
width 100 25 Number of input points 100 25 100 25
000 000 | 5 | 7 | 9 [11[15]| 000 | 000 | 000 | 000
3 <15 10| 23| 21| 37| 33 <15 <9
21| 37| 8| 7| 3| 6] 1 0] 0.2 1.2] 38
A <20 12| 25| 38| 44| 44 <20 <12
28| 47| 4| 4| 9| 3| 8 2| 47 05] 25
) <25 13| 28| 31| 29| 47 <25 <15
25| 53| 0| 6| 7| 9| 8 02| 55 08| 37
6 <30 15| 22| 28| 34| 30 <30 <18
57] 59| 4| 7| 8| 2| 1 09] 35 1.9] 73
. <35 18| 26| 25| 42| 38 <35 <21
41] 74| 1| 4| 1| 8| 9 06| 24 3.1 77

3.4. Discussion

The software achieves precise results through high-resolution measurements. Criteria 1 exhibits
minimal errors, usually less than one-third of the threshold. Criterion 2's results align with the
verified interpolation points. For criteria 3 and 4, negligible errors arise only when zooming in at
different scales, well within acceptable limits.

The experiments showcase the method's adaptability in diverse conditions, affirming its
practical utility beyond theoretical contexts. Its consistent adherence to criteria highlights real-
world usability regarding accuracy, response time, symmetry, and size. The method's success
suggests future potential, such as integration with advanced technologies like voice recognition,
opening avenues for further development. Its proven efficacy in military and geographic
applications underscores its pragmatic functionality, solidifying its value in real-world scenarios.
The experiments conclusively demonstrate the software's reliability in meeting specified criteria,
with negligible errors well within acceptable ranges, emphasizing its robustness and practical
utility under various conditions.

4. CONCLUSIONS

This paper has set out to develop a method dedicated to the creation and editing of double arrow
symbols on 2D digital maps, specifically designed for tactical applications. An analysis of the
broader significance of tactical arrow symbols, with a particular emphasis on double arrows, has
been presented. The document introduced key concepts and criteria related to tactics, techniques,
and aesthetics essential for constructing an effective arrow application. A comprehensive method
for operating double arrow symbols on 2D digital maps, encompassing structural design,
operational processes, and creation algorithms, was proposed.

The implementation of this method in the GisDesktop software yielded successful results, as
validated by experimental outcomes that unequivocally met the predefined criteria. A notable
feature of this method is its proficiency in automatic operations, a crucial aspect of ensuring the
swift and accurate depiction of double arrow symbols. This not only enhances the user experience
but also guarantees consistency and precision in representing military operations on digital maps.

Looking ahead, future developments should concentrate on refining algorithms for editing
double arrow symbols and exploring the integration of advanced artificial intelligence technigues,
such as voice recognition [8], or leveraging YOLO-G for enhanced military target detection [10].
These enhancements aim to elevate the effectiveness and versatility of the method, further
establishing its value in creating and manipulating double arrow symbols on 2D digital maps.

In summary, the proposed method has conclusively demonstrated its effectiveness and
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feasibility in creating and editing double arrow symbols on 2D digital maps. The integration of
future enhancements, particularly the infusion of artificial intelligence, holds promising potential
to enhance and refine this method, solidifying its standing as a sophisticated and indispensable tool
within the realm of tactical mapping applications.
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TOM TAT
Phwong phap vé mii tén kép cé hd trg tw dong hoéa cho ing dung ban dé sé 2D

Bai bdo ndy nghién citu van dé tw dong héa viéc vé cac ky hiéu qudn sw trén ban do so
2D, cu thé la ky hiéu mili tén kép dé bléu dién cdc hanh dong quadn sw. Bai bdo dé xudt mot
phirong phap toan dién, bao gom cdu triic dir liéu, quy trinh lam viéc ciia nguoi ding, va
cdc thudt todn sinh cdc thanh phan ciia ky hiéu miii tén kép. Phirong phap nay co thé tao ra
cdc ky hiéu miii tén kép ding y dinh chién thudt, can doi va dep mat. Bai bdo ciing chi ra
mot sO hu’ng nghién ciru tiép theo dé cdi thién va mo rongphu'ongphap nay. Bai bdao nay
dong gop mot giai phap hiéu qua cho viéc tiw dong hoa viéc vé cdc ky hiéu qudn si trén ban
d6 s6 2D, danh dau mét bude tién quan trong trong linh viee ké hoach qudn su.

Keywords: Ban dd tac chién; Ky hiéu quan su; K& hoach tac chién; Xap xi ham; Tri tué nhan tao.
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