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“In situ info.” Prototype for Using
on Small Unmanned Aerial Vehicle (UAV)
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Abstract

Artificial intelligence (Al) is now being used to analyze images acquired from mounted
cameras on unmanned aerial vehicles (UAVs) for an application of delineating addictive crops
in highland crop fields, in the valley or in the wilderness. It can also be adopted to process
images near real time. This makes it possible to find the desired goals more clearly. This paper
elaborates the current study of an Al system installed on a small UAV to detect addictive plants
for processing and analyzing camera images immediately after the time of image acquisition.
All the results will work on the device mounted on the UAV that was named “In situ info.”.
The goal of this system was divided into three parts i.e., the integration of basic Al systems,
an Al prototype for detecting addictive plants on a small UAV, and test of the Al prototype
on a small UAV in real-world settings. In this article, we describe the initial integration of
the Al system. Due to the analysis of data on a small UAV, the criteria for the selection of
equipment had to be small and lightweight. This was a limitation in the selection of equipment
to be installed on a small UAV. In the Al system studied, a readily available flower modeled as
an addictive plant was used to model in TensorFlow version 1.15 through the SSD Mobilenet
version 2 architecture by creating a “One class classification” model. It was the system used
to process images. This will test the model through the camera system used for installation
on the small UAV both prime lens and zoom lens cameras. Embracing the Al system to work
with various types of cameras as mentioned above, we obtained results in accordance with

the study objectives.

Keywords : In situ info., Unmanned Aerial Vehicle, Image Recognition, Artificial Intelligence
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Satisfaction With The Flood Simulation System
Case Study: Tha Wanga Pha District, Nan Province
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Abstract

The purpose of this study was to assess the satisfaction with the Flood Simulation
System used by Mobile Development Unit 31 in Tha Wang Pha District, Nan Province, as a
military tool for Intelligence Preparation of the Battlefield (IPB). It consists of four steps:
1) determining the environment of the flood situation area; 2) explaining the impact of
the flood situation; 3) evaluating the threat from the flood situation; and 4) considering how
to deal with the flood situation classified by personal data. The questionnaire was used as
a tool for collecting data.

As a result of the personal data assessment, males accounted for 93.3 percent of
participants, and females accounted for 6.7 percent. In terms of age, the majority were between
the ages of 30 and 40, and those between the ages of 41 and 50 accounted for 40 percent.
In terms of experience in disaster relief and disaster management, it was found that most of
them had experience for less than 8 years, representing 56.7 percent. As for the results of the
satisfaction survey on the use of the flood simulation system, considering the environmental
conditions of the flood situation area, there were mostly positive feedbacks and almost no
negative feedbacks. In terms of being a military tool to help explain the impact of the flood
situation and as a military tool to help assess the threat from the flood situation, this has the
most satisfactory assessment result. Therefore, it can be concluded that Mobile Development
Unit 31 was satisfied with the use of the flood simulation system in Tha Wang Pha District, Nan
Province, as a military tool for intelligence preparation of the battlefield. The satisfaction value

is 4.18, while the standard deviation is 0.64, which indicates good and acceptable cohesion.

Keywords : Intelligence Preparation of the Battlefield (IPB), Flood simulation system, Satisfaction
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Abstract

This article is intended for 3 primary purposes. The first is to examine different
types of realities and their military applications. The second is to explore the rise of
the metaverse and its prospects for military use, and the third is to analyze and indicate
possible opportunities as well as approaches for the development of Thailand’s defence
capabilities through Alternate Realities and Metaverse.

This article divides Alternate Realities into 3 main categories, which are Virtual Reality,
Augmented Reality, and Mixed Reality. All three categories of alternate realities provide
enhancement to defence capabilities in 2 major areas, military training and warfighting.
The paper also looks into an upward trend of virtual technology, in which the metaverse
is taking on a prominent role. Metaverse has a potential for broader defence implications
and can emerge as a key enhancement for battlefield effectiveness with intra-military
communication. The advancement in both Alternate Realities and Metaverse has offered a
way for Thai armed forces to effectively and efficiently train and operate with a simultaneous
intra-military communication as well as an interconnectivity among friendly forces.

Thus, for the full potential of military applications of Alternate Realities and Metaverse
to be realized, the article recommends that the Thai defence sector should take 3 key
approaches, which are to prioritize digital interoperability of military equipment and systems,
to seize an advantage of commercial-off-the-shelf technology, and to promote and enhance

system integration capability within the defence sector.

Keywords : Alternate Realities, Metaverse, Military Applications, Defence Capabilities
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1. Introduction

Alternate Realities are not new to
military. They have been largely associated
with military trainings as a means to enhance
performance and comprehension of military
personnel in conducting military operations
for many decades. The evolution of
“Realities” from Virtual Reality (VR) to
Augmented Reality (AR) and Mixed Reality
(MR) have opened up a highly effective and
cost-beneficial way to provide a variety of
military trainings with close-to-real experience.
In general, Alternate Reality systems are
designed for specific trainings such as flight
simulators, ship’s bridge simulators, weapon
simulators, etc. However, the rise of
metaverse which is an interconnected and
immersive virtual world has offered an
opportunity for multi-platform and multi-user
interaction and collaboration that can
replicate actual operations in the real
world. This article is, therefore, intended
to examine the utilization of Alternate
Realities for military purposes with the rise of
metaverse in mind. The writing first describes
different types of realities together with
their definitions and examples. Later on,
military applications of alternate realities
for both military training and warfighting
are highlighted. Additionally, the rise and
prospects of metaverse for military uses
are illustrated. This article also provides a
brief analysis of Thai military’s and defence

industry’s capabilities in regard to Alternate

Realities and the metaverse, as well as
indicating possible opportunities and
approaches for the development of Thailand’s

defence capabilities in the regarding area.

2. Different “Realities”

Alternate Realities can be divided
into many categories. However, in order to
provide a comprehensive understanding
about their military applications, this article
divides Alternate Realities into 3 main types,
which are Virtual Reality, Augmented Reality,
and Mixed Reality.

Virtual Reality or VR refers to a
completely immersive digital environment.
The Virtual Reality Society provides a
technical description of virtual reality as
“a three-dimensional computer-generated
environment which can be explored and
interacted with by a person.” [1] VR allows a
user to be immersed within the virtual world
through specialized interactive devices such
as headsets, goggles, gloves, and body suits,
and whilst there, the real word is not part
of the experience.

Augmented Reality (AR), on the other
hand, focuses on the real-world experience
with the supplement of digital content to
enhance the overall experience. According
to the definition provided by Encyclopedia of
Multimedia, Augmented Reality is “a system
thatenhances thereal world by superimposing
computer-generated information on top of it.”

[2] Therefore, the technology enables virtual

nsaIvmamaluladdesiuiseme U7 5 avvil 11 / unsieu - dguigu 2566 28



or synthetic elements to be superimposed
on the real-world environment. This can
typically be achieved through the utilization
of a specialized equipment such as a headset,
a smart phone and a tablet.

Mixed Reality, as indicated by the
name, is a blend of physical and virtual
environment that allows real-time
interactions between the two. [3] To
illustrate, Intel Company, a computer chip
manufacturer, describes on its website that
Mixed Reality “provides the ability to have
one foot (or hand) in the real world, and the
other in an imaginary place”. [4] MR uses
advanced computer graphics and technology
combining with input systems to transcends
the display and includes environmental
inputs, such as position together with spatial
mapping and awareness. A special device can
be used to keep track of actual movement
in the physical world, then reflects onto the
digital environment.

In addition to the 3 primary types
of Alternated Realities described above,
Extended Reality (XR) is another term that
is commonly heard. According to HP,
a computer technology company, Extended
Reality is a full spectrum of immersive
technologies, including VR, AR, and MR. [5]
Therefore, XR can be used in referring to
Alternate Reality in general.

With regards to all these definitions,
there are other terms that fall within the

category of Alternate Realties. However, to

avoid any confusion, this article will adhere

to the definitions provided above.

3. Military Enhancement through
Alternate Realities

Alternate Realities which include VR,
AR, and MR technology can be beneficial for
military as they can enhance the defence
capabilities. Military applications of Alternate
Realities are involved in two prominent areas,

which are military training and warfighting.

3.1 Military Training

Alternate Realities are contemporarily
heavily involved with military simulation-
based training. Armed forces are accustomed
to using them as an alternative way to train
personnel. The approach provides a solution
for military training in a safe environment
with cost-effectiveness and time-efficiency.
Additionally, a simulation-based training
provides highly immersive experience with
a variety of scenarios and allows a training
evaluation to be done objectively.

Extended Reality can help to
supplement and enhance the benefits
of a simulation-based training. The use of
alternate reality technologies facilitates
military training across multiple simulation
domains, enabling the combining of genuine,
virtual and constructive elements in an
optimal way for a training. To exemplify,
the Aircrew Combat Mission Training (ACMT)

system, developed by Kratos Defense &
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Security Solutions and currently in use by
the US Air Force, utilizes mixed reality tools
which are a Multi-Position-Aircrew Virtual
Environment Trainer (MP-AVET) and Ground
Party Simulator (GPS) to train UH-1 Helicopter
aircrew along with the ground party in an
immersive mixed reality environment. [6]
The air and ground crew can have hands-on
interaction within a realistic virtual environment
with a sense of physical equipment, vibrations
and forces, together with visualization, audio,
and haptics. These add value to an overall
training without having to actually operate
in actual operations.

Additionally, Alternate Realities can
offer a realistic training scenario with a
stressful and life-threatening environment
for a military training with an opportunity to
safely make mistakes. This kind of trainings
provides a learning experience for trainees
in mitigating stress which is essential and can
be re-run for those in need to overcome
it. Although there has been little empirical
evidence indicating that a high level of stress
can be induced within a simulation-based
training, a study on Inducing Stress in
Warfighters during Simulation-Based Training
by Meredith Carroll, et al., suggests that
a certain level of stress can be stipulated
through a simulation-based military training.
[7] Hence, there is a high possibility that fully
immersive experience via Mixed Reality can
help in achieving the goal.

Another benefit of using Alternate

Realities for military training is that a
comprehensive after-action-review (AAR) can
be conducted within the virtual environment
to provide feedback with analytical data
to trainees for a more hands-on approach.
For example, the Dismounted Infantry Virtual
After-Action Review System (DIVAARS)
used by US Army at Camp Atterbury Joint
Maneuver Training Center allows users to
view digital playback scenario events from
different vantage point with statistical data.
Training facilitators can also bookmark an
event during the training and access it during
the review, as well as plot figure layers on
top of the simulated scene in facilitating the
training. [8]

Alternate reality systems can also
provide the ease of use to facilitate military
trainings regardless of any limits or constraints
by equipment’s availability, locations, and
weather conditions due to their small
footprints that can be easily deployed and
utilized even away from bases or training sites.
Furthermore, they are cost-efficient comparing
to live training sessions with real operational
platforms and a high-end full motion simulator.
High-end simulators are typically built with
proprietary architecture which heightens
the cost of procurement and requires
substantial budgets for the sustainment and
maintenance. On the other hand, VR/AR/MR
systems usually deploy commercial-off-
the-shelf (COTS) technology such as headset,

sensing gloves and smart tablet and open
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architecture standards to facilitate the
utilization, making the simulation systems
available on-demand at a much lower cost
and enabling a larger volume of deployment.
The general rule of cost comparison between
live training and simulation training indicates
that the cost per hour to train in a simulator
is about 10 percent the cost of training in
live platforms. [9] However, the increase
availability of VR/AR/MR technology could

increase the cost beneficial margin.

3.2 Warfighting

Armed forces are continuing to explore
military applications of Alternate Realities in
warfare. Devices such as heads-up displays
(HUD) and helmet-mounted displays (HMD)
have long been used in military aviation.
These devices can provide users with
situational awareness by projecting critical
visual information overlaid onto their view of
the actual world. Not only flight information
but also mission information including a
customizable choice of targeting, sensor, and
firing status is displayed through the devices
to improve combat capabilities. For instance,
F-35 Gen Il Helmet Mounted Display System
developed by Collins Aerospace is capable of
providing a 360-degree view of surrounding
with an uninterrupted display of flight and
mission information as an overlay. Furthermore,
it provides a visual targeting capability which
enables a pilot to “target weapons by looking

atand designating targets, and target verification

when receiving steering cues from onboard
sensors or via datalink”. [10] Additionally,
Integrated Visual Augmentation System
(IVAS) is another warfighting enhancement
device which is being developed by the US
Army. The system is based on Microsoft’s
commercially available HoloLens 2 with
a high-resolution night vision. It provides
overlays of “tactically relevant information
in a Soldier’s line of sight to increase lethality,
mobility, and situational awareness.” [11]

Other than being used to improved
individuals’ performance onamission, alternate
reality technology is also implemented within
the planning sector of a warfare. In 2005,
the US Army Research Laboratory successfully
developed the AR military sand table called
Augmented REality Sandtable (ARES) to
provide a battlefield visualization for the
planning purpose. The system used only a
COTS projector, an LCD Monitor, a laptop,
and a Microsoft Kinect device. [12] ARES is
able to efficiently create a model of terrains
and scenarios, allowing for a higher degree
of engagement in planning.

The aforementioned technologies
are only a few examples of warfighting
applications of Extended Reality. These new
XR-enabled capabilities can enhance the
warfighting performance and modernize the
warfare with data and precision. The prospect
of the advancement of Alternate Realities has
suggested that future warfare will intertwine

the fight in both real and virtual worlds.
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4. The Rising and Prospects of the
Metaverse

Metaverse has become an eye-catching
disruptive technology, embarking full of
potential in both commercial and defence
sectors. A general perception of Metaverse is
largely related to gaming, social media, and
virtual world, which is somewhat reductively,
equating its prospect of military utilization to
merely training. However, Metaverse has a
potential for boarder defence implications
and can emerge as a key enhancement for
battlefield effectiveness with intra-military
communication.

The term “Metaverse” was first coined
by Neal Stevenson in his 1992 science fiction
novel called Snow Crash in which a parallel
virtual reality universe was created from
computer graphics, allowing multiusers from
around the world to access and connect
through devices such as goggles and
earphones. 20 years later, an idea of
metaverse was literarily reincarnated through
Ernest Cline’s 2011 novel, Ready Player One,
which was later portrayed into a film in 2018.
The multiple virtual worlds within one
immersive digital world share much common
idea with the concept of the metaverse
today. According to Encyclopedia 2022,
Metaverse is defined as “a perpetual and
persistent multiuser environment merging
physical reality with digital virtuality. It is
based on the convergence of technologies

that enable multisensory interactions with

virtual environments, digital objects and
people.” [13] With the advancement in
alternate realities and network technologies,
the metaverse has recently gain significant
interest worldwide, especially after Facebook
rebranded itself to become Meta Platforms
with a vision to exploit the metaverse.
However, the concept of the metaverse
is nothing new to the military. The US armed
forces have been exploring networks of
virtual worlds for over 40 years. In 1978,
Captain Jack Thorpe envisaged that
simulators and mission systems would be
connected, tightly aligned, and become
indistinguishable. [14] By the end of the
1980s, Thorpe had led DARPA’s SIMNET
Program which linked the networked
simulators of platforms such as tanks and
aircrafts for over 200 systems through the use
of the Distributed Interactive Simulation (DIS)
protocol and High- Level Architecture which
integrated these military simulations into one
world model, allowing warfighters to train
and share experience within syntactic training
space. Furthermore, in the 1990s DARPA
successfully linked actual warfighting platform,
USS Wasp with SIMNET’s simulation systems
posited in different areas including helicopters
and tanks, as wells as command centers and
an observation node. This integration was
developed into the Live-Virtual-Constructive
(LVQO) network, enabling on-mission warfighters

to train and trial their plans.
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After the SIMNET program, the military
continued to pursue the idea of the combining
world between the physical and virtual
environment. Optimus System, a Korean’s
technology firm, has completed the
development of the metaverse-based
military training systems called DEIMOS in 2019.
DEIMOS creates various metaverse military
training environments for trainees to be able
to react to each other and conduct missions
similarly to the real combat situations. [15]
The UK Ministry of Defence has also invested
in the development of Single Synthetic
Environment (SSE), synthesizing a digital twin
of the real world to create an integrated
common operational picture in a support
of planning and decision making of military
operations. SSE is perceived to have a
potential to be a secure military section of
the metaverse.

Noticeably, military applications of
Alternate Realities and Metaverse have
continued to prosper at a rapid rate to
fulfill the potential of digital immersive
combat operations. One key benefit of the
Alternate Realities and the metaverse is the
interconnection within and across the
defence. Integrating virtual environment
within the defence could provide
effectiveness and efficiency not only in force
preparation but also in command, control,
and communication, enabling interactive
feedbacks across defence communities.

Accurate data with battlefield visualization

and interactive communication through the
metaverse could facilitate a better decision-
making and a precise execution of a mission.
Nonetheless, mega challenges of the military
use of the metaverse to accommodate the
defence alternate reality experience are
a secured metaverse infrastructure and
the system integration of alternate-reality
activities across the defence, both in existence
and in a force modernization plan, which need
to be addressed through the cooperation

of armed forces and defence industries.

5. Opportunities for Thai Military and
Defence Industry

Scoping down to Thailand’s defence
capabilities and defence industry, military
applications of Alternate Realities within the
Royal Thai Armed Forces are largely within
the training and simulation sector. Thailand’s
armed forces are mainly end-users of
platform simulators. To illustrate, the Royal
Thai Army has various type of simulators such
as a VT-4 Battle Tank Simulator, a Howitzer
Crew Trainer (HCT) for M109A5 Howitzer
and a UH-60 helicopter simulator. In the
same manner, the Royal Thai Air Force is in
the possession of F-16A/B and Gripen flight
simulators, whilst the Royal Thai Navy has
bridge simulators and submarine simulators.
In addition, the Royal Thai Armed Forces
possesses constructive simulation systems
such as the Joint Theatre Level Simulation
(JTLS) and the Naval Warfare Training
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Simulator (NWTS) for wargaming. All of these
are individual systems which were acquired
from different manufacturers at different
time, and thus can not be easily linked
to each other to create a jointly synthetic
training environment.

On the defence industry side, Altermate
Realities and Metaverse are relatively new
tothe Thaidefenceindustry.In 2018, Thailand’s
Defence Technology Institute (DTI), a primary
actor within the Thai defence industry,
was able to develop a shooting simulation
system, which is a virtual simulator for tactical
firearms, to provide a training to pre-cadets
at the Armed Forces Academies Preparatory
School (AFAPS). Additionally, in 2021, DTI
has developed VT4 Main Battle Tank’s Crew
Training Simulator using XR devices and
delivered it to the 3" Cavalry Division of
the Royal Thai Army. The two projects are
the key initial footprints of Thai defence
industry regarding Alternate Realities for
military applications.

Apart from the mentioned efforts to
exploit the technologies, Thailand’s research
and development sector sees a potential
benefit within alternate reality technologies,
promoting the various research and
development projects to satisfy the need
of defence technologies to enhance
warfighters’ performance. This can be
exemplified through a list of proposed projects
in the capability development of Thai defence

industry’s researchers for the fiscal year 2022

of the Ministry of Higher Education, Science,
Research and Innovation (MHESI), which aims
to support the development of Thailand’s
defence capability requirements. The list
includes proposed projects for alternate
reality technologies such as a Virtual Reality
Parachute Simulator (VRPS), an Operational
Simulator for Infantry’s Regiment and
Battalion Level, and a 3-D Tactical Training
Field. [16] This represents a potential growth
of Alternate Realities and Metaverse for
Thailand’s defence applications.
Undeniably, Thai defence sector is
playing catch-up with the alternate-reality
technological trend, and there are plenty of
rooms to improve digitally. However, The
Royal Thai Armed Forces (RTARF) has a vision
to attain a smart headquarter status by 2037
with an indication to prioritize advanced
command and control capabilities with
accuracy and precision in a timely manner.
[17] In addition, Thailand’s armed forces
are looking to be more self-sufficient and
self-reliable due to a recent downward
trend of the defence budget. The 2023
Thai defence budget is reduced by 2 percent
(4.3 billion bath) compared with the allocated
budget in 2022, [18] which is largely stemmed
from an economic pressure from the impact
of the COVID-19 pandemic and global
economic recession. These open opportunities
for military applications of Alternate Realities
and the military metaverse to prosper with

the technology advancement and their
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cost benefits. There is no need for the Thai
defence industry to achieve the Original
Equipment Manufacturer (OEM) or the
Original Design Manufacturer (ODM) status.
With contemporary advancement in the field
of Alternate Realities, Thai defence industry
can take an advantage of existing dual-use and
Commercial-off-the-Shelf (COTS) products
that can be for military purposes. The method
can help to fast-track Thai defence capabilities
to become the modern and digitized military
with less time and less expenditure.
Furthermore, a common synthetic
environment with common protocol, data,
terrain, and an open architecture is potentially
a key factor in future military readiness and
warfighting. The Thai armed forces are currently
at an early stage of establishing a joint and
common digital architecture to operate on.
Therise of the metaverse offers an opportunity
for military personnel tointeract on a persistent
network, share common operational pictures,
and execute an operation with effectiveness
and efficiency. Therefore, the Thai defence
should seize an opportunity to exploit the
use of alternate realities and the metaverse
for military trainings and operations at this
early stage in a systematic way in order to
avoid an unnecessary redundancy of systems
as well as the incompatibility of systems
across the defence, which can result in the
waste of budgets for system integration at

a later stage.

6. Conclusion

An advancement in Alternate
Realities and Metaverse has offered a
way for armed forces to train and operate
with effectiveness and efficiency with a
simultaneous intra-military communication
as well as an interconnectivity with friendly
forces. Both military training and warfighting
applications of Alternate Realities together
with the metaverse can g¢enerate
interoperability among forces, enhancing
a chance of success in conducting a mission.
As for Thailand’s defence, Thai military
services have experience in using Alternate
Realities primarily as end-users of high-end
simulators of military platforms and
wargaming. An increase in availability
of commercial-off-the-shelf (COTS)
alternate realities devices and the rise of
the metaverse have creates opportunities
for the Thailand’s armed forces to gain more
access to trainings and get connected
for military operations. Thus, in order to
modernize and enhance military
capabilities, it is recommended that
Thai defence sector should take key
following approaches:

(1) Thailand’s armed forces should
prioritize the digital interoperability of military
equipment and systems being procured.
This is primarily because digital connectivity
whether within the real world, the virtual
world, or both, will continue to be in the

uptrend of military applications as armed
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forces from around the world continue to
pursue their technolosgical edge over each
other to support their national powers.

(2) Thai defence industry should take
an advantage of already developed COTS
alternate-reality technology to reduce the
time and expense in conducting research
and development. Investing more on
becoming Original Equipment Manufacturer
(OEM) rather than starting as Original Design
Manufacturer (ODM) will help to close the
capability gap of the Thai defence industry
with others that have already be in the
defence market.

(3) Thai defence industry should seek
to promote and enhance system integration
capability within the sector. Military trainings
and operations are very likely to progress
toward digital cohesion which required a
tremendous effort in integrating related
systems. Therefore, the system integration
has a high potential to be a key enable
capability for Thailand’s armed forces in
the future,

The 3 aforementioned approaches
are not an exhaustive list of efforts the
Thai defence sector should pursue. They are
merely suggested initiatives analyzed from
the contemporary trend of alternate realities
and metaverse that can be beneficial for
military modernization. Achieving capabilities
in alternate realities and the metaverse can
be a force multiplier for the Thai armed

forces to preserve the sovereignty of the

nation and to maintain the peace and

security in the region.
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Abstract

When an inventor rocket moves away from the launch point, the inventor rocket
passes through the medium, which is air, to the target area along the designed line of motion.
But because there are factors. As a result, the movement of the inventor rocket trajectory
deviates from the normal direction it was designed for and the nature of the equation is
nonlinear. Therefore, it is essential to study, design and solve this nonlinear motion problem
in order to reduce possible faults and further increase the efficiency of emission accuracy.
Solving the nonlinear motion equations can be done in a variety of ways, with this paper
presenting the method of finding the deuteronomy of the equations with the methods of
Runge-Kutta 4th, using the inventor rocket trajectory equation based on the Modified Point
Mass Trajectory Model, which experimented with transforming the initial state into 21 patterns.
The simulation results showed inventor rocket trajectories with different lift angles and
initial conditions. Whereas with a greater lift angle and starting conditions, the distance
perpendicular to the flight plane is significantly higher. In addition to that, it will result in
the position of the inventor rocket at any given time. There are markedly different values

as flight time increases.
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definsanluFesnnugniesusiugilunnszes
nsAUIMNElAAINNTNTNAN (Step size)
ety [3] Jefiusednsamuazdanuazain
lumsuszendld lnsannziinnuiglunsdeu
TUsuwnsupenimesitofuauaaas 355
Idgnusuussdusnlusanvansuuy

AUNITTI - ARMIBUAU 1 (RK1) Tdnwasy
AaeAvannistuszideuisvetooans Loy

¥

luisiA1venalaasvediadnliaziuegiv
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HasINveIAveINalRaY o JagUuiuaiudy
v9sgrandagiu (k) vlnalaasresisd
Lilafosuazligndeausiudusiniiang [4] RK2
\uaunisiiuiusstuinanisvesessiand
Tngldifamariueanmnudu (k) u fiuvmamsanans
vownataatludagiuiu k iilddae vild
nawasilenugniesusiugATuaInAY RK3 (5]
Wismaivesmudy ) ewiiunnugndes
wslugn daw RKa duazgnihanldeoudisnn
Tunefoa arunsadiwivinalaaslag
AeufinmosFenslilusunsunusing o Gl
lavs3atinaunialanléiliinnme auns
dnisleandesumesidnily edsanunsa
tiemdnmsdusnsunileyszgndldsialaan
MANVANYUUINTG [3] WU ﬂigqﬂﬁtﬂmaﬂm
N151181 Unscented Kalman Filter unlgisuriu
RK4 1um'§‘uixmmmyu Pitch uag Yaw 489
mnlsrivsunmadoud venanilsiaunis
san-agarlusuduigedulusn wu RKS [6], RK8
[7]-[8] wag RK10 [9]
unaudavinauedinsuidamide
Fuavveduuifannuseing lagazEuain
thiaueaunsnsindeuiivesiienayseiiug
189198991k UUTIa0983 Modified Point
Mass Trajectory Model ﬁaq”lu%amnmmmg’m
STANAG 4355 [15] U9384AN15aUSE YYD
wonkauAnnile udmwaasvesaNnSl
Fu38n159093908- AARTSuAUT 4 andy
IFvihnsuananudfesinyseivg il
wunlfunsdsunauiloadnusluaunis
falidviiu Tneluunenuiazhiaueitves
annUsgivglunsdiiaveussmdniiingn
9eING InaveTaINGs ALE LAY

WArLNINVBIRTINUTEAYS o AUdeYRTIN
UseRyguaneineu 7 yu

1.1 N199198952UUNNA (Coordinate systems)
vaan1sndeufinuuliduidaduvesdvuis
vosmaUszhugiugenna

msedesruuiitaiitluaunsnisndoud
youmInUszivg Usznouluseidntiedlunseu
Y9958 UUNNAANSAGEU (Cartesian Coordinate
System: CCS) $19dauiiolanunsasiaosaunis
maadoudild dwmsulnsenivd ssuuiided
o3uwliludrnilfifiugiuunanunaanumig
9 n1s [1] WHusyuuitnansidou Tnefissuu
1-3 adituindudavedanineiivnu 1 il
fmaweaEnwazLAY 2 S FTuRean
fuszuruindudaveslan Tnefyusudeys
sewihaunuil 1 vesszuuiitinfinssvhiuiimmile
TnayuvesarAgavzdanduvinludnlanmie
wardenduauludnlanld sasdiauufgiui
sUnssvaslanifunssnanlngyszanuiifiiad
(R2) waganudiasiiGa (@) lunsvsuvestan
mmgﬂﬁ 1

JU7 10158198952 vUilAnAI1TMideu (Cartesian

Coordinate System)
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1.2 wuudaaawadn (Dynamical model) a4
nindeuiinuulsiidudaduvasanaUszivg
ﬁuémmﬂ

Tunnsa¥ieaunisnsiedeuiivesasin
Usehvsil é?aaaﬂiuuamagm 3 90 fio

1. 959AUsEAYEIANUANNINTTOULNY
AINLUILIIVRIRTIAYTEAYY wazdInald
AduUsyAnBynIenIEmamansaun T
f95IUsERAYg

2. yagudnananusudugaieiuiv
Audnans esinusadunszihmuuaunny
WWIEIVDIRTINUTEAYY [14]

3. WTIHANITERE AN Y TAlAILAUATY
WWIBIVDIRTINUTEAYY TIITLASITURIN
dudiudy

dmsuaunsveussinszyinigaaudnany
yonnInlseivy mMuedeuiivesaninlsyivy
ldlagendsaunisesuenisindeuiinuy 6
Se152 (6 DOF) WagamnIouansaLNsMIAFouT
¥p9a5UszAnglneldaunisiadendsiu
maedeunvuliifudaduresannusefng
1A aunns (@)-(12) Sedmuduaumsilituiy
waveAu shefunsedeufiuuulidudady
yesanaUsEAvsfitadsveaunadhuniedes
Tneiloadsaunsmaiadeuiivesaniaussiug
Faduaumseyiusdusu 2 Aldidudadu
wiensnUSuseEFnanas inansdeensums
AIAIN5IVD95IAUTERAYS agLfisuiuiiie
198 CCs ail

1.21 LNNBSEAINMIATEUNTBNTINUSRAYY

X = | X2 (1)

Xy

X = | X 2)
X3

X = | % (3)
X3

Togil

X DNRoIINLUeIInUTEAYS
Tuswiwnu 1, 2 wag 3

X ONeesANLEIe RTINS RS
Tuswiwnu 1, 2 wag 3

s

¥ nnmesanusvesainusyiys

3

Tuduwnu 1, 2 wag 3

1.2.2 INABSUEAUIINANVDIATINYTLAYY
= < ¢ o a ¢
Falunlaiduvaunavansinlszivg
F

F,
k3

Fra(m) =

el
F; Usanve99InUsshvg
Tuwwaunuy 1
F, WSNaN1099930UsehYs
Tuwuanu 2
F; WSHANU8399InUs8RYg
Tunwiunu 3

1.2.3 nnwasanuswlauvadlan

Q cos(lat) cos(az)
W= 0 sin(lat) (5)
—£ cos(lat) sin(az)
BN

o ANUSITUvedlan

0 enusudauesiivedlan

lat spiazAynvesgnlans

az ueTinvesgnaoy
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1.2.4 nnwesANUEIENRNSYasRTIAUsEAYg
diawflsuiiuauiaay

Tnei

7 nnwesanuSERng
Y2995INUTEAYY

v UUAURINADIANUSIEIINS
Y93959UTEAYY

W nnwesuesnnusiay

1.2.5 aun1sAIuIuAT “vaiaansina” (Yaw
of repose model)
— 8L, (m)p N o
Ae = nd3pCyvt (17 X X) (8)
Tnei
@, Lnneivewweisonsing
L, (m) AluuAAs28entuNY
AINRUIETIVDITINUTERYS
AULSIMYUANVDIATINUTT A

o
a

U UAUENA19YRRTINUTERYS

ANUNUILULYDIDINTA
v AduUseanSualeansing

aOT QAT

o d' o as a [4
1.2.6 duNSAMUIAMIINNTIINNUITINUSERYY
1H2991nANULT e lENa9

e
m(t) ¥IVDATINYTEAYS
Favdsuulanunan
R, Sellpulasvedlan
go  Aanussliduaeslan

1.2.7 #UN1SANUIUINADSVDINIIADSDDRE
Fo = —2m()(@ x %) (10)

1.2.8 #UNSANUIUAINADIVBILIITANIY
YDIAINANDINA

= d? "
FD = —TTTCDO v (U) (11)

Tned
Cpo AmduUseansusudsnniu

1.2.9 #UNITATUIUAINLADS VD ILITIINVD
AINa1981INA
nd?p

F = =20 v (@) (12)

il
C; AdUUsEATB TN VDS
FINaoINIA
a, VNwesvIioaNnslnd

1.2.10 AUNNSAIUIUANINLADIVDILTIUUNTIE

RN 3 N R
FM = _m{TpCMag (ae X U) (13)

AvidvousakUnd

e
[l
afl
ee
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1.2.11 ﬁllﬂ']iﬁ']u’Jmﬂ’J']llLfﬂ‘lﬂl!u@]’N“Uaﬂ

2390UszAYY
mpd*vCyy,
— spin (14)
81 (m)
lned
Cspin PANUTZANTNITNHUANTRY

519UsERYY

lned FLF,F, F, waz Fy #o
usadsamnusuiionnanuanssnuvesneieeda
usiltudhsvedlan ussgaduiilesinannusaiiy
9INA USUNFD USIINNITNLUAN [12] uae
WILUNTE ANa1aU %qgmmuaumﬂamid
wiazrdaanusouandlddannied 1 lagly
unenudashaunsisiundszgndldluns

a ¢

MHARAEVBITITINUTEAUFAILTTTUI- AN

2. 321U8UT5Y0959Le-AAM
521 J8UTaVR93ee-ANAT (Runge-Kutta
method: RK) Wusideuisnteldiuniian
TunsuAaunseyiusandiy (ODE) [13]
sUuvuaunsTagmluanansauandléis
aumsi 15

Yis1 = YVi + ¢(x, yi, A (15)

o9l @(x;, v, h) Ao Heddudiuiiia
a1 eUNSTANYLIRIEUNITA 16

(b(xi,yi,h) = a1k1+ a2k2+...+ankn (16)

ai Ao @A (I = 1,23, ., n), n Ag
duUsUYaY RK, ki Ao Henduweeszideuds RK
Toganunsaeusgluguwuuaunisi 17 dwteluil

ky = f(xi,p0)
ky = f(xi + prhyi + quikih)
ks = f(x; + p2h, yi + 21 kih + g2k h) (17)
ky = fO +pp1h yi + gqno1kih + g1 2k2h
+ ot Guoin1kn 1)

unAruiiagldsndouitveza-anm
Juffuil 4 (RKA) uszgndldlunisudaunis
esmndusadeuizilidneulsulugunn
‘171%391 MNauMsA (15)-(17) Wefmuald n=a
azlaaunis RKa dwsuldmuiamuuiinasn
UseAugdsaunsd (18) Gsanansoihlulilunns
Feululusunsuneufinmed MATLAB i
nawnagnaly

1

Virn =i+ [g ks + 2k, + 2ks + k) 1

kl = f(x“yl?l 1

ky = f(x 450y +500h) (18)
1 1

Ky = FQu+ 5+ 5 ko)

ky = f(xi + hy; + hks)

3. 35Ms
Tunssraesmandeudivesuurifane
UszRvgsnduegadeiiagdeamsrunmands
1999590UsEAus ALY naonaufnUsang 9
Aieresimunlaganden Wownds o
fazianlddudesenfonisise Anw uay
'«i’waaaﬂumaimﬂszawﬁ%ﬁmﬁy’u 9 wndueged
Faduduaededdnanduegrannninglden
ALUsie 9 wazAuduiusvesLsaz iUy
TnwaziBen ieanaududouvasnisduim
WUYINU99TINUTERYY
PNAUNTAILIUNTIATDUTIVDI9590
Usghwslaglingnisindeudited 2 vesindiy
ansnsnasannIInsedeuiivesuuiidasn
UszRugauiiiawnusing 4 lenwauns (19)-(20)
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YF =ma (19)

m()F =F; + Fg + Fp + F, + Fy + Fr(m) - (20)

o

Taaiflevhmunnmesusausaiingzyini
IS RvguiausndnuesnTInUszivgi
Ainnndeimamdanngnuadesfasussdnas
fiduifuinavesanialseiusidsuutas
AUIAAUAULINADS VDIAIULTIVBIITIA
Usghng aenpdosnungnisiadouiifed 2 ves
sty fafu Seanansoianideunnees 3 99
Fsamnsouvadueyiussusu 2 Aluidudady
(Nonlinear second order differential equation)
Iemuaunis (21)-(23)

d?x, md? d?
Frae Sm(t)p DoV 8—(£_)pC‘1/lzq/ (@ezv3 — @p3v7)
nd?p
+8m(t) Crav?a, (21)
GoX1
— 2Q[sin(lat) %3 + cos(lat) sin(az) x,] — =
2
+ F(m)
d*x, nd? c d? oo )
W = 8m(t)p DoV Uy — 8m(t)p Mag (Xe3V1 — Ae1V3 (22)
LT
8m(t) LaV ez
+ 2Q[cos(lat) sin(az) x; + cos(lat) cos(az) x3]
2x,
=90 (1 _R_) + F,(m)
2z
d?x, wd? nd?
T 8m(t)p DoV S—(t)pCMag (@e1v2 — @erv1)
nd?p
to—x 8m(t) CLaU Ae3 (23)
x
— 2Q[cos(lat) cos(az) x, — sin(az) x;] — %
2
+ F3(m)

aun1sil (19)-(21) szannsadnlvieglu
sunuvaghekazansahivldramasie
suifouiBBsiaavlugunuuvesaunisi (16)
Tngluvnanuilldhnadeulusunsussdo
WAL INIADUTNABS MATLAB
waTU D INALRALUILAAINALUIITVBIDTIN
UseRusing MATLAB viail Idvihnissraesdiu
AIkUyuENURI9TINUTEAYY Aa8T8N15v04

- ARAIBUAUN 4 31nuuleinITwANILUD
AesnUszivgidulumuunuiinissiaes
InnUsERvgmesuleouds RKE fagun 2

juation of motions in
Eq N Constant/Variables
XY Zaxis

Separate the
equation into
3 dimensional

Set the desired set
point step = i_final

Calculate all variables at
initial state (i)

Select a proper Aero
coeff. by Mach Number

RK4 Calculation for Spin rate

I

RK Order Calculation
(K1K2K3Kd4)

l

RK4 Calculation and step
update

|

Update all variables
y(i+1) = y(i) + (W6)*(K1 + 2K2 + 2K3 + K4)

i Collect y and m ;

Update next time
step
=i+l

End Cycle

End

FUN 2 Unelan15vi197uealUsun sukinInaLaag ved
7MYy
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4. HAN13INABY

Tuuneruilldsraonddousuusnves
ﬁmmﬂﬁzawiﬁﬁﬁuLLmism”Uﬁ”’q 6 A1 A 20,
30, 45, 60 waz 70 BIA1 NALRAYUYBINITINAD
wultaTInUsgRuganansananalaneguain
3, 4,5, 6 uay 7 FeuansliiuIuIIae
%mﬂizﬁwﬁ%ﬁizﬁummqaﬁLLmﬂm'Nﬁu
ote¥aau vonntuudrardamalisums
v0s99InUsEivg u naile 9 dafuandetu
Tnailddadlonaniuty Tunssiaesisi
MINNTIVANPILUTANG 9 flazidundetu Wy
FruEN I IULLILAY X, Y, Z WAZTUINTBIANUIE)
&S wenstuauduius sewinadnysil
funanmsdu fagud 3, 4, 5 wag 6 wensu
anuduiusudazaninsausuasua i
Wennalaasfiudugrdetuld Feavdana
Tinanasndouuridvesnnnusefvslad
aukiugundy dlugadvedliidiuinly
miaaﬂLLUUﬁxUU%iamﬂizawﬁﬁu Fudueenads
flazdosfinafunuunitennlssiusilae
azlBumuazAsaUAGIMNINULBIN ST AV M
nsBelvRBety

Displacement in X-axis (m)

Time (sec)

2006y =—=30Deg ==d5Deg ~60Deg =70Deg =30 Deg

FUA 3 szgenaluununy x ¥9997IaUsEAYgluyen

o |
YIANR N

Tugnen 90 99m1 agdunadnuaylidl
maAsunlasszagmslunszu x deldiey
fugmendu 1 lumensedupen 20 seen
fiszogmalununssnuiiinniian tneflszozmg
wnitga 35 was Tnsuszanalludnilve ey
fAusadenuvesornaitesiiannaontag
nstu lasaeduneriudleyuenGusuiiiunnty
gyhlviasreznlullszuulosatagedl
Heddyy Fsanansoagulainsseemslunuiy
mawsamﬂszﬁwﬁﬁmmiwnﬁuﬁ’uqmaﬂﬁué]’u

EEEEE

H

JUM 4 szgzmaluiuiuny y ve995InUseaygluyuen

IGRIEEN

SYELNIILUITIUU Y TU axdaunale
TileeuiUszeeSluLLLAUDY 9 WUdY
Tafin1swasunlasmannd9n150u tneswls
PP [ val = [ A P~
Aanudululenaziinatiunisiadauilunud
wnull fia AAINISIMYUAIOI9TIN Fedana
sofngaloansinag uasyheiandinaseseeeng
Tukwissuu y

Displacement in Z-axis (m)

Time (sec)

20065 —=30Deg —md5Deg —60Deg —=70Deg =50 Deg

JUN 5 svgznalubuiuny z Ye995anUsydugiuyuen
TUsNGN
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TudnvesssaendluluIinug (z-axis)
tu ansoagulddn anugefiasinussivg
anrmvildazeglutisiiusduesndugens
Faazidurasnand 0.9 Juiit Tagainduaz
\ndouiinofiemuLdosresaTinuiagailil
AgsgeanlusLen 90 aam uazidoyusnsas
wdunaldin Aenugegeantuazanasesng
HludAy 5ul,ﬁaw’1ﬂﬂ’swmﬁaﬁgﬂLLﬁmLLf\]ﬂu
wnugeRzuUsiuegednluiulen Jagy
Famenduduiuudsiusufuaiugeiiona
anansavinla

T )

2000 30003 4500 00Kt —T0DeE —200ex

FUi 6 IS INSVRI9TINU s AT IUNLENTIUANA N

s

Tunsdlvesanuididnsvensinussivs

3

srdunaliinluguenvisuntuaziianudians
FIFIUNIIINNTUINLUURNNDSTBIANIS

v
o

919 3 WU bnaLAesnuLn tneanizluglaan

a

nannduiusaduegufedas 0 A 0.9 Jui

'
=

Fevliasaeanunsasneanuaieslilauay
vhanudldgeanie 45 wmsdeud andy
wdeuiinesennuisisuiiosainusaldudas
yoslanuazusINeNIANaFNERS BeAnuEIEnS

PV I a =
ANV UUAD 10 LUMNTADIUIN

4.1 N1ATUINNIINITINUTERYE LuAIWYS
RIEEIIRIEN
N15ATUIUNNIINITINUTEAYE LU
¢ & O = = v v d'
anun1salaseiy danuduldlidesnasa
UseAwgaziadouiilumuyuenlusuiuuves

s

LAYTIUIULAUANAIDE 197093 T 951U AYS
Auansdnedu lunemsedna madeuvesasin
UszAvguiunlduiieilynenveanisUsos
971AUsERY] (Elevation Angle) A1uEmiyuA
3udiu (nitial Spin-rate) $msN1swEvives
Wounds (Propellant Burning Rate) LLagitsinan
¥8397IUTEAYY (Thrust Force) lnedauys
wianil (Input) dauiinaegreBedontsduan
diomiivesanauseiugiau islinsounqy

Ex]
v

a a a ) o |
AU ULURINBNAAATUYBIAILUTAINA

s

NsiRSEUTRYANALRALYRIANNTTITINUTEAYS

'
a

Jedndunenismitasinuseiugluduys
Wabuuaw s unsniss luduneunawon
ArunaiionifvesasinuseAus Aduls
annsaAsuuladld aieFuvnitvesie
Usghwgiiiluen 10, 20, 30, 45, 60, 70 uay
90 a3 niousAuEMLUANEURY §AT
nswlndivontomds warusdnvesaTn
UsAvg Afan1azun@ (Normal State)
anmuifintu 10 Wedidus (+10% State) waw
anmeiad 10 1Wesidud (-10% State) Javi o
Tumsuinmes 1 yuen azgnulseendy
3 annay et Tunsennaumitenaussivs
Tiasusmenita 7 g Aldnannlidssiu Sehls
\AngUiuLYINsAIaanaa 21 JULUY
Fapaait 1 seluil
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M19199 1 A1ENTIESUAUYBILAAEYLEN

Spin-rate Mass of Thrust Elevation
(rad/s) Rocket (kg) Force (N) Angle (Deg)

-10% State 0.9427 0.9996 4.8501
Normal State 1.0471 1.1107 5.3891 10
+10% State 1.1519 1.2218 5.928

-10% State 0.9427 0.9996 4.8501
Normal State 1.0471 1.1107 5.3891 20
+10% State 1.1519 1.2218 5.928

-10% State 0.9427 0.9996 4.8501
Normal State 1.0471 1.1107 5.3891 30
+10% State 1.1519 1.2218 5.928

-10% State 0.9427 0.9996 4.8501
Normal State 1.0471 1.1107 5.3891 45
+10% State 1.1519 1.2218 5.928

-10% State 0.9427 0.9996 4.8501
Normal State 1.0471 1.1107 5.3891 60
+10% State 1.1519 1.2218 5.928

-10% State 0.9427 0.9996 4.8501
Normal State 1.0471 1.1107 5.3891 70
+10% State 1.1519 1.2218 5.928

-10% State 0.9427 0.9996 4.8501
Normal State 1.0471 1.1107 5.3891 90
+10% State 1.1519 1.2218 5.928

FUSUINIINSN Il vR i BATkaY 4.1.1 9nsnsludvaaiainas

WINANVRIRTINUTERYUY TAuduiusiy

S ———
Taonse @sluanmediuiy 10 wWoddud 9edl 0
navesdeimdwnnnianzund Jareliie D \
usmdnveTINUsEAvs TRty lumensedna - X
anmesas 10 Weddud axfinavesdomas ol -

i

Mass of Rocket (gram)

Jaan31an1zUnd Y IRLLSIHENYD9579

Usehughtiaundt desialuil U 7 Shsmsenindveadomania 3 anne
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Fomdwesasantuduiuysitna
ddroIfvesasined1ads (esninaves
mbuiladondniigaeugsasegiasiilita
Fuilodnsuwlvtvesasintuilanunnagsiles
srwiitananlunsiunssiminveademas
YovanilindeudildetBassunntuniuan
4.1.2 30FINNTETNUIINENVDIITINYUTEAYS
(Thrust Generated Rate)

———Normal State ~===+10% State ~==—-10% State

Thrust Force (newton)
@
8

0 0.1 0.2 03 0.4 05 06 0.7 08 09 1
Time (second)

JUT 8 991N 1A NUTIHENYRNRTINYTEAYFYN 3 N 722

Tunissiasafiuuazaninavosdomas
a5t azansavlrusituresasIniinty
Wity Wownaveademdianasasyinld
asaussduldtioawmuddy feweaseninen
aranisalleddnazrinliidvesasiadulnaiu
dlefldomasiiunniu

5. HaMsaedInasInUsshvgluauls

]
=

fivudeunuas (Rocket Trajectory)

Tunsdunaiioniduesnsinyszing
w21 JUuvy Ainamlidsiudy Sdunouly
mMefaldnuuwuiisnsiduns adu
Tumuiginslunuudiaeamadinaiansves
aunsanIaUszing dauandlinmgui 13 10y
WNTIeIEATiaY (Numerical analysis)
Fudumsuimeuainaensndinmanivesauns

3390U 8RS lUFULUUYDIMIUNUIVBIATIA

UseAuslunuiuny x, y wag z 81 z asuans
AUN9A1118990995InUsEAYY (Altitude)
KaLANUISIENS (Velocity) TmeaziuSeuliieu
Fesethemellil

5.1 nmswSsuiiisuszeznisluiulunu X ¥a9
uNni 30 89AT N9 3 dAE

——Normal State ~———-10%State =———+10% State

Time (second)

JUN 9 nsmluFuiiiguszeenialuuuiuny X vosuen

71 30 9917 99 3 a3

Tudruvesszazmaluiuinnu x July
mudimanisally szegmdunuinny x fan
s InsienetnsadlosnudnsiiosnUsiiug
Faflusedunazimdoudinomuussltunas

5.2 M5iUSHUIBUTZEENISIULUALAY Y VB9
LUBN? 30 B9AT 99 3 ENIE

———Normal State  mm=-10% State  =mm=+10% State

Time (second)

JUT 10 nymliSeuiigusseen i luiuauny Y veuysen
71 30 9/ 914 3 AN72%

Defence Technology Academic Journal, Volume 5 Issue 11 / January - June 2023 49



WUREINUAUTEEEMSlULLILAU X T3y
mdlunuuny v Sy uhezfinuanuanaes
Wowmas uildifiemefioziasuidnisluues
9590UsTRugLR

5.3 msilSeuliisuseeznelunuinny Z 989

UuBNA 30 BIA N9 3 FAY

———Normal State ==—=-10%State ==—=+10% State

05 1 15 2 25 3 35 a

Time (second)

JUT 11 nymliFeuniieusseenaluuuuni Z vesysen
71 30 99A17 919 3 N2

1uLLuaLLﬂuﬂaﬂmqaﬂfu“I,uamwﬁlfiyal,wﬁﬂ
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for Inventor Rocket Path-Motion Prediction
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Abstract

The trajectory of an artificial rocket is a non-linear equation of motion which
can be solved in various method for instance by the method of an applied newton’s law
used for establish the equation of motion or by the numerical method of Runge Kutta
4" order. All of the equations of motion are modified from the principle of Modified Point
Mass Trajectory Model (MPMTM) which will have to compare its mathematic solution.
These methods are complicated to calculate and can cause an error. Therefore, in this
article will present the application of back-propagation neural networks to predict the
trajectory of a rocket in various input according to the actual usage conditions, which
5 inputs. The performance index is used to determine the optimal neural network.
The results, the most efficient system identification neural network that has a performance
index of 0.04 and this neural network will represent the trajectory of an artificial rocket

instead of complex equations which will simplify and takes less time to calculate.

Keywords : Inventor Rocket, Neural Networks
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for Agricultural Area in Thailand using CNN Method
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Abstract

To support agricultural development, increased understanding and data is
needed. Performing a land cover enables obtain physical landscapes. The aim of this paper
is to propose a land cover for agricultural area in Thailand using CNN method. A four-class
dataset is created: forest, palm, rice, and buildings. It is composed of about 1,500,000 with
a size of 64x64 pixels. Each class is associated with an optimized CNN model showing an
accuracy between 80 and 90%. After post-processing of each prediction, the land cover
is successfully obtained by aggregating the different class predictions. An RGB filter is used
to determine the maturation state of the rice and to differentiate the type of palm field.

Finally, the estimation of the production of palm and rice can be performed.

Keywords : Convolutional neural network, Image processing, Land cover, Satellite Image
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Abstract

Land cover is a powerful tool and takes advantage of Convolutional Neural Network
(CNN) in remote sensing image recognition. However, the existing datasets are pretty small
or are not relied to the studied class where the land cover is performed. In this paper,
a methodology is proposed and detailed to create dataset images to be used for land cover
through CNN. This method consists in 4 steps. Firstly, large remote sensing images are collected.
Then, a large amount of tiles are created using an adequate sampling method. Using a coarse
model tiles are automatically labeled. Finally, dataset is cleaned from mislabeled images in
order to be used in a CNN model. Rural area in Thailand is used as study case for a 4 class
dataset: buildings, forest, roads and wasteland. In a first step, satellite images are cropped using
overlapping process to create dataset tiles. Then, coarse model based on pixel RGB bands
value is developed and by applying ratio on these RGB filters, tiles can be classified. Results
show that building and wasteland class can be created with a very high precision of at least
98% demonstrating the robustness of the proposed method to quickly perform a dataset
image. Forest presents a good precision with a value of 90%. On the opposite, roads class
presents a low precision of 68% and therefore, this datasets needs to be manually cleaned by
the users. Finally, effects of cropping and overlapping size are investigated and results show

that using a different cropping size requires a new calibration of the methodology.

Keywords : Dataset, Land cover, Image processing, Overlapped images, Satellite Image
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A prototype of chemical substances to clean

gunpowder and copper fouling in gun barrels
Anon Dachasiripong
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Abstract

In this study, we aim to find a gun barrel cleaner prototype that removes copper
fouling from barrel threads. Copper fouling will degrade the barrel's ability to rotate bullets,
resulting in reduced accuracy. Additionally, too much copper fouling may cause the shot to
jam until it explodes because it clogs the barrel under increasing pressure. In addition to the
copper fouling from the bullet, there are also gunpowder fouling caused by the combustion
of the propellants that affect the firearm's operating system. Consequently, this study aims to
find chemical solutions for cleaning gunpowder fouling using organic solvents such as benzene,
hexane, and methanol. The copper fouling from the bullet head was leached using acids,
bases, and oxidizing agents: acetic acid, hydrochloric acid, sulfuric acid, nitric acid, ammonia,
potassium dichromate, and potassium permanganate were used to dissolve the copper fouling.
The experimental results revealed that benzene was most effective for cleaning sunpowder
fouling, while ammonia solution at a concentration of 2.5% by volume was most effective

for cleaning copper fouling inside the gun barrel.

Keywords : Redox reaction, Oxidation, Reduction

' Physics and Chemistry Department, Education Branch, Royal Thai Naval Academy
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Abstract

This article describes the design and development of a gun laser which is used to
simulate the behavior of a bullet, both the trajectory and the bullet point, of the M4A1 tactical
firearm in a virtual shooting range. This gun laser emits the infrared signal when it is turned on.
The IR camera, then, captured and analyzed with the image processing before visualize the
bullet point on the screen. There are 2 types of data from the sensors that are used to trigger
the laser. The data from 6-AXIS-IMU-UNITMPU6886 sensor is obtained when the accelerator
sensor measures the recoil force of the gun. Another data set is from SPM1423HM4H sensor
which is a sound sensor for detecting the sound of the gun. These sets of data are analyzed
with the microcontroller equipped with IC ESP32 chip. Artificial Intelligence (Al) in terms of
Neural Network (NN) is implemented to predict if it is a gunshot so as to turn on the laser.
The result from the experiment with 15 M4A1 tactical firearms in a virtual shooting range

shows that the sensor is capable to detect the gunshot with the accuracy of 95.63%

Keywords : Airsoft Gun, Vibration Sensor, Sound Sensor, Artificial Intelligence, Neural Network
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uadeilddaueniseanuuusEUY
wuwes Fazvhaudiensiedunmsavediule
Tnefindninasinon1snsrasunsedudiingin
ws98U (Recoil) vosluannwuwesInAIuLs e
(Accelerator Sensor) WagN1SATIVIULFLIVDY
Yudhowuwedimdes (Sound Sensor) Nty
%ﬁmiﬁﬁaaﬂaﬁg& 2 @ 1vinnsuszaang
selulasaoulnsaaes (Microcontroller) 7
Usenaumedu led ESP32 Lagyihune (Prediction)

s

nsinnisteesiunessuudyiusshivg
(Artificial Intelligence: Al) Tuguuuulasedng
Uszanidlen (Neural Network: NN) suanann
suifuiidonuds Saduisiifiussanianuay
L‘vmwauﬁqﬂﬁm%’umﬂﬁmuﬁﬁaaﬁmsﬁmf-ﬁﬂ
JULUU (Pattern Recognition) [6] laeinsly
wadiansBeuivean’os (Machine Learning: ML)
Wlevimsaeu (Training) Tszuuandguuuy
n3du uazidesiigniosedtiuiieiinnisauln
Tnglusniddvillduszgnadldinadanisdu A
fifidoin laseneuszanvidion (Artificial Neural
Network: ANN) wuuiweswunseunatodu
(Multi-layer Perceptron: MLP) #39@131501360
BnoE 199 IS8 UsTAMINBNLUULNTOUNEU
(Feed-forward Backpropagation Neural
Network) Fadulassineusvamifionuuudos
fiffaou (Supervised Learning) Llevngunuy
fumngandnsurinuenansda (Prediction) [7]

2.1 Tasedneuszannifisy (Artificial Neural
Network: ANN)

TssneUszaniiion Tignasradulned
InquszasdiilonssiaesdnunynsUssinana
TR NGO PORRIE AR R SIUE
AAAIENSLAITE0A (Mathematical and
Statistical Model) Usgnauludiediuves
nMsUssananaiGond Tiseu (Neuron) e 9
fnsoutu annsedifeyatouwdn (nput) 16
vangAn wideyadean (Output) dwilleliles
AR wagyn 9 Jeyadieen (Output) el
nms@eledlugadeyationdi (nput) u 9 ves
Thsoufieganslulassinsdmiumsidonles
Aunegly wagnn 9 Jeyatewd (nput) il
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At Bias) Wusnimusidaesnsidenles
nelu Tagazdiandunvuadyyiudsesn
fiSuniuin fefdueneleu (Transfer Function)
@fﬂLL’ﬁmsLugﬂﬁ 3

Bias
b

X1 wy Activation

Function

Output
Inputs { Xz w; > 1 y
Xn Wn
Weights

3’1/17 3 93AUsENOUYRN Artificial Neural Networks [8]

2.1.1 wadwunsaunatedy (Multi-layer
Perceptron: MLP)
Taswhemeswunseunate (Multi-
layer Perceptron Neural Network %3
3undnag1931 1ATINUTTEABULUULNS
gounau (Feed-forward Backpropagation
Neural Network) a¢fidnumsfe fnfledusunm
(Input Layer) fiviwihilunsiuteyadiands
TasseUszam diedsselududeu (Hidden
Layen) BaazUszananadeyaiiliiuneuazasluss
Furodam (Output Layer) [9] Tnstudou
(Hidden Layer) aildognatios 1 4 fouandlugy
7 4 aptnenssuvedlasaneUszamiieuuuy
Un3gouUNau (Feed-forward Backpropagation
Neural Network) usilagiirlundrdnuazves
Tnssnedszamiiendu avlufides ianis
nquiluidosesiiuauesiugeu [10]
dmsulunuiseiasiinsimustunou
nsReu3 e gdinmsimunsuaulnunluty
Bunm () 101N, (2) wagduaulnuslududeu
(w) Adiviaun 2 $u ﬁau%ﬁmumaugﬂqmﬁ%

nsBeus (N) udriinwanaiigausule lag

& v £%

Anslafandunseu (Activation Function) @4

q

Wuilandunvinminflunisuseananananunan
ynduwaly 1 Jugou iedwauendnalud

q

€L o

udnly dmsulusnuidedasindunsedu

D, <X

a

ety Ao WAty ReLU (Rectified Linear
Unit) wag fentudnuesn (Sigmoid)
Heddunsziuuuy ReLU (Juilaridy
Flaidudou uenanazannsativansraznaTiy
myUszinanalafua Gsdwaniyni Vanishing
gradients Sn¢ae [11] losanileddu ReLU 2z
fidnwauzilu Ramp function Taefiguuuumiy
aunsi (1) é?iaLﬁa%’mgﬂLLé’ﬁﬁ]foJuiiJmmaumi
71 (2) ndnfe 5’15141/!@11?'@1"1&"’«1,91' 04uly Bl
Aazdiaiiy winnduneliatesnin 0 vzl
st dEnAliIY 0 nasa [12]

INPUT LAYER MIDDLE LAYER OUTPUT LAYER DESIRED

BRANCHING  NEURODES
NODES

NEURODES OUTPUT

Ui 4 anrmenssuveslpsavieyssamiiesuuuuns
goundu (Feed-forward Backpropagation
Neural Network) [13]

z ifz=0

relu(z){o oz (1)

relu(z) = max (0, x) (2)
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Tusddglatinisivuaednngaving
Thu 0 930 1 WiowSoudioudeutendu
maammwé’wmﬁaﬁuﬁugﬂLLUULﬁaw%ﬂﬁﬁu
flgannsmeass Tngvihnsuszenaliflenidu
?urmaaﬁlu%ufjﬂﬁwriauﬁ]ﬂﬁm’]ﬁwm Tngludy
vasilestudnuees axiianwusilandududulae

JUA S AidAegsEning 0-1 [14] dsuansly

Y

aunnsi (3)

S == 3
(x)_1+e—x_ex+1

1ng
relu(z) Aa Wendy ReLU
S(x) fio WAtuBnuews (Sigmoid)
z AB 116N

x Ao Bunm

2.2 MSIAUSEANSAINUUUDIAD9

PAIINYINNITAOULUUTIABILAT ALABY
YinrsnadaukasUsetiulsed@nsninusg
wUUd1aed (Testing and Evaluat ion) Aeutily
TH1uase ierdunisuszdfiumdssansam
ﬂ’l’liig]ﬂ(;fa\‘iLLJJIHET’]%JENLLUUﬁ’laaﬂﬁﬁ%’N%uIﬂﬂ
wdfimsliyadoyadmiunaaey anduasi
nadnsTlsudiieas s ndnuduay
(Confusion Matrix)[15] Faenlusnsnauseneuse
4 U [16] faguii 5

Tnefimnamunevossauusead

- True Positive (TP) Ao &filuswnsy
Yueininiy Femseiuauaie Tnelusunsy
Mg 939 wag dandu 95

~ True Negative (TN) Ao Asfilusunsy
¥wein Bidntusss Teefidaiuliifeduly

Anuduasaguiu Ineluswnsuviunedn liass

way e liass

- False Positive (FP) i Asfilusunsa

yunglinsstuanuduass neluswnsuyinune

! a A [ [
1 939 e Gandu liase

- False Negative (FN) flo Asfilusunsu

Furglinsatuanuduase neluswunsuyitune

J I a A [ a
71 la3e um Jandu 959

Actually Actually
Positive (1) | Negative (0)
Predicted Tfu.e F§I§e
Positive (1) Positives Positives
(TPs) (FPs)
Fal T
Predicted 5 s.e rug
. Negatives Negatives
Negative (0) (FNs) (TNs)

g‘l/ﬁ' 5 Confusion Matrix [13]

TusuAdetasinsiiaisuanildan
AN NGANFUAYR (Confusion Matrix)
Tlfemunlseansamusuuusiass 3 M
Fail

- AUNFBY (Accuracy) +unisin
AUYNABITBILUUTIADILAENIITUITINYN

Naans lnaAuinlaanaunish (4)

TPs + TNs
TPs + TNs + FPs + FNs (4)

- AU UET (Precision) tun1sia
AYUBUUEIVBILUUTIADIIINATTNAITULEN
Tiavuaans lneauialaainaunisi (5)

TPs
TPs + FPs (5)
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- Al (Recall) Wunsianiugnees
YeuUUSaeivhunei 93¢ WsuRusuiuads
maqmmsaﬁwmﬁﬁﬂﬁuﬁn EGRIRII)
naunsi (6)

TPs
TPs + FNs (6)

- @1 F1-Score WWuanadsuuuaade
g13uedin (Harmonic Average) 5ewin ANLLLiEN
wazarwly tieduian3nd Bauneaiiia
AMNEAINNTOYBILUUT A lAgAIUIUlA RN
aunsi (7)

TPs + TNs
Tps + TNs + FPs + FNS 7)

3. FIMsAiiueu
YaLawesBuNsIAd msUsEY e
wazn3233UN1sBRUsENaUlUMYNITeRNLUY
Hardware #lgviaumuglufiudiu Software
fildgniseuareonuuuiiiovrlufndensg
dulangveanszuenUuinmegnsis Ju MdAL
lagiin1sdnanediunusresgunsallussuy
dwsurihnisuaesiawesdusisn lidnezdy
lulasmoulnsatans, Yaraweosdunsem,
LUALABIYIFAR0S, TEULITULERS, WuALAeS
wazaindsing o dauandluguil 6 Gegunsal
fanuaazgnusznevaduvedaundluiiiiio
Fnqusrasdlunisiiazannisidanslvlas wasidu
nedfiuaanadssvensasiiin vildaunsodu
ussduafiounazidesnnszuugnideunestuld
Tnggataiwes dussnazviauilowuies
ansoarndulfiinsBesduiigndiassiy

FIN5Na0IUNTAB N1THTITFULTIFUNLAAN
k599U (Recoil) vastiulneldiwuimasinainus
(Accelerator Sensor) LagN1SATINTULELIYBIUU
Tagltwuwesindas (Sound Sensor) 31Nt
gt lUuszananasiunulassneUssaniiey
levinsesnuwuull wsldliinnissuniuain
LHY9DIANNLINADY LA DUNTUTAILVINaUY
ARBLINTIINUNITVINNUYDITUL D@D Ivin
wiauiu Inedsunuurasnismdeulmuasides
Palemunnirualivindy Neldunedaanu
a N =¥ 1 [ a

AsaInsitULEN SaufuvianenseuanluAs IR
yilanunsainlawunlainnsiedeulmuasides
Aa £ < = Py
AinTuduresunszuanlaluauiuiinm

=
LUALADT

FUT 6 siwmdsnisfindiuazauseneuvesssutiares
dunsusauuUaIenszUanthiln Ju MAA1

3.1 aUnIaln1mMAag
Turuddeiinisudulufinisasiadu
n158edu Feazdinsldiwuwes Taainuiss
(Accelerator Sensor) Lfians19a0USnYY
mim?{auﬁmmqnLﬁauﬂmﬁaﬁwmiﬁulﬂmwj
TUumuwesaides (Sound Sensor) Miinan
nsindeuiivesszuugnidey wionfuyalilas
aoulnsalaasuaziawessunsusafidanud
980 wiluwing fildlunstreszydmmne laedl
wazBunmumes TR 1
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a a & al Ao
A15199 1 598D EAURIN M MIUITY

Sensor Parameter
6-AXIS-IMU-UNITMPU6886 angle and
acceleration
SPM1423HM4H Sound

Tudrulilasroulnamesiliviinside
azidusuiid lod ESP32 Fafimnuatunsa
Tumssessunms@euselsine Wik waz Bluetooth
4.2 BLE lush @ cpU 7ildanUnenssu Tensilica
LX6 WUU 2 unudues wiondudygiauing
240 MHz nanlaguss Espressif [17] Alassasng
vosilafdunsiesiagui 7

ESP32 FUNCTION BLOCK DIAGRAM

Embedded flash Radio
Blum Bluetooth )
sl iy baseband | RF receive

—_———
Clock generator

Switch

Balun

i

Wi-Fi Wi-Fi
SDIO MAC baseband RF transmit
e
—_
UART
Core and memory Cryptographic hardware

acceleration

SHA RSA

t ROM SRAM J | A RNG J

\

Dual- or single-core
Xtensa 32-bit LX6
microprocessor

i

=

{

Z

\

Temperature sensor

Touch sensors

\

RTC and low-power subsystem
DAC uLp Recovery
co-processor memory

SAR ADC

\

L PMU
J ¢

3‘1./171" 7 Function Block Diagram veslulaspeulnsames
U ESP32 [15]

3.2 /ANdUNITINY

lulaspaulnsaass wag IMU Sensor,
Sound Sensor &g IR Sensor Module aggn
Usznaudnmeiiu nefinsesnwuunisideuse
Wuunuiaeas ﬁauaagﬂamﬁquuﬂmaﬂﬁwan
T Ju MaA1 Tigndnudasesnuuuainuusnniy
dmsulivhauiuszuvay fauandlugud 9 il

nsBmaaeuiussuvausirndUuatousss
fildnwaziduroda fuansluguil 8
ioszuuiawesdurlssansaduinfa
n1389909du IgrinsUaesuanawaslull
Surlsusneenluannsznueaninigauie
fumiangfinlevinnnsBeduilng eenly dadu
MIdaeRikarannnveInsyaulumeLaaes
Tnsgaiagldaunsoneaiufienidar usay
41015095993 UA WU RALa RSB UN T ILIA LA
AeszUUUITTUIaNaNIN (Image Processing)
wazsnendosdunlsn essuuldmumiagads
YosUURN " U&7 wvmsdegavseruvni st
fuludalusunsuanfinifiouwdananisbeuas

iudoya

FU7 8 msveaeussuUUasTuaUINRnS el

JUN 9 suneiiandagaiaivesounsusauunssueny
U M4A1
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Funeunsrrdunsdaiuazinisende
fanmsnaaedaionn 1,120 ade Tngesd
data logger dmiuduiintoyadyaaildan
WUEes UNuNIuAInges (Filter) wazuuas
&aueyraue Fast Fourier Transform (FFT) uie
Junswseudeyalindeunsunisiideyaly
UszgndldiulassdiouszamiioailoBous
miﬁi’wLLuﬂgﬂLLUUﬁzyﬁmmmﬁLﬂgaulwamanqﬂL?ﬂlau
nnslisegsgunuudyauiiidulag
n1sliaulusunsy windu “gusuudgyaio
nsduvesnsBeestiu” uaz “Lidusuuuy
Fyaaunisduresnsbvesiiu” iz
nadmsAlalUldssysunuudaansdudu 9
Tefinsszydnuaizianz angafegaiiag
Iuszananann asldinsesilodmiudou
TUsunsufAe Jupyter Notebook enw python
wazld Tensorflow Tun1sasne training TF
model dwiun1sEeuunuudyyiunisau
warsUuuUdyaadesveenisdaesdu g
azulanisaey (Train) Wuaesdiu A duusn
Fauansluguil 10 9ziEaninnisasy (Train)
vupsufimesiiiemendstinin (Weight)
dwiuihlddhduneunisuszanaseudlalag
AoUlvIALADS é’mamﬂugﬂﬁ 11

ANN Computer Processing
Vo J J " J J 4

Create Model
*®  Vibration *®  Vibration *® Vibration *®  Vibration Training Model
* Sound * Sound * Sound * Sound
Logger >
@ @ e ‘ Weights Export

3‘1/1’/7 10 msasisuasnIsaon (Train) ;i'zluwfniﬁ’mmx
Fgsvastuuunauiunes

ANN Microcontroller Processing
P P g g
Weights Import
Shooting Detection
IR Laser Module Control
IR On or Not

 Vibration * Vibration * Vibration

* Sound * Sound * Sound

FUA 11 msdudmnaamiln (Weight) Tululps
poulnsalaes

NnMsvnassazlideya 2 4 Ao M3y
LLasL?wqmﬂmimgauﬁmmqm?ﬂlau JEELT,
veaey 19 szannsavhauseidedlsuszann
5 drlusserannisyde 1 $alue

4. Nan1538
mafivdeyadnuurnsBaesdulinma
gNgIs Ju MAAL agiinsussiiunaUseansnn
A8N15MRBNTES 19T NN NG AN UEU
(Confusion Matrix) Tun1seunaeiiieades
laun Augnees (Accuracy) AUULUEN
(Precision) A3l3 (Recall) wazen F1-Score lag
finslisuysunuanusiildinnisdulngae A
wazfhuUsaausTiinnisaulnge B aniiues
finsvegousien1sistuauuvaaeuiiatuiu
naannslFueseEnads

4.1 wansaeuliluuInaainnsIguuuy
nsdunasidesvasgnideuiioifinnisBetiilng

1NN 2 WAy 915199 3 azmud
NN sUsEEUUTEENSAMYRUUUI RN 18T
nsaeuliiAnnsisuuuunsdunasideses
Yuiln= Agnut uuudaesazansauenguwuy
nsduuazidssvesduilniiinannnnsBsdule
lpgdlAn Fl-score Ap 0.99 Uy 0.95 MXEIRY
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a a a a )
A19199 2 Wan1sUSEIUUSEANSAIWANENAS
A15eauliLUUINRDLANNITIINTULUUAITEY

Y Y
209UURN
Actual Precision Recall F1-score
A 1.00 0.99
0.99
B 0.98 1.00

a a a a )
A157190 3 Nan1sUTELUUSEEANTAINA8NAS
AM5aa Ul LUUINADWAANITS INTULUULAY

0IUURN
Actual Precision Recall F1-score
A 0.91 1.00
0.95
B 1.00 091
Ty

A fa fuswnuanugnliianisauln
B fa swUsaniuriianisauln

4.2 NANITNAGBUINNNTNAADIIFITUDI
4.2.1 Lﬁ@ﬁ?ﬂ’]iaﬂﬁgﬁwLGUUL“UagaQUuUaWS
nsruanUuiny Ju MAAL uagyihnsvageuiy
Yurtaa 15 nszuen wui Mnnsddiuianun
200 fa LawesJuazrieuadsfiussua
191 afs Fauandluzuil 12 Fsazaanson
AMSIANLLUUEN (Accuracy) ¥In1InTI9TUlA
AUANN15T (8)

%Accuracy = St Xdewet y100  (g)

total

1y

KXtotal AosrurunsBetiuianue

KXdetect fip srunuasmeInsdsiuilusunsy
@u15an5393ule

: SrwaunsBalu
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Blunsvun

UMY
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JUM 12 wanisvaaevyalawesideliuidedalyaiu
SuUTuRn

4.2.2 mﬂg‘uﬁ 13 Wudﬁwzﬁwmqm?{au%u
wasufineendaaldingn 35 ms uazidlowdeud
nduagldian 55 ms Andunansiy 90 ms
waludiuvasyaLaes srfimsvhaudiieDauas
Faldinan 50 ms wazdauastinan 50 ms Andu
LAN9IUTIM 100 ms
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5. a3Uuazinsnzi

Uwm’mﬁﬁmnaua%‘a‘mﬁﬁ&ﬁqmwu
wuwes dagnesnuuuliiuawesdursiisa
dusulifeadsuuaenszuentuflnmagnsis
U MaA1 Tngfimsaaduluussuumueesiile
Tnradunstietiu Ssdinmsiisumeiinanmiss
(Accelerator Sensor) \flensI9aeuUdNBMY
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wazldeauaIn1389Uu

ANNIVAFBUNSUSERILUSEAVEN Y
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1584 1 Tt aelfaanviavian 90 ms lenieuriu
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Ansaleruthilng GRERIRNT s futhudu
wisetlugmatinsg 1 Wiesesfunmsitmudesen
Tuewan TayaszuuiwuigesivhinIseanuuy
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Usralil 1 ads uide 1 42l

a a
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