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Abstract

The objective of this paper is to develop a demonstration of the ship’s piping systems
using augmented reality technology for personnel training in order to enhance their skills
and reduce training costs. This paper also mentions the operating procedures such as
studying the ship’s piping systems, creating a 3D model, using AR technology, and building
a program package allowing personnel to learn the systems by using their own smartphones.
The programs using for this research are Sketchup, Maya and Unity Engine. After the package
is built and installed into the user’s smartphone, the user uses the smartphone’s camera
and points to the reference picture to display the 3D ship and piping systems. The result of
this research allows us to gain benefits from applying AR technology to the ship’s piping
systems. However, the limitations of hardware and the details of ship’s piping systems are

mentioned for future development.

Keywords: Augmented Reality, Ship’s Piping Systems, Sketchup, Maya, Unity Engine
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Abstract

The objective of this paper is to develop a system for extracting amulet information
from digital images by using the neural network technique. In classify amulet images from
digital cameras in controlled conditions such as distance control, distance between the
camera and flowers Light intensity in photography etc. This paper focus on classify amulets of
powdered material. The various properties used to extract the original image data are analyzed
by the Gray-Level Co-Occurrence Matrices (GLCM) in order to collect the statistical values
obtained from the analysis of the floor outline. This paper has tested the system using more
than 40 powdered Buddha amulets with a total of more than 1,400 images, with data collected
as a prototype of 800 images. The system uses 400 images of the same type and 200 images
of Buddha images in different directions. This results in evaluating the efficiency of the system

in terms of precision 72.12 %, recall 71.24 % F-measure 73.74 % and accuracy 90.80 %
Keywords: feature extraction, neural network, gray-level co-occurrence matrices, amulet
unin
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Abstract

Thailand has claimed maritime zones starting from coastal line to the sea orderly.
There are historic water, sea province for internal the Gulf of Thai, straight baselines, the width
of territorial sea, the width of contiguous zone, continental shelf and exclusive economic zone
(EEZ). These maritime zones can be recognized by sovereignty and sovereign right.
Sovereignties are internal water and territorial sea while sovereign rights are contiguous zone,
continental shelf and exclusive economic zone. Internal water is from straight baseline toward
the mainland, the territorial sea is from baseline toward the sea not exceeding 12 nautical
miles. Law enforcement in internal water and territorial sea is as same as law enforcement on
the mainland of the coastal States. Presently, only provinces around the historic water have
been designated to have own sea area. The reason for designating the sea provinces is to be
manageable. Lacking of sea province for other coastal provinces causes the unfulfilled law
enforcement in the sovereignty sea area such as the government officer not sure about the
maritime zone in which the suspects breach the law. The most important circumstance is the
method to delineate sea province different from the method to demark land demarcation.
Land demarcation practically is defined by river channel or valley which cannot be used in
the sea. For sea province delimitation guideline, the method will be from case studies from
judgments. Already sea area will be reserved, but the lines between sea provinces will be
extended to territorial sea. The objective for the delimitation line will be equitable solution
as definition in the United Nations Convention on the Law of the Sea 1982 (UNCLOS 1982).
The sea provinces will not only ensure the law enforcement in Thai Water but also can be

single base map for other purposes such as search & rescue and fishery.

Key words: Sovereignty, Sovereign rights, Inter-maritime province boundaries, Maritime districts
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Abstract

The solar-powered turbine aerator relied on the design with CFD to select the suitable
rotor size for the motor power and 600 watts of solar power. The diameter of the propeller
was 160 millimeter, submerged about 0.6 meter, assembled with a hollow shaft and directly
connected with a brushless DC motor of 500 watts and 1,000 rpm. The solar-powered aerator

can reach a maximum speed of 850 rpm. with oxygen transfer rate of 2.48 kgO,/kWh.
Keywords: Aerator, CFD, Solar power
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Abstract

A mobile tube pressure testing machine has been researched and developed to
replace the regular stationary pressure testing machine in order to facilitate services for various
units of the Royal Thai Navy that are located in remote areas from testing units. This mobile
pipe pressure tester is used for testing the strength of various types of high pressure hose used
in the Royal Thai Navy such as the carbon dioxide extinguishers and scuba cylinder. In order
to be safe for use according to the National Fire Protection Association (NFPA 10) Standard for
Portable Fire Extinguishers 2002 Edition. In this research, using the designed hydrostatic test
system with the water Jacket 920 mm high, 235 mm diameter, 20 mm thickness, mounted to
the wheel at the bottom. There is 40 kg empty tank weight and 3,000 psi high pressure water
pump. The research showed that the permanent expansion rate is 0.1% error compared to
the standard pipe test and the test result with fire hose size 15 lbs. with 2% difference
compared to the results of routine testing machines which assumes that the mobile tube

pressure tester is standard and practical.
Keywords: Mobile Tube Pressure Testing Machine, Carbon Dioxide Extinguisher, scuba cylinder
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N eIy
infomameuiis

D Quick connect

M8 High press : BV 1
Quick connect :

High press.
>4 Ball valve BY

E High press
Check ball valve

O o
press.

0 Safety disc

< pall valve

Water res i
E Water Check b
i

nare nare

5UN 2 fleszuunaaeumaenuviauuuadeun (Water jacket) [1]

5.2 Lﬂ%a%mﬁmiaﬁuqa (Air driven high pressure pump)
5.2.1 fdluannsaadrernuiunagou (Hydrostatics pressure) Idsatiasann 0 &1 10,000 ps
Tneldanusuoiniansetglulasiouduundsindeliduadnussiuuenann
AN 0RL
5.2.2 1n3TAAINUAU 2 YA 9 ag 2 63 ABYUIA O - 5,000 psi kag 0 - 10,000 psi

5.2.3 YALAAINANISVENEFITasiafingnaaa a1unsasiumazidenlaliiiy 0.2 cm?
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IIUUUBG&H'IE“I'!GH‘II‘I

wisulnsamdnounne

g‘dﬁ 3 ﬁm%uﬁﬂLLiﬂﬁuq\i(Air driven high pressure pump) [1]

5.3 nsUsTNRUIASaRdOUSIRue

5.3.1 serdoudiulsenoundnidndhotufio sadmagou drdmaaou diniusstugs
gn Column WEAINANAFDU[1]

5.3.2 nseesiaiiendesifasssenuleatunisifuveniuazeina [2]

5.3.3 asedeunssafuvesiiuiun Inenslalnsusahuddaedectuimie
suluiiuszanas 100 psi mndins$ida natannuduazan dmuliinisudly

5.3.4 ATI9EUNTITUVEMTITTUY Lﬁuﬂwmmaaausﬁuqﬂﬁw Uniedeady udaia
Nésvueusuirhdslrrusulusaanasdulnd anduintidmmend

dmsuidnas wdalaaaiioUsuseauinly Column yaunansnaliog sy

Y

[
LY o

PHAUAAUT INNUUATIVEDUNITIITUVDITEUUDNATINTY MInTEauUIlY

Column YauaRIHAARAEATININ1TTITY Tivihnisudly Assun 4 was 5
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JUN 5 insemadouidsiurieUsenoulai e,
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6. NMIVABBIKAZIAUTIUTINTYA
6.1 NINARBIN 1 MNANTENUVBQUUNINLUBNFABNANITNARUMAIIUYID [3]

lummegeutieuanyinmniinsuinismadeulunadeuluiiannee 109 . IHANToULANANAY

gauniiinasion snadeUnIalil m1UM15I9N 1 wazguil 6 - 8

M15197 1 MHANTENUYRIRMUNINEUBNABKANTNAGB UGN YD

1281 NAFaUNIAMFUAST 3,000 psi
(uin)
gaunndl (°0) sedfuth (cm)
28.5 1.5
5 28.5 1.56
10 28.5 1.62
15 28.6 1.68
20 28.6 1.74
25 28.8 1.8
30 28.8 1.86
35 28.8 2
40 29 2.2
45 29 2.06
50 29.2 2.2

NNTVAFRUSRTINTVE e luss UL ala Lo Ng v I neuenilitd@uwingu 0.011 cm/min

w30 0.11 mm/min ziulaanluy 1 il nsveneimesilussuutisenin wansieaumgiinneuen

Tnanan1siusyauYesintaeunn [4]

25 -

(cm) -

AU

£l
-

0.5

T s

d=42 min n
SRTINTITVEEM VRN LUTEUY - p

{___----—____----_-

0.5 .
= cmfmin
= 0.011 em/min
Q
m 15 1} 5 n 35 an a5 50
1381 (min)

5UN 6 uansdnsNsveneiveniwielian [3]
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29.4
29.2
29
ur]
w% 28.8
- D=0.3"°C
E 78.6 | 2848 . - - D
Z | DRTINTALGUNGH = —
284 | | T = 30 min : _
: 5 : = 0.3°C/30min
82| ! 5 = 0.01 °C/min
; 0 30
hd i
28
0 5 00 15 20 25 30 35 40 45 S0

1781 ()

a

JUT 7 uansdnsnisvenginvesiideliatmugamginiiuaulugiaian 50 uiil (1030 - 1120) [3]

25 -
2 -
h=0.25m
1-5 T I. Ny - w
~ | ) v BRTINTTIYEEITDIUN
£ " d=023°C) b _
= |1 \ Weuiugmgll
e | | '
& | |  _h o025
N | L Td 03 cm/
' [}
[ ]
051 :
i '
} ]
I l
1 1
n \y T v T A T o T ‘é: T ¥ T T T L) T T ¥
285 285 288 286 283 288 288 29 28 20 202
gamni (°0)

' [
=

5UN 8 uansdnsINsvenefvestilussuusoguma ey [3]

52



o A

‘ld.]ﬁ 3 aUui 1 1NT1AN - SUIAL 2563

MSANTIFINTHSHIYUUNYS DA WINYFARShaznAlulag

6.2 N15NAAIN 2 LWUIHUNANISNAFDUTENINLAIDINAFBUNSIAUNDLUULARBUNNURRAIDE

[y

o
un

A15199 2 NedsunudIsumaIANsUaulneanlanvuin 15 Wbs

i
Y

Y

[V Y] a [ I3
fanuasansuaulasanlan
2u1a 15 lbs

N1SVLIYAIVDIVIBLaNAFIU
AULASDINAFDUNIAIAUYD
LUULARBUN (mm)

N5VLIYAVDIVIdLNaNAFDU
AULAIBINAFDUNIAIAURA
Asaiui (mm)

aiit 1 0.2 mm 0.22 mm
AYad 2 0.3 mm 0.3 mm
ASad 3 0.2 mm 0.2 mm

AN51997 3 neasuiudwumaInsusulaeanlanuung 10 Lbs

v o a I3 I3
fanuasansuaulaeanlan
UuU1n 10 lbs

N1SVYIYAIVDIVIBLUBNAFAU
AULATBINAFIUNIAIAUTID
LUULARBUN (mm)

N15VY8AIVDIVIDLUaNAGDU
AULATDINAFBUNIAINUAR
Asagiuil (mm)

adaii 1 0.12 mm 0.14 mm
AYadi 2 0.20 mm 0.25 mm
AYad 3 0.31 mm 0.26 mm

a19199 4 neaeuiuriemelaldvn (SCUBA)

vievnelaldin (SCUBA)

N1SVYNYAIVDIVIBLUBNAFDU
AULASBINAFBUNIAIAUND
LUULARBUN (mm)

N1SVYYAIVDIVIBLUBNATDU
AULASBINAFBUNIAIAURA
Asagiuil (mm)

adafi 1 0.60 mm 0.73 mm
ASad 2 0.68 mm 0.76 mm
ASad 3 0.64 mm 0.87 mm

6.3 N1SNAABIN 3 LWSIUNANITNAZDUIENINASOINAZDUNIAINUN DL UULARDUNTL NI

[y

viedumasuuasusulneanlediurienageuinsgIuuLIaR iy

AN5199 5 neaauiudesumasansusulaeanlanuung 15 lbs

N1SVYIYAVIDAULNAILUU

ﬂ"li‘ll&ﬂFJ\?I"J‘UEN‘ViEWIﬂﬁE]UﬁﬂGI‘Jﬂ’m

asuaulaeanlanuunn 15 lbs (mm)
(mm)
ﬂ%’jﬂ‘ﬁ' 1 0.1 mm 0.101 mm
adad 2 0.11 mm 0.102 mm
RYE 0.1 mm 0.101 mm

53




Royal Thai Naval Academy Journal of Science and Technology Vol. 3 No. 1 January — December 2020

7. Msseidaya

7.1 MsidoutheinIomadeufidaiuvenuuiad suiianunsaideudheldazainlagsagusd
USTYAENTWIN 1 AL

7.2 MInadeuMBUBNaNUAReranTENUNAMnTineueniTnadosnTINNTVBEEIYRe
Vienageumniu 0.11 mm/min fa31deeunn gaumgiinteusnisliiinasionsnaaey

7.3 HamsvedeUsTMIATemade Ui s uisnu LA AeuTifuviafumA A ualnoeniud
30 15 lbs iguiuvienadeusmssuaienduiisamueanndouiies 0.1%

o

7.4 NANNSVAEDUIEMINASDINAFDUMAIA UV DUUUPAUAN UVIDAUIWALUUASUaUloan lan

A 15 bs gUNUATDINAADUMBIAUNBLUURAAIUTEIN LANANUAAIALARDUNEY 2%

8. d3UNAN13IY

\n3eamaaeUfdsiurBuUUIAd DUINTINSTUBNYALEURLALENa1S 335 mm Andefigiu
A1uae Inglvn1smegeunuy Hydrostatic Test ﬁmmﬁuqa 3,000 psi NNTITENRaeLAdous e
Tagsavssynunmdnuuna 2 fuluneaeuiisminasamuindiaiesmsaldenldnuund way
AN SYRdeUIATBmMAFBUAwuYiBLUUIRARUNfUYIBNAdR IS Ul A IIAANALAR B LB 0.1%
Lag NAN1IVAABUTEWINAT BadRUfdsfwioLUUIAd pufl T uriadumALuUAsUaLlnDonlYs
vum 15 1bs Wisufuedomeaeufdifurieuuufndeiuiifaaunainndou 2% Jadiuldis

NSLAABUENBLAZNSNAFRUALAINLAE lNaLRgUWINAURTamaaauily aunsaldnulaass

LONE1591999

(1] ANNUIINTFIUNEN S UITRAAMNTIU NTENTNENFIMNTTU. UIATTIUHEATUNDNFIMNTTY.
faiadadl 1. nyamne : Tssfaninssnisenannasy, 2551.

(21 etfud wdnsdne. eanuuvTudaTestnana. Rurindedl 2. ngamwe -
duniunlameudlng, 2533.

[3] Reza Javaherdashti, and Farzaneh Akvan, CRC Press 2018. Hydrostatic Testing,
Corrosion, and Microbiologically Influenced Corrosion. 1st Edition. pp 119-178

(4] Wiroon Tanthapanichakoon . Kindle Edition. March 14, 2015.0ne-Stop Guide for Pressure
and Leak Tests with Hydrostatic and Pneumatic Testing, 1st Edition. pp 102-145
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Asnwadadl Lflumﬁmeﬁmsm?{smu:daqLLmsmsJEﬁqzjmﬁwmﬂwﬁ’a 2. UATAIFITUINY
Mndeyanmaevisennia vinaUasuvauszqunndadeutunsetutonnd 3 diaaa fe
U 2538, 2542 uay 2545 lneldseuvansaumagimans SIszEEyNeLLYeilsUsEInn 458 Alauns

NANTISANYINUIT AINNTUTBUTBUAINAIENI98INTA 9T W.A. 2538-2542 WUIINEIRIA
afrad sufunsevinainaassszuistn Siudennd Tul wa. 2527 dwaldanmuuiveil
Uinaduauuinnie-ilng feegiumiedoutunietuennd Aansiawizediegunslu
§n91 7.89 waseed Wuarusnmmuuuieiluszana 400 wes Fmdniiadymdnars 163
nsadidlassadietesturisd susnasuauuuinnde-ialns WussegnisUszunn 4 Alawns
Usenouie sednmsne3uiaf i 19 i uagsednnaeguialediuau 4 fa udnasalul we. 2543
FadlerSouiivuninanemeennia 9290 wa. 2502-2545 wuiruTnasumilesesnmaneiaanine
uszozmenuuwwmeilalseana 2.6 Alawns Lﬁ@ﬁgﬂﬁ’@lﬂﬁzmﬂlﬂﬂizmm 118,450.70 M919UAT
Tneiisnsnisinenziade 15.18 wassed LLazﬁLLuﬂﬁmﬁuﬁé’Qﬂdn%QﬂﬁmmﬁzLﬁ'm%u GUVVRR
flAstyvnisinene Wemnaduanlutisggusguns Jusenideamile 1Wulladuddy il
AnnsidsunUaweswungeilinusssunnd duudnaiilaseadmuwuveis wu Weudu
N318UINIUUINAARY (Jetty) Jeutunsenuwuiveils (Break Water) 50600518 (Groins) w3e
Whanaassiiinsauuaidouneunin lnswaiavaridsvinadenisuasuuamumeidy
Nufidnw nanie tedosiumsmuluwesseni wardosiumsiney uiidusneiunisadeu
Fraeananie leasdninnisinesmelusnagumiovedasaimelmiosuriie
wazsslhAnmsTuauvewmznaunsesuiidldvedassedne fadusmuniedh

nuansAneil agulddn msduiiunisestuudletiymmstaensseivluuiasiiuiins
sudunslunmsy Wesmnmsiamasneumuuwimeiaisduedroiion waziiniud uwus
futesyuu lunsadredeneadiseildlag dhavdwmansznusefufiviedsirafos vildaanis
Wasuulasuuiweils inanudsmedensnenssssuvfneilmeia wu N13gEYLAETIANTIY
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Aids to Navigation Division, Navigational Supporting Center, Hydrographic Department,
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Abstract

This study is to analyze the Shoreline Change from the aerial photo using the geographic
information system. The area of study is the coast of Pak-Panang The total distance is
approximately 45.8 kilometers. Another area is in the vicinity from the tip of Talumpook
peninsula to the jetty of Baan Bor Khone Thee. The analysis of coastal alteration from the aerial
photo is carried out based on the data of the area from the tip of Talumpook peninsula to the
jetty of Baan Khone Thee by comparing the change between 2 periods, from 1995 to 1999 and
from 1999 to 2002.

The study result revealed that wind wave in the NE monsoon is the crucial factor on
the alteration of the natural shoreline. The protection structures such as jetty at the mouth
of canal, groin along the shore or at the outlet can impact on the change in the study area.
They prevent the shallow of water channel and erosion. They, however, also act to impede
the sand movement by accelerating the erosion up end the structure or downstream direction
and, subsequently, accelerating the deposition process at the down end of the structure which
is the upstream direction. From the comparison of aerial photo taken in 1995 and 1999, it is
found that the construction of the jetty at the Ban Bor Khon Thee canal mouth in 1984 causes
a severe erosion of the shore along the Pakpanang — Huatrai road up end the jetty for 400 meters
at the rate of 7.89 meters per year. From that point the Harbor Department constructed the
protection structures for 4 kilometers long which compose of 19 T-groins and 4 I-groins. The
construction was finished in 2000. From the comparison of aerial photo taken in 1999 and 2000,
it is found that at the up end of the last groin found the erosion of 2.6 kilometers long, or
118,450.70 m?. The rate of erosion is 15.18 meters per years and the increasing rate is gradually.

The protection measure for coastal erosion in particular area, therefore, must be
performed in a whole picture. The movements of sand are interrelated that the construction
of any structure will inevitably impact the vicinity areas thus requires cautions. The impact

can last even in a very long term.

Keywords: Shoreline Change, Geographic Information System, Coastal Erosion
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unmin

fufineilesimiauasedsssurm Sanuemuszann 190 Alawms Buanmeildusuneuoy
sorfosaanmldauis sunedva iadymnistnegiisunsdunaneiui maismetduungin
UnnwilsfidianueniUszan 80 Alawms nudgnimengludusuuss Ineflauvmmstnensseied
uanenafuistadenesssund uasdadeiiAnanAanssuvesyed lasnmeudnametlmeia thy
WNEENE-TIUEINS NG LAz UNUUBAMT 31N9UIT8VRT dUUIISOUN q‘w%('wé}a, 2545 WU Moty
inzihe fis tuhming d8nsnsdaiens 7.45 was ded deaainiazdanmnuiain msaing
deuffunae Uetty) iusnanaassszuet venad 1wl we. 2527 wazlunsuidamnisinens
WeilsTnadingn Winsaiedusineenoususai S 19 # uasdudnagneuguiale 8n 4 f G
wdnasalud 2543 Jagiuillassadedesiunisinznaoauumeils widmutlym msdamny
veilaintuag [1]

Asn1sAnE

Tunsfnuiidoaded 1438 sdndunureiduusazdisandioudoutu Wefnay
mmﬂﬁauuﬂawwﬁja LaEMUATEAUANNTULTITBISATIN SRzl Imsﬁmumsﬂdumau
nsfdiuey 3 Sunoundn Ae (1) msnuswdeyayiend (2) mmammwauaﬂaumaﬂ (3)
msleneimadsuauuneil mndeganmienisenia fseasBunusazduneu I feil

1. Mssusautayanisgdl iusudoyanisiugniening aynsmans wnuinivszine
wargUiensenna Iagldmunuanmhenumemsiifdes Uszneuse

1.1 Foyaninaeniseinie vlinuanazauwn 89 vinadiuteand a1nnsuuNui
115 Usenaunie Jeyaninaten1eeinial w.a. 2538 U w.A.2542 11a31d3u 1:50,000 wag
Toyan1na1en1eInel w.a. 2545 11m31aIu 1:25,000

1.2 feyaduanienine) ayvisenans annenans wazanniven Usenousie aifninuiuay
firmsanse 3 Falus vesnsuggdenine) doyardunetuinumeilmeia Smiaunsadssmse
P00 1R AT WA 2501-2548 Y04n0galunive) nsugnnenans Toyaadifnusl wazianig
YDINTTUAL 1INNIATILAEATIVIAINNTIENNANERS nowinFe

2. nswanuastoyanau (unsihdeyaniudléain WAM undiasgsidelusunsy NEMOS
Tagldlusunsu WAV Faduyaidsdos Tasimuntasuesanugs firmne uazmuaaduilvisngas
nazuamsATlLgULUUANeY W Hsndi wuumsna (Block) waguuudalaunsy (Histogram)

3. MmynTsinsiUasulasuulreile NYAYANINEENI9BINIA

mMsfnwuarileTginsiasuulaseils andeyanmdieniseinia Tasszuuansaume
plimansluuided Womaruuandsiiinduluid Aufifigniaeiz(Erosion) wagiiuiifiAa
n1590n (Accretion) Inefmdsilagtu detunsunisvhaudissd

3.1 YSUMAAURANa1ANI85IAtinvedgUaeneeInIea

3.2 nsanduumeilsndeyanimaieniseinia 1 unisanduuuneildeeld
Wsunsudszalanassuvasaumnanldaians ArcView GIS Version 3.2 Taglduuidunin v3e
Tassasgaviesumeilaiviudnauiigadudunnmels lndnnsieduauisonsiasuidas
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vasmeisguinuinwis [1] wazlasansAnwuwuudunnisudladymnstaeizsoimeia
Fausinushinesyd Swdamesyiianusdiusnygd Smdaussauidus [2) (Ui 2)

3.3 meesgiteyaifiomiiufinindsuudameil Ingldmadianisdeusiu (Overlay
Technique) Ingszuuasaumanfimans wdfuiumsnsnsiasuidameils uazdvuaseiu
AnuguLsswesdgmmsiawizneila deuisuiisunisiasundasazdesiinisudainugndes
vowiuaiilaanniuamIen (GCP) uagntsnsaaauluiiufininauiy videnislidoyadeiiuns
UszanananIn (Image Processing)u,a3msa’i’®1ﬁ%’agamwm%Lquﬁﬁﬁﬁmmaﬁuﬁau (Rectification
Process) tioufluauaainedoumasniadin uasivunaavaslsyinguiiufiseniusaziui
naLg [3]

3.4 MafueseiuAuTuL ey mstamzeildumsfnuidendsd THndninae
Wudgfunsnvinsasuudameilsenlne (4] Tasuvseenidu 4 szdv fe 1) dnnsdaens
JUBSY @n5nsiawie > 5 weseed) 2) nsiawizdiunas @esinsiaeie 1-5 wnsdet)
3) imsagand (Sasnisavaus 1 - 5 wnsded) 4) Asanm EasmaUAsunlas <1 wnsdel)

wuImefsMlFd i neimndienastma
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JoyaannAauaIN WAM (Wave Forecasting Model)
luns@nwiasel lasiuswdeyand ui lnannisdunsigiind uaindeyaau lnuned

fedinen nsuaVNAIEns JerwInaInkuuINaeInTneInsalniuaulunea (WAM model) Ingld

9

8
3
Toyaand wludoyainnisnsiainfien1iion unaateyasinan1Uuive The Master

Environmental Library (MEL) (http://mel.dmso.mil) neeiniie Useinaansgoiusng anwasves
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[ Y

Joyatu [udayarmusiaundenn 12 9alus iszau 10 wes wileRamitmza Jedayaauiinny

a {

QiinAsneg alannn 1 831 (60 ludnzia) Waldusnisteyanidumesiin Hagdnldlany

Y
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thanuszana 30 wing) (nwdt 4) Tnelddeyaaudeust O we. 2501-2548 wailldifudoyanaused
yn 3 $2lus wardsnstifunsduasigiaduninautuieatu Sojisuporn et al.(2005) 5] way
Seolen Tuds funiavidun 2548 (6] andeyaniuiiliannisdaasesiaindeyaay auaifndu

[

HodAny (Significant Wave) U ..2541-2548 ﬁmqu (Mean Significant Wave Height) 0.6 - 0.7 LU

o

AUARY (Mean Significant Wave Period) 3.7-3.8 3171 {inAugenausnngalul w.e. 2548 Aa 5.2 W
AIUARY 7 FW9 Tnefianneainiie 78.8 aer wiedianz Tusendouluntwg fusenideanile (ENE)
Toglurnaeugausay (Nn-s1e) Taaue 0.7 WS ATUARY 3.8 J1N1l anandidse Tueen Hieanusay
nrunnedls (w.a.-n.g.) JAFuE3 0.4 AT AMUARY 3.4 FW9 Innfiang Tunnleddd Fasggusay
@ = = a A d' a A a 9 = -
yueanlRsuvile (ne.-1.a.) IAAUEY 1.1 Wes muaau 4.3 N9 snanfiang Jusenideamile
agulaiusnauenyieile duneUinnids dfanwveseiudulnginanians fusanaeuly
1Y) a v I~ | Y = = A o
nenziueani@eald (ESE) (n1nil 4) laganizludiegausaunsiusenilsaunilenduiiniiuas
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Aaulunemeiuoenidedld (ESE) 41.7% winduiaduiunainfiangiunndeulunisnyiunnidesls
(WSW) g 11.9% ity diunilee139sinandnsnavesngnyunSauiinonilukauumayns
wl@linmeuuuuaznzaduld Faianaiuanaziueanuinsiuansosu i umin e iaUTud ag
dnziaduld deiarulssmalnglutisfeuliguisuisfsusunay Nidwgidigilnensuuy
fAonadmadionduatlunziausinuenivensuaidlaguiu [1]

60



U7 3 atu? 1 Yns1AY - SUNAY 2563

MFANTIVINTLSUIIUUNYTDAUINGAERSLazInALULaE

)

M13197 1 Tayanduud

ALYFILATU WA 2541-2548 USLIUTeEls 8. Unnil

adAteyandy U ..

2541 2542 2543 2544 2545 2546 2547 2548
Mean Significant Wave Height (m) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7
Mean Significant Wave Period (sec) 37 3.8 3.7 3.7 37 3.8 3.8 37
Standard Deviation of HS (m) 0.4 0.5 0.5 0.5 0.4 0.5 0.5 0.6
Standard Deviation of TP (sec) 0.8 0.8 0.8 0.9 0.8 0.8 0.9 0.9
Largest HS (m) 2.6 3.1 3.1 2.7 2.7 2.7 2.9 5.2
Period band (sec) of Largest HS 6.0 7.0 7.0 6.0 6.0 6.0 7.0 7.0
Direction band (deg) of Largest HS 56.3 33.8 338 78.8 78.8 78.8 56.3 78.8

ATl 2 Sﬁagaﬂﬁluﬁaﬁwﬁ YANgANA Sousdl e, 2541-2548
adAtayaRAY 1 w.e. 2541-2548
N.N.-b3. 8L N.A.-6.A. W.8.-N.A.

Mean Significant Wave Height (m) 0.7 0.4 1.1
Mean Significant Wave Period (sec) 3.8 34 4.3
Standard Deviation of HS (m) 0.5 0.2 0.6
Standard Deviation of TP (sec) 0.8 0.7 0.9
Largest HS (m) 3.8 1.7 5.2
Period band (sec) of Largest HS 7.0 4.0 7.0
Direction band (deg) of Largest HS 81.0 281.8 80.9

Ny £l
T

Wam model

~ | mandusiagausaal [
|

71 nedunmagln
]
F oA U nm2541-2548

| — —
B
| nanduBIanaNsHal

fee| RtuRINM3BUNDY

i n.n.2541-2548
namansutangdalua

1 1.A.2541-2548

I W

AUNALATIZIARUINN Wam

Aanenisindeunvesmaudulng U w.e.2541-2548

JUN 4 shundsduasgnnduain Wam uwagfienenisindeunvesnaudiulvgy
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nanTAATIEinsABULUAERsaINAWE1BMI9eINTA

MnuanTlATsinIsasuutameils dauduinauasuaunsqunndadoutunse
UnupnudlaetayanmaeveennIa 3 ¥aaaa1Ae U w.e. 2538-2542 2502-2545 Uy 2538-2545 Syaenng
psumeile 45.8 Alawms wuingasl we. 2538-2502 fufiAsuutasiomn 501,750 A0S
TneAnduiuiineilsavans 291,413 msrauns (53.79%) ﬁuﬁgﬂﬁ’mww 210,955 M1319L1AT (38.94%)
wagiuiinsanm 39,385 marauns (7.27%) Ineradiiuiivuondstuluiiud 89,421 maauns uas
1297 .. 2542-2505 nuin SRuAWEsuLUaTenLa 561,072 ms1uuns TaeAadudiud
yeileazansa 333,421 m5100aT (59.43%) ﬁuﬁgﬂﬁ’mmz 210,882 m1313LuAT (37.59%) uay
ASANIN 16,768 M91911AT (2.95%) Taraufifiuiiviunufisduluiiui 121,308 smsnamns deviinis
Ansesinaiasunuaseiidurannm 7 9 daued we. 2538-2505 wudidiiuiludsuudasiavan
827,695 snaains TneAnduiiufiviuny 479,626 ma1asns (57.94%) fufigniaiens 290,482 s
(35.5%) WarASANTH 53,586 A510AS (6.47%) Inesaudiuivivauiistuluiud 827,695 ms1amns
asulddn anmeneiidassuluiuiidnuninmsiuaunnnimstaeenntisaiifaisan Snvazms
WasuUandumsviunuvesetlsiuiielivesiu (Frumilewn) uasinstaenedufinmiiedady
Frunetivesiufl dsnsAsuasiidanmiriuldisudnie vinalaeuwauszaumn Shumiiilng
Ut minduasusniiuuannd

GELY

anmdnuarreilmeia fuduinulaeuaunzqunn Sauinandoutunsie (Jetty)
Sruvonnd HuiuilDelas lifimeviedsostunduaunnea uasmesdauduumnemanindeluld
ylsseiuunliugniniszaaeanan Gnnisinsgideyaniu faudd wa. 2541-2508 agUld
Iealutggusguas fusenidsanie WudeduddnivhlmAnnsiasuameseilsnusssumi
Tnefinsvuath sefuiuaenszuaay Wudadoiaiumusssuni

delinsginadsunlasneilaiesandninaveslasiaianeilmeianuin vTnuid
Tassadaweils asiinnsiuauvesnznounseduiialdvosiui fadudumie uasueils
wgnimezduimmievesiuil faduduiiei WeRiasannmanwiavesels fufienis
wdoufivasedudwnils annsndinnesilidn maedeuivesmgnaumuiuisieily dausUanswen
mmuwnﬁw’ﬁauﬁumwﬁmﬂmeﬁ ﬁmiLﬂﬁauﬁmﬂﬁﬂiﬁlﬂmmﬁﬂmﬁa NI VRIANUTITAU
VSRR (2545)WmﬁmiaiwmauﬂumwmL’Jmmﬂﬂaaaiumstmuuaﬂmsm T8 w.e. 2527 vl
Aansaenziiguuss vinaduauuuinnids-ilng fumiedeutunsetutennd (1] wagain
mMsSeufisunTmanenisenna 9ae . 2538-2502 st uviodeutunseyszana 400 1
fisnsnsiaenzgean 7.89 wasdel Fwdsnifadamianan nsudwildaistasaiatosiu
yefladusrormaszana ¢ Alawns Ysenousesednniegudai $1uau 19 #a uazgudale
0 4 i wdnadalud we. 2543 wazannisilSeuisunmeanenisenie 9390 w.A. 2542-2545
wuhmsdsuasmneiliiond Seenstaezanas fedidannataesiaie 3.21 wesded
dusmilddoutunsethuand anmeeilsdinmsiuoy wiuinasmuirilesefnmmedaainenaon
szeymesnauuUIneil 2.0 Alawns Meilgninenzluszdugunss Famuidisasnsiamzgegads
27.83 waseol dsagulsidvinaveslassaiameil aduaunaddgivilnAnnisidsuuas
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syuuLd ouloadeyan1agnsds (Tactical Data Link :TDL) i unnnsgiulunisd oanssiou
pduAngvTomeiadaveanasinaniguasWusinnammsseninsdguianiuesdnsausdnan
waakauAnwile (North Atlantic Treaty Organization : NATO) lngsguunisaiund YaAudayy
nsdeans Aoufinned warn1s1InTns (CAN) mantsmsvianuaagld TOL 7ldunsgiuning

'
J )

Uaenseifiedenenuaziudeyanisensisreiu szuu Link 22 19uszuuinganandieadnis NATO
Tinssuseslaeianuaansalunisdearsuvuusnmileninnisueasiu (Beyond Line-Of-Sight)
vilvszuusnensgmsanunsaidendedeyaliinasfumissun mizeide mheniserna siuds
nsdeuderusruugudoyagnsIsuuiiuiu Snvsdiamsaldfuaniudeudeyagnsitseminemiae
nmsvosUszmanidngameioviednme Tudlagiusyuy Link 22 Idgninluldlusuasuingauas
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Abstract

“Tactical Data Link (TDL) is a standard in radio or cable communications that the US
military and allied military intergovernmental government according to the North Atlantic
Treaty (NATO). Command, Control, Communications, Computers, and Intelligence (C4l) will
use standard TDLs to transmit and receive tactical information with each other. Link 22 is
the latest radio system certified by NATO with In addition to the visual communication
(Beyond Line-Of-Sight) allows The Combat operations to connect data such as land units, air
units, ships Including connection to the tactical database system on the ground It can also be
used to exchange tactical information between military units of the countries that join the
Network. The Link 22 system is currently being used in times of peace, crisis and war in solid

support of NATO and its allies.
Keywords : Tactical Data Link, TDL, Link 22

1. umin

Tughadanemmsnassuil 2520 ssdmsauSanyauenuaufinmile (North Atlantic Treaty
Organization : NATO) l¢inedslusunsuu3usa Link 11 (NATO Improved Link Eleven: NILE) @slu
TUsunsufsnanszyisnisaieunnsgiuvestennumegnsisuuuln ieusuussnsuanivaou
foyaszninamheuazdamanidnonssunisdoasuuuiaiees (Layer) Wousadoyauuulng
Tagfmuadedn Link 22 sesnidlouil 9 fuiau 2533 a3dnns NATO leimungadnuazvessyuy
Wesuaulédamuuavesszuunisldnuuasusedninmuessgunsal uazredslusunsy NILE
ﬁié’%’uLﬁuﬂquLLazﬁWLﬁumﬁ'ﬁmﬁu 7 UsenAlaun waunen, ASued, Lwosiiu, 8ana, lusosuaus,
ANT1YeIUIANT waransgeLusn neldnisatvayuvesduiinaudila (MOU) 103ANIIUNNT
MAvguaruAulUsknTy NILE uagldsunsuinsdnnisanauenssunIsuinslasenis Program
Management Warfare (PMW) Uszﬂaw’haéfqLmummwiazﬂszLwﬂﬁLéﬁ’ﬁ"mLLazQi’@mﬂmqmiﬂm
an¥geuinisiegil Space and Naval Warfare Command (SPAWAR) Tugnufieln3guadnledide (1]
agudnesnIsUAsuuan Link 11 38y Link 22 dfusnandefdaveanaluladlaiannsn
MBUAUDINDAINNADINITUDINITTUTINA LU FIUNITATIANTITANIIUA N1FATIINITNNBINA

NSAIUANVIIDINIAIUY UaryInANaLsalunsianslasengla
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A15199 1 NSUSEUNEUTAAINUAILITAVRNATETNE Link 11 wag Link 22 [2]

IAAUFINITA Link 11 Link 22
n1sanmugnlsunsal v

] v
NNIFTIVNTITUNWBINA

NSATIINITAUNIIUA

ca o ‘/
A159579N15IRUN
A15R5IANTSILALN v

N1INTIINITNINBINA

aInsuddnnsating

ﬂﬁiﬂi%ﬂ?ﬂﬂ?ﬂ%@ﬂ@?}ﬁ

ANERRNE

AsUaRUUY T

N13AIUANNINGINIA -
ANSINNNSLATIVIY -

ANBRNANANANANENENENEN

2. umensuTuUsauasiaun
MIWAILITZUY Data Links anunsauudbeniu 2 galdun gausn Susumnus w.e. 2493 - 2513
Feldmaluladreuitumesuuu 8 Un vilianuaunsalunisdadeyaiidnriowiies 600 - 2,400 Unsedund

Wity fega Link ileunswamnlugatléun Link 1, Link 4, Link 11, Link 118 uag Link 14 fesn

'
=

gANl 2 FUAIANAS WA, 2513 Wuduun agldmalulaBreufiamesuuu 16 Ja deiuasyinli Link

a

Tugad 2 anunsavianuliviannvaneuaziieusilunisdsioyaegi 2,400 daradund - 1 wnzdase

9

U F10879 Link Mlasuniswaunluganiaesilaun Link 16 wag Link 22 [3] AU on1siiiy

1% L

Usgangnmlunisldan Link22 Fseenuuulagldandnenssunuuiawesadeiusuhuuannsgiums
WWounowuulla (Open System Interconnection Model: OSI Model) 7l AMuAlagaIANITIE NI
U58LnAII7 81151195574 (The International Organization for Standardization: ISO) @augnilanidu
3 & 1 S a o N aa & a J 1 .
eludutu uazduinsvihnuiianiziaigaddsnsiavannsaldeusadiuveis (Extension)

logeanuazlalvgliusmmatesenseuiule

Application
Jzeries Miessages | K-
sefies Messages | Mhsaries
Messages [HTTR | FTR |
ShP

mputer interaction |._-|)r.
access the netw

25 that data s in a usable format and is

Eemolaon e ~ whera data encryption occurs
Symiax Transiafion | MIME | =
Protoccls _ )
aaon _ — Maint 3ins connections and is responsible for
b controlling ports and sessions
TLSISEL . [l ®
—
Transport L Trarsmits data wsing transmission protocois
TGP uUDP | _-|_- - _-_._ -_-_ including TCP and UDP
- O OO0 oo
Matwork
— Detldes | nhvsical bath the data will take
Byl | IPVE | IPSec | 1553 ] Decldes which physical p: 2 data will take
%25
Data Link \ Matwork Defines the format of data on the network
ATM | 802.2 | Point-io-Point Protoccls — Defines the format of data on the network

Physical
RS-252 | Ememet | 802.11 |
COMA | TOMA

ﬁn — Transmits raw bit stream over the physical mediom

Ul 1 Wisuiisuantinenssy Link 22 [4] fuiuudiass 0S| Model [5]
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(% '
= £y =

Sniafloiiuuszansnnlunisldaugegalasensddddisnsfmuinuy S Model aneld
ulguionisihinguazgunsal Link 11 Adegidundvunldlnl nsldneuiiunesnidudsialy
(Commercial Off-The-Shelf : COTS) T¥5zuunsyausmlusiAiil oannismovaus swosuywd i
\n3eadng uarldinnssudomnulilndidsstu Link 16 Tnniiga

iiensideudediauysalszuy Link 22 Sagneenuuuusznausiie NILE Communication
Equipment (NCE) uwag Data Link Processor (DLP) aneldnisideusie DLP u szuv Link 22
Usgnausnedumesisiideuseluiiszuuaiunuaietns (SNC) waziinsdnnisdenimmagnsis

[ wa

(Tactical Messages) fignivuanuasd@lilu ATDLP-5.22 lasszuuardauazsudeya (Data Link)

Y

Tuduves DLP Weusedundeidudiuniswesszuudeyanisynsis (Tactical Data System: TDS)
videfi3eninszutleanues NILE Unit (NU) Bsuszananaternnumsensisnldsuuazairstonnuma
gNSITAMTUNTANIUANTONMUATEAUTIRTDWILIY HIUN5LEIa1093U (Time of Day: TOD)
fimsamudatmuavos Link 22 6] Snviensgiuandnunedumeding NILE uay SNC Havanldsy
nsfvue eenLuULAE AT wUlAg NILE Nations Sewdsndsemaansgoluiniiamunannsgiu
anudaensdelaldedn LLC M iafaduudaldlimisnuanutunusienfivesansgeiusn

(National Security Agency :NSA) SusesszuuauUasniefinalufounuaIius 2559 [7]

LINK 22
: N!LE Communicatic:n Equipment [NCE)
| i i spPC Radio
| i |
! ! 2l SPC Radio
TDS/DLP .1 g !
! ! 1 SPC Radio
I 1 ]
| i i sPC Radio
i i i
il | ' |
National 1 Joint ; us : National
Responsibility  Development Development Responsibility

5Ufil 2 53U Link 22 1@e31 NILE Communication Equipment [8]

nnsevdmeiluamd 2 Jugunsaldeansues NILE (NILE Communications Equipment: NCE)
sUsznausie izUUﬂ’JUQNLﬂ%a"U'”lEJ (System Network Controller: SNC) 4161501195 N®¥1A1U
Uaendensfinsiedeans (Communication Security: COMSEC) (LLC 7M) fpaunsnsussaanasyay o
(Signal Processing Controllers: SPCs) S¥uuing wazAuUaensieveansdeans (Communications Security)

Frunsidfinanuaunsalunisineanuvasade Link 22 fsvuunisinwianudasase
(Communication Security :COMSEC) 7iund ofi o9 silgunsaliinswanaznensianielusyuy
\wasgunsnidnsita (Crypto) dinddluiawesasddoyaigondn Link Level COMSEC (LLC) G4y
Sidnvsedindfiriunssusesnudasadonin NATO [9] Snvadudaduriiadeatuiu Link 16 waz

LLC H3amnuaunsalunisnsiaduanuneteulunisvinanawnsevislednsie Tusuianluswknsy
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NILE 9z¥in13tmuinateidu Modemized LLC (MLLO) 1l olsfaanndasiuannsgiumsunm
Crypto Modernization Roadmap %Wﬂhmﬁuﬂ’amﬁummewamaaaw%’g@m‘%m%ﬂﬁw

MnMsimuingntuannInigudnyuees Link 11 uay Link 22 sFeudioulag
agUldfansedi 2

M15199 2 MsiUSeuiguAMEnyrYes Link 11 uag Link 22 [10]

AMANWL Link 11 Link 22
AId HF / UHF HF / UHF Spread
AUS7 (Tarodunil) 1,800 -

nstesiuasasudidnnseiind - v
nSLNSAa v v
msld Node Tunsideuste 4 -
szzdsiinInni1 LOS - v
nudeya Aladaseiunil) 1.2 v
ANWULVOIUDAIM S-series v

annUnnssulunisds Duplex digital DTDMA

3. AMANYMZYBY Link 22
3.1 szuulasatne (Link 22 Network)
szuuLA3aUeas Link 22 138017 Link 22 Super Network anunsaifexgunsaifaud 2
125 miae (Unit) lua3evie NILE Wieafu wardtanunsadeusaiuinieatie NILE Networks 1¢
a9an 8 1A38%18 NILE Networks Tagvtiaefiiinsaslu Link 22 Super Network anansaifuasndn
Iéfgaan 4 1A3e%78 NILE Networks waziiteliinnisdeansfisuiusevinamiie wiiieglddanans
581 (Media) fiumnsnsfufienevaussnnudeinisearsnelditouluveanisunsnszatsniuues
uiagvtne warluaietne Link 22 nihe NILE avtisanansndeastumiae NILE léamunlae
lifidsfanTetne NILE fidrsaa Snvamiiesnag dannsndwiadonuiievseanuaseuags
nsdeans (Coverage) Sunin S1ad (Relay) Tnedulusa
3.2 MsfpasuuuuenwiioannIsueiu (Beyond Line-Of-Sight : BLOS)
meldia3etne NILE anansaldnisdeansinenuiigs (HF) wietnernuiigsfives (UHF) gifu
1 Tnenisdeanswuu HF Tugaeannud 2-30 MHz dslvinnsdeansiiuenmileainnisusadiulutig
mm?{qwzﬁeﬂ'jw HF Sky Wave sruvdsd ez sUSumasazyuvaandsiinang
dmSunisds lnaunfiuda HF Sky Wave anunsadedyanlaggalats 300 ludnzia Watlvne HF
Faanunselinisdeansuuunisuediu (Line-Of-Sight : LOS) léeenafiusyansnmdndae daunis
ﬁamﬁham’mﬁqaﬁmww% UHF ﬁgua]zagﬂmmmm?{ 225-400 MHz e‘z’faﬁwmm?{ﬁqwﬂﬁ
n13doanTuuy LOS Wity svuu Link 22 andenldguanuifimunzausiuiunisidensluvy

nsdenEANUDAIEaTANARUY Hopping MAMIUNISAUINENTINISATEUARY
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3.3 mslf'?j'amiaLLUULLasmsU'%mssﬁauua

55Uy Link 22 agiinsudfsdoganuu Time Division Multiple Access (TDMA) Faifu3snns
flannsonsznedoyassvivanndnluaiodieoun lnenslszernavensoulvgasgnus
ganifutianan (Timeslots) Aflszasianfiunndneiu [11] udszuurzdnassiiiumizeamnead
Anusndussnulunsevieneuneunddnliiumissdsdygralvvinnisdddutisiaizonuies
wazmhedu o Amdermuadidudiiiadndg  uienaiitaaatlunslddduanudiy i
VIhedadesruuansaanseeznaivihvdwesselfifielfaunsodennuiifidisuainudifey
genau wazdnnuatevthefesnmsdidyanalutiaiifirnuddylunanfetu ssuvasdnass
nsdeduaaslutisavemiednauiietesnsdsiivudoutaumiaess  luildsuderu

3.4 1A39851900939351A39918 (Network Cycle Structure)

38018 NILE Toluslnaoa TDMA N 1ulassas199892995tA3 8918 (Network Cycle Structure: NCS)
Tnervualiuiaziniotnsutaandutianueiaefisonit Minislots Aiflszagiiauwmnndneiu
TUnadseianvesguuuunisds wazdsiidranarifondn Timeslots AUsznausiey Minislots 4
dieauBanguyili Timeslots vadustay NCS Suuauandnstusenty silinTetne NILE azfwun

! v =)

PraalasunsInassliAiuriiea1ee Wit urs o USUlUAEUTIIAIMNAIAUANLEIAYYOIULIY

[ |

ddlanlivihedsdemnuiddwumuddygedminluriaanfiudy (Priority Inject Timeslot) 1t
SnissruLazaTedeUiusazmheilenadsdyanmet eoeninimelusssznanifmuania
21999U (Network Cycle Time :NCT) F9 NCT 9zUsznausa8d1uuaed Minislots 718 uad1e9as
138918 1Ay NCT @13130ilHATINYDIANLIIVBITINIAGIGANS 1,024 Minislots %uasvjﬁmi’mau
v09n0efds awnIetielaseadnwensasiaiotieinuazisanit Operational NCS (ONCS) Tng

52UV Link 22 fauanunsalunisuily ONCS wazlissuuniuauesetiganansaluilaeu ONCS 1o

Minisiots
(Fixed Length)

Timeslots Priority Injection
(Variable Length) Timeslot

5UN 3 1A598371999929351A38U18%04 Link 22 [12]
aetugdlasetignisdearsaesAdafednuiutenlnunegnsisae I uinmiigazaes
a4 (Capacity Need) s2udsUsunanislasiaduagszoziia Naius0905euinen1saed g

(Access Delay) NouUNIILIUAULATOUNY
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4. a3y

nsUfuRnIemmnslutagduianududeunasind sl sy uusiuenissuild
w3ovedugudnans iioldeyatnans amaniunisal wazidsinunsdeansiiegsgndes
59157 uazwiud shuszuudeulesdoyanisgysis (TDL) relAnnsuaniasudeyaluguuuy
aamaaiuﬁ?uﬁﬂ’]iiULLUijim’m’ﬁ FaspUU Link 22 Lﬂuizuuﬁgﬂﬂ’mmmqmimamzmﬂiumjm
23AM3 NATOWlanaunudadiinues Link 11 Inedalfiuieundniufio n1sioasuuuueniniionn
NSUORIAY YTIAEINNTORAAININNITTUNIUNITEIATINVDINUIINIBINIA VINIUN UATVIWELALA
wuiwuulSsesserumalulad DTDMA seafunisdnunssuu Link 22 Seflanuddasontsiaun
sruugensTuraInawiwlnevslussAugnsnisuazgnsIslidauansnfisusintuesdnng
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wﬁmLﬁué’miwLamajﬁﬂivﬂﬂﬁuwé’wivanﬁmimmé’aa(Arthropod) ag/ludu ( (Infraclass)
Cirripedia Tu Subphylum Crustacea mﬁﬂiumnmmmuua Ummwlmuawswamﬂuwu maq
L‘Wimwmﬂwmmumuaaﬂuammmaawuumﬂaaa Fadudmidanzegfufl (Nonmotile vde
Sessile) Auomslagrun1INIeIeMI3aINUT (Suspension Feeders) LLmiuszmﬂnLUum';aaua’lmaa
] vy & o ¢ aa < . . oA’ e - o
Tele WWudrmnuwasineundauiaidn (Microscopic Plankton) Tutsiiiludigauasdaniziu
AuRTanm1ee lunza wazimuawdududuy fodudwninelmnia Jymnuiianysn (Fouling)
v A v oa v o = -~ ) = = =~ v % ~ a A
nesiwIedsdenldddunivanedeosdunisdanizveunissuazialau lnodarsiuae
. <) v o o 1 a 1 ] I3 A P =]
Copper Oxide tUudhatgdisounies uaegnslsnauilsldlussozuilsdinarilgoununanin
wazdanataumdIsiasdiseduunuivlsesnekagnsIaaeunesesuy Jagtuininermansuay
o 3 a v ad v = at' & . . vas & aa ¢ =
Unaynsaansng1emAnAunIsLAUeinsssiannizil (Antifouling) lagldisviansildnd adl
WAZTIVYT FIufazIoUIToAlarTane1e AU n1sUNIlgIeniTUSunas ATtz Auns
T

AIAIALY - WWIEN AUENUINVREN N1TUasiumBeainiy afumae
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Abstract

Barnacles are invertebrate sea animals, which are classified as members of Arthropods
of the Infraclass Cirripedia in the Subphylum Crustacea. They tend to spend their lives in
shallow and tidal waters. There are many types depending on their living environments. They
are nonmotile (sessile) and suspension feeders. However, barnacle larvae, a micro plankton
type, are able to swim. The stage the larvae grow into adults and attach themselves to surfaces
in the sea causes a fouling condition. The Royal Thai Navy prefers to use antifouling paint
containing copper oxide to protect barnacles and marine plants. For a while anyway,
deterioration of this paints will occur so it is the suitable time for maintenance ship and
operation checking at the same time. Scientists and oceanographers have tried to find
solutions to the problem employing methodologies in physics, chemistry as well as biology
and each has its own advantages and disadvantages. Therefore, those should be used to

determine which method is best suited for a job.

Keywords : Barnacles, Fouling, Antifouling, Antifouling Paint
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9 Y
[

me idealdaadunisiigeiny neunazndntedymanan suheuddndu “inses”
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JUN 1 imSesiunsBainiguuiiun s https://en.wikipedia.org/wiki/Barnacle
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2. YIINYIVDUNTES

“WFoe” nwdanguliAidn “Bamacles” Wudninziailiifinszgndundsseiandaian
Ud09 (Arthropod) aglulwdy Arthropoda Fu (Infraclass) Cirripedia Tu Subphylum Crustacea
Hugndsuyuasds danlvgordeluninaniiusasinuildsudinaainihdu-thas Wudeiie
Lmzagjﬁ’uﬁ (Nonmotile w3a Sessile) Auammslineniunisnsatommsaini (Suspension Feeders)
wiluteiifusgouaunsaineuild Wuswon Microscopic Plankton %3 aunaInauyuIn@nuIn
uaslsiifusnonadedlindesqanssmidesgdviiiudnuaznuguil 2 fmdadedluszozusn
(First Stage) 138A71 Nauplius [1]

gﬂﬁ 2 fhgauveunuIssesil 1 Nauplius i https:/en.wikipedia.org/wiki/Barnacle

6 Weusily Fuwundrgiui 2 Fondn Guprid (Uit 3) FaFuatlasssradonuivfumseul
melunazSumituiafivanzaufunisianiy W feade feuitu wWlsnues A wieudnssits
wdssieiueswelfiduiiuiudwufiaunsadanzld Tnevdasyilanisfidnvasduluiy
(Oily Compound) Lﬁaﬁ%ﬁﬁmﬁwaaﬂlﬂmﬂﬁuﬁaﬁuq ImaaﬁﬂiﬁmﬁmﬂﬂLmuﬁﬁ;ﬁmﬁauﬁuﬂ’aag}
W& uaEnd eansTUsAuUsELAN Phosphoprotein Compound @svimtnfitdun1adadasfufiu

[
=]

NUR 'via”qmﬂﬁ’uﬁuﬁﬁflsﬁ%aqmami%Lmzﬁ’uwuﬁa LAZNIABINISTILA A WNAINFHDULAY

v

AN5919N T hUNZLAaNUIN e 8L NIVINUTNNIAa18Le AaSUN 3

g‘dﬁ 3 fhgeureuniesseesil 2 Cyprid fiun http.//yks.sakura.ne.jp/Barnacle/Pages/Larva.html
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nsfuiugiedullgyuesdniiBainizegfuil 1wy Usnn$s wasreni FediiBveneiudie
nsnultuaradiveenlunauduluthusindesdiBnisiiuvanniniu nedufiefoasimaidoudree
wagdoldinoniianludnifioglueiandng (Kingdom) Weafu (U 4) vinlsidesensuansiugiv
Fudeviedioglusserlnduarlng wimioadudnian 2 weludidoadunisusnmaldon
(Hermaphroditic) Ssannsafsviesuazeangniumildluasaufiendu (1]

gll‘ﬁ 4 aiwduiugines s https://writer.dek-d.com/dek-d/story

3. Usnuaainies insesiivainvatganeiug ordvegunndsiulunainraiganinwingeusail (2]
< a A < v @ ' ‘:4' = v
3.1 Acorn Barnacles (Juyilafnuiinlutrusidudnlvg smugui 1 vienwisnidiu
138777 WS89 (Balanus Amphitrite) WULNIZAARUIUADNMOULAUNATINUNIZAARUAIAIVDIINW
sefigusradugunnimdenilesiiegluddivein (U 5) lnglivihanududinniedunsglag
Tifumaswiondensssommsainifluaudinu waglunsnseiudiunaneuinegerdeves
WU (Whale Lice) @adudninvinsslosilituimuuuinenariu

[y

sUN 5 nSeeilinigfniud1finw W0 https://th.sciencenetnews.com/insey/
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[y [

3.2 U521 Free-floating Barnacle Hadesilanwuziniounsniiu u19Asasen Goose

v
aaa

Barnacles {Wuwilafianunsadniniziuiangvseddidinnaosuiwaziasaiulala wu amsie il

v A

wiaieniivinaseuun insesssianidasaundludiferegdaauudeisisnadazAsudadn
nieTeizineile

31]17; 6 Goose Barnacles i https://alchetron.com/Goose-barnacle

3.3 Usziam Buoy Barnacles unsesiliinzinegiuiuazaunsoasenuiile lngandy
nsudnansyilanilaimimadelnuvseneailuddues inliduaiusaassuilaidusediu
WUINTENTU (FUN 7)

31]17; 7 Buoy Barnacles fian https://www.pinterest.cl/pin/438819557414298271/
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3.4 Uszinnnendeagludnan ineinediuianiaueglunninuasinuuesmsinizag usiimn

Indidgatugilnlansiadegaulumeaisomsanuindaesguuln duarunsanumuiuiing
9NN 400 aemgaldud waransiwusauule Sessenviunuiiagnine1msani

Y
U Ulﬂ'

sfundviuatuizadtsilendulusmevuluymihdiwmileusuliliuaf SounizwazAuwuais oy
2113 (3U71 8)

5UN 8 wissahanusnuglilanzia v

http://www.phschool.com/science/science news/articles/venting concerns.html

4. N15gANIZkazNIsUaINU
WS eeaunsoannansyiauils (Natural Glue) AflAuauURAA18NIT LU bwn1ely 24 F21u9

q
v A 1

o o & a ' & o PPN | = o U a ada
wdnThmMsnzasuuiuiy Tiinasduddhifiaie 1wy dse sedsdzniu “av vieudnsyisddlyin
v [y v I v 6 1 [ ! a & v a dyd < .

Aefued taun daivzia Wy aaen 199 [Wuiu arsstintiinuudansaunn (Adhesive Strength)
Utz 22-60 Yaua/m151917 dadnidenersmaaauiiasviadluldlunisnisdn [3] 1esain
AULTIUTI Yty wasgalsinuduniesludaniziudise Jynifiauunfeisensaun
UminnsesluiuFeniy Junisslilinizuaestuieuivanisoniz douiuladnnaleduuin
[ Py A -1 a a &£ ase f 3 v Y A [y o [y a o A
ihlvaudenhdudemasiuaduainunfits 40 Wesduduaziasdudesiumstisainwiiaiuse
MENITUNTBLINGLNBYINNS YRS E88N

nstesiunstanzvesniesiudiselulagiuddenlddiunssmuaiioudn Feansaiilud
fumSesfonomndsiulavendnuasliiludunanludnlng Jaleanimounnzgnyzdiseanin
NALAZAIRIDOUVDANTBINRTOERIDUY NAzuDanNzAUAITe [4] Tunneislangniniuuinnudnu
w3esfazuleuegivdsnndedlunsia viliiianizuafivainianewiin (Heavy Metal Pollution)
JagdudnIneremansuasinay nseansameneuAnAunIsaunas MInmseamauwnunisldaiu
wises Wiezdunismiagiasunvidaisefiaibinsediaunsedanizle wieoranizlausdne
son1syaeen [4] wisldignalninsuniunisasnizvesdiseunies a1 Fafidseglutuneunis
aaslaziaulilauszlovilazmuzauiunisleau

A1@M319158 Shaoyi Jiang wiis University of Washington AnfumJanitld@adn Zwitterionic

Compounds [5] Fsasuszneuiiaunsadsudszylniiludiainuiniuavuazainauduuan

a [

wWioidun1ssuniunisasnizvesdIgaumnses §RAnAuISAdansesdnriiude A1ans1915¢

a ¥ v

Brennan, a University of Florida Engineering [6] AnAuainn1saunalainnsesldiniguataaiy
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AatiuFarinsAinwsukuuvesiiataaunuInisuwuunugun 9 Felavinisvaaedurismaass
v I Y o = a o ¥ = a a a ada A & avw
WU vinsndeuitiagmeUiuuiazdeanisnisaiydulavesdald@inninsuuiuiale

ANINURNITBU

}6a.cron, { ‘ ‘ l ( (

hese f/’ oot

Ff%f

gﬂﬁ 9 sUlUUTBIUa1RaM Shark Scale-like Pattern [6]
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N a

Wisuileudte) Auldurigudnalavesdunuuywdndouna 50 luaseu susuuilivuin
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2-16 luasou F9ldanunsausasiulamionivan wazsidurunaitenisiusanizussdadidinlannan

q
=

AatuTAiANAnTazARoURIRTBAI8FULUY Shark Scale-like Pattern ioazann1saLNIy
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You3e wissazliaunsadanizineldlasdiniedtumasufinaoniar Jsluauduaiasl
anusanszyiuiule 19131 uAnAunISNz ol unioansnINITEALN YD ILNIBSUUNURD
Tansinge Bnnilaisildineinismsdinerlunisuitamnisdanigveanies lau1ainnisdanad
WewhuazUgniSududdidinnfinuiudwarldimdounlunsiaduiuusndulddnioundainenin
NNFANITINEWBIER I rdatunuINURITIUzNSdinuaTiFaLazanIBuNTiinandn
inmeiazenAgagludnuaeiisnnendeduiun esniuazdensilusvuazvndunaziulils 91nn1sh
s wunesitazUznsaududeang 9

wenansIninguasaauazsnisuewds Adudumszsininguasamsisuaz uuaiie
A = o ¢ H UV vy &9 v A i = | ANa & o
Mnganizang Usslerunneniuasuznfalasualdiientsaemte duwuaiiseondesigeims
nnsturesdetazamsienondeasvsulasenlanainnismelavestsniswnldlunisdunsgi
waa[7] AadutnIngimansIsededunanaranyfgiuinwuaniieuniasinasonisdanisves
wies 3eihnsITelaeiiynlauneiienisnmamaeiuguuailisenenfeegiunesiinie gni3s
gouiaunsadudinisaunizvesitgeumiesiuvila Balanus Amphitrite lngfAnugniieuians a9

go’ = v 1 = a o a6 a a o v & A
11NN InsoUen15I9aU NaNISANYIITENUIMRURUATISET1 WY 1 aesius Ae IMS279-7
wanINadugIN1IALNEYRIRIg oS Bt 1l TEd Ay nealii (p<0.01) wuaniseidnegluana
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wilumeufURdesthlUldndeuiuannldidiseasdedigUassadnuinunedassaafnyiiasinms
NARBNINY

5. NEWINITANUMTUBINUNIE
v A U a v a oA I [ v A v [ = 1 1

newinseddadldmemadise wenmnamlumssnuanmvewiuselviog luammia Tukdveinsie
graouazlosiunmynsaulliintuswddwetoriunsBameii ovewdsua Juialsuladnieds
WuanlimSessiumniueglinn dfundes (Antifouling Paint) inewinGeldiinaesifveanusadanymii
a &£ da =~ v ~ A& a | a A aAda A a a ] I
et unieusela wasliansmiduiurawd sueed witinow) Tusvozisnuesmsias i uln usegwlsnan
naslinsliniialamuaiiume swrmuszneulneyilu Ussneumensdnameansisgulain Acylic Resin,
hiilasfuazesnass i dnensiiwondesiulsiun Copper oxide wae Trbutyl Tin (g Uudaduansd owi)
FadlearansulnvzUantassalsiiweanuivinatefiseureansswilinsssliauisaasniziuiiale
Uszdnsnmuesdnunieaduegiudnsnisveavaisvesdill oduiauasazdosnsiuazdaaldisn
uiuly inszasibiogmildmdusidedidifulunliannsedudmanmeveundeds uieegdlsio
IRINANUANS e aNSNENNANEH 30 SUUDINS ENLA S INANUE W INA DA 28 AILUENLNS BN NI NS Bl 3
soadulUmannesguanng AeviiemuvanesinG sansgonsm (Naval Sea System Command : NAVSEA) waw
1Py oresnewinE s sney (Defend Standard : DEFSTAN) 1 [4]

6. Afudssiunileanusiuausianimeea

nnmsatussdasiuiidlasmindennovuleulimsauesaedwedoumnmeald 3y
Aendesiuulovernusiuausianfimmealiiade msunleminenssssAmmeanudmsey3ng
AunndouasnsnennssTnRTaTIswse ddodulapmiwereumsaiashueduituiimasaves
Usslneluiiagtiu ilesmnmaneszavs mmlumsdansmemmavesmes gussneudunsuananyslend
M RENISTNRYaeE RS U Ate U seIUAL. SmsrmdeneuazsvismaRs v naaly
mthifugua samsteiulingrmneuesmauimsdamsesdiussAvBam dmeliawndomnmmali sy
NANTYYIUDE NN T UTR AT VANV 9T 1 THARAIRE W INS )

demnFennddiamuidufedidtunios fuiunnimdddtuniodfaefiwivianeg
wdmalimsiveonsnuuteu deliAauanmeiiufivied ST 3mmasnsuudoummea dwanssude
Aanndoulunmsu Ssuanenenuedniug el daned eudutlsdeddnlunssuumamadeue
eyyiserans s sitnmsmsludegn st SuR aveundnlud unsunties fown Humnivensua
Aauedesmamza o nsznsaminenssssnRuasdaanden wisgdlsimuanaswileluynaned 1l
arwdniduegneds WWunss dseu envunavUssrumsimunseviinlub et aAnufulavounay
mseuins nstsiulingraneesassnsauaslusda Hussm sastinsaiivayue wiadleuauiiomonn
mess wrlinmsturdendoemmsiuanemnimeyaidulues wiennmuasUssavsnm 9] [10]
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Abstract

Finding the derivative of function in mathematical science can be determined by
definition. Formula called Symbolic differentiation and calculating the estimation of numerical
derivatives using a method called Numerical differentiation but computer programming to
create application software that requires the determination of derivative values cannot be
calculated by using derivative formulas to calculate in the process of program processing.
Therefore, there is a way to find the calculation of the derivative called Automatic
Differentiation, which can be written as an algorithm to write as a command, according to the
syntax of a computer language. Making the principle of automatic derivative is very useful for

learning in the science of computational science using computer program estimation.
Keywords: Numerical Differentiation, Algorithm, Automatic Differentiation
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MeauNusITednludfoy 2 UsuuAa Forward Mode Wag Reverse Mode fdazlinanilauaviden

1. 25 Forward Mode

ANSEIAWNTAEUAVDININTUNTFIwUTDATE N 69 Aw f(xl,xz,...,xn) TaenHandy
f liduiledduyagiu Sududenmsuenilanduindudou f (X, X,,...,X,) senduilaiduyagiu

Tneinupilsidugagruudazilanduivssneudu f esnuiiazileiduy

Suay Awueld i=n+1

MuuAfuls5EnIanans (Intermediate Variable) %  Idlwinfuiladduyaguiiueneenin Tufe
X = fi(x.ked;)

d' A ~ al ! < (Y a ¢ o

We J; Aewanssyiiivendt X, Wudiuusdasevesilaiduyagiu f;

A ¢ v v v 1 i ~ s s o &

Weuenileiduyagiueanuua Tenggnlemannsineudvesilenduyagiuiu

9zledn VX :Zafi(xka’k <)
X .

jedi ]

VX; Wi VX; =€, ADINADSUTIUNE UL X|

AMUUAA T=N+2

Amuamuussgnitnans X Willdwirduiledtu yagiu dude X = f(x ke J;)

! P af ,k vJ
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X .

jedi ]
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Aavzasuhludunawds (Algorithm) ladisil

UMY Forward Mode

Al fiR" >R desmsmeanunsifeudves f(X,X,,..., X, )
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LY

A
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OX: ]

jed; J

3. ASIFOUN
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s

[
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U 9
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0% 0X,
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Abstract

According to the notification of Department of Energy Business biodiesel in Thailand can
be categorized into two types, which are biodiesel for agricultural engines (commodity biodiesel)
and fatty acid methyl ester (FAME)-typed biodiesel (biodiesel B100). These two types of biodiesel
have different characteristics and specifications. As reported in the literature, the minimum
methyl ester content in B100 is specified at 96.5 percent by mass. In this study, the utilization
of ultraviolet (UV) light operation at 254 nm wavelength coupled with Thin Layer Chromatography (TLC)
is proposed in order to determine methyl ester content in unknown biodiesel. The silica gel on
the TLC plate is first impregnated with a fluorescent material that glows under UV light. A spot
then can interfere with the fluorescence and appear as a dark spot on a glowing background. A
comparison between the spot of unknown biodiesel and spot of B100 can be made where
methyl ester content in B100 is exactly known. It is found that the result of methyl ester content
in unknown sample obtained from using UV light is consistent with that obtained from
sophisticated instrument in chemical laboratory. Thus, this simple and affordable technique can

be utilized in the preliminary determination of type of biodiesel.

Keywords: Biodiesel, Methyl Ester, Thin Layer Chromatography
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3. mslduasdaniilaletan (UV) astasauauuignsvasluledws
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We are expert in military radio communication system and security system
- RF Communication VHF/HF/UHF.

- Radio Direction Finding.

- ICS (Integrated communication system).

- Secure Voice and Data System for RF.

- Secure Mobile Phone and Network System.

- Air and Surveillance Radar.
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NS50
Short to medium range
AESA air & surface surveillance radar

S50 features:

- Simultaneous air and surface target detection and tracking

~ Fire control

~ |FF data handling (IFF plot-track data correlation) e
- Jammer detection and tracking VIRIYAKIT

- Provision of surveillance video —

» High cvui|c:|biii’ry and graceful degradation Tel:02 470 0894

» Maintenance 5uppor1 E-Mail:contact@virlyakit.com
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COMPAC Seawater Lubricated
Propeller Shaft Bearings

used by over 40 Navies and Coast Guards

* Proven Performance

* No Catastrophic Failure

* Low Accoustic Signature

- COMPAC Seawater Lubricated Propeller
Shaft Bearing System

With over 35 years of bearing experience using the proven
principles of seawater lubrication, Thordon’ s propeller shaft
bearing systems are simple, reliable and oil-free for newhuvilds

and conversions
USEY LE3E55NN 1A
T H ) R D o N 305/15,17 AUURTY wusauuuATivedd
LUAATA NTINN 10300
AR R.' AAARI nsAn 02-241-5269, 02-241-5305
www.ThordonBearings.com Tnsens 02-243-2362

a : seri_ent@truemail.co.th
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ﬁ Intelligent Innovation

Our Solutions
e ’-‘f

2-way radio Security/Video PBX/PA/ Railway Application
Analytic Conference Signaling software

- Radio over IP -CCTV - IPBX system - Signaling -TouchEnTalk
(ROIP) - Face recognition - Public Address installation - Thai Speech
-IDAS Digital radio  Analyze & Alert - Voice Recorder - Local content to Text
-TETRA Digital ITS + Mobile Video supply - Radio Location
radio Conference + Locomotive Air Display
Conditioner
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