291Sd1S2651N1S
[sviSguuleiso

1rrdasuazinalulad

Thai Naval Academy Journal of Science and Technology

- R
B KHEAN

UR 7 adui 1unsaAw - Suo1AD 2567
Vol.7 No.1 January - December 2024

EyrewE ISSN: 2985-2897 (Print)
# s ISSN : 2985-2773 (Online)

FAIF (@ Available online at www.rtna.ac.th






AnU:AUSNE1215a1S38IN1sIsJISauUNgIsSa
awdngiAraasnazinaiulag

walsaln Us=acll soautl WUTYBINTS 1SJISUUUNUISD

watsons Usadoud danusunsn SOUWUTYLINTS 1SuISuuUNUIS

walsoans SUassA 1OJAU SOJWUNYB NS 1SIISUUUNUISO

walSans Insdy UauRIRIN ldu1SN1S 1SJISUUUNUISD

walsans sodMansvsy ulSA 1wustu RorUNWNuAnNU 1salSuuunulSo

walsons g¥10  ysusn 9191SUWNSJIATUIC WIuANY 1saISuuuUnuIS
U12719N Ny JUINBY SOJRIRUNWIUANUYN 1SJISHUUNUISD
ussuIsnas U1211oN SaJAENs1ANsY INSANS URISSIU

WU2UNNSNOJIIBIAINSSUANENS
wWhufiny 1sJISuUUNUISo

naJussruisnis (n1elu)

U12719N SUAENST91sY INSANS LRSS USSTUNSNS

u12119Nn SuYA AJUATY NOJUSSTUNSNNS

U19710N WEouAMENs191sy GuSau unIANGAS NaJUSSIUNSNNS

UN2UONRIY SOJANENSI9TSY ASSOU Urylan NOJUSSIUISNSILAa:WQIAas:uU
UN2119N WEIUAENS191SY IS UTYWA NOJUSSIUNSNIS

U12719N SJANENSIINSY 300 dunNnn:nNa NOJUSSTUISNISIA:zIauIUNS
1ISo10Nn INSU VNAUISUAS NOJUSSTUNSNNS

ISOINRIYJ ISWS UAIRSTUNSWY NaJUSSIUNSNNS
naJjussruisms (n1euan)

U12719N A0STY IRADINDIAN NSUINNANENS NOJNWISD
un91In sun 19AS NSUANNANENS NOJNWISD
u12719n USrydcuu autiwcbisau NSUNNFANENS NOJNWISD
U12710N WEIUANENS191SY ANENS AJT NSUYNSANUYINRISISO
U12119N WEIUAENS191SY duu [aswSuy NSUYNSANUYINRISISO

WULON WEIUANENS191SY lruny quilagwuusy IsuISyuuuSouwWS:9avuINa"
WULONRIY SOUAENSIONSY &dua ldliuduri tu ousyn 1SJISUUUNUSouWS:9a0uinan
WULON OS.UdWIF dugsSy 1sJISyUUNUSoUWS:av0oUuINEaN

U12197MAIN WEIUAENS191SY JuSWIFT INQUIU 1SIISUUUNUIS09INAUITUNNYNSYNSSTY
U1219INANS WYIUAENSTIINSY ISANs anndad 1SIISuUUNYISO9IMAUIIUNNEOSYISSTY

1IS997MAlN 3Sus uSans 1suISyuUuIS29IMAUITUNNYOSYIESE
WEIUANENSI91SY 0S. WSy UNJduns UR1INUNauUR0a

WYIUFAENSIIISY 0S. WSTBY UNSJIAS UR1INUNAUUROA

SOUFANENS191SY 0s.19AU Jusau UR1INUNauASUASUNS3ISu

WEoUANENS191SY JudET BuIIY anuuNAUIadws:=aoUINANIMATUNRISANONSEUJ
SOJFANANS1V1ISY 0S.SSWIU IOAWUS UR13INuNauINAUIabsS1sUIAASTYUS

SOJANENS1D1ISY 0S.UNSWIA LWusIsou UR1INUNauaIuauaAsuns



sanuUs:din

1. IWOIWUIWS WAJTUUNAIIUITUIA-UNAILIBINISNWAUInuImansiasinatulad
unwauTonaty
2. waludonawiumsuanilavunougirinuauanuiransia:inatulad

3. riwailulonanssausouunAuIduRUNaUToua:inuAINI3BINSAUINUIMENS

Lazmniulad
91S:N1SIWULLWS Ua: 1auu (unsiAu - SuoAau)
aniuidndo NOJUSSNUISN1SI1Sa1S3uIN1SISIISUUUNULSD

audnumansuazinalulad 1siSuuuuISo
1aufl 204 n.quu3n a.Undh o.1dadaynsusinis
9.d@ynsusinis 10270

Insfwn : 0-2475-3986

2ONILUU - WUWN USuN 11a021us NS 91N0
503 n.2dasnw LudJUNUEIWIRAD LlWOUINoanuoy
nsJinw4 10700
InsAwn : 062-456-4855
E-mail : suwaboot.adg@gmail.com

UnAJTURSadoA0IRU TuosansisinisisdiSuuunuiSadudnumansiazinaiulad
ilunssAu=aoudavadWiivu IsdiSvuunuiSala:nagussaunsmstiigdudadiRudoy



unuUsSsnUISNS

215@1s38IN1SIsJISYUUNYIS AudnunAaastazinAlulaglaciunISIwulws
waJuIsINIsSNuATUINUIAmansiazinATuladnuTusuiluuunAU3TuIAa:UNAIIL
nasimsagdaitiosulus:uzioan 6 U lnulultidawuwiduln 7 adun 1unsiAu -
SuaAu 2567 BuldTannus=auAd Ay Tunsiwswsuaniuavunous AaIUMNoRULE:
WEUUINISNW3EINASTRAVUNISBU UNANYI AS0191s8 UN398 UN3UINTS Lazni
A2WEUTODUN

TullinufivdnunadussnnsnisansansasIMsisuiSuuunuiSalasausauia:Aaidon
unAURTAIUINaUToNIEUS UL 11 unA2TL TneTAdURANNRATY TVTUISOIUOJWANNU
msdoans Jaarans inAluladuazadAnaushiNuatasta:iduUs:Tusununioauinun
wouou dunsuwng Augunw taznsuszyndidinaluladivous=TusuTuniunkis

naJussnNSMs kRAuITuatubdnasansdsnisisaiSuuunuiSoatui o:soudu
3nM21ana Tuldun1nddrnjuasnisiSuusinunsauwnuadAnaSNIAIUINYIAENS
uasinAluladnutusuiuuoauladiia:uuusviaudaumwouivous:usuTunsashananusus
IAWOUUINISAZTUMIRINNWAIUEEINS MuantiuauauAtindsINs Undvy ASO191SY
uniSuu UnAnynarinuildDgousouTumsiuddunanug ua:uauauAniLIILI0iosans
nnrinuRlFyaa10a13ulAWSoUNIRUINUSINBISITOTRAUNDIUSSTUISNNSTUNISWED

91sasIvnisisuiSuuunuio audnumansuazinalulagatutiilfuagi vouAuASY

UN2119N SOJANENS191SY INSANS URISSIU
USSTUNSNIS 29181S33NISISuISyUUNULSo
audnuAgasiiazmaiulag



asuny

An Integrated System of 1
Electricity and Potable Water
Production for Naval Cadets

by Solar Concentration on
POLYSUN

INSU UNAUISIUAS Las NITUNS (WU

inAliANSKIWUATUGoUNIN:la 18
nu-nuwyn 6au3s General

Direction of the Coast na:

Coastal Front

auu [aswsSuy

msUs:qnn'TGna‘iuﬁmmﬂmms:lﬁst 31
TumsAouAUNWN:A

OSTUYN AYICY, WWUASUN] lanRwyay

lLa: I(USIA AJQCU

AoUEUWUSURISUSWWURRIN GO
NUA2TEIISNQOBUWAIIIUUDY
noruaauWivasnataniuia
ania:luiudia

dUTYN QU= 1a: SB0N 1danAzoy

msaonuuuua:ﬁmmm§adﬁnqd
dalnasisadniuln

UsTlung quasFAna, 35u: uSans
1a: Us:ys nuag

Using Machine Learning
(Multiple Regression Model)
to Conduct Satellite Derived
Bathymetry with Sentinel-2
in Sattahip Bay, Thailand.
arurRUg daunloa

47

63

72



aisuny

waddupdu: inunwuazlonna 88
Tumswaalwihiioournnnduiiu
vadlny

UaSA navnoulkijou, 9(ISIA AJICT,
WOUUASTYY 1anRwyay lla:

OSTuyN AJICU

nN1sd1sa9uazd1As1:RUSUATU 104
AWSutuiASagdunANWEU
fisTrunsulsuSuuuuSay
WS:9avauINan

Udrun J0U9

nisWoiuyonoasJmsindoun - 118

wuuagnaulosTdonqulu
usung 0w

AuLUUS:UUASI9uILa: 0001
TurUNA2uNISUS:UIawanIw

a9naus:znauvuvuna
WY AUBY Lla: 9NSU UNauISIUAS

niswouunszuu GNSS voy
UszInANu&IRSUNISAINIINKIS
UNruA §s:SaU, 9stuyn AJICY,
WOJUASTYY laRWyay La:
2(USJA AJICU

129

149



NTEANTIVINTNUINEFERsLaznAlulag Journal of Science and Technology

Vol.7 No.1 January — December 2024

TN 7 aUui 1 uns1AY — SunAL 2567

An Integrated System of Electricity and Potable Water Production for Naval

Cadets by Solar Concentration on POLYSUN

INTU WHELIIAT MaunT Tude?

Jakrin Malairojsiri* Panukorn Wattanajung?

Received: October 19, 2023
Revised: November 6, 2023
Accepted: November 19, 2023

Abstract

The POLYSUN software was developed to design and simulate sustainable energy
systems: Photovoltaic system (PV), Photovoltaic Thermal system (PVT), Concentrated
Photovoltaic Thermal system (CPVT). In this study, the CPVT system is proposed to be operated
with Direct Contact Membrane Distillation (DCMD) to produce both electricity and clean water
from seawater to match the requirements of a naval-cadet regiment in Royal Thai Naval
Academy (RTNA), Thailand. The system will utilise heat waste from the CPVT system to
desalinate seawater via the DCMD.

The aims of this project are to design and simulate this hybrid system on POLYSUN to
match the requirements of 100 units: 400 cadets in the regiment with the available area of 100
m x 100 m by supporting of literature reviews. The concentration tracking system of 100
collectors with nominal power at 1,878 W/collector is designed to cover the annual

consumption electricity at 13,308 kWh and daily water consumption at 2,000 litres or 5
litres/person/day. The specific requirements of the DCMD are to feed seawater at 70°C and

permeate water at 25°C into the DCMD with flow rate of feeding heat and permeate at 1,689
litres/hour. Furthermore, the financial assessment needs to be considered including the
Levellised Cost of Electricity (LCOE) and the Return on Investment (ROI) as well as the Feed-in-
Tariff (FiT) for 25-year lifetime. All in all, although the hybrid system can support both electricity
and potable water for naval cadets, this system cannot make a profit within 25 years to have

the ROI. The feasible reason is the daily electric consumption of naval cadets is different from
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other departments. Namely, the routine of daily electric consumption usually requires after
sunset. In summary, this system has high-cost investment when calculated from the naval-cadet
daily electric consumption and a recent policy: an electric fee of bureaucratic departments and

a FiT at 3.10 Bath/kWh and 2.20 Bath/kWh, respectively.

Keywords: Potable Water Production, Naval Cadets, Solar Concentration, POLYSUN
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1. Introduction
1.1 Multijunction Cells and Solar Concentration
Solar energy, derived from photons, is harnessed using photovoltaic technology from
solar spectrum levels. Materials' conductivity depends on the energy band gap; The energy
band gap is exemplified in Figure 2 including GaAs, Si, and Ge. Advancements in solar tech have
considerably increased efficiency by more than 20% up to 47.6% [1], achieved through stacked

solar cells and concentration methods, as exemplified in Figure 1 [2, 3].

Sun Light
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Figure 1 Solar Energy is Collected by Stacking Different Semiconducting Materials [2, 3].
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Figure 2 Multiple Bandgap Cells of GaAs, Si and Ge [4, 5].

With regards to Concentrated Photovoltaic Thermal system (CPVT), concentrated units
could be numeral suns such as 1 sun and 100 suns, depending on how much of the
concentrated density. Moreover, Solar concentration techniques normally focus sunlight onto
either a single point or a line, using mirrors or lenses. Point focus systems concentrate sunlight
for tasks like generating heat or electricity, while line focus systems broaden the concentration

area, enabling applications such as producing steam for electricity generation. These methods
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optimize solar energy utilization, playing a crucial role in renewable energy solutions. However,
these systems typically require liquid to cool down the solar cells from the high temperature of
concentration which can damage cells. Hence, cooling the cell is inevitably required to keep
the system secure. The maximum power density (P, could be calculated from V,, and J,,.
Efficiency is calculated from electrical power out, which is P, and optical power in (Pgp).
Moreover, efficiency can be computed from the fill factor (FF), as expressed in Figure 3 and

equations (1) - (3) [4, 5].

Pmax = Vm ]m (1)
Popt = Concentration x Power Density (2)
n _ Pmax _ VmJm _ JpvVocFF (3)
Popt POpt Popt
1 light current maximum
- JS‘J i - - power
> 1 point
= -
& Maximum
© power density
E = JmVm
o
=
3
© >
Vi Vo

Bias voltage, V

Figure 3 The Maximum Power Density [4, 5].

1.2 Membrane Distillation
Membrane Distillation (MD) is a thermal process that uses specialized hydrophobic
membranes to separate saltwater and freshwater. Advanced MD membranes with micro-porous
structures, like those made through co-axial electrospinning, enable efficient vapor transport,
creating a temperature gradient and allowing water vapor to pass through the membrane, as
illustrated in Figure 4 [6]. This process results in freshwater on one side and helps reduce the

need for frequent membrane replacements due to the degradation of the MD.
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Figure 4 The Characteristic of Membrane Distillation [6].

However, membrane distillation has various types, which can be mainly classified into
four types including Direct Contact Membrane Distillation (DCMD), Air Gap Membrane Distillation
(AGMD), Sweeping Gas Membrane Distillation (SGMD), and Vacuum Membrane Distillation (VMD).
Notably, DCMD Configuration is considered to provide the highest flux with lowest cost
compared to other types [7, 8].

1.3 Harnessing Heat Waste to A Hybrid System

Membrane Distillation (MD) can utilize heat waste with specific temperature requirements,
relying on temperature differences between feeding and permeate sides; The gap temperature
will encourage the process of water production. Hence, the chosen DCMD, which can operate
with feed temperatures of 40-70°C and permeate temperatures of 20-25°C, suits coastal regions
like Thailand. This is because sea water can be used to cool down the cells, preventing cells
burning. Moreover, heat waste can be harnessed for the DCMD process. The system's
temperature is regulated by an auxiliary boiler and a three-way valve to maintain the desired
levels. In addition to this, an auxiliary boiler is proposed to back up the temperature of the tank
when the temperature is lower than the expectation. Meanwhile, a three-way valve is prepared
in the case that the temperature passed the collectors are beyond the expected temperature.
This is because the sunlight during a day fluctuates.

1.4 Financial Investment

The financial investment is a crucial contemplation in systems to be proven whether
they are worthwhile to be invested. In the consideration of total costs, the total costs are yearly
calculated which is called annuitised capital cost (A). The annuitised capital cost can be divided

by total energy production to have the LCOE. Remarkably, discounting and interest are not
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the same since discounting implies that the summary of money in the future which is used to
calculate the present value of the future cash flow, while real interest rate is monetary interest
rate minus rate of inflation. In addition to this, inflation is the increase of prices with time eroding
the real value of money [9]. The present value, net present value and present value of annuity

can be observed in Equations (4) - (7):

Vn
Vo = T @
= V1 V2 V3 cee Vn
NPV = (1+47)1 + (1+7)2 + (1+47)3 ot (1+7)n G)
T
A=V, m (6)
NPV = NPV (benefit/income) - NPV (costs) )

Where V, is the present value, V, is the value in n year, r is the discount rate, A is an
annuity, and n is the number of years. If amount V,, is borrowed from the bank now, a summary
of A must be paid back every year for n years [9]. In terms of investment, if NPV of the whole
project is higher than zero, profit is made, and the project is worth doing.

In the process of financial assessment, total costs need to be analysed with the benefit
of Net Present Value (NPVg) and the costs of Net Present Value (NPVc). NPV normally receives
from the selling electricity to the grid system, while NPV is calculated from the system costs.
The system costs can be distributed into two categories: capital costs and annual costs. In
addition, Capital Costs (CC) are installation, site improvement, and components [10], while
Annual Costs (AC) are Annual Cost Fixed Charged (ACg,eq), Annual Cost Maintenance (ACyr),
Annual Cost of Replacement (ACyr), Annual Cost Operation and Maintenance (ACqgy) [11]. The
amortization factor (a) can be calculated from equation (8), where i is the interest rate, while n

is the lifetime [12]

_ia+n

@+ -1 (®)

Moreover, discount rate, interest rate, inflation, and project lifetime are to be
considered. Hence, the literature reviews are used to support database using in this project. In

this project, the discount rate of the system is proposed to be 3% [13], while the inflation rate
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is computed as 3% from the average inflation over 20 years in Thailand [14]. Considering the grid
system, Feed in Tariff (FIT) policy is promoted to encourage people to use power generation from
renewable energy including wind, solar, and hydro energy. Typically, the FIT is determined on the
basis of the LCOE produced from renewable energy in order to have the ROI. The LCOE and the

ROl as well as the capacity of the system can be calculated from equations (9) and (10) below [9].

A+y

LCOE =
Actual Energy to Grid System

9)

C ity Factor (%) Actual Energy to Grid System 100% (10)
apaci actor = X
pacity 0 Optimal Energy Generation °

Where A is the annuitised capital cost (Baht/year), Y is the annual running cost
(Baht/year) and n is the number of the payback. According to the Metropolitan Electricity
Authority (MEA), the average rate of the electricity power price for bureaucratic departments

and FIT are 3.10 Baht/kWh and 2.20 Baht/kWh, respectively [15].

2. Objectives

To design and simulate a hybrid system for electrical generation and producing potable
water for 400 naval cadets with an available area of 100 m x 100 m at the RTNA, Thailand by
the Concentrated Photovoltaics Thermal (CPVT) system on POLYSUN.

To design a Multiphysics simulation model of the CPVT system that will be used to
power a membrane distillation (MD) water purification system and choose the appropriate MD
configuration. The system will be simulated to examine whether the ROI can be achieved within

25 years. The electrical fee and the FiT will be analysed.

3. The Methods of Research

To begin with the design process, selecting a suitable membrane configuration is the first
step, followed by designing the hybrid system for electricity and clean water production.
Databases need to be set up according to consumption requirements. Before choosing thermal
and electrical components in POLYSUN, each component must be calculated for proper
choices. The number of collectors will be calculated based on the available area of 100 m x
100 m, and then the system will be simulated to meet both thermal and electrical
requirements. Finally, the hybrid system will be proven whether this system can undergo the

financial assessment from the LCOE and the ROl as well as Grid’s electrical fee.
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3.1 The CPVT for the RTNA, Thailand
The RTNA, a part of the Samutprakarn province, where seawater temperatures range
from 27 to 30 degrees Celsius, is conducive for desalination. Solar irradiation values range
between 1,300 and 1,400 kWh/m?/year [16], thereby providing ample sunlight for solar systems,

as shown in Figure 5.

=20 Northeast region Roya I Th ai

Naval Academy:J ¥
Centeal region Ubon Ratchathani sviSguueiEs
RTNA, Samutprakam
Sattahip, Chonburi
& Q
Oo%
-~
© o
é @r 1&' |& -€§ AS)SﬁD
<800 900 1000 1100 1200 1300 1400¢ ‘Ea_
KWh/m'year g‘

Figure 5 Solar Irradiation of Thailand (Left) and The Location of the RTNA (Right) [16].

With regards to electricity and water demand, 400 cadets in a naval regiment in the
RTNA are proposed to be a criterion in this project. To begin with, drinking water consumption
over a year is highly estimated from an athlete (5 litres/person/day), while the annual electricity
consumption is calculated based on the MEA. The electricity demand, as illustrated in Figure 6,
for 400 cadets is approximately 13,308 kWh/year, while water demand is 2,000 litres/day,

calculated from 5 litres/person/day.

Estimated Energy Demand for 400 Naval Cadets (kWh/year)

9240

10000
5000 3600
48 210 . 210
0
LED Light Air conditioner Fan Washing Machine Computer/Mobile

Figure 6 Estimated Electricity Consumption in a Year of the RTNA.
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3.2 Choosing an Appropriate MD Configuration
Due to the high amount of potable water requirement for a naval unit and the
advantages of high permeate flux produced in the membrane, DCMD is an appropriate MD

configuration for designing in this project [11, 12, 15]. The requirement for electricity and drinking

water can be observed in Table 1.

Table 1 The Criteria of the Design in this Project.

The Location of the RTNA, Thailand (Lat 13°36.72’N, Long 100°35.4°E)

Average Seawater Temperature (Min. — Max.) °c 27-30
Naval Cadets Number 400
Electricity Demand kWh/year 13,308
Daily Consumable Water Demand Litres/day 2,000

Regarding the clean water production rate, the spiral-wound DCMD module from
AquaStill (Sittard, The Netherlands) will be chosen for this project in accordance with the

literature review. The specific characteristics of the spiral-wound DCMD membrane module can

be observed in Table 2 [16].

Table 2 The Specific Characteristics of The Spiral-Wound DCMD Membrane Module.

Total Membrane Surface Area m? 36
Total Height of The Module m 6
Total Length of Envelope m a5
Total Width of Envelope m 12
Total Channels of The Feed and Distillate Units 30

According to Duong et al. [17], two modes can be operated: co-current and counter-

current; The counter-current mode and 25°C are chosen due to higher rate of water flux and

feasible heat temperature, as shown in Figure 7.
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Figure 7 DCMD Modes: Co-Current and Counter-Current (Left), and Water Flux Rate (Right) [17].

3.3 Design A Hybrid System

To begin with, a hybrid system must meet the conditions of electricity and freshwater,
according to Table 1. Because seawater is expected to be heated by the CPVT before sending
to DCMD at 70°C, seawater will be pumped into the tank to absorb heat and then passed to
DCMD. However, the temperature of the tank depends on the temperature of the CPVT
collectors, which might be fluctuated. Namely, it can be higher or lower than 70°C according
to the weather condition. Therefore, an auxiliary boiler is required to heat the tank temperature
in case the temperature is lower than 70°C. Meanwhile, a three-way valve is required to mix
the temperature of the water with cold water if the temperature is higher than 70°C. Moreover,
since the required MD configuration is DCMD, another permeate tank is required in the process.

The basic summary of a hybrid design can be observed in Figure 8. The flow rate can be

calculated from size of pipe and velocity, as shown in equations (11) and (12).

7 ————1 Brine out
/30-90"0 j%va':’ Pump
] 70°C
- Boil DCMD
DC oiler . !
Feeding
Tank
rF 5 F 9 Pe_'l'_;”:fte
25°C
L4
¢ Seawater
27-29°C 27-29°C

Figure 8 The Design of The CPVT System with DCMD Membrane.
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Q=vVA (11)
2
A= % (12)

Where € is the flow rate (m3/s), v is velocity (m/s), A is area of the cross section (m?),

TC is the ratio of a circle's circumference to its diameter, and D is the diameter [18]. The flow
rate of pipes can be calculated as 1.689 m’/h, where D is 2 inches/0.048 m and an acceptable
velocity is 0.5 m/s. A permeate tank is indispensable for DCMD since the cold feed, which is
seawater, cannot be used as a coolant. The head of permeate tank is designed as 2 m. The
flow rate of hot side and feeding permeate is 1,689 litres/hour. The size of a pump is required

to be calculated, as expressed in equation (13).

pghQ

T 1 (3.6x10%) (13)

Where P is a pump power (W), M is efficiency, P is density of liquid (kg/m?), g is the
gravity (m%s), h is head (m), and € is the flow rate (m?/s). The size of a pump is approximately

20 W computed from M is 60%, Density of seawater is 1,023.6 kg/m?>, g is 9.82 m%/s, his 2 m,
and the flow rate is 1.689 m?/h [19].

The design is proposed to operate by feeding seawater at 70°C for 11 hours (6 am to 5
pm) during the daytime to utilise heat from solar radiation. According to Figure 7 (right), it can
produce clean water at about 66 litres/m? from 6 litres/m?h, which is around 475.2 litres/day.
However, daily consumable water demand is 2,000 litres/day which is higher than the ability of
water production. As a result, the design needs to be reconsidered at about five modules to
have the specific requirements at 2,376 litres/day, which can cover the consumable water
demand at 2,000 litres/day.

Pumping a large volume of seawater out of the small tank in short time can affect the
temperature of the boiler. Therefore, the chosen size of tank should be feasible. In this case, a
10,000L insulated water tank is chosen. Moreover, an electric boiler is required to heat and

maintain an appropriate temperature of the tank storage before passing through the three-way

valve at 70°C. Notably, a three-way valve will mix hot and cold water to maintain a setting
temperature of 70°C at the DCMD. Hot water at 70°C and permeate water at 25°C are used for

feeding the membrane. The power requirement of boilers can be calculated from an equation below:
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P=

E mcAT
< (14)

Tt

Where E is energy (J), m is the mass of the substance (kg), c is the specific heat which

depends on each material and phase (J/kg°C), t is time (s) and AT is the different temperatures
[18]. The total power requirement of boilers can be given as 83.18 kW, where m is 1,728.58

ke/h, c is 3,850 J/kg°C, AT is 75-25°C. In the case of the CPVT specifications, point-focus type
of concentration, which is Polycrystalline, is chosen; Nominal power STC is 1,878 W; Gross area
is 16.38 m?/module with biaxial tracking. Soiling, Cable losses and mismatching losses are
calculated at 2%. In this study, the proposed design is 100 modules of collectors according to

the available area of the RTNA, 100 m x 100 m.

4. Results
4.1 Electricity and Potable Water Production

PVT collector: Sunbase 1.0 (East) —f— o Electric Grid: Three-phase (230V/400V, 50 Hz, WYE) Number of electricity consumption profiles: 1
Number of modules: 100 T 8 Locsl grid vohtage: 400V — Consumption profile 1: RTNA
Total nominal power DC: 187.8 kW D = X T S O Annual consumption 13,308 kWh
Anti-blackout: yes :
—’ Brine out
Feeding seawater
g
Three-way valv 70°C
i .
% Temperature: 70°C —g— S |
25°C Potable water
20
».
g
25-27°C ¢
o
Storage tank 10000L Tank 25-27°C Seawater

Figure 9 The Hybrid System Designed by the POLYSUN.

Figure 9 illustrates the schematic of the hybrid system in accordance with naval-cadet
requirements, while Figure 10 shows the results after simulating the system; Own AC production

(Eacp) exceeds the total electricity consumption (Ecs) and covers the requirement of thermal

system (Qaux), which requires feeding at 70°C for 11 hours.
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Name Symbol | Unit Year Jan Feb Mar /.xpr May Jun Jul Aug Sep Oct Nov Dec
Own AC production Eacp  kWh 314,610 29,249 25,796 29,804 27,660 27,555 25,111 24,446 23,574 22,245 23,871 26,146 29,151
Total electricity consumption Ecs kWh 131,908 8,655 8,993 7,956 8,982 11,158 11,500 13,339 14,554 14,396 12,588 11,080 8,706
Heat generator energy to th... Qaux kWh 112,459 7,130 7,558 6,468 7,477 9,509 9,868 11,581 12,735 12,619 10,866 9,469 7,179
110
100
90
80
o 70
o
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50
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30
o o =] o o o o o o o {2 o o o o o o o o o o [=2] o o o i o =2 o
3 S = S 3 3 =1 S S 3 S S S =1 3 3 S S 3 1 = 3 S = 3 3 S 3 -
< ¥ ¥ ¥ ¥« ¥ ¥ T T ¥« ¥ T T T T« T T T T« T T T T T T T T < <
- N M ¢ ;M Y N ® o O = &N Mm < 1M Y N ©O O O = &N m®m $ ;\m VW N © o
o o o o o o o o o — - - - - - - - - - ~ o~ ~N o~ o~ ~N ~ o~ o~ ~N
Time axis
Name Unit Axis Colour Line
Cold water 1: Temperature ko | |
Hot water demand: Temperature °C L . -
%€ | I— —1 —

PVT collector 1: Mean temperature

Figure 10 The Temperatures of Collectors (Yellow), MD (Red) and Seawater (Blue) by Times

with the amount of Qaux, Eacp and Ecs over a Year.

4.2 System Costs

Table 3 The Estimated System Costs of the 100-CPVT System.
Item Unit Size Cost Unit Estimated Cost Thai Baht
The system cost of components
Freshwater m? 25 $21/m?3 $525 18,375
10,000L Tank Unit 1 $10,000 $10,000 350,000
1,000L Tank Unit 1 $1,000 $1,000 35,000
Pumps Unit 2 $40/unit $80 2,800
Pipes m 70 $0.55/m $39 1,348
Electric boiler 80kW | Unit 1 $3,500 $3,500 122,500
Total Cost of Components $15,765 or 551,775 Baht

13




Royal Thai Naval Academy Journal of Science and Technology Vol.7 No.1 January — December 2024

Table 4 The Estimated System Costs of the 100-CPVT System. (Continued)

The system cost of the DCMD

Membrane m? 36 $36/m?2 $1,296 45,360
MD Equipment Unit 1 $2,500 $2,500 87,500
Total Cost of MD $3,175 or 111,108 Baht
Installation (25% of total cost of MD) $949 or 33,215 Baht
Total Capital Costs $4,124 or 144,323 Baht

Plant life (n) = 25 years, Discount rate (i) = 3%, Amortization factor (a) = 0.057 per year
AChiyeq (@ x CO) 9,466.27 Baht/year
ACyt (20% of ACyeq) 1,893.25 Baht/year
ACyr (20% of total cost MD) 26,572 Baht/year
ACoan (ACyr + ACuR) 28,465.25 Baht/year
Total AC of DCMD (ACyeq + ACoem) $1,083.75 or 37,931.52 Baht/year

The system cost of the CPVT over a year

Solar Collection m? 1,638 $150/m?2 $245,700 8,599,500
Site Improvement m? 1,638 $25/m2 $40,950 1,433,250
Plant System kKW 187.8 $90/kW, $16,920 591,570
Inverter Woyc 187,800 $0.06/ Wy, $11,268 394,380
Soft Cost Wy | 187,800 $0.41/ W, $76,998 2,694,930
Total Capital Costs $391,818 or 13,713,630 Baht
ACyr KW 37.64 $66/KW,eoy $2,484.2 86,948
Total AC of CPVT $2,484.2 or 86,948 Baht/year
Total Capital Costs of system $411,707 or 14,409,728 Baht
Total Annual Costs of System $3,568 or 124,880 Baht/year

According to the estimated system costs [20, 21, 22] of the DCMD with the 100-CPVT
system in Table 3, the system cannot amortize within 25 years for a recent policy: LCOE and

FiT at 3.10 Bath/kWh and 2.20 Bath/kWh, respectively, as presented in Figure 11.
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Name Symbol |Unit Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
To external grid Eteg kWh 237,833 24,490 21,157 24,951 22,533 19,716 17,339 16,892 15,484 14,439 17,005 19,571 24,256
From external grid Efeg kWh 55,130 3,896 4,354 3,103 3,856 3,318 3,727 5,784 6,464 6,589 5,723 4,506 3,811
Net present value

15,000,000

10,000,000

5,000,000
o
I 0
=

-5,000,000

e /—v——‘—_r/{

-15,000,000
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Year
=+ (1) Reference: RTNA —+-(2) RTNA Standard
Description Symbol Unit Reference: RTNA RTNA Standard
Investment costs linvest THB 14409728.00 0.00
Net present value NPV THB -8771703.81 0.00
Yearly maintenance costs AOM THB/a 124880.00 0.00

Figure 11 The 100-CPVT systems: NPV (Black) and Standard (Green).

5. Conclusions

In capsulation, this project is proposed to be designed and simulated on POLYSUN to
match the requirements of electricity and potable water for 400 cadets in a naval regiment. The
tracking solar concentration with nominal power at standard condition of 1,878 W is chosen to
operate at the RTNA, Samutprakarn due to the advantage of high efficiency. Nonetheless, the
concentrated collectors are to be cooled down so that cells would not be burned. Hence, the
RTNA, where closed to sea water, can utilise sea water to cool this system. As a result, heat
waste from this system should be took merits. An advisable solution is to produce pure water
through membrane distillations. Hence, the DCMD is selected to be designed in this project due
to the high amount of water flux production and cost saving. However, the specific requirements
for this system are calculated to support electricity and clean water production based on the
number of naval cadets. In addition, the temperatures between high side and clow side are
imposed at 70°C and 25°C for DCMD, both flowing into the system at a rate of 1,689 litres/hour.
The simulation shows that the available area of 100 collectors can cover the annual
consumption electricity at 13,308 kWh and daily water consumption at 2,000 litres or 5
litres/person/day. However, the system is unable to achieve profitability within a 25-year period
necessary for the ROI. This is primarily because the electricity consumption patterns among
naval cadets markedly diverge from other departments. Specifically, their customary utilization
of electricity commences post-sunset, setting them apart from the standard routines prevalent

in other units. On the other hand, the profitability will be made at 2.20 Bath/kWh if the daily electric
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consumption of the cadets requires only on the day-time, which is different from 0.9 Bath/kWh
from the current policy rates: an electrical fee of 3.10 Bath/kWh and a FiT of 2.20 Bath/kWh.
Finally, the calculation of LCOE for 25 years is 4.00 Baht/kWh, and therefore the FiT should be
at least 4.00 Baht/kWh to have the ROI within 25 years.
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Abstract

Thailand and Cambodia have the same geographical circumstances for maritime
boundary, but Thailand’s continental shelf claim is different from Cambodia’s continental shelf
claim. All are unilaterally claim. The overlapping claimed areas between Thailand and Cambodia
is from difference of median line either strict or modified median line. Relevant circumstances
for median line delineation from Thailand and Cambodia are both subjective and objective.
This article aims at making the overlapping claimed area more objective by General Direction of
the Coast and Coastal Front regarding Land Dominates the Sea and it’s results guiding for
delimitation. The study area will be delimited above latitude 11-degree north only. The results

of study and opinion are from the author.
Keywords: Maritime Boundary, Unilaterally Claim, Overlapping Claimed Areas, Land Dominates the Sea
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Marbdy Consulting Ltd. le;ﬂa'nﬁqﬁugmmqﬂgwmaﬁlumﬂhym%ammwmmwmaﬂizﬂauéﬁa
1) Land Dominates the Sea — by the Intermediary of the Coastal Front. 2) Rights to Maritime
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Abstract

The objective of this article is to present strategies to enhance efficiency in sea
surveillance and monitoring, focusing on the application of Terahertz wave technology, a
cutting-edge technology gaining wide interest in military and security sectors. In the first part of
the article, the author discusses the importance of maritime surveillance in today's complex and
diverse global context, whether in terms of establishing specialized agencies by each country,
fostering international cooperation, or the role of naval forces in patrolling to protect and
support maritime activities in both war and peacetime. The author then presents the potential
and benefits of using Terahertz wave technology in military applications, highlighting its unique
properties such as high frequency, short wavelength, and excellent penetrative abilities, which
significantly enhance reconnaissance capabilities for naval forces, leading to more efficient
protection against illegal activities or incursions into the territorial waters of other nations. In the
concluding part of the article, the author emphasizes the positive impact of applying Terahertz
wave technology in maritime surveillance and reconnaissance, aiming to increase efficiency,
reduce risks, enhance security, and overall improve the operational capabilities of personnel
and equipment in naval forces, which will greatly benefit the maritime industry as a whole.
Furthermore, the author views the development of Terahertz wave technology as both a
challenge and a significant opportunity that all parties should closely monitor in the future to
elevate maritime security and ensure sustainable prosperity. In summary, this article presents
intriguing ideas regarding the application of Terahertz wave technology to enhance efficiency in
sea surveillance and monitoring, analyzing current challenges and potential benefits, which
deserve further study and exploration to develop the potential of maritime security and

prosperity sustainably in the future.
Keywords: Terahertz, Seaside Promenade, Navy
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Frequency range : 0.1-10 THz
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Wavenumber : 3.3 -333 cm -1
Energy: 0.41 - 41 meV.
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Abstract

This research aims to study on the increase the number of sectional sides on the energy
absorption capacity of fiberglass composite polygon tubes under torsional moment. The
fiberglass composite polygon tubes include square, hexagonal, octagonal, decagonal,
icosagonal, tetracontagonal, hexacontagonal, octacontagonal, and circle tubes. The results can
be concluded that the comparisons between experimental results are good agree with finite
element results. Then, it can find that the value of the maximum torsional moment of empty
and fiberglass composite square tubes have the lowest, next the maximum torsional moment
increases with the number of sectional sides of tube increase and that of circle tubes have the
highest. The results of the average torsional moment of all square tubes have the lowest and
all hexagonal tubes have the highest, but other polygonal tubes have slightly change of average
torsional moment. The value of torsional moment efficiency of fiberglass composite hexagonal
tubes has higher than empty tube equal to 73.77% and 73.29%. It can also be found that the
value of torsional moment efficiency of fiberglass composite hexagonal tubes at thickness 1
mm and 2 mm have similar values. Hence, in the design, the fiberglass composite hexagonal

tubes should be chosen to increase the energy absorption capacity.
Keywords: Polygon Tube, Energy Absorption, Torsional Moment, Finite Element
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Abstract

In the recent past, medical personnel often used manual scissors or paper cutting boards
to cut sterile bags or pouches containing sterile medical supplies. These bags are used to contain
equipment necessary for medical procedures that must be free from pathogens. However,
manual cutting methods posed risks to users, resulted in cutting delays, and lacked precision.
This led to increased resource loss and expenses. Consequently, the research team designed
and developed an automatic sterile bag cutter using knowledge of the Geneva mechanism and
automated control systems. This innovation aims to reduce the workload of medical personnel
and enable cutting of sterile bags to desired sizes. The sterile bag cutter can cut bags of three
widths: 5.5 centimeters, 7.5 centimeters, and 10 centimeters. Test results revealed that the least
deviation in cutting sterile bags was 0.44% when cutting a 10-centimeter-wide sterile bag with

a length of 9 centimeters.
Keywords: Sterile Bag, Geneva Mechanism, Automated Control Systems
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Abstract

The aim of this study is to utilize machine learning (Multiple Regression Model) to
perform Satellite Derived Bathymetry (SDB) with six image bands, namely blue, green, red,
near-infrared, NDWI, and NDVI, from Sentinel-2 in Sattahip Bay, Thailand. The results
demonstrated that the multiple regression model achieved higher accuracy (48.27%)
compared to the ratio algorithm approach with the same areas and datasets. However, the
depth values from the multiple regression model cannot meet the standard set by the
International Hydrographic Organization (IHO). Nonetheless, they can serve as an initial
identifying underwater objects, enhancing the safety of hydrographic surveyors, and reducing
survey time.
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1. Introduction

Bathymetric information is crucial for mariners and shoreline residents alike. For
seafarers, this data ensures the safety of navigation at sea, aiding in the development of effective
sailing plans to reach destinations safely. Additionally, coastal topography along the shorelines
assists in determining location, preventing sailors from getting lost. Moreover, bathymetric
information is necessary for preserving marine ecosystems. For instance, mangrove forests,
acting as nurseries for marine life, provide protection against storm surges. Coral reefs also play
a vital role, serving as homes and shelters for various marine species. These ecosystems, in turn,
contribute to the economy, especially in maritime shipping, a key mode of transportation for
import and export products. Accurate and adequate hydrographic information is essential for
safe navigation of ships at sea. Additionally, coastal areas, including beaches, islands, and coral
reefs, contribute to the tourism industry. Therefore, bathymetric information is undeniably
important.

Bathymetric surveys are conducted on a large scale, requiring significant budgets and
time when using SONAR and GNSS equipment on survey ships or when surveyors walk along
shorelines collecting positions with GNSS. Furthermore, some areas are inaccessible due to being
dangerous for survey ships and teams to reach, posing obstacles to obtaining bathymetric and
shoreline information.

Nowadays, there is a method called satellite derived bathymetry (SDB) that is used by
many countries globally because satellite images from reliable platforms such as Landsat 8 and
Sentinel-2 are freely accessible. In terms of satellite derived bathymetry algorithm, Stumpf et
al (2003) introduced the algorithm using fundamental of the ratio transform or empirical
method, which is popular and accurate [1]. However, there is another SDB method that uses
machine learning approaches that are able to give high accuracy such as multiple regression
model.

With the advancement in remote sensing, the challenges above can be overcome by
some remote sensing techniques because remote sensing is able to obtain large scales of
information without in contact those survey areas. Therefore, the objective of this project is to
conduct SDB with the machine learning approach in Sattahip Bay, Thailand, using reference
bathymetric data from Hydrographic Department of Royal Thai Navy (HDRTN) and satellite
images from Sentinel-2, and validate the results whether they can meet International

Hydrographic Organization (IHO) standard or not.
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2. Literature Review
SDB is a remote sensing technique that uses satellite images to measure depth values.
This technique has been developed since 1978 with a standard algorithm employing a linear

transform [2]. The equation is shown in Equations (1) and (2)

Z = a0+ al-Xl- + a]X] (1)

X; = In[R,,(4;) — Ros(1;)] (2)

where z is the depth; ao, a;, and a; are coefficients determined from multiple regression [2].
In terms of X; and X;, they are derived from Equation (2), where R,, is the reflectance of the
water and R, is the water column reflectance if the water is optically deep [2].

As can be seen from the standard algorithm, there are five variables that require tuning
that are ay, a;, a;, Ry,, and Ry, , making this equation more complicated and less effective in
areas with a seafloor that has an extremely low albedo [1]. The main reason why the linear
transform algorithm struggles in low albedo areas is that if Ad (bottom albedo) is lesser than

R, in Equation (3)

R, = (4, — R.)exp(—gz) + R.. )

this causes R,, to be a negative value. Thus, the Equation (2) will fail, because the inside
logarithm cannot be negative. Consequently, a simpler and more accurate algorithm was
developed by using the ratio transform, which required only two bands, blue and green, as
shown in Equation (4) [1].
_ In(band blue)
Z= my In(band green) +my @)

It is evident that this equation is the same as the linear regression equation y = ax + b.
The ratio transform utilizes the fundamental concept that blue and green bands can penetrate
through shallow water, but the green band decays faster than the blue band, resulting in an

algorithm that increases with depth.
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The ratio algorithm was applied to IKONOS images with spatial resolution of 4 meters to
compare the results with the linear transform algorithm. The result showed that the ratio
algorithm can obtain depth values in area up to 25 meters with clear water, while the linear
transform algorithm only distinguishes depth up to 15 meters. Moreover, the ratio transform
can be used in extremely low albedo areas, whereas the linear transform algorithm cannot,
given a spatial resolution of four meters or more [1].

In addition, the ratio algorithm was compared with the regression kriging algorithm using
satellite images from Landsat 8, RapidEye, and Pleiades. The result showed all sources of
satellite images provide satisfactory results, but Landsat 8 demonstrated more accuracy with
linear regression than regression kriging. Meanwhile, the results with linear regression than
regression kriging from Pleiades showed high accuracy. Overall, regression kriging performed
better than linear regression [3].

In terms of the machine learning approach, it utilizes the relationships between the
satellite images and bathymetric depths from the training data, and the training model is used
to derive the rest of the depth values in the study area [4]. There are many machine learning
models that have been used for SDB such as random forest regressors, Convolution Neural
Networks, Support Vector Machine, U-Net, etc. [4]. However, a multiple regression model was
used in this study. In multiple regression, there is one dependent variable and several
independent variables instead of one independent variable in linear regression as shown in the

Equation (5) [5].

y'=a+ byxy + byxy + -+ brxy (5)

Where y' is the dependent variable in this case, which is depth values, x4, x5, ..., X are
independent variable that are image bands for SDB, b4, by, ..., by are coefficients for each
independent variables, and a is intercept.

From the previous studies above, the ratio algorithm has been used with various kinds
of satellite images because it is less complex and highly accurate as compared to other
methods. However, it is interesting to use the machine learning approach for SDB with Sentinel-
2 since the multiple number of image bands can be included in the multiple regression model,
resulting in more accurate and flexible predictions. Therefore, the multiple regression model

was utilized with Sentinel-2 in this research.
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3. Study Area and Data

The Sattahip Bay, Thailand, was selected as the study area because its proper
topographic and hydrographic characteristics. As depicted on the Thai nautical chart no. 115
[6] in Figure 1, there are various depth areas and dangerous objects (e.g., underwater rocks,
wrecks, and shallow areas), making it particularly useful for testing whether SDB can detect
them or not. Furthermore, all required data, especially bathymetric data, can be obtained in
this area.

Firstly, Thai nautical chart no. 115 [6] was used as background as well as topographic
and hydrographic reference. Secondly, bathymetric data in point cloud format in the study
area from HDRTN was used as the reference depth to compute SDB and validate the results
[7]. Next, satellite images from Sentinel-2 in 2023 were used, as shown in Table 1. Finally,
ArcGIS Pro, Microsoft Office Excel, and Python were used to conduct SDB, multiple regression

model and compute statistics.

Table 1 Satellite Bands Used.

Spectrum Sentinel 2
Blue Band 2
Green Band 3
Red Band 4
NIR Band 8
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Figure 1 Thai Nautical Chart No.115, Sattahip Bay [6]
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4. Methods
According to chapter 11 of the IHO-IOC GEBCO Cook Book, “LANDSAT 8 Satellite-
Derived Bathymetry” demonstrates how to conduct SDB using Landsat 8 [8], which was used
as reference for the methodology in this project. However, some steps were adjusted to suit
this project, such as using a machine learning approach instead of the empirical method,
utilizing a Normalized Difference Water Index (NDWI) and an NDWI threshold to remove the
land area. Additionally, the images from Sentinel-2 were used in this project due to its higher
spatial resolution, which is 10-meter spatial resolution. The SDB method with machine learning
approaches can be divided into five steps below.
4.1 Download and Filter Data
As discussed in the previous section, Sentinel-2 bands blue, green, red and NIR were
downloaded from European Space Agency (ESA), as well as bathymetric data in point cloud
format in the study area were provided by HDRTN. Afterward, each pixel value was converted
into a floating — point representation for finer resolution. Then, all bands were filtered with the
low pass filter tool to obtain smoother images that mitigate outlines in images.
4.2 Remove Land Areas
Since water areas are only required for the SDB algorithm, the water areas were
extracted using the Normalized Difference Water Index (NDWI) and NDWI threshold, as shown
in Equation (6) and (7).

NDWI = (Green—IR) 6)
(Green+IR)
T = (mean,, + mean;)/2 (7)

where Green is green band, IR is infrared band, T is NDWI threshold, mean,, is mean of NDWI
value on the water, and mean; is mean of NDWI value on the land. Firstly, an NDWI surface
was generated using Equation (6), as depicted in Figure 2. Then, a sample area was taken using
the coastline on the nautical chart as a reference for computing the NDWI threshold to obtain
means of water and land areas, as shown in Figure 2. After that, the NDWI threshold was
computed based on Equation (7). Lastly, the land areas of each image band were removed, as

presented in Figure 2.
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Legend

NDWI

Figure 2 The Sample Area for the NWDI Threshold (Top), before Remove Land Areas (Bottom
Left), after Remove Land Areas (Bottom Right)

4.3 Generate the Multiple Regression Model
As multiple regression models require several independent variables, six image bands
were introduced to the model: blue, green, red, near infrared (NIR), NDWI, and NDVI. In the
case of NDVI, red and NIR bands were applied with Equation (8) to obtain the NDVI layer.

(NIR-Red)

Then, bathymetric information from HDRTN was used to be the dependent variable, and the
area between the mainland and Ko Khram Island was chosen as the training area, as shown in
Figure 3. This area was selected due to its various water depth ranges from 0 to 25 meters,
which is the maximum depth that the ratio algorithm could survey based on the previous studies.

Hence, 772 samples were selected in this area to build the model. Nevertheless, samples
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deeper than 10 meters were removed from the model because, after 10 meters, the model
began to saturate based on the ratio algorithm. This implies that based on the atmospheric
and environmental conditions at that time the images were taken, the blue and green lights
could penetrate through the water to a depth of 10 meters. Consequently, a ten-meter depth

was set as the maximum depth prediction in this study.

> NEATI

KO KHRAW

Figure 3 The Training Area and 772 Samples for Building the Model [6].

After all independent variables were prepared, each layer was extracted based on the
bathymetric information points in the training area, resulting in a spreadsheet in CSV format
containing independent and dependent variables. After that, those variables were fed into the
machine learning model, which was a multiple regression model using Python programming

language, based on the Equation (9), to obtain all coefficients (by, by, ..., bg) and intercept (a).
SDB Depth = a + byBlue + b,Green + bsRed + byNIR + bsNDWI + bgNDVI  (9)

4.4 Apply the Linear Formulas
After obtaining the model as depicted in Equation (9) from section 4.3, the results

were obtained by applying these models back in ArcGIS Pro using the “Raster Calculator” tool.

The results are the surface layers representing depth values, as shown in Figure 4.
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Figure 4 The Final Result from Sentinel-2 [6]

4.5 Validation
To validate the result, testing sets were selected from the areas where depth values
ranged from 0 to 10 meters because the model was generated to predict depth less than 10
meters. There were 341 depth values in the testing sets chosen throughout the study area, as
presented in Figure 5.
Then, “Extract Value to Point” tool in ArcGIS Pro was utilized to extract a set of paired
values between reference depth and SDB depth values. This set of pair values was exported

in CSV format for validation in Python.

MeAsIN
KO KHRAM

Legend
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Figure 5 Training and Testing Sets [6]

81



TN 7 aUuf 1 uns1AYU — SuINAY 2567 MFAITIVINITLSUILUUNE DA UINYIFART A NA LAY

Python was used to compute RMSE and a 95% confidence interval overall and for
each range of depth value so that the trend of accuracy can be analyzed. Firstly, “Pandas”
and “Math” packages were imported because Pandas is a powerful package for data
manipulation, and “Math” is useful for complex computation. Then, the set of paired values
between reference depth and SDB depth values was imported into Python to be a data frame
using the Pandas package. After that, the data frame was converted into a dictionary. Lastly,
the dictionary was input into the functions that compute RMSE and a 95% confidence interval

overall and for each depth range such as 2 to 3 meters, 3 to 4 meters, 4 to 5 meters, and so on.

5. Results and Discussion

After the raw images were filtered with a low-pass filter, they became smoother,
mitigating noises and outlines as compared to the result without the filter. Regarding the NDWI
threshold, the means of NDWI values for water and land areas were 0.084 and -0.508,
respectively, as shown in Table 2. Hence, the NDWI threshold as computed using Equation (7)
was -0.212. As seen from the result in Figure 6, areas that experience low tide effects such as
cliffs or high-slope shorelines, showed a higher accuracy of coastline delineation compared to
beached areas or low-slope shorelines. This discrepancy may be due to tide effects since the
shoreline in the nautical chart represents the coastline during the highest tide, particularly
during spring tide. However, the images were not adjusted for tide elevation due to limitation
in available information. Therefore, considering tide effects for coastline detection is an area of

improvement for future research.

Table 2 Statistic Parameters of Water and Land Area Samples for Computing NDWI Threshold

Types Min Max Mean STD Median
Water -0.527 0.659 0.084 0.103 0.047
Land -0.650 0.611 -0.508 0.151 -0.545
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Figure 6 The Image after Remove Land in a High Slope Region (Left) [6], The Image after
Remove Land in a Low Slope Region (Right) [6]

After applying the SDB algorithm, the training set of 722 samples was initially used to
generate the multiple regression model. However, upon ploting 772 samples, it was found
that the model trend saturated after a depth of 10 meters. Consequently, samples with
depths greater than 10 meters were removed, leaving 143 samples for generating the model.
This suggests that, based on environmantal conditions such as transperancy, atmosphere, and
light attenuation at that time, the blue and green bands could penatrate through the water
only up to 10 meters. Sattahip bay, Thailand, is located near four rivers that are Mae Klong,
Tha Chin, Chao Phraya, and Bang Pakong, resuling in high sediment loads from the land,
leading to low transperency in the study area. The result of mutiple regression model is

presented in Figure 4 and Equation (10) with R? = 0.841.

SDB Depth = 7.44221 + 0.03396Blue — 0.0002Green — 0.03986Red +
0.010112NIR — 130.79153NDWI — 139.35844NDVI (10)

To validate the results, testing sets were chosen throughout the study area, as shown
in Figure 5, considering a variety of water depth ranging from 0 to 10 meters in the testing
areas based on the models that can predict depth between 0 and 10 meters. Thus, these
areas were selected. After selecting these 341 samples, standard deviations, and Root Mean
Square Error (RMSE) were computed, along with 95 % confidence intervals. Finally, the 95 %
confidence intervals were compared with the Standard of Hydrographic Survey. The results

indicate that the multiple regression model with Sentinel-2 cannot meet the Standard of
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Hydrographic Survey because the 95 % confidence intervals from the results exceed the

maximum 95 % confidence intervals allowed by the standard, as shown in Table 3.

Table 3 The Sentinel 2 Validation Results in Overall with Multiple Regression Model.

Observation IHO Standard with 10-meter depth
RMSE 95% Con Order 2 Order 1b Order la Special Order
0.994 1.948 1.026 0.517 0.517 0.261

Additionally, 95 % confidence intervals by depth ranges were computed, and all depth
ranges failed to meet the standard. The result demonstrated that high discrepancies occurred
in depths below five meters, but the accuracy improved in the depths ranging from five to nine
meters, as shown in Figure 7. However, the 95 % confidence interval from the multiple
regression model gave higher accuracy than the linear regression model from the empirical

method at 48.27 %, as shown in Table 4

The 95 % confidence interval by depth ranges

~~~~ \ —-= 95% Con from Multiple Regression Model
3.5 \ —— 95% Con from |IHO Standard
\.

= 3.0 1 \-\
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8 \
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Figure 7 The 95 % confidence interval by depth ranges

Table 4 The Sentinel 2 Validation Results in Overall with Linear Regression Model.

Observation IHO Standard with 10-meter depth
RMSE 95% Con RMSE 95% Con RMSE 95% Con
1.921 3.766 1.921 3.766 1.921 3.766
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Although the results cannot meet the Standard of Hydrographic Survey and cannot be
used to create a nautical chart, there are some advantages that can be useful for hydrographic
survey. Firstly, SDB can assist hydrographers in initially identifying underwater objects, as most
underwater rocks can be detected by SDB, as presented in Figure 8. This capability can reduce
the time and cost required to search for these objects from scratch, ultimately enhancing the
safety of hydrographers, survey equipment, and survey ships.

In terms of “Search and Rescue” (SAR) for a sinking ship or plane crash, searching for
underwater objects using survey ships can be a lengthy process, especially in large areas.
Therefore, SDB can be used as an initial search to identify the most possible spots for a sinking
ship or plane crash.

In remote areas that are not accessible by survey ships, SDB can serve as a tool for
hydrographic surveying. Hydrographic offices can utilize SDB in such areas, but it should be
noted on the map that the survey was conducted using SDB. While having some water values
on the map is preferable for mariners compared to leaving it blank, clear communication

about the survey method is crucial.

o L B P
s P a1
e @ i Laem Kai Ti
\\.\ = .
%mmmuu’g
\ ~Khao Takhian &so :

Figure 8 Underwater Rocks Detected by SDB [6].
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6. Conclusions

Bathymetric information is fundamental for various activities such as water navigation,
ecosystem preservation, maritime shipping, and the tourist industry. Inaccurate and insufficient
bathymetric information can have significant effects on these activities, particularly for coastal
countries that rely on these activities for economic purposes. Therefore, Bathymetric
information is crucial for a country’s prosperity.

However, on-site hydrographic survey methods require substantial budgets, and they are
time consuming. Consequently, this is an area where remote sensing can bridge the gap by using
satellite derived bathymetry (SDB) to obtain bathymetric information. Hence, the objective of
this study is to apply the SDB technique with multiple regression model and Sentinel-2 images
to measure depth values in Sattahip Bay, Thailand, and validate the results against the IHO standard.

From the results, it is observed that multiple regression model with Sentinel-2 images
cannot meet the standard. However, they can be initially used to pre-identify underwater
objects such as underwater rocks and wrecks, allowing hydrographers to save time in searching
for them from scratch. In addition, SDB is useful for mapping unreachable areas and search and
rescue (SAR) missions, such as sinking ships and plane crashes. In terms of accuracy, the multiple
regression model preformed higher accuracy than the ratio algorithm, which utilizes linear
regression model at 48.27%.

For further study, it is recommended that water transparency in the study area should
be considered in the result because transparency plays a significant role in SDB [8]. Additionally,
other hydrographic survey standards, such as United Kingdom Hydrographic Office (UKHO)
should be used for comparison with SDB results. Lastly, to enhance accuracy, tide information

should be taken into account in the NDWI threshold and when subtracting the final depth values.
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Abstract

This article aims to review the current literature on wave energy conversion
technologies, as well as the potential and opportunities for their application in the context of
Thailand. The first part presents the basic physics principles of ocean waves, types of wave
energy converters and their working mechanisms, including a comparison of advantages and
disadvantages with hydroelectric power generation. It then compiles the latest status of wave
power projects abroad, in terms of installed capacity, efficiency, economic viability, and future
development plans. The study found that as of the end of 2020, the total installed wave energy
capacity was around 60 MW, accounting for only 0.00006% of global electricity generation, but
with a high growth trend. It is projected to increase to 10 GW in 2030 and 100 GW in 2050.
Thailand, with more than 2,811 km of coastline, has been preliminarily identified as having
several potential and suitable areas for installing wave power plants, especially in the lower
Andaman region and the eastern coast. Promoting these pilot projects would bring wide-ranging
benefits to the country, such as enhancing the security of the electricity system, reducing
greenhouse gas emissions, creating jobs and stimulating local economies, as well as promoting
domestic research and technology development. To realize this potential, cooperation from all
sectors is essential, particularly policy support and incentive measures from the government,
coupled with public participation in balanced and sustainable coastal area management. If
seriously implemented in this decade, it is expected that by 2040, Thailand will have wave

power plants generating more than 500 MW of electricity.

Keywords: Wave Energy, Wave Power Plants, Renewable Energy, Energy Security, Sustainable

Development
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Tnnmyuwesluikazduieesfidelrivuaziliondunosnduasifoussgavilvmeslutmuseundy
Tnesialuazdoalymes luuuuy Wells ﬁ'wguﬁﬁmuﬁmlmﬁamzLﬂlﬂafmmﬂmﬁmm [12, 13]

AIDYINYU
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2331 Tsaluwin Limpet 984 WaveGen UuLn1g Islay dfonuaun Uszneunag
MOITADINARDUNSA 3 TS am&gqsffqagﬂwﬂﬂm%mﬁamumﬁwé’mu 500 kW anninesiun Wells auin
250 kKW 2 ¢

2.3.3.2 Mighty Whale ¥83 JAMSTEC ﬂﬁzmmfjmjmﬁuimqa%aaaaﬁw%@%aa:uaéuum
50 x 30 x 12 m fnesdnerne 3 veshnsanestun Wells 9osay 1 6 9uA53 110 kKW Nnaouass
Uinamedmeiadiu

234 wUUdu 9

uenanidfedl WEC Snvaneussamiifisuuuunsinsauaznalnnisvaniiunnanetly
loun [14- 16, 18]

2.3.4.1 Overtopping WEC Usznaumuasisevesrianssunuiuaauiifinadodn
pAulntulumilovau (Crest) iwngensdnifuiuasUassthasiumeslunaudusiiondelwin
§1987195%U Wave Dragon 110 7 MW

2.3.4.2 Attenuators Lﬂw/jwumﬂimjﬁﬁ%aG{ammaéauLﬁaﬂﬁlummzﬁﬂ%as{a%Lﬁm
Asaelag aﬂmiaQ]msﬁ’uwé’wmi@aiﬁdyﬂalﬂqﬂquw%'alamaﬁﬂ WU Pelamis P2 A211813 180 m.
MANAREIER 750 KW

2.34.3 Submerged Pressure Differential uunudnaueglnundenduindoufiniu
LA AAI AL ANATS TN TN S ULLAZATUATS Fuiedeunalngngu 1wu CETO vun
1 MW finaaeuluesamside

2.3.4.4 Rotating !\/\ass151??1’15Lﬂ?{auﬁ‘v]ﬂqgﬂu%’lqmaaﬂ?{ﬂuﬂﬁmué’aLﬂauﬁamém
i 1w Wello Penguin Snuazidulassanaestmsslaaua 600 kw ﬁﬁWaﬁaﬁaﬁwu"Lquuéﬁa
AEIAd

2.4 Wsueurenvuaansivaaunzanas i un1sas1adounantnininaaun

A15197 1 MsiUSeuifisuredveslseladudisuiulseliniuseinndu o Ndneeesing

Usziiu Tsslnady Isq‘lwaﬂqmu 159l Isq‘le’h ) Tsalnax
#u TRRRVEY
AsUasenIe Fann GRD ﬂ'au%ﬂqqa i TN
Founszan (15-105 (820 (490 (48 gCO,/kWh) | (12 gCO,/kWh)
oCO,/KWh) oCO,/KWh) aCO,/KWh)
wiasndsnud | edulunzia iy MU wasending G
1y Goendludie) | (o) o) | @eendudin) | Gleenslusiia)
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MSANTIVINTLSITIULNS DA WINYFERTLaznAlulad

A1519 1 nsilSsuiisureveslsslviaduiisuiulseliniussinndu o Nddaeesing (ae)

Usziau Tsalnifady Isq‘lwgﬁ']mu T59lnHA A I'lejh ) T5elnsnau
#iu we9a19ing
pvaLaLe asiaue ariaue aviiaue NaRlALaNE nanlaawe
Tun1swan ATy maen 26 $1ls | meen 24 9l | waenansiu LANANNALS
Tyl
Snwaznisly | lviuiinea Tyinuuus Tyinuuuls Tyinuuuls TyTnuuus
i luussiiduuy | aouvnsues ADUTILDE Uinamnn | Usinasnndign
4

AIUNUIRUY gmiwammg g gann ABLTIAN ABLUYIAN
YDINANU WA TRe 5 W

3. anufinntuaznsuszenaldlusiieUszna

3.1 lassnswanlunpaundiaey

3.1.1 Agucadoura Wave Farm Tuluseinaidulasinisudalvvad udanidve unausnves

lanisuanfiunistud a.A.2008 lyiaTesnnialnviuuy Pelamis P1 97u3u 3 4n A&IN15HEATIY

2.25 MW undagdumeaniidunistinsniiieUiulsswennsuiazildesugunsas [19, 20]

3.1.2 European Marine Energy Centre (EMEC) Uuwglms Orkney Tuafionuaun Lﬁu@uéwmaau

walulagnaanuaguilngiaalulan sudunsinawed a.e.2003 Jagduilonsiseves WEC vianviang

UszAnaNUsEnne q MalanunvadeuaussauziiveyaainnaukanIzuaduiun 15 4 [7, 21]

3.1.3 Mutriku Wave Power Plant lunpauunan Ussmaau wulselalviiuuy Oscillating

Water Column (OWC) k¥ausnuadlaniliinumanuseuua8aaRnfquuaunuAaumIue1? 100 s

{199 OWC u1n 18.5 kW 1171 16 %09 Ifaen1suansIn 296 KW ailun1sdaund a.a.2011
uiedaglu [22, 23]

3.1.4 Eco Wave Power Gibraltar 1dulseluvinaduuvausnvesglsuifasivud sudunau

LUUaaell Usenaunignuassula 100 kW §1u3u 8 61 AaInIsHansIN 5 MW Wweuneiussuy

aeasgusaansaawed A.a. 2016 [3, 5]

a d o =~ Yo a - Y a o <
lugfinaellensiueenidedlad slanmgiivsemakazgidenialnatfesdulnend

AnunMnutugulalunsiauilasensinsewanliniaduraisune 019

3.1.5 1A39n13 Wave Enerey Converter (WEC) #4012 Panay Uszinafiaudug Gﬁqamﬁwjuaas

Haalinadulunsiaduafiuvemdainisngs 10 kw iieanslilnguvusiedanan 500 asuseu

PgannIslasaInila bl flwasaznisUassnieisaunszanaslaoenuin [24]
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3.1.6 US¥N Wave Swell Energy Y0900aWsLa857ule U Meindo Elang Indah &g Badan
Pengkajian dan Penerapan Teknologi (BPPT) u8s8ulaiiide Andaesearalnlvinadusie Oscillating
Water Column (OWC) 4u1a 50 kW #itnny Bali lumsiauma Gf'fammmeiﬂwL%ﬂajizwﬁi’mmmjaq
PLN wanéaund A.6.2020 [25]

3.1.7 Qué?ﬁ’awﬁdmumwma (Marine Energy Research Centre) 984 Universiti Malaya
UsenAuaLgy lﬁ?maawizaw%m‘wsuaqLﬂ%ﬂﬁ%ﬁ@lﬁ/\lﬂm?{wawgﬂLLU‘U‘Luﬁulaqmegazmé?méﬂ
A.A.2015 LLazéﬂqmmmmﬁﬁumé’{uLwU Oscillating Wave Energy Converter (OWEC) dmsunsiaiiiy
LUV Point Absorber 11 5 kW Tagni5a [26]

m’méf”}ﬁﬂmﬂimamiméwﬁ?}aLﬁuLLiaﬁ’uma%é”]é’zgﬁwﬁwmé’ﬂé’ﬂﬁﬁmmiﬁwmwé’muﬂﬁu
Tudszinalneddidnenmaduasdnvarmamenmussedsfinais adaiusnn m'iLLaﬂLU?{auL%'au'g
Usvaunsamarausaudiolunsifoduuss madiouuuazeglunsiaumeluladuasyransves

Tnanuunldlaegnesimsiiasiuseansnnuingadu

[
(%

voyalassnisuanlivinaduluuseinadudud Suladide uasunode Af7dsuae
anmuwanaeumangialnaiesiulneinnna asmeadillanoiuiunmenudullalunisussgnaly
waluladddmiuuiunasineladaaudaty uonandduandmiuidentalunisasserusiuie
destmnmdsundusudulussdugimainme
3.2 gunidsnsuannavadandseuiinaolaluunasd
MnseauaauAndsunaulanUszd1d a.a.2021 Tnevindeundsounguidoussnng
Utz (Interational Renewable Energy Agency : IRENA) ’izuq’sl’l oy Aull A./.2020 Srindanswan
Anmssnmedlsilnviaduslanysvanas 60 MW raalivinlanan 15 3nyTandaluaned (GWh/y) [26, 27]
Tnwadfluas 5 Iiutua (A.A.2016-2020) wuanwwiamdsnisuanfnsavedlsslaaduiulniy
Anuosludnsuadsimsesas 12 ned aunmmdaliviiimadulniidunulneagagnenil 18 Gwh
Tud A.1.2020 Aor1ussanidoifisusundsuntuisulssandu wu ndseuauuonyieds
(Offshore Wind) ﬁﬁﬁwé’ﬂmiwamgﬂﬁﬂ 35,000 MW uazeaslnilada 80,000 GWh Tudifiendu 2, 9]
Feaznaulniiurimaluladudalwviiadudioy lurisSumuvosnistauig n1slssuluaaninsuas
faummednunfinesadiiunsidluwvesss Avsamnisuamdsnu nisannuyy Anung
wazorgmslanuresssuuiielnanusowsdufundsnumuiouussandula
3.3 wumemsneseniaLazMsageumaluladiva 9
Jagtuiimsifouasiammaluladndinuaduzuuuulng q sgnaiiostilaniiyauy
MefiUsEAVE MLATANANATATYEMARS Tisludauvasniseenkuulienaln n1ndenlyTag

WRZIEUUAIUALLYY [28, 29]

o¥

33.1 msaun WEC wuulmuinillassasanunuiaglyiagnidmidniuidasyigannunu

Tunsudanaznisingesnw
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332 milvfanpeuindauasTaqumidanauafmlunistunseutas fulsmminaiiieda
p1gmslsnuesgUnsnl

333 MSRAISEUUATUALLUY Al i aUsuanssaugyes WEC Tmivangauduanzaiu
Adsuulamanaim

334 m3senuuy WEC mduiuiluganaiternsdiaveulunisueneidnssnuasmiuagan
lunsingesnwm

335 N1eyIanms WEC wrifulassasveiunussasadu 4 wu Weutuniu wnugaagiiiy
viovhsuanuanyeds

uaﬂmﬂﬁé’qmﬂiqﬂ']i'i%’&l%’smzwmamﬁmt,az@uéwmaammﬂmyﬂ,ﬁaﬁmmzﬁamsﬂuzLLaz
NaNIENUYBITEUU WEC ‘Luamaﬂﬂgtﬁmmﬁmﬁuﬁqmﬁu le;‘u MARINERG-, MaRINET2, FORESEA
ey US Navy WETS [16]

3.4 ATUALATYLATYEATAATLAYNTAAALYLADYILE

GTwlumimﬁmlwwyﬁwé’Nmﬂﬁué'aasﬂuizﬁuqammﬁ'mﬁwﬁuL,méﬂwé’ﬂmumuﬁauﬁu 9
NTBuTed IRENA nunlud A.A.2020 suyuiiadeneviuie (Levelized Cost of Electricity: LCOE)
voslaslinaduagfl 0.20-0.55 USD/KWh 4gen11 Offshore Wind 7l LCOE afs 0.084 USD/KWh
f9n21 2-6 1 LLﬁSQﬂﬂ’ﬁIinWﬂ/&l’]ﬁﬁuﬁu%Qﬁ LCOE 108517 0.056 USD/KWh fan 3-9 1 [12]

Tugeanmssuiiinuan LCOE vaslssluvineduiiuuilunanasesnaifiaslnsiadsanani
sevay 40 Waifisuseved A.A2010 uax A.f.2020 Sadunaunannmsiaunneluladiintmuniu
nsUsENdaneaun (Economy of Scale) LLasmiL%‘sugyMumaaaﬁaﬁ’l (Learning-by-Doing) e
gitmnlassns (5, 24] snuualusnisaasuyuéadifuneluludasidy aananelud @.a.2030
LCOE manaquv&luﬂﬂ?imzamaamagjﬁlmm 0.10-0.20 USD/kWh #sazansnsaunsduify Offshore Wind
wazndauanvuunla uazsnnmaluladiauinuuiosnsnninsslannurueisanasoglusedy
0.05-0.10 USD/kWh lanelud a.a.2040 Feagvinlvmdanuedunaeidunisuindonndnvosnis
assszuulrinasuaustluaunen [13, 20]

35 feynununsRaRfisdllueuian

nangUszimeilanlasiangluglsunzYuan owdn uaziedeasTueen lafuuaimang
ﬂw3améﬁgﬂiqlvdﬁﬂm"ﬁliﬂ,uLqumsﬁmmwa"’wwguﬁEMLL‘V&WW@ (National Renewable Energy Action
Plan: NREAP) iflaifiunslaysslomuanndanummeialussoznaniuaysyzen faenamy

351 annnglsd: iWwiane 1 GW nelull A.f.2030 wag 40 GW n1elud A.A.2050

352 ansveindng: wWhvne 22-31 GW anelud a.m.2050

353 dfama: wWwane 3 GW nelull a.A.2030

3.5.4 @nigeawInn: Wwanesesaz 15 veamdsnuiiimuninanaduiaznszuaiinelud
A.A.2050
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355 uawn: wWmne 75 MW aelud f.6.2030 uas 250 MW anelud a.6.2050

356 fumane 2.7 GW melull a.a.2030 110 6 Tassnsthses laun Kujukur, Nigata East,
Kashima North, Minamisoma North, Oshika Peninsula k&g Goto Islands

357 wnvale: Wivine 1.1 GW nelud A.A.2030 99nnnsnagey WEC Sdaniaay Jeju
way KRISO-Wave lunglangiusen

358 ooansds: Wne 1.8 W anelud am.2040 Tnelassnsauilugeglusgunanide
LazAfiIsUanTIAY

= 3

3.5.9 fa@uaun: Wy 2 GW anglud a.a. 2050 AseurguiawalulanfuuwaznIzwal

14
a =

HAANSTANTUTIAETURy AUTTeAAY A UTENT 19U AUNTOURAAUANYTUVDI

wialulagluvaedy seauanuatuayunauleugnaznIsiiuINIIuIe 119EAaIAkaEI1ANY9

a X a

Welnaaneada sauD9nN158ausuveaUservulubnariud @9dunatieatiniswasusdastaniaus

Tuauian [18, 30]

4. wurannensarsaanudululdlumsidatunziandnnszualnia
4.1 nsussiiudnenmadunuwwiedmsialne

9INN3ANYIYET Esteban & Leary [31] nunituiivedmziavesedens fusenieslnaulugyl
é’fﬂstWWé“aq’mﬂ?{uayjiuizé’wmﬂmwizmm 10-20 KW/m dmduiszwmalne@siinunmedameia
#1789 2,811 km wustduenlve 1,874 km waznziasuaisiu 937 km

INN1TANWIVOIFYR [32] Imaiﬂ?ﬁgayjammqqLLazmmﬁumﬂ‘vjui’@ﬂﬁ'uuaﬂmaﬁqLLaz
Luusasspeuineeslured w.A.2554-2560 nunwedmeiasunulifnenmmdsnurauedoned
qandwénlmﬂazmm 2.9 ﬁgmﬁmﬁﬁzﬁmlmmwaﬁuluﬁmifﬂwsJﬁmmLLUiﬂsaumquma
Aauv 1IN 89N nSnavesaunsaunz Tuoenidsanielurinioungednieu -nun1wus uas
aunsquarTuanidsslaluradoungunieu-fusey Tevdnuiddneningianlaun o Uswdoy
92.051 0.omiles 9299 wasingaiady deilanunuiuuurdnauade o sz’sammqqqmaqqg]
auusaN (Uszananfounsngau-aamnay) agjﬁ 12-15 kW/m LLm'Lﬁamﬁamaamﬁy’qﬂuaya%agjﬁﬂizmm
6-8 kW/m

uan1ni FeanunsaleiiuyeyadviunisidonUsslanuagn1s9ununi1sv13asn e
w3earudalwvinlnmneauiuan AUl susiuvesnd uluwn avi ui snaie d1uoi1lneusd
FnonmisnueRSamuUsadiunadls Wy mAUIUIW 9255099 9.UMALIBY 927519 LLaza'n”Lajgm
M. UsTUATIus e?iqﬁﬂmmwwmuﬁwé’mﬁ'um?iaagjﬁ 4-5 KW/m dennaasfiunisdneved qnwﬁ [33]

AnuneimzianianzTusanidnanwdususu 2 sesainnsiadunisiu
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4.2 AMUMLNEAUNINNIEANLAZNURAUIEUTR

'
% =

UBNINANAMUNUIMUUNAINUATULAITIBAIAYDU ¢ NATRUAAIIUNIZAUUDINUN R AR
Tsalvnrpdudalawn Anudntazan Iniunsla sen19nle saufUeInanunslaUselovunnu
wagNHUUY [34]

Aada o

dmfulsemalngnun Adnenmuazaumazauas lawn usnamedmeiaduandiu

a

MAUANY WU B.98NIUN B.ALNINY WY .MUMLBY 92.WN FILANNAFULALTUINZLENG HwuIULN159

q

o w o

wazsmzunaduumdindusssund Ssruaeadwrdoufsuanuuameniiondfy dwmiu
vshmenlneduiiuiiiutaula laun Medesevenlnensuuy lnslansfumiafiidnonnady
Iuﬁzé’umuﬂmqmUfjlﬂﬁ’ummgaqmﬂvdvilywﬁqwWﬂmﬂqmamﬂsimLLazﬂgmuLﬁaq WU 9.98Y3
9255899 LAY .AYNTEAAT [5] uananissfiursiuiivesonlnedany Yusn wu Vi ey
91.UsEUisus Tilsnvarmenenwiivnzaunensiaslsslnradueuiy
4.3 Uselovumeszuulinuazdinaey
msﬁwwé’amuﬂﬁumﬂ%wﬁmlﬂv%%%haagwammﬁ’umLLaz%mjuiﬁﬁ’mzwiﬂviljwaalm
LﬁmmﬂLﬁuwéqmamh\m’l}mizma@uémﬁmﬁawﬁaLW%QW@&% warlufanudunIuAINILIaT
fleundsauvauiieuviadu 1wu auuazuatending
Tselnlviadudaifnenwlunismisannisuaavassniedounsyanvesnianisranlinds
Jagtufidaanuds 1 Tu 3 vesnisuassniedounszantiamuenedine (24] TasnnnsUsuduiging®ia
(LCA) wumanislaes CO, %aﬂwlﬂﬁmﬁlmsagjﬁ 15-105 ¢CO,/kWh inlsslivinneuazauiu
Uszanay 3-8 1 [35]
4.4 mia%qmmmﬂizﬁumwgﬁaﬁma'u
nsmulasanslsslineauaznemiAnnsaenutanenssuar e esIuIuINATITUE Y
YOINTNOATN msﬁﬂﬁgmawﬁauﬂwqa mﬂﬁu’%miaﬁfuauu wagn1Ineuiendaing lnguszdiun
Tselnivhaduwunn 100 MW a@ansaastesuvuesiulasna 1,000-1,500 suvus [36] §eaaulngyay
ﬂizﬂwaajﬂuiuﬁuﬁ%waﬁawzLaeﬁaﬁmiwLﬁuﬂaqlmﬂswmamqmwgﬁaé’mm nnanyliuuneuvesele
fiflamnnsUszauazneaiisndaggnia nsas1amadenetinlug qﬁﬁum%ﬁwmzéumwgﬁ%
wazensRuAnN NI InTesLelane e
4.5 msanasuNITouaiau
v muasaudevedivedtslunming denaran T UAanIEINg WY @Y. W, kay 1.
lasilunisfneiisedierfumeluladndenuniunmeaues [31] wndsludduimundondas
Hosnvesfamisulsrinamasyaang
nsudndilmAnlassnsisedlusedy MW Ul asmesinsdsaunirauguasnisiious

H1UN15UURATS (Learning by Doing) Msluaiuvaan1se0nuuy NMsWauTagwaraunsal N1sAne
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audansusuugamaluladlnmnzausvanwunaeymasing [32] winlveanunsowam Local
Content lagaifisswovsmisanauyuinaaluladuazasseuauudslniunngnamnssuves
Uspimaruiinsansnelannnisasesnludnssmanidneammdsuaiulugiinig (33]
4.6 erudouleafuusuiauny
widsnunduagdilulagaiinuaidudmanendnlaluwsu AEDP 2018 uanuaninag
nandslugrusmeluladlnufiuidumues lnedadrasdnmsudaalaihanneduludandes lanielud
A..2037 [24] Yuzfefunsensmdanuladavhunuithmenstaumelulaindsundy (Wave
Enerey Technology Roadmap) Aelalasenis Energy for All it oaaiasulmannisimuiuinnssy
wazmslruselosuanndsnunmeaesaieiannty (35
uananiindsnuedudiannsadoulosaznovaussmaulouisrfsu 4 e wwuUfsu
Uszine 20 T aundanuiiasaiuanusiuammdsnumesuwamdsnumaienneglulssme (36]
sfegysemaninsidouaruinnssuuvend 20 9 arumdsuiiyauunstauimaluladndseny
naunugnislsludonde (32]
voyarmuLandliiuUssimalnedidnsnmitslusaninensedu Aufifdenudulla
Tunsfns wazarumsosesssmAdelunsiauinaluladndnundu Snissdlontafiorladu
Ustlogumanenu weluiwinuiunmmdsay assgia dieu uasAaanaoy wndintsasaduesng
JususssuuasidenlstugnsaanissfunfosramnzauundsdaUassauazanummednvais

Usens Wnsaniglunavesnunumnaluladias Msuvsduiundsumgudsudsenndu q ngsedeu

(% '
o

AUALINADY LAZNNSIUNUTINIINELATINENNNTUDUS UVDIEB1TUTU [23] Fanasslavuiiaiulaidey

<9 Y

Fndunasrniieiuunlvesnaduszuy

A15197 2 MsiUSeuiisuansauskazkansynuvedlsslniuseLavaig 9

i} fdanswan | dadrunisudnlnin | USuna CO, fivdes Nt
tsziam Ao (GW) mlan (Gowaz) (gCO,/kWh) (km2/TWh)

Tsalulvihanuiiu 2,080 36 820 1.7
Tsdlwrhnesssuni 1,650 23 490 0.5
Tsalwrndah 1,330 16 24 20.0
Tsdlwwndundes 393 10 12 2.4

TsalwvTuna 136 2.4 230 543.4
Tsslwviuaseniing 708 3 a8 39.2
Tsslwnnay 743 5.3 12 72.1
IiﬂiW‘ﬁﬁﬂ?ﬁlu 0.06 0.00006 17 5.0
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43Ur0yaNA1397 2 MaUSeuiiguaussausiaznansznuvadlseliniUssiannig 9 wun

o Jaguu dsslnndsnurdudadimaainisndnfndsiiuesun wies 0.06 GW viseAndudaaiuiie

1% '
Y

seway 0.00006 vosnswanlWIlanwiy meanlsslaindszavay q Tneemelsdwriesada
U1 IMUTULAL NS TIUANI NS HARRARTIIAUN 3,700 GW LarAnidudaauannissesay
59 yasnsHARl IR

oenslsiinn Tssliimdsoundunduilvelasiuiiddalunmunansenunedanasuduie
nsUasenwdeunszaniiaiios 17 ¢CO/KWh Geinnanlsslnlviranuiunaslsdnivinnieia 48 wn
uaz 29 N ANERU uazdaiinmdnusuisuUssnvidy 9 wu Tanauaziaening Sviagiily
Hufiaadsueunniies 5 km? nevunglivifinanla 1 wseTnn-9alus (Terawatt-hour : TWh) Wieufiu
Tsslnlvingaunauas fefuauiilafuiiunnis 543 uay 72 km?/TWh

mevoRnaeUsznsUszneuiunualuunisiiulavesnaluladuas fdenisuaniituualuy
Mutues195nEaEs 10 GW melud #.6.2030 uazerauny 100 GW Talud a.A.2050 vlundseuedy
s&ananedusnuiismadenmundinuareisiunauladmiumansUssmalusuansulng

nsveneiivedsdiiimdsnuaauarrsEsuAUTuATIME NIy annsiavidemas
Weoada LLazaﬂﬂ’ﬁUéaa;wﬁauﬂ33%61@15@Ej'lﬂﬁﬁaﬁ'lﬁzy Imalulalmaﬂizwuﬁa?ﬁLng@uLLazﬁmu
wniin Fannimedmaniuussgnalresnumnganiuuuny esunasiuiiagmondndunisiaun

WAL sTInAlunTIuIRe e U Bsulua AN

5. unagd
unauilladnaueninsinvesnalulagnisndalivindsuaiues1asouniunslunies
wann1Ineidnd Ussinnveuniesiudalivy dreenslasanisiivszauanudnialunislszina
nasnIuAILNInUIIaluladuazuuiluunisiaunlueuian 9nveyaiuaueaziula i
Y 4 o o ¥ X = ‘Ao a v & a4 ¥ a ¥
wasuaduianIunndunadenlnuiuiduauesunmsndaliazeauas Ss8uniensanau
walulaguaggUuuulng 9 Anedinlssdninmuazanauyuneniigssineiiss vangdssmeile
AMuAUIMNEN S LNAIUAT D19 TITUNATIIANUTUAIN NS ULALABUAUDINDINGANTT
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Abstract

Beverages containing caffeine are highly popular nowadays, as evidenced by the
proliferation of coffee shops in various communities. It is important to consume caffeine in
moderation, ideally not exceeding 400 milligrams per day to avoid adverse health effects. This
research aims to investigate the consumption behavior of caffeinated beverages sold in 4 coffee
shops in Chulachomklao Royal Military Academy. The study sample consists of 316 cadets and
instructors from the academy. The caffeine content in the beverages was analyzed using UV-
visible spectrophotometry.

The survey results revealed that 96% of the sample consumed at least one caffeinated
beverage per day, with popular choices being cappuccino (28%), espresso (20%), americano
(17%), latte (11%), mocha (8%), cocoa (8%), green tea (5%), and Thai tea (3%). Upon analyzing
the caffeine content, the results revealed that the caffeine content in the coffee shop beverages
at the academy ranged from 14.49 to 183.35 milligrams per serving. The beverages with the
highest caffeine content per serving were the 5 types of coffee: cappuccino, espresso,
americano, latte, and mocha, ranging from 121.49 to 183.54 mg. Following those were Thai tea
with 122.47 to 135.05 mg, green tea with 101.31 to 110.09 mg, and cocoa with 14.49 to 17.61
mg, respectively. Therefore, the recommended consumption limit for coffee and Thai tea from
these coffee shops at the academy is not more than 2 cups per day, while for green tea, it is

not more than 3 cups per day.

Keywords: Caffeine Content, Caffeinated Beverage, Coffee Shop, Chulachomklao Royal Military
Academy, UV-visible Spectrophotometry
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Abstract

This research applies Arduino to develop an experimental setup for circular motion,
which involves movement along the circumference of a circle with a constant radius. It leverages
the relationship between centripetal force and the angular velocity of an object moving in a
circle at a constant speed. The angular velocity is measured using a speed sensor in conjunction
with a microcontroller on an arduino board and displayed on a Liquid Crystal Display (LCD)
screen. The data is then analyzed to determine the circle’s radius. The results show that the
developed experimental setup can measure the circle’s radius with an accuracy close to the
actual value, with a margin of error of 2.87%. This demonstrates that the developed experimental

setup can be used accurately for measuring the radius of a circle in studies of circular motion.
Keywords: Angular Velocity, Centripetal Acceleration, Microcontroller, Radius of circle
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et mangluiilunnyana saneifiu 4 Mlunsvassslumsnsadunwlunuiysznaume Viola-
Jones Algorithm, Dlib Library, Convolutional Neural Networks (CNN) e e Multi-task Cascaded
Convolutional Networks (MTCNN) #an153auUse@ns n1maae Confusion Matrix fia1vad elunis

a

pavdunmlununainits 4 Sane3fiuwuan Sanedfin (CNN) fuszAvinmifian dan Precision 7
0.95, Recall 71 0.92 uaz F1 score 71 0.93 fiatiu (CNN) iusane3fiuiidussans nmlunisnsiadu
Tunurgadian UssAviaimnisveuvesuaunasautudaneifinilvlunisnsradulumuimul
Fana3fiu (CNN) fiusansamafianlunisszyuaziamulunuiyaaalaestsuiugt waluanin
uasuosveanmiaaeuidurey WevhausutuusunarinisnaeunsuLaunaluym 45 asem

way 135 89A1 @usavinaulunisfesulunuilefesesay 82.5

Abstract

Face detection and tracking systems use digital image processing to analyse and identify
human faces. This technology is widely applied in various fields such as security systems,
personal tracking, and customer behaviour analysis. In the military, face tracking technology can
be developed into an automatic targeting system by shifting the focus from general objects to
human faces. When integrated with a gun turret control system, it becomes an efficient weapon.
The system's operation starts with face detection using digital cameras to capture images,
followed by image analysis software to locate and identify faces within frames and then track
them. Once a face is detected, the centroid coordinates are sent to an Arduino robotic arm to
track the face's movements within subsequent frames. The robotic arm adjusts its angle and
position based on the information received from the system, targeting the human face. The
experiment utilized four algorithms for face detection: the Viola-Jones algorithm, Dlib library,
Convolutional Neural Networks (CNN), and Multi-task Cascaded Convolutional Networks
(MTCNN). Performance measurement using a confusion matrix showed that the CNN algorithm
had the highest efficiency, with a precision of 0.95, recall of 0.92, and F1 score of 0.93. Therefore,
CNN is the most effective algorithm for face detection. The performance of the robotic arm
combined with the face detection algorithms demonstrated that the CNN algorithm was the
most accurate in identifying and tracking human faces, even in low light or complex
environments. Testing the robotic arm's rotation at 45 and 135 degrees achieved an 82.5%

success rate in face tracking.

Keywords: Face Detection and Tracking Systems, Image Processing, Automatic Targeting System,

Convolutional Neural Networks (CNN)
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Sane3viu (CNN) iusaneifuiifsAvsnnluntsesadulumnyeeaiiafian werdeumnzasly

nsUszgnalyluaddetnunnsned 1

= a a 9 ¥
f19191 1 ‘Ui%ﬁ‘ﬂﬁﬂ?‘WIUﬂ?iGﬁ’]%%‘UIU‘MU’TU‘ﬂﬂa

Algorithm Precision Recall F1 score Accuracy (%)
Viola-Jones 0.85 0.78 0.81 85
Dlib library 0.92 0.85 0.88 92
CNN 0.95 0.92 0.93 95
MTCNN 0.93 0.91 0.92 93
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A WAY X WAY X WAy WA y
1 v v
2 v v
3 v v
4 v v
5 v v
6 v v
7 v v
8 v v
9 v v
10 v v
11 v v
12 v v
13 v v
14 v v
15 v v
16 v v
17 4 4
18 v v
19 4 v
20 v v
374 15 5 15 5
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M13199 5 MInsFusazinniuninlunuilagly Db Library lugy 45° uag 135° yae 10 ASITIY

P199UA 20 A9

Y . asvdulanneuld | asadulila | asradulanaeuld | assadulald
e WAL X WAL X WY y WAL y
1 v v
2 v v
3 v v
a v v
5 v v
6 v v
7 v v
8 v v
9 v v
10 v v
11 v v
12 v v
13 v v
14 v v
15 v v
16 v v
17 4 v
18 v v
19 v v
20 v v
iRy 13 7 14 6
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M3199 6 MInTRunazinnunmlunuilagly Viola-Jones luy 45° uay 135° yuay 10 ATITIY

P199UA 20 A9

Y 4 as3uldRamuld | esadulidld | esaadulddamuld | esaadulila
e WU X WA X W y WU y
1 v v

2 v v
3 v v
4 v v
5 v v
6 v v
7 v v
8 v v
9 v v
10 v v
11 v v
12 v v
13 v v
14 v v
15 v v
16 v v
17 v v
18 v v
19 v v
20 v v
37U 10 10 9 11

NPT 2 ﬂ’]’iﬁ’]ﬁ']u%aﬁ%U’ULLGUUﬂﬁi'Jist]JUﬂ']’iﬁ'lﬂ’méﬂa\‘iﬂaax‘iL%ULLﬂlla'lll 190ATIVVULAY

Anmulununlasoas 82.5
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8. djluaranusiemna
8.1 ajuna

Y a e a a a ) ¥ Aaa a
NNANITINAADINUINBDANDINU CNN iLI‘IJi%ﬂi/lﬁﬂ’]‘WGLUﬂ’ﬁGli?R]ﬁ]UIU%u’TUqﬂﬂaVlGWlﬂﬁ Tneien

9

a

Precision 1 0.95, Recall 7 0.92 waw F1 score  0.93 Fsmunganundaneasfiutiaunsnssyuasinm
Tunesyaaalunwlaessusudwesideieln
namsadunazinauluvnmiedaneifin ONN luangayunIsues 45° uag 135° @190
vhlamsaruuaugisesay 82,5 Gefiondusransnmgalunisviieull msfissuvannsarhauly
anmenvyuiauna Wunsmegeuiiddyuaziansiinrmaassiivesseuulunisiuilefuannsi
awgnusuvieRinisUBsunlasumates mInadeuioatuegfunisasauaruiuunduina CNN
wazmawonveyaillylunisiinlusaosamzay
8.2 9AUTIENA
8.21 wanmaaaslunisesadulumnedanefiuma 1
Viola-Jones Algorithm SiuszavnmshiianlunsematulusnlusmAded fanuuiugii
AeuveAlofisuiudanesfiusy q dufueeerlumunzaudmiumailuleeuesduaniunisaid
f;faqmsﬂmmiu&?ﬂqa
Dlib Library fUszansanwlunsesiadulunundiinin Viola-Jones Algorithm wafsdl
auugilulagann Wudaneifufiurfinnsanlunsdiinesnisaruusuginounisgaunly
Sudunosdiarudigann
Convolutional Neural Networks (CNN) tJusane3fiudidiuszansamlunisasiady
Twﬁmmﬁqﬂumuﬁaﬁ {1A1 Precision 71 0.95, Recall A 0.92 uaz F1 score fi 0.93 virlvLdu
shidonlunzaudmivrunsaduuasinmalumuluaniunsafinosnisauuiugigs
Multi-task Cascaded Convolutional Networks (MTCNN) udane3iufidiussansnim
Tunsmsaadulumin wnen Precision, Recall, uag F1 score 104 CNN Ssfinrmigena
8.2.2 mwhendlunsfinasluvlususy 45° uay 135°
syuvaunsavinaulunisdaniulununluyunyy 45° uag 135° ladesevay 80
arwdnSatuandniiuisssaninmeessruilunansafusasAenalunuluaniigfivme oy
Sofinmsmyunaunasesann
8.3 YoiduBLLY
83.1 unmadeuuasiSeuifeusaneifiudfiuiy sideiidenledaneiiu Viola-Jones
Algorithm, Dlib Library, Convolutional Neural Networks (CNN), Wag Multi-task Cascaded Convolutional
Networks (MTCNN) 1t enpaeutszans mnlunisasadulunun enadinsifiudanesiuu 9 il

Wiguiigulsgdniamvesdiganainumaiy ninswauiataaluaiviniunisnsiadulumn
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uanant esvhnisneasdudouleiunnaieiu wu wasanans q guuesiiunnaaiy Meussdiu
UsyAvEnnluaniunisaifiaestumeuannty

83.2 wuiszuumuauLarnsanuindanudavguanndy lusuidedlanandanisly
sruuwrunaoglulumsudunaunaiiotidwaneg eendlsfinny aansafinsannisianszuumuey
wayn1sAnAuiinaBaveuanniu delnannsavienduaniunisaiuagdauUsivarnaisniu
wu msFurumviespmesedlumilumansadu msfanalumilusseznafieniu wiensdy

Tunmunluaninwinasuidurey deoradunwmuiiuiulunuidessld

9. asfauilninlianauide

' v v

(% a

Pnddeillasuesnaugndrdgiigituntsnsduluniasnisianulunuiniens
Usgananan1miadvia veyaidday lawn
9.1 msuauamalulagnisnsraduiasinaialum
nsneaesivisdiauemalulagnisnsiadunasinn 1ulunulaglydane3iiu CNN sauAy
nasIIuLANAZSEUULIUNaaNNsavhuswiulaee s ssAnSamluaniunsandni sy uwauna
Faduarugnenuddglumsimuszuuildlunistiamuiasseylumnluaauiniinsaeusdasy
QaEHbN
9.2 AudNsIVesdaneiin CNN
Y og v a = = a a LY a ¥
HAN1sNARBIAAdliNINanaTiin CNN Huseaniamlunisnsiadunazinaiuluniives
vana Judurnusiddydmsuinusazusuupssuunsnduwasfnmulununlusuen
9.3 MsUssynalvlunaivaivignainssy
n1neaessruviinuinisusegnalymalulagnisnsiaduiasinnulunulunaigaun
gRaEvMnTsN Wwu Msshwenudasasieluseuulsegdinier MsieuUARAlUATUNATITMY uae
nmstuunUszimgnaitugsianisassndun dilduanugiansadilvlslunsiauiiasy sulse
LoUNALATUNT BT UUMNEITDlLERENYNTIUAT 9
9.4 myusulvlumemmis
Y o= o & % - a ) ¥
nswudimsihszuudivlslumammsiflegunisueaddsulainnmsasiadulunundunis
LU manevans ssuuilanunsaimundussuumuaunistale leetssuuasandulumnunlydu
da o s - g v o as
aneniiuszansamlunmsinauuasdiumunglaegegnaes wasdiaunsaienauideilunesen
NNNIIMSIAEN TN UUMENELNBNNTATITULAE AR
= Y Yo Y A v o ax oo a a 9 ¥ a
MnnsAnwillasuanuinerivdanesiuniussansamlunisasiaduluruikaznisiianiy

warAILNTALARN D ANDSNUMMILNE ALl UITULAY @D1UNNSUNADINTS
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AMUSINLDTEMININUIBIIUNIINATwazan1UwIdeTuls s wislnusewmalnedssuu GNSS 74

Uszdnsnm aunsafianiawedle wagatuayunsiauUsemeee198isu
A181AgY: GNSS, GPS, NM5AINaNNI3, ANuiuaAsveslsema

Abstract

GNSS plays a crucial role in Thailand's military missions, including navigation, position
tracking, and tactical planning. However, reliance on foreign GNSS systems may impact national
security, necessitating Thailand's development of its own GNSS system. This article presents the
working principles and components of GNSS, along with approaches for designing Thailand's
GNSS system using existing infrastructure, such as using radar towers as ground stations,
integrating existing GPS receivers into the system, developing small satellites, and collaborating
with other countries' GPS systems. Additionally, it discusses the benefits and applications of GPS
in military missions, challenges in system development, and future directions for enhancing and
improving the system, expanding its use to the civilian sector, and fostering collaboration
between military agencies and research institutions in the country. The goal is for Thailand to

have an efficient, self-reliant GNSS system that supports sustainable national development.
Keywords: GNSS, GPS, Military Missions, National Security

1. uni

1.1 AudAye9sEuy GNSS Tuashananms

33UU GNSS (Global Navigation Satellite System) Wussuuthnismennifisuiiasauaguiialan

198 GPS (Global Positioning System) tuszuunilanigla GNSS Mauilaeansgaiusng Tudaqiu
52UU GNSS laetane GPS gnihunlvesnswnsviaglunisufiinisiavesnasrinlnglumanrings o
NUN Mo kagn1we1nie mnsineleuselosuain GPS lunisumeenuniviug enysenlsunsa
LUaufsmdana waiiuuszdnsnniazanuiuuglun1sufifinig endreenawu lunsiaainnssiou

o dﬁl dl ' L ¥ ' o dl d‘ o ! d‘ :’I ! o
Lag 1IN UNNINIT MUIEMITIIUTNTY GPS TIUAULNUNLNE SEUAMALTIAIUEIN 1LY ATUA
EUNBAUI wagRanuauntoulmivesndn inaunsawmdeuiluglivsemalaesisgnaeduas

< a v ¢ ! ‘g a o ) = %6
FINLIT VULLAYINY mumimmzmuaummwmimﬂuwﬂumimmqﬂﬂimu’mw GPS el
nswunlugaavanena o leesnswuuglunisugdinismeinie insestutulauaziadneuines

ﬂaaﬂaqﬁwmmmwmﬂqﬂﬁﬁmuimzw GPS Iumiﬂ’m*ml,l,azizyﬁ’nmm TuazidunsannnsziunIeIne
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nsadvayuneenalaglnada visuuunnislaudimvunguunuiy dnduasleveyaiiinain GPS
swduasesdouaziduiresdu q lunisssuduwnuisinimetusazlmuelaeg13gnaoauuue)
dﬂJ LY o % a ¥ ! = & % ! d‘ a ¢
wana1nil GPS Gagnilulvlunisfianuuyvesssukaznsvigivdonyseausie 1w Waliamanisa
wHuAUlvsegnndy nuiendevesnasindnlyveyafidnn GPS lumsauniuaziunfisysondin
VIUHULANN NN IRIAENNAY TINRNITUTEATUUAUMIIBNUNALITOUINE VRN
5¥UU GPS lalnanfiunumanfAgyeenuntunisufuinisiavesnasrinlne vsluguunivay
a & o aal = 9 i =t = ! a o
e133Ng M AATEAUENSISIAUATEAUENSAEnT n1sitaninalulad GPS wigiiulnnuansnues
Aasnanazgisunsalmivaiouasivsz@viamuniu spnslsiaunisianmalulagannm i
= ' = a ' o Y o o
Weseernfetotadunuidsaneanuduadla Faiun1sWRLITEUU GNSS vesUseimnalngias
= o = ° ' = a ua @
JsfuduBdesniimudidunaadosnmuezamuannsatunsufifinsvesnssimnlnelussezam [1-2]
1.2 Jeymnisienamalulagannasussine
g ° = Yoo ' Y P =
e LTUNIEReIieNIsTUU GNSS NNeUsEmAlagRNIzaNanszewnEn Usemelved
nosdsalraraidudunuinnlunswilyuiniswazgunsaiiinedves laglud wa.2562 Uszwelned
Artgarelunisilyssuu GPS wazgUnIUAIN 9 NANUTEMATINAUYTZNI 1,200 81UV
(MiSoUszannd 38 anuneaasansy) Janutuand w.a.2561 83 15% wunluuailyaredfieniaiugu
' oA = ¥ ¥ = £ = -
9819MBLHDY FWNINAUABINITLINUTEUY GPS Mnnduslunmanmsiasnalsou [3-4] uenmilean
AunuAlYIENgIRas Msianalulaganaalsemaduilminnnudsamimiuauiunme
P ¢ @ YA ' Y o A
18393 lUanIUNTNANUTALEITRAIATINTEMINUTENA UTENALRIYD9TEUU GPS 91358 UnTe
IipnsrusNsenUsEmAlng aamansenuaeesukswon1sU ian1shanemmsvesnasining
1.3 anudndulunisimunszuy GNSS vasUszmelneios
AIEANEIAYVDITZUU GPS an1snaniammmsuazdgymiiiinainnisianamalulagain
naUszing FsianudnduesnBiiuszmalneasnosimuszuy GPS YaanuLed n15853uy GNSS
Anmuleglumeluladuargunsunieludssmassviomunnudunsiazeiulnenenumalulad
AANITININIAINANUTENA LAz uTAAILEINTAlUNISUUANSAININIIT BnVedeaaasunis
Wawesnaugwaruinnssunelulsema Jeaztdilvanmsimuimaesegiasasdianlussezen?
AITUNTHAIUITEUU GPS vesUseimdlnelosdaiudeniinmudiAyneniusiunilag Aun 1InUIUe

Usgneoeees [5]

2. MANNNININIUVDITZUU GNSS
2.1 99AUTENIUNANTYDITZUU GNSS way GPS
S¥UU GNSS Uszneume 3 auvan lagavesunely GPS wWufeens laun a@ueinid (Space

Segment) aﬁumuqm (Control Segment) LLaza'aquM (User Segment) 41u82n1AUIZNAUALEY
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ALY GPS d1uiuegues 24 ae laasseulanlulddaasiinivualy aaiieawmantdivuniias
dyaauniinezaeiinuazveyalaasilylunismuiumuvuivuiiulan @lumuauUsznaunlganiil
& a da o N o o 9 ' = a =
AATNUAUNRARNNTINUYBINTIALY GPS naen 24 Falus vinsuTuunaniintesneiinuuaiiiey
wazasvayalaasnusulsanaduludinniiien auklydseneuniaiossudygyias GPS NRnATUL
gunmugvisegunsaing 9 Flvveyanlasuanariiienlunisiwinsiuiauazding [6]
2.2 Fnsiwasuuauazdmsluszuy GNSS

A3 095 UdRYIad GNSS Anumunuslaglanannislasuannelsdu (Trilateration) FneInIs

o

a1 NAITENeE1UBY 4 A9 TUNITAUINAIWILIGLUY 3 37 (Azfgn 099390 Wag AINEY)
LAT DT UR YU TNTTIENINTZINNAUDINUALTIBUNLARAZ A 1AYlUAILLANAIITOIIATENIN
Fyayauuninieaeinfigwnananiiieuuaziiaiiniessulasudyaia mnduazluveyamunug
YDA AT UL WD AT NFUNITNIALAAIFATHALAILIUATLNUIVDIAIDT TUNITUINY LATDISU
U o o ! ! ! d‘ a = U ¥ d‘ o ¥ d‘ o !
daazAuINAILLI R oLl s LAz lUS sUTIBUA UL UN 19 A Ul LW@UWV]’NI‘IJQ"\!@M%J’WEJ
Yangna [7]
2.3 paNALaEANNNMETUNISHAUISEUU GNSS
TuNISWAILITEUU GPS JU830AkaEANUNINENa18USENNSTNBININTUN F9T UTENISWSA
v 1 ~ d?{ ' ¥ v ' Yo dI

N15ATNUATAINNITEN GPS Tugelaasnasluiuyszanuamugnn lngdssunanisanlyieiade
Tunsasnauazaseniiiisy GPS awaantuglavsseulanayiussann 50-100 aMUADaaNSaN5EAOn

(Usganay 1,500 - 3,000 a1uum) wananiddmesiinisassanidmvauniaiiuiuiasaueuiiminig

=

Fafauyuii mAndndwauunn (8] Usenisiides n1seenuuuszuy GNSS Tndimusiugiuas
fiadosnmgeiuduidomimeessds sesiarsanTadonis q esnanden 1wy S fumu
wlpasvesamiiion UssAvBamussuniniozaedin way nsvnwemueaInAdouandadouinaon
919 7y auuumdnlanuagduussena mneenuuuluAne wwasmalnszuuiieuuiuguay
s Usensiiens nms¥hwanutaendovesstuu GPS anfeanaumdlauesiduaummig
ddy wlesmnminszuu GPS gnudnuielaufmaluives avasmanssnussusnen1sUiRnAY
yamawereuunsresUssve Ssndunesiinnsnisinviaudasademidluweslusedugean
'171"’3ﬂﬂiﬂaﬁuLLazmiaaﬁumiqﬂqﬂ mm%waﬁa%azﬂaizﬁuqa uau Fadudommmenanumada
uananil SefienunimeluamunisianyeaInsidaugATELIgLENIENINTUTE U
GNSS a9ands Faduaiifigdomgrournsiialulsemdlng Sudunssdinsiauidsay
TuaaniinunisAnuuasineusuisluuasanaUssa [9-10] vedriauazarmmIIsaTinoslad
MyNauRUof oy TaUABY MUMTAMUIUYsTINMEENATlBINe MTYTANNITAIINT BN
YNAAEIU Wa MIRAUNYAIINTOENNBLEDY iolnansaiauIssuy GPS vesUstinalnglangs

a

IS a
NUIZANSNINEEn
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V“‘( | ”“‘2

B »;;: MRE-A-GPS Technology > % /\Y
x \%
=i ﬂ;—@

Ease tal.cf Smu

VAZ-AGET-NT N\.\rC! ONTROL  GERSUMTS NS BS

Eau lv\

1 r@? %

Meda Map \,' NS Datadase
Secver uc Appicasion User _,m:ou

HTTR
tha‘sar Server
UNSLS

Device Database
oot © M ‘wlommaten Teemmalepen T Lk (RLLIT) 3008 & sym mnenee

Uil 1 ndnnsvhanuves GPS
fan: https://earth2225.wordpress.com/2011/08/22/gps—ﬁ1<1ﬁuaEJI’R‘J—IS/

3. n1seanuuUszuY GNSS Tuuszmelnelngldgunsaiiisiag
3.1 ﬂ’liﬁﬁ’;ﬁ]LLazﬂizLﬁuqﬂﬂizﬁ GNSS Viﬁagj
Tun300nUUUIEUY GNSS vesUssmalnelaslagunsaiifiey dunouusnAenisdimanay
Ustifiugunsaiuasmeluladiliieavesiuszuu GPs fifleglutsume Vislunasguasionau msdsaadl
AsouARNRIAITiBuAeasuaraIfisudimafivsumalvednssuanivieannsnnnila swdsannd
mefuRLwazAus Uiy ueninismesUspiiudanuaunsnvesyAaINTuATILIBIIUT
Aeravadlunisiuuuazguassut GPS nan1sdmauardssifiuazysvannsoimuauuamalunis
fiaunszuy GPS Tngladsslornangunsnuasvaluladfifioguarssyauiisndunasdamvionaun
s [11]
3.2 mi‘u%“‘uLwﬁLLazéﬁ’mLLanqﬂﬂiﬁﬂLﬁaﬁimzw GNSS a4l
wé’qmﬂﬁﬁaﬁmazﬂizLﬁuqﬂﬂidﬁﬁaguéﬁ sﬂgumawialﬂﬁamiﬂ%’uLLG{QLLaw‘i’mLUquﬂifﬁ
wiantu dielalussuy GPS vesUsemAlne nsUiuunaserannfininuBsundaseaausRuasiandy
miﬁwﬂumaqqﬂﬂiﬁﬁﬁaamgmﬁ’u%@ﬁmummizw GPS W MsUSuALAkazidasedygy i
nafiuszuudseslii uas mi‘d%‘uﬂ'ﬁqawuuszmamm%au uenanil enanesfimsdaulamie
fimugunsafisudieifonouazysannisgunsaiiifiogurfussuu GPS wu mavamBuwesila
wazlUslareanisdoasszmnegunal msﬂﬁuu,mLLavmLlfdaaaﬂﬂiajijﬁaaml,uumsamaﬁau AR
Tnefiladstadomuanuvaends anuiades wararudulavesgunsal oluszuy GPS a1unsa

Fauleessfiussansnnwazudene [12]
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3.3 AsHaLgennwITLaYsan3ind s uTEUU GNSS adlng
audAgdnUszn1sutlslunisoantuuszuu GPS AonsiaugennLlsiaydanasiuilalu

ﬂ’]iﬂi%m’lawa%@yjaLL@Sﬂ’JUﬂNﬂWiﬁN’]u‘U@\ﬁBUU FONAWITNNAUNTUADIANLNTOLTONADUAL ADEANT

v
¢ a

ﬁ’uqﬂmaﬂaﬁmn%ﬁm q luszuulnegnesuiu iamﬁqmuﬁaﬂizmamauaz‘imemayjawigﬁ’umﬂ
aieuLazaniniaiuiulneg g LazTInEa uenani sanesfudlalunsFuiasuuLas
ﬁiﬂmqéj@qﬁmmmmuﬁﬂqq TAEENTOTALTEAIILATIAATOUATN 9 LU AITUARIALARBUVDILUIRNT
LAEAILAALAABUINT UM Al oE9TiUSEANE AN MswaweawIswarSanesTiul nes
Uil IneInIsnenfinmes adamans waz Imnssurennws Saudmesdinmaaeu
LaznsIadevasaridoaiielviiilalulssavsnmuarenuudofevessy Uy [13]
3.4 miﬂisLﬁummijmhﬂumiamuﬁmmisw GNSS

ASWAIWITLUY GPS m&ﬂu‘dszmﬂﬁmﬁ’%ﬁuéﬁaﬁmsamuﬁqq wAvznelinualselowy
TusvevesiinunisUsendanlaaouasnisiasuasamnusiunmesseme daudedinnusudunes
'UizLﬁumms{uﬁwaqmaamuimamiﬁjjaalwiamau [14] Giquuiumsﬁmmizw GPS v84lne
Usznoune

3.4.1 é’{unuiumﬁwmmﬁw GPS vu1aLan e‘i'iqﬂizmmmia@;ﬁ 50-100 5’1umaam<§au%’§
(Us3nad 1,500 - 3,000 a1LUW) ABAN LazAIRIABEia I fiuNegnsDs 4-6 A9
3.4.2 é{uﬂquiumiﬂ%’wgﬂmaaﬁ%ﬁugmﬁﬁagj 5y miamé?aqﬂmajau—éq SoyaaIuULEIANS

(%

nsaTNAugMmUANlaraninaiiuiy Ut siagenllsuazdanaI iufie1ves ANy

ﬁunuhﬁmﬁ 10,000 a1

3.4.3 auyuUATLIYAAINT TaATedsguasimnsanasUssme atlvnelunisineuss
wazianyaansnelulssme sdsaansyaainsdidumsuaztigainessuy manaedailyans
Uswann 500-800 aruuimaed Tassiuua aamsiaNTEUY GPS vasUsamelneasiinunuamu
sulaisiinan 30,000 aruun Tusrey 5 Jusn lunanduifunisdissuy GPS vasnuasazyiilulng
Usgndnalaanglunmsinuinisuasdogunininnmsssmalaumaa delutagiuiailyaiesed
Usanas 1,200 a1uum wasdnnluadfindunnd snfivsanluszey 10 T wwanunsousendaailyans
1An71 15,000 81UV

uenmio91nn13UsEndnaleatsuad n1silsuu 6PS ngluuszmadsaanalszlowy
Benmunm 979 nsiiiudamuanunsavesnasinlumsufoRnsAanimmsesnsiiussavsaimuas
paLos MsaneudssnmsianmalulainaeUssme msaiuassnnuiuaddununelulad
uay S1u1InDTDITEVTIUsEnA TufinsaasunsLnesAA LAz NI 1E U SEYe

MNAIITUINAUYUNITAULaE AU lovuNaglasun s lugeiavuaziien aunInna’

1A5INITWRAIUITEUU GPS vaslnetuinfininuauaIwazuIay Antagaunsaaunulanigly
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sepziaUszaina 10 9 vdntulznelninnausendneewmeiiledussereny wseuiuasmudung
wagAun I unAlulaglnunUseme [15-16] Aty n1sasuimuiszuy GPS Judunis
amunlaNuRuAkAzIINzaY tnglemgeyBullennsaniinnuddgveanaluladineninuiuag

vosUsyinalnglussezen

4. mMsnagauLazUIuUTIUsEANSAINYRLSEUY
4.1 MINAABUANNILLE AT ANLLTERBYB T Y
MEINOONUUULATTALUITZUU GNSS Ladaamysal fupounslufensmadeum g ey
Andeiiovetszuy [17) mavadeuiiasouaquitinisvaseulumesufifimauasnisnnaeuninau
Tumimaauﬁjawg‘jﬁ'ﬁma%ﬁmiﬁﬂaaqamumiajm'w 7 19U NSIUNIUENYIN NsiUAsuLUadves
AnNeINA Wagnsiedeufiveseuninuy evsnidunnuuiusiuazauaiissvessruuniela
anmeaa 4 [18] dunsadeuniaduinassniunsluiuiiesiiddnuasnainas wwu fufidles
fufivuun Mufigun wagiuiinmeia Weussdulssavsnmassruuluanimunasuiuanaisiy
sansadeUargneTeiarinlslunsUsussssuUnEmnsusug uaranidetienndeiu 19]
4.2 miﬂ%’uﬂqwﬁz?mﬁmwLLasLLfT”L‘*U%aUﬂW%m
MNHANINAREUATLILE LAY AT pfiovBaTE Uy agiin1TEyTReeuLaURUNNTENT
5@@15’%’UmiLLSI%LL@%U%’UU@@ MsUSUUIUsEAVBA e TINEensUSULASTane3 TN nMsAnILTL
mnﬁmﬂizﬁw%mwmawaw&m‘luﬂWiﬂizmawa{faga miﬂ%*uﬂqﬂmmLL@JuﬁwmaﬂuﬂﬁﬂwLLasma
yoALAaLAd o AN siuaudinsavesszutlunishaunielnanzwanaoud
ladag1uae [20] uanainil veunwsesnis 1 wu veRenanalunisdearsveya Jamarueidula
vosgunTal oy vedlmanunnuasnds arlasunsunlvosiadussuu nsufulsuazunlumand
wmelvaruy GPS usyAvsnimasiu wavanansavinaulaensdiafosnmluanmema q [21]
4.3 MswSeuiieuUsEansnmiussuy GNSS 1nsgIuang
dielviiulanssuy GPS Mimunduiissavsnmifafloutussuy GPS asguana azdinng
WsuifisuysyavBnmaassruuiussuu GPS Mlasuagiialan wu svUu GPS Tesanigenini swuy
GLONASS was¥aude uar svuu Galileo vesanninglsy nmaSeudisuiiasfinnsandadonis 4
AU lunTIEYALML A5 luNNAUIMLAZLERING AINATOUARNTBIAYIN LAz
auanansolumsiustusuudy 4 sansfisudisuasrslnannsossygauduargeeoures
sruuitiaundy wesilugnmsiauuasy fugsssuulviidssAvs nmgedetu welnanunsouusdula

lusgdvana uaznauauenuneINTveRlyulaesiussdvana [22]
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@519 Nsluszuutmesialan [14-15, 19]

STUU | UsemA/a9Ans | 91udu | Aausiugn | A2 y y

Um9 ERLIHR aafiey | (wag) ATOUARY AaRnaR AnHE

GPS anigelsn 31 35-78 vilan L1 (157542 MHz), | Tl

L2 (1227.60 MHz), JUwuy
L5 (1176.45 MHz)
GLONASS Sande 24 a5 - hlan L1 (1602 MH2), Tosday

74 L2 (1246 MHz), SULUU

L3 (1202.025 MHz)
Galileo | avnmglsy | 22 <1 jalan | E1(1575.42 MHz), | lwsw

E5a (1176.45 MHz), | U@y
ESb (1207.14 MHz),
E6 (1278.75 MHz)

BeiDou u 35 3.6-4.6 gima | B1(1561.098 MHz), | T
LOLTE- B2 (1207.14 MH2), Uk
wUin B3 (1268.52 MHz)

QzsS Ju q <1 gima | L1057542 MHZ), | e
LOLTE)- L2 (1227.60 MHz), U9EY
wUBNN L5 (1176.45 MHz),

L6 (1278.75 MHz)

IRNSS sy 7 <10 ol 15(1176.85 MH2), | lwenadin

(NaviO) wideln | S-band (2492.028 MHz) sUuuY

MnmsaTeuiiey awdulanusazsruu GPS Saruuanasfuluaunig q feil

431 uauaTIie: GPS (31), GLONASS (24), Galileo (22), BeiDou (35), QZSS (4), IRNSS (7)

432 A21ukuue: Galileo uay QZSS TAMULNULIZIT 4A (< 1 1UAT), AIUA2Y GPS,
GLONASS, BeiDou uag IRNSS asanuy

433 ANATEUARN: GPS, GLONASS Lag Galileo fannunseunguvialan luvaisd BeiDou,
QZSS uay IRNSS asaupguanzlugiiniaede-ulainias duise

434 AAumnud: unazszuulyaduaudiiuanestu Tae GPS, Galileo way QZSS lunad
L1, L2 waw L5 59ty Tuvauzdl GLONASS, BeiDou uag IRNSS Tymmilanizyasnuied

435 @nugn1slea1u: GPS, GLONASS, BeiDou wa IRNSS agluanuzlasuiiuguuuy

a1 Galileo uaz QZSS peluanuglunuuisaiu
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nsidenlyseuy GPS TueyfiUuANUABINITANUAIILLLLEY ANUATEUAGY UazAiule

vgunsauilony MslrnusNiuseyavane sy Uy (Mult-GNSS) andnsavigiiueiuuiug aunsesly

U WAEAILATOUARNYBIUINTIEUMULIUSLA

5. WWIAANISEEI9 GNSS muAiuvedidey
n5as193EUU GPS vasUsuimalnelaglalassansiiugiudifioy ansnsasdumslagsd
5.1 mslaansmsiussmaduaninafiufudmiussuu GNSS
5.1.1 Usugnanssiitegludsianesinide newineinia was nsumstunalieu %ﬂé}uﬁaé
Tuiuiidedva 9as1d quasivs1ll aswan ay3 woy NuMNLILAS
5.1.2 ﬁm@?@qﬂmzﬁ%’uLLazﬁﬂﬁzgiyﬂmiuémmmﬁ L1 (1575.42 MHz) wag L2 (1227.60 MHz)
flaluszuu GPS vuiaLInT wieugUnsaisrananadygnuas sy uUdoamsvaya
5.1.3 \Weumaianisanslufuguinuamanuesszuy GPS muniertedeasniuiiigs wu
wdorslounniuandeardereiomaniion Weamoyalrtsuazmsuiufisuuniiniossedin
5.2 mﬂ{fﬁa%’ué’%mﬁﬁa@jLﬁjué’gwﬁwmswu
5.2.1 1dd3udnyeyad GPS fillsemilunesinun nesinie nesiimenmea dtinausyawieand
NIUMIVADT LAY NIUGNETULAIER A uagsitugiiy snieuneinnfuszuy GPS vasUszna
5.2.2 fadeiaiudgain ops Tufluiiddyindsema N191NAELA5TUT MiFe
uwiauat uag iwaliaugrannssusuawn elyluntsmadeunasaTAe UUTEAVBA YR TE UL
523 ﬁ’wm%mﬁm‘?meﬁmyayjamﬂﬁ"ﬁué’mm vt elolunisusziiumanuuaug
Aramsonlsy uay AruATaUAquuDId I GPS Tuilufing 4
5.3 mswaLnisLruadniieiaiUsansnmss U
531 sawileduanduifeaniienuazniaiviimassunisiunazeinia unine ds
weluladwszaemnasuy lunseenuuuuaeiaafiesndniifiimiinuszana 50-100 Alandy
532 Padgunsnszyiumuasuiintoznefinuuaifisnuinidn wielvasdyyio GPS
ailuufivdlnaviefiuiigun wu nmawiewssniany Tussnidsunievosszine
5.4 MINUTIMAVTEUY GPS VesUszinedu 4
5.4.1 WsnAnETLiodunsnufiuguaTE Uy GPS vesanigeiinn (GPS Directorate)
nsuNMsdueINIATAde (Roscosmos) wazvietyinn1sesniedu (China National Space Administration)
dowaniAeuteyanufleuussmaluladfiAsies
5.4.2 Wansvuu GPS veslnelnsessudaya ol GPS 91n3UU NAVSTAR (@135°1), GLONASS
(¥a13e), BeiDou (3u) ua Galileo (¢lsv) ilariusuaumaufisuiflrlumsdunmumiaasfulse

ANULIUEVDITEUY
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5.4.3 Weslosausnuauszuy GPS vedlnefugusnuAusEUY GPS YasUseinady q H1y
oreioassznasue WewaniAsuteyaaniugauiioy veyaunRinieznafin way vayanis
unlamenuaaeLARoY

nsAfumnuanaey asihlvssmdlveiissuy GPS Aflaruuugh undefe wa
AsBUARUTUSEINA I@ﬂiﬁgﬂsziﬂsuﬂmﬂimaaéywﬁugmﬁﬁ@g Huanss sh¥udyann we anusauile
fuussmaiusiing oendlsfimu mewwunssuy GPS Lﬂuimqmiszasmaﬁéfaqawﬁamﬁamuﬁi’m’mmm
nsRauIyAAINT uaznTiTemalulafoswmaides itelulnssuuiiduszAns nmuasmevauas

ﬂ?ﬁmmaﬂﬂﬁi%aﬂﬁisﬁﬂ’]u‘lﬂaEJ'NLL‘VI‘\]%Q

6. fadrssleviuaznisuszanaldszuy GNSS Tun1snaniamms
U GPS Slumumdrdyuazdstleviosnsbenensufoinsammammnsvesnasiimlng o1
6.1 MILMNIUALAARMAFILILIYBIE LN IAULINING
TuufuRnisTumauidamalne-avssewwing ded w.m.2562 fiasefas nosinun Tanis
uAsTIEAN fn9sEUU GPS AARIUUE U IVILENISNINIAN 4 Tesndeeselvowazsangy
usTNNavesHheansse Pelmaiedourndmaazmniariiuszansnmanndu aunsaUssviana
Tunsiadeuidss 200 defsutumslauuivasnsdnaiufineaues
6.2 maiinUszavsWluiURnsmanms
Tud w..2560 nunssuiawuiniesu nesvimide lalsszuu GPS Tun1sufiRnisyisvuain
nauUIUMILR TV TR ilufiudidmdadami mnssufimaunsadoasumuadmneuas
ammumsﬂiwlﬁaéwLL@JusTﬂ asnalvanusauiRansfedisauazantassTssulasianan 4 ue
Imalniﬁﬂﬁgzglﬁmﬁmsﬁu
6.3 nsannsfisnimalulafinasUssmeluaniunisainudnues
Turawmmsaireunlne-fmiaeiondiod na2550-2555 Ussmatuyiladatunslsny
Atyeyned GPS dwduussndlvelufiuiivnoway vhlvnesinlvenssiunitensyuumeanardion
Fananisal madteulvelan ieleluniashse Tinsindoulmueshefmauinurowny 9aean
HANSENUINNNTERYLEF I GPS mﬂﬁ’uwﬂ'ﬂﬁyﬁa 80%
ynusznAlnediszuy GPS MelulssyAvaInULEILAT AANIIaANISRaNIAINATUsELA
lnenann awalvndamuannsalunsufoinsfammmsiienuseiiouszivszansamun

a X I ‘Aa o ¥ o ¥ s
893U wulugnunisaundanudaussiulssinaAvaanalulagnaniy
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7. AMURIMNBLAZKUINIGIUDUIAR
7.1 mawRmLazU3UUTIsEUU GNSS enanaLiles
701 ASWAUIITUU GNSS Aessuilunisesemetiios i elniunenisiUasunlasves
LwﬂiuiagLLawauauaqéamﬂwTaqmiﬁLﬁmﬁmméﬁqm Talumuaug pramsedlyiy way
AMUUADASBTDITTUL
7.1.2 msUfulgaUssBvBameesssuy enasainsiannaiion GPS sulvuiidiaussaus
qaﬁ‘ﬁu nsUSUUTISaneTiin msAuaiurus way nstimaluladlng 9 lwu JoyUseAnguay
nsUsTINARALUUARIAUS ATl uTE UY GPS
7.13 msfmuyaainsamumalulad GPS ogrsaeiiios iunisiineusy msfinwine way
ﬂ”liLLaﬂLﬂgaummgﬁUﬁﬁ’JﬁN’luLLazEJL%EJ’J%’]EQTHG\I’NU%LW?T szmelnlszandlvedinnnuannse
TunmsimuuazauasE Uy GPS lamenuies
7.2 misumasuauLsumm{[,%mulﬂgjmﬂwaﬁau
wonimdennnislaaulunsiamenms svuu GPS veslsundlvedaunsaveneveuiun
ﬂ’]ﬂ%ﬂ’]ulﬂéﬂ’]ﬂwaL%E)ulf;aﬁl’]\‘iﬂ’;’NGEJ’J’N Wieatiuayunmsiauasygianaydsnaluvannviangann il
7.2.1 eumsvuasdumuarladanng
7.2.1.1 ﬁ@mmmiLﬂﬁlauﬁ'maamminﬂﬁuﬂyﬂLLawfﬂaumumaiwm?aalwﬁ
PeuisiamanssuiunmsuuandusyAvEnimnntu anaunuaundsuTInNsAuT oAl
7.2.1.2 MUHUELUNINITVUAT Tz ay [ovanidesanauuiifinsesasmuiuuy
PeUszudanauazailyaglunisuues
7.2.1.3 AIUANATIIABUTAUTIVNIAIUATNY WeUasfumsdnasuuueteanssunsie
Ugagamaneiiangane
722 sumsnesiien
7221 Wanueundladuvnalaziusianuiveadion I@ﬂi%ﬁga;éammﬁmmiwu
6Ps Tumslumuuzainaumasasteyaaniuiinesiledlnaiies
7.2.2.2 fasuiiwnueinveiiendiesniiunianesd sanayselunaisssuen i
Lﬁ@lﬁmm%aamﬁalﬁﬁuﬁwﬁmﬂLﬁ@L%QQﬂLau
7223 Twsznginssunisveniisanarnisnszaefveinnenie wWelvidy
%@yjalumsmqLqumﬁmmsLméqmqLﬁaalﬁaéwammsam
7.23 pumsdansfeRn
7231 Ramusuusiuiidsssosssumfuuutealn wy aLAnuKuALLIN flui
v viseltuiiflerainnulrausay dWewSounisssiuss
7.23.2 Munudunsenewniliesssurdlaegnsiussdnsam 1AgAUAATINNG

wazaUaenfelvaeay
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v a wa

7233 dsnavUssiiuanudenendaiadoivd Taglynimaneniseniasuiy

voyasr Uy GPS TumssvyRnaiiuilafunanseny
724 PuMINYRTUILENGS

7241 ardeuiunuilanneng Wemanmuinaeuimnzanlunisugnity
umazila Wy ANEY ATMANALEEY LaTanINAY

7242 twusaunauaziwmslals mswuaaadl wasmslmi deanaugyide
LAz iLHANER

7.2.43 Mausuaundlunsiufemandn neufuaumndvissansnmuasauan

[y

fushuauusenuile

(ﬂy’JEJ“l’JjE];JUaﬂﬁﬂLLazﬁ’lLmﬁﬂﬁLLM‘uﬁ”}‘\]”}ﬂizUU GPS azneatuayuRanssuMaATYgRaLasdnm
Tunmeanadeulanainvanedin dewanisvuas Mveadies nsdan1sseRvs audunanisinens
Fauduunasneladfresszmea sndadunsasidenalumsiamuminnssuwazsmeluladlng o
UUFIUTEUU GPS o

7.3 arunadiesgannerumansuagantuideluyssina

731 nsWAUIITUU GPS vesUszmdlnesudunesendoninusiudossdlnadnseming
MIBNUNINS LU nesTiuansznTIsnauy fudantuidouasuminededuimesUszne

732 anusauiledaseuaquiaunnsidouassianimalulad GPS n1soenuUULARATI
AMIfiaLAUYIENEUYBITEUY lUautansmeaeulasUsulgauseansnmeeasssuy

733 nmanaaseveanusiiefinndsrumnmusnumamsuazaatiiseluuseme
"\]86{1"3EJGLVQTIUiSL‘I/IﬁVLVlEJa’IiJWiOWGNU’lizUU GPS ﬁﬁﬂizﬁm%quq aamﬂgmﬁ’umméjaqnﬂima@rzjisgm
wavannsnfiemaueslaiuszezen

AuMeRarkuInslusuIARaIM RIS UY GPS Tuusuimelng Gi”ma'lﬁﬂmng'qz’]"u
L,Lagmm%’mﬁamﬂnﬂﬂméauﬁLﬁ"m%aq ‘ﬁﬂu&;jﬁumiﬁ@w}LLﬁ%‘lJ%JUUEQiBUUE]EJI’NG{E]Lﬁaﬂ N159818
ﬁuauLsummﬁ“[fgmulﬂémﬂwaﬁau WA N13AI19ANTILTTDTE I NIUI IS Har danT LA e

a a

Tudsena msafiunmsmusuimavandazanglulsemalneauisaasiessuyu GPS Aflussansnn

MOUAUBIANABINTVOI B UlABENATOUARY waratiuauN SRUIUTEWAlUdRAg 9 lnoend

o A
gaguluauran

8. unasl
v Yo ° Y X a a Y o Aa ' a
unanuilavihnsdrnalasasaiuguiinelvesiuseuy GPS Nlegludsemelny wuindl
saaUsznaUUNEUTasadUszanalyla 1w @nsasuazisudyn I GPS unfdullvediinuas
TdupadlaunisuSulssiindu wenantl nsUssliulneyNaNIsaTeIYARINTHATHUIBUTINEI VDS

' a o ) ) e Iy A a A A v ) a
NUNMTFNENNTEAUNTILARINaILRLL AL nenIzlua AN evadlaensstumalulad GPS
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Yy v
(=3

nsesgnerdululadlmfuiinisfaussuu GNSS vosUszmelnedaudulula
wardianudnduneauiiuasrestssing unizassdinsamusutszanmesiadisame dnnsiaun
yaansesaLios wardiamusiufieduussmmiusinsvioosansfiisives

unenuillaauouumislumstauszuy 6Ps Tnglydsslosunnlaarsiugiuiiioy wu
USuUsaansnsuariaiudonya ﬂ’@ummaLﬁamumﬁﬂﬁam&%qmiaﬂ GPS AsuALTINTDTEYS
UsewalunsuaniUBsureyauasmalulad sudsswiioduaniunisfnyiwagidonislulseina
uenaNi AITHLHUT LAz UTUUTISEUU GPS oenmaiiladluiuasie

n3flszuu GPS vessemAlyeiessIsiaSuasAuuAs aan1sfienanlsea uay
AudanuannsalunmsufuinshammmslaesnsiiussAnsam uanoserdeannusaudean

' P ¥ = ¥ ¥
NNNIAFIUNNYIVDI L‘L!’EN@U']ﬂLﬂiﬂﬂﬁﬂﬂ’ﬁi%EJSEJ']’WIG]’EJ\‘IIGUﬂ’]iaQKIuQQ

9. daiduauu
AsWALNTEUL GNSS vasUsemAlnedenuidululawsssudunenuiuamosszina Tay
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