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Abstract

In this paper, capillary electrophoresis method for simultaneous analysis of tramadol
hydrochloride and paracetamol in tablets was developed. Optimal conditions for separation
were capillary length of 32 cm, borate buffer of 10 mM (pH 9.5), applied voltage of 12 kV
and injection at 50 mbar for 3 sec. Detection wavelength was set at 215 nm. Under the
optimal conditions, the analysis was carried out in less than 2 min. Migration times of
tramadol hydrochloride and paracetamol were 1.161 and 1.615 min, respectively. Calibration
curves were linear over the concentration range 5.0-100.0 mg/L with R2 greater than 0.9996.
Limits of detection for tramadol hydrochloride and paracetamol were 1.05 and 0.60 mg/L,
respectively. Limits of quantitation for tramadol hydrochloride and paracetamol were 3.50
and 2.00 mg/L, respectively. Percent recoveries were in range 96.2-101.3%. The developed
method could be applied to the simultaneous analysis of tramadol hydrochloride and

paracetamol in tablets.
Keywords: Capillary electrophoresis, Tramadol hydrochloride, Paracetamol, Simultaneous analysis
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3. onunisiae
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Tedes (nsunmealalasaaslsruarmisenuea) Inefudsiidenundnulunudded tdud pH
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99935 (Method Validation) uazduduauléldvedsiivnavesusegendaiidosdusznau
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3.3 ASASENENTATANYRIBEN
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3.4 nsesiadeundldlavenidiasy
Suada3sdninsliEganiauniudmiulinseinsunnealslnsraslsiuasmssnuea
w¥ounuluedln lansiaeuauldlavesis lumenvesmnuiludunsivoinsmuinsgiu
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(Percent Recovery) Ing@n®1 3 SeAUAMILTLTUSUALINUAIULTILY
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WsNemeane 1.161 wag 1.615 Ui audsu diewSeudisuanmlivesnisieseiansfigenis

1y

Tsgiassrinnieldan e fimungay nuidsRiauAT udtan nluinninisalatnng
10mM

1 " " 1

0.0 30

. v &
FIYUNNDURUIU [9]

absorbance (mAU)

time (min)
JUN 3 navasmnududuresiniesaedianing ol sunsuvedansazangu sy IUNENTeT
n3unealalasnaslsd (20 fadnsusiadng) waznisngauea (20 dadnsunadng)

Andlndrilgnende 10 Alaliad Ain 1 Aensiuinealalasaaslsa fin 2 Aeniswnluea

i | 10kV

absorbance (mAU)
¥
<

time (min)
UM 4 navesdndlnihilduendedianinsmelswnsuvesansazasunsgIuNaNves
nyunealalasaaslsd (20 Tadnsusedng) warnisnuenuea (20 Tadnsusedng)

Ain 1 Aamsunsealalaseaslsa fin 2 AONISURLDA
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4.4 mMinsvaeunNdlilavediziingen

nsnsiaaeuauldlivedisidunsruiunistuduanugnieweisinsginiuandlii
| aa a e o & S 9 v v 1o o s A o a 1%
JIEMTeTeiniauuindulinagniesiugnuingUssasiivotn luldlunuinseils
agaeiie nansfnwianududunsiveansmunnsgiu aunisidunsaveansmluimnsgiu LOD
wag LOQ 1031110 0alalnsnaslsfuasnisnaenueaduiinised 1 mnuieswesisinszi
wanalums1e9 2 waganuldureisuansluneuvessesazn1sianauAu (Percent Recovery)
wusevarnslanduAuremsanealalasaaslsnuazsmsienuensgluyisiesay 98.7-101.3

LAY 96.2-99.9 AIUAIRU

M19199 1 @UN15NTIMNINTFIU R2 LOD waw LOQ vaamnstuinealalasaaslsnuasnisianiuea

AUNITLAUNT LOD LOQ

as VBINTINUINTFIU R? (@adnduseding) | (@adniudedns)
nueealalasraslsn y = 1.0823x + 0.236 0.9997 1.05 3.50
NIFUYAUDA y = 2.4876x + 0.701 0.9996 0.60 2.00

o oA v o s & Ao v o 1 Y}
MN1979N 2 ALY ENLUUN']Wiﬁ']uaﬂJWVlﬁ (%RSD) GUEN‘WU‘V]‘Wﬂﬂ']fﬂu’)uuﬂU?ﬂULLagﬁg‘Vﬂ"NﬁusU@Q

71571101798 L8lA5AAB L IALATNITLTH1UDA

AULVLUU % RSD % RSD
as ({ladnTurodng) meluiudaniu FENINIU

nunealalasraslsn 10.0 18 2.2
30.0 2.0 2.7

60.0 1.7 2.9

WITUYAUDA 10.0 15 3.0
30.0 1.8 2.8

60.0 1.9 2.6

4.5 nstuduanululauedds

A o aa A Aa Aa A o X a ¢ ¢

Wt S uaUTas B anns B 3an Wl TuLIns i unealalnsAas lsa wasnIsInuea
Tushegendadsaainuunasssylsnnamemsuinealalasnaslsiuasnisignuea 37.5 way
325 faansusaidin auaisu snedsniseszingldanneivunzaunfnele A valsntines
ANILTY 10 fadluans (pH 9.5) fndluin 12 Alaliad Anansiaaudu 50 fadunsidunan 3 Jui
ASTRANSNAVEIAAY 215 WLUIAT NAN1TIATIEUNUUSUIUVRINs1WInealalasraslsa
37.3 + 0.3 Jaansusawin wWaLWISWIAINea 324.6 + 0.5 Jadnsusolin nafledArlnaAaaiy

Usunanseauliludiednendanivgegluioman
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5. @3UNaN13IY
uideilaaEtnssiusinamsneealalnsnaslsiuasnisenueanseuiufidaiula

gasﬁu Tnemsneiansusenousasandoutuannsavildig TinE fanuemsianzas iy

wezpufiosd wesfulinsiudannden meldanmefiuvmean nMsdwnsevanusavildniely 2 und

wagIsnsnlaaunsadnluldluniseruauauninvesedmsunulsednla

AnRNISHUSZNA

[y a

ANEHITIVDVDUAMNIATIV AL A INGIANENT UMINLIREYTNT NadiuauunuIToway
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1AULTUY8IN15d8987319 (Luminous Intensity) 88581319 210,000 w34ty (Candela : cd)
Lﬁaasﬂué’ﬂwmﬁﬂ (Fixed) waz 136,000 - 206,000 wsafiou 1 evauludnuwaraviiosszuy
wudn deazviliiflszozifiuvosuasi (Luminous Range) 20 - 21.4 ludnzia amumnaduves
nsdesainudlovihau danumunuvesnisldauluanmuinden WeuAeldiuinssm IP 65
anunsaneniduduUsznausne q 16 14 3w wariivndn 67 Alandy fseresyuuUssanm
400,000 v 1A mzATanuar AT uileUssnanisAlddieynegrandavzisien
Uszanad 600,000 — 700,000 UwiRaszuU TuvaefisavmanasUsemearisiassuuay 2,500,000

- 3,400,000 um

AIEIAY: PLAEINGINULEIRTIRG, Aziieamyu
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Abstract

The solar energy rotating lantern is the main part of light source for lighthouses or
lisht beacons but the lantern is expensive and has to be imported from other countries.
Thus, the Hydrographic Department, Royal Thai Navy, efforts to invent a prototype of a low-
cost solar energy rotating lantern for installing in the lighthouses or light beacons in the areas
where are interfered with background light but important for navigation in Thai Waters. The
invented lantern should save cost from importing the lantern abroad. At fixed state, the
prototype of solar energy rotating lantern has luminous intensity at 210,000 candelas, and at
rotating state is about 206,000 - 136,000 candelas. The Luminous Range is 20 - 21.4 nautical
miles depending on operated Luminous Intensity. The lantern durability is compatible with
the IP 65 standard. One unit of invented lantern is about 400,000 baht, 14 components and
weight 67 kilograms, whereas the whole system is about 600,000 - 700,000 baht. It is
significantly cheaper than imported solar energy rotating lantern system which is around

2,500,000 - 3,400,000 baht.
Keywords: Solar Energy Lantern, Rotating Lantern

1. UMY

6 U S <3 I [ q‘u a d" S 1 goj 4"
nsugnnAEns nawvimse Wunhsnundnniuiaveulesesmuneniaselutiuinlng g
fusenmsuaznselavlidunsesmunenasenneassansusiiameiaazsinglungiafiddey
Wetglumsiduiseusnusiaasinglunsialvianudasady Jagdudseniesuasnszlaul
Wanunvesnsugnnmansldnziisandsnuatoniinglunisdesainadundn lnenzifoamasny
A cada & v ~ a a = Py ~
wasefingNfansnuszainsharnselanlidedivsedns nmgs wiuladaiauluszeslnauasd
AUTNYDINTTHB9a713 (Luminous Intensity) g9 ieagladsvaziiuldlnaveuasl (Luminous
Range) filna [1] Fsavrglunsueanulalunainanauwiazgnsuniuaindadenns 4 lnsaniy
WE9EI191 %A (Background Light) wiu Irlauu thefloau wa< Feagvilissesusasiuvesivanas

NAN1ILUNR

a 1 .2 a 4 . d‘ -] a og.l/ U A

AL B UUEUAMYUNAIULER17RE (Rotating Lantern) Adan@nnsiulsen1aTvise
nsglanll agiarsanfaasluusnausenias/nsglanlniidrdey (Major Light) Femoen1ssees
yaaiulnaveswastnyuszunn 20 Tudvziaduld wazdmnuduesinisdesainsussunal 70,000 -

100,000 w59:7ieu JulU Famziieaseuuaudng (Static Lantern) Nansamunselaulnyise
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Uszmasialy axfiszesiuldlnadszana 10 - 13 ludngia wasdnrmiduveanisdosadneeg
S¥1IN9 3,000 — 6,500 LS9 5ﬂ‘1/.?\‘1(§]3LﬁEJ\ﬁ%UULauﬁViqu%sﬁﬂméjﬂHm%ﬁLﬂ'l?) Ao wadlazdaa
oonuludnuaidud (Pencil Beam) faufl 1 Uszneudunisvsu (Rotating) axvhliAndnuauslniy
(Flashing) vi3e TWidhwaeuainsdunitauiln waglvinu (Occulting) vielnifidnwazatuaing
granteuiin egdaedu saiimslenudiesnisdesainaigeyiilinsndunalug i
dldtnauainszeglnauasaunsauweninvesuseninsvisenseladlneenanuasainsindsladng
Turausdingifosszuuaudisazinaainsoonseuiludnuarsuia (Fan Beam) fifwmymssy -
Armodlrimudnuazaadlal (Light Characteristic) fiRaly savediauiduvesnisdosainsligs Sevh
TiwenaslivaansslanlivseUsznimsesnainuasainanudslasnnnitneifesssuuaudngu

HagUusznasviensylanlniiddyvensugnnaianss dswau 24 uvs msfadks
pgifesszuuauday @ Adhanssssmaiisadeudisgalassiaazegsewing 2,500,000 -
3,400,000 UMFDYA Tuatfugunsaiszney Jullamudululdtosiinefavuniadsldenldnnums
Snviatiagtunsiissssuuiaudnyundsuiasorfingnssnes Tideland $u TRB - 400 (3U7 1)
finsugnnenansdldlumenisftionsnisldauenuuiuni 10 99ulU warluiligduldanansom
oglnaunhnistesidldidesanuisninanlfonianaonisnanudy nsugnnmansidlavinnig
Woahenzifeszuuiaudvyundsnuiatefindiieldiuuszaas/nslanlnvesnsugnnmans«
Tnefifnguszasdlunisadansfssssuuaudngundanuiaefinduldauedusagnmnauny
pzifBszUvaudnyY = Tldauegifu eumsussndnsuussanamenssinBe wasiiiuainy

Jaaanulunisiiusavesdiudnineusnanizwazeeile

JUT 1 wansdnuazuatliidug (Pencil Beam) vesnzifinssyuuiaudviau 1 [2] (de) uas
AZNEaTEUUAUATYY 1 1519nYs Tideland $u TRB - 400 91 NSUENNANEAS*

Jlalulusranns [3] (@)
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2. IngUszaAsALazIUNRUNITANTUNISIRY
2.1 Inguszasd
= Yy v a s % a ¢ = a 4
W oA URUUAZLA 8IS UL UANYUNEI LA TING NITE VY 1TauUnzee Laud
YAUVEINEI wraarulauasaing (Light Source) waggngunsalniuaunisyine 1ilglusu
LASOINUIENINZBVBINTUGNNAERS 1L TUNSUsENIRIUUTZUIITBINDITINIED LasimuIa9f

yARaLarasAALIvaInsIgnnaans < ndanuiintngau

22 Funsumssiiunisive

AHUNTITEUUUILATN (Analytical Research) 19en1553UUaY@aNUAARN 9 ey
nguAuasaUUR n1sdesigiannguiane q graiuin esdauding q Miieades s
mMsAnuAuahdeyafiaAnndveteLaiUTEYMA LNENINITITNNT LazionTy Allesng 9
Hanwlnguazn1w18angy warsiusand ey aninmei sassuuLaudn UndsauLasend ng
Afldemaivesnsugnnmans1egluiagiu wdudsuifisundnnsuazivguaii othunaiis
Funuuazifesszuaudvyundanulaseing uavidleadadunuungiiios 1 wiaseuiooud A
i lunasounsvhatesiusuunfies 1 idluiinsunfuarluniussinaass Ssasilugnisagy

= 1

NANI1SIIUDIUTEANSANAULUUAZLA B9 9 Nas19¥ unazn1sUlUldUselavdaudan1singg

Y

aun1INEn susazldvefniulastolausuusNiduUse vl 1S RRUIIUANULATE N8N

ISavesNIUaNNAIENS Aoly

3. duUsznau a9AANS waTNu)NNeIT0IYRINRBITEUULAUENYUNE N IULEIDInE
3.1 @UUTENUTDIMBA BN TS VU WAV UNG I ULAIDMnduadlaTIn1TIdy dseasidunaall
A a . [ ! = s = ! ' Y s
3.1.1 Foumiied (Housing) ludwnussaaud iesewasarinslaloniudua damastuiaud
wazyamIUANNITLUTetaudlintely a1 nlavamuad 1nsa 304 ¥u1 5w, dnvaesy

NINTTUBNUALYALVALNY g9 N IuiaganTounwiies 105 wul. urAudnans 60 vu. uagdl
ATOUWBNBEASAR MU 5 uil. ATOUTAMUUBNYBLAUE 18aziBenmugUll 2 Bediuisaunyiieil
\Wiausenavgunsainndruiimeiulasiuminysdu 67 nn.

3.1.2 grusessudounsiiios vivhelavzawmuad 1n3a 304 U1 5 Ui, LUIUaN YN

v

AuwdeudnsagiuniteUatsuugeudn Inedigiunineinuas 65 u. ge 100 gy, Auuwdugiugy

43

s

WNAULFUNIAUGNA 65 B LINDTBITUTBUALLALY 1 NUARAY lagdiugu « dagldfnaaniay

Y

& a a Aa & A ~ ) « 2
Sounzlies 9 vuuszaimsusenselanlnndideninuivane Lazdiudu o 193UTENIAITUTD

[%
a o A

nsglanlntiudenuudussliisamenisinduounzifedd eavBennusud 2
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JUN 2 uansdnuaizisouneiies (Housing) (F1e) uargiusesuiseunsiies (¥111) [4]

3.1.3 geuaumsvieu (Control Box) iufiussqaunsalmuauaiusivesewmesduiaud
(Digital Speed Motor) HHI39ATAIVANNITYYY UNTAlAIUANNITYINIUYRlYa1Tiwad (Solar

Charge Controller) tusnines (Breaker) wag #lvd (Fuse) wazidunamuguil 3

PIITATIUANNTIVYUY

Digital Speed Motor

wininef (Breaker)
vounIDIuAEing

wsnined (Breaker)

voawmeitulaud
ar Charge Controller

#ad (Fuse)

§ Terminal
winnes (Br

vouumAD] [ - - -

5UN 3 uansnelugaiuaunisvinen (Control Box) UaefiukUUAZAEasEULLAUEVYY 1 [4]

3.1.4 wwasiudauasaing (Light Source) Wugunsallidilanasainawninzifesssuuiaud

= LY

vy 4 Tuuddeildiadosnasadng LED (LED Light Source) (3Ufl 4) @siiquiantafiardey fio &
AraduaInsdesainegann Ustanas 100,000 ussiieu uly fgamgfishileldan Ussan 25
- 30 °C florgnslaruiionuiu 1nnit 50,000 Falas vilsilaidndudesdind euudsunasnlyl
(Lamp Changer) 7l #asdsesvaanlilivatenasn nunudeanisnsznunszioud aiiisudu
waealiunfivhly flnasasely (Switching) Fidrunnuaglimdnuieadodiouiu uwasrinuas
ain9UsEnnBL WU viaenlWsawmuelaiau (Tunesten Halogen) ﬁaﬁmqmﬂ%’muﬁﬁmﬂﬁzmm

2,000 4las
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SUl 4 1A3pauasaing LED (LED Light Source) vesfiuuuumsifissssuuiaudnsy
Inglusuldvasnln LED vuin 20 W [4]

315 auduuusaiua (Fresnel Lens) Wiuaudiasnsaniagndaisuaun (Polycarbonate)
o ! < A vl o m ! LY
Tanwaurlusla uls nuusetiouazusanszunnlad nuanusougs nunse wildnuena [5] Tulagdu
Indmsvaunlagninldldasianseaniaudlauliniisosud nsganuiunn luinise Judiu
a s a 3 % Y o a [ ¢ v Sl a1 aq ¥ ' ' °
ddnnseilngd @7 uardnldviwindueiunuuivsenszan [6] vneaumadldnuegsening - 40 °C
29 120 °C An9a9ULEAT 89% [7] VUnUDdaUd 49.4 X 22 %1, RUT 8.6 L.
dmsupuautivesauduuuimsaatiu waudilasunsiauitazeanwuulag
Augustine - Jean Fresnel iainlUlddunziissveslszninis Tnvandguilsssauiatazdiun
vosaudvuialug FedsdAyianvonaud A HilAsvonaudnldinmueas vinliaudaanann
anvaziay Ao Mdildwesauduiadulaugliwmuasyiliduuiuiuy [8] Aeguil 5 wie

1 A a X Y 1 < o = [y = o L% J !
F’]’JU@ZLILL?N?I’J’]QV]Lﬂﬂ‘Uublﬂw\i@E]ﬂ‘lULUUﬁ’m’mLL‘H’J‘L!E]‘N NIDUUITEAU %QQB%WIWLLﬁQﬁ?WQﬁ@Q@@ﬂIﬂ

Iduszoznalng

JUN 5 nsldialAwenauduuleuuiwmuazyiliduuiuwuy (de) way

Y

sUinvIanSeusiwazidualun1sesnuuulaudimsaiua (va1) [7]



Royal Thai Naval Academy Journal of Science and Technology Vol.5 No.1 January — December 2022

3.1.6 dmsudunuunzifssssvuaudnyy v aldaudlndaisvoiun 91U9U 6 wHy
UszneufudusgiRgassuuiaudvundanuuasending ieFonlaoiomeipgifssssuuiaudsy
w1lA 6 WU (6 Lens Carousel)

3.1.7 syuutuiadoulaud Uszneusne

(1) wawestuauduunalitosndn 24 V 30 W InAiaadu 1/25 wsesn 91uiu 1 67

(2) UANNDTAUANNITV UUAZIAT B3TAA T ITEUTDILBIMDS LUUAILAY (Digital
Speed Motor)

3.1.8 YAUMEINANU UTEnaume

(1) uwslgarsiwasd vua 120 W iduunslgansiwaduila Mono - crystalline
fyuraniasbuinlidosndn 120 W usedulingegalidosndn 18 V uagnsvualuiingsan
Lidosndn 5 A 91U9U 2 b

(2) Solar Charge Controller §7u3u 1 R8s spUUPMIUANMIYISWUY MPPT (Maximum
Power Point Tracking) 55 UURAN15¥13 8l auunLae3 gauszalWi1auiiunda (Overcharge
Protection) wagilszuudlasiunisinonszualiiesnainuummedunauduly (Over Discharge)

(3) WUALABI Maintenance Free 1M 12V 100 A $1uau 2 vife (unummeILUY

Maintenance Free %ila Sealed Lead Acid #ilaifloqifinuinsanazuinaunaonegn1sldnu dmsu

ToiuszuundsuLaIieg

¢ 1% aa A v = ¢ Y a ¢

3.2 BIAPINUFLALVIE WS LNYIVDIVBIATINGITEUULAUANHUNAITULED1YIAY
3.2.1 agiigassuuaudnyund1nuLaseing du lauddoamyuegnaoniianiieninus,
Aafinaen 24 Hlus vislunanarsiusasnainarsfiusezmyuseulnafadulnis ludiniseu - fn
voalil Fafinnuiduveansdeainegenn vnliausauiusadlnluszesilnaunuszuna 20
ludvneiatuly wavauasainaiideseanluasdanwuziduaiuas (Pencil Beam) [9] 13310
AaanUAvesaudnldduduauduuusauadsinimuasanunaanidabisiudunsesnllu
WUITUIU YTOUUITEAU MUSUN 6 wazamalauddemyuagnaenaiiiuieniniaudaziin
T3as (Focus) aginenansdiaud mnawdvgailddunanarsiuagyihlilaswanidesndaaud
WsiuTgesILa werdosiulugineludngiiios 1 Jegasunaiidlormunusandudiui

v o Y a v éj N o 14 & 1

wnudrazilbiiAanussud unelunzifies 2 wazidunavitbivaealvuazaunsalang 9

annsegneludneiios 4 demel
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Y

JUN 6 uansmsvinuvesauduuuwlsaa Weuraanliauas (Masnln) egamumdsagyimiing

Jaduua (Collimator) inseaniuduuny ielikasdeseanivlaluszezmalng [10]

3.22 ansfmuadnuazlil (Light Characteristics) Lisa1nazifssssuuiaud vy 2 gn
sonuuuuliuaslidesainseenuludnwaziduduazioudinismyuegaasaia slunsvsu
yedauduaziToungzifiss 4 lagssuuiuindeuaudicmuaudmziazausalunisvuldodag
wiuou apimiiadeududuniosidmeln (Flashen) Fsanunsndmundnwaglnllulidme

[

TtuagtiesssuuaudnuY 10dlas9n1533eY Jenunsasidnyaslnlaedsnisaunnled 2 anvoe

€

a&
be

(1) msrwndnuazlnuuuliinisUafiaudeziies (Non Blanking Panel) ¥ilé
Tneiszeznainsnyureaudaziiedy 1 seumsdssuiuvenaudasfosiomn fagld
AUNATIIATBLALALAAZIHY (AUaNEINe + ia Yeutaududazuiy) anntulddiaiunan
Vavuavaalaudusaruiuauseaunatainesiiimldanaseiunn fazldmunaiinvosiu

Tuaudusazuny Weadnazlaanvauzliaundeanis snwuzlnnlaannnisaiuialegluinig

(%
Y

Ynfaudrzifssaudlniaudniai axiludnuvaslidafiosiuliunaen (niudel w5e Flashing)
(2) msmuranwugliuuuidnsUaiaudnsiies (Blanking Panel) @1suisnns

Audnw IuuiinisUaaudaziies Tamuiauienuiuisnisaulaaneae lwuulid

' '
a v [

nsUaTaudnziies uadfidesifiuiu Aoz nanusnd lavinnsdaaudnziios (Ausia)
onaanifiu 1 3o 2 udin WomszoznanuinaildvinsUnaudasieddudn Aldrduuin
fuszeznavesnuiiaund (muilavesuinadlifinsUaaudnziio) s1uu 1 au Aezlddnueas
Tauiidosnts dnwarliiilgannisimuialaenistafiaudnzifonaudlaaudnitwiuesdu
anwauzliilungy launlnungvelnTuvyuan (Group Flash) Awiegns nsmuindneuylnves
Funuungisssyuuiaudnay 9 Seindalfendivszmaisunandel o wendel 92.5uny3 B
dnwaglndidsun fie FLW 155 (Iwfuidumy wiazvgusznousmelsl 3 Yudvn nae 15 Juail)
FavhnsUaunuiaud (Blanking) 3 wiu MswHuezasAaTiukasds Wemvualiduuuunzifes

FEUUAUAVYY * Mumendmsd 4 5aU/a09 (4 RPM) w3 1 seuldiaan 15 3uiil
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szezlansvyuesaudaziiedy 1 seu Ao 15 il msmey I1uuaud
LA AB 91U 6 1aud NaglamuaIiarunveLaudLAazLEY Ao 2.500 Ju1 anduliau
2ONFBATUATINAINANTN Effective Intensity (115197 1) Ao 0.058 3u¥l aglamuilinuesiaudun

ATWEY AD 2.442 U9

M19199 1 A58 Effective Intensity Y99ngiigassUUaUEnyY 9 YR 400 usl. ¥lA 6 b [11]

6-Lens Carousel
Effective Intensity (E.FL) in White

Lamp Hor. | Ver. | Fix
Slze Div.t| Divd| Int? |120sec | 90sec | 72sec | 60sec | 48sec | 40sec | 30sec | 24 sec | 20sec | 15sec | 12sec | 10sec | Gsec | Bsec | 7sec | Gsec
(deg)(deg)| (cd) |O.S5rpm | 666 rpm| 833 rpm| 1.0rpm (125 rpm) 1.5rpm | 2.0rpm | 2.5rpm | 3.0rpm | 4.0rpm | S.0rpm | 6.0 rpm [6.66 rpm| 2.5 rpm [8.57 rpm| 10.0 rpmi
12v10W™ | 105°|147°( 144,836 | 47,271 | 39,015 | 33,104 | 28,870 | 24,166 | 20781 | 16.232 | 13,317 | 11,291 | @655 | 2,013 | 5900 | 5335 | 4764 | 4205 | 3605

On-Time 0350 | 0263 | 0210 | 0175 | 0140 | 0117 | 0087 | 0070 | 0058 | 0.044 | 003S | 0029 | 0026 | 0023 | 0020 | 0017
20W° 110°[1.55%| 335,851 |121,840/101,688| 87,181 | 76,298 | 64,283 | 55,538 | 43,659 | 35,966 | 30,578 | 23,529 | 19,121 | 16,104 | 14,572 | 13,021 | 11457 | 9,872
OnTime 0367 | 0275 | 0220 | 0183 | 0147 | 0122 | 0092 | 0073 | 0.061 | 0046 | 0037 | 0031 | 0.028 | 0.024 | 0.021 | 0.018
W 120°(1.70°( 508,904 | 203,491 |171,796| 148,523/ 130,802 110,981 | 96,377 | 76,296 | 63,140 | 53,854 | 41614 | 33,908 | 28609 | 25,913 | 23,177 | 20,412 | 17,605
OonTime 0400 | 0300 | 0.240 | 0200 | 0160 | 0133 | 0100 | 0.080 | 0.0656 | 0.050 | 0.040 | 0033 | 0.030 | 0.027 | 0.023 | 0.020
sow* 130°|1.90°| 629,343 | 264,095(224,341| 194,837 172,191 146,670| 127,738 101,527 | 84,242 | 71,987 | 55,761 | 45,505 | 38,435 | 34,832 | 31172 | 27,468 | 23,705
OnTime 0433 | 0325 | 0260 | 0217 | 0173 | 0144 | 0108 | 0086 | 0072 | 00S4 | 0043 | 0036 | 0033 | 0029 | 0025 | 0022
79w 140°|200°| 652,474 | 300,366 | 258,448 226,630 201,788 173,344/ 151,928| 121,826 |101,679| 82,251 | 62,963 | 55,659 | 42,127 | 42,761 | 38,316 | 33,808 | 29,214
On-Time 0467 | 0350 | 0200 | 0233 | 0167 | 0156 | 0117 | 0093 | 0078 | 0058 | 0.047 | 0039 | 0.035 | 0031 | 0027 | 0023

100w |140°(216%| 972,732 |445,312|382,858| 335,444 298,598 256,367 224,601 179,996 150,171 | 128,826/ 100,310 82,130 | 69,529 | 63,083 | 56,521 | 49,865 | 43,086
On-Time 0467 | 0350 | 0280 | 0233 | 0167 | 0156 | 0117 | 0093 | 0078 | 0058 | 0.047 | 0039 | 0.035 | 0031 | 0.027 | 0.023

110W12V | 1.40°|250°| 996,468 | 446,064 |382,275) 334,120/ 296,859 254,324( 222,450 177,867 |148,172(126,977| 98,724 | 80,757 | 68,323 | 61,969 | 55,504 | 48952 | 42,282
OnTime 0467 | 0350 | 0280 | 0233 | 0187 | 0156 | 0117 | 0093 | 00?8 | 0058 | 0047 | 0039 | 0035 | 0031 | 0027 | 0023

70W"*/120VAC | 1.90°[3.32° /1,277 613 679,689 598,443 534,212 482,429/ 421,295 373,911 | 305,249 | 257,891 | 22,255 | 175,983 145,232[ 123,629 112,487 | 101,077 | 89,439 | 77,512
Oon-Nime 0633 | 0475 | 0380 | 0317 | 0253 | 0211 | 0158 | 0127 | 0.106 | 0079 | 0063 | 0053 | 0048 | 0.042 | 0037 | 0032

PsEeEnANvinNsUsaudnziieald 3 Wi mmgﬂﬁ 7 WIAUNAYNRUAY D

LAUALABZLAY AD 2.500 x 3 (@1urUkuAUaaudld) azla 7.500 Fu19 anndulrinaduline e
N a & 1 Y P s aa a a2 P = Y] =

AunNaUNATRIaUALNUTasdAIlWAUAUNAAD 2.442 JUWI ﬂ%lmzasL’;awaqmumwaqqm A8

9.942 U9 fadudnwugln FL(3) W 155 281U 0.058 + 2.442 + 0.058 + 2.442 + 0.058 +
9.942 = 15 U9

JUN 7 n15UnusuLaud (Blanking) U04AUMUUAZINEITEUULAUEVYY
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3.2.3 szeviuldlnavesuadlrivesiunuungifssssuuiaudngu @ awnsadiwunlanny

a [

(1) szoymnualunisiiunasl (Nominal Range) Tnasyagnnvun 2 4 nungis
syziiulalnavesuasti (Luminous Range) Wieviruldegsdaningn (Meteorological Visibility)
Wiy 10 ludvgia @eauyatuuininesAN1sadnIuusseInia (Atmospheric Transmissivity)
T =0.74 AszezilagUnfiduammiensniganunadluuITuansnIshuse Wy wuun visevideuln
[~ 4 3 Q%' Yo o . og 1 a 1 a 3 = v a
Wudu visiinislidrszegimun (Nominal Range) fleagunauuiguiluins atuiainndan
= a 1 d' <) [ o [} o =3 .
Tnadnwazluduasinduainuassuniuas [12] dmsuszesinuatunisiiukadtu (Nominal
Range) 1 @3n5auwUasA1anAUdNYeIn1saesadng (Luminous Intensity) tlusseziviun =
Tunieludnzia (Nautical Miles) 19 Taeldm1519n15wUaIAN L 8L ANNUAIINAILLTUYDINITA DY
anadnsunisnsaliluiainatsPuresanIAnUseN1AssEnInaUsemea (IALA Conversion Table

for Luminous Intensity and Nominal Range for Night Observations) 597 2

miwﬁ 2 |ALA Conversion Table for Luminous Intensity and Nominal Range for Night

Observations [13]

Nominal Range Luminous Intensity Nominal Range Luminous Intensity
(nautical miles) (candela) (nautical miles) (candela)
1 0.9 12 3600
15 2.4 13 5700
2 5 14 8900
2.5 9 15 14000
3 15 16 21000
3.5 24 17 32000
4 36 18 49000
4.5 53 19 73000
5 77 20 110000
6 150 21 160000
7 270 22 240000
8 480 23 360000
9 820 24 520000
10 1400 25 770000
1 2200 26 1100000

(2) szezvwiulalnavaauaslyl (Luminous Range) Imaszeviiulalnaveuasiil Ao

[

szpznaniaafidyanalinimis 9 awnsadwiuldlagaenuesdn o namileg Jauild

A

a

nvimAduanieninenilusgluvaedu aillaglithdwing g warllinfiansansiueie fe galn
4901180599 v3eAulAsvaslan [13] nusun 8 lag Luminous Range Hanunsanilalagly

Luminous Range Diagram (5U# 9) lagadeviruidenisgnileninetluvaeiu
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CURVE OF EARTH
OBSERVER

OBSERVER

UM 8 uansrnulasvadlan (Curve of Earth) Maguadarimuideveinsia [13]

LUMINOUS RANGE DIAGRAM
NOMINAL RANGE IN SEA MILES
! 2 3 4 ] Z L) |P " 12 " g 16 X 18 20 ) ? & 24 * X 4 o 30 2 s M ¥ » B “0
© = - =
z
3%
s &
@
D Ry 1 —
2 =5/ : Ag:n:ﬂ:
-~ . &/ N~ ¥
z </ , t T
@ = - - ‘
c® P
z® A - —
a8 A VZ <
s / P =
=z, / of | P , \es ] !
g s P ol f B | ‘
- / Tl 3 A =11 1 [ | 1
‘4 T T
8 / // ‘,ﬂ“" = 'u/\\o T |
s < / / LA |11 |
g 3 ‘/4)" d 1‘*/ /V‘—— /—MH" |
2 —
7 Pef e ‘ oS, 1
F / A ~ { BEE |
3 | 4 qll"g =l LT :
= / . | | | | |
/ 4 1l | ,IT | ! J- #"V‘L“H—-*-P—‘
A NAN A Zasilll l ] | Ses |
1 10 100 1000 10,000 100,000 1,000,000 10000000 100000000 |
INTENSITY IN CANDELAS e

31]17; 9 Luminous Range Diagram [14]

a

e Mndeyaainnvenleninelaannissiusindeyareinesaniisnive) nsuenneans,

wuiridenisandenineni 10 ludnza (T = 0.74) Wuarfidenndesiuanuiduaieiu

PeAduassluuulne

(3) sreziulnagnvesinguiesvezniia1ans (Geographical Range) nunefis
syogmanniandeingyieunasindauaniazueadiuldmeldannesimiduanysel lnogndida
ifigadennuldsedan nmsdnvmesuaduusseinia wasaugauasisdnsauasll [13)

3.2.4 AMUTUYRINITABIAIN (Luminous Intensity) YBIRULUUAZI BT UULaUEA Y

4

nRMULasindaziAunneniuesnlumuseunmyusieun?t (Round Per Minutes : RPM)
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aa o

FeannlansiatnanutuvesnisdesainlaeluiasesinuasseuuAdvia (Digital Light Meter)

AU 10 NIANI5IveesauUNIITLUAN o AU tnefliseazidennumnsnadn 3 Aad

M19199 3 ALLTUVDINITAIE IV URUUAZABITEUULAUAML UNS 1R TIRE T1A13157

Tunisviu (SeuUfeuI 138 RPM) #i19 9 [4]

sauluNIMyUYDIAULUURLRBITEUUE LAV doudl (RPM)

= 3 z 3 2 2 2 2
z v LS = g = B = B = g

1) a >~ ~
ANUTUYRY o ES 5O z 2 3 g z o S
— T = 2 = 2 & = = = =
QUEGDNGEAR £ 2 s < e < SN S & I &
. . = < ' o ' 2 = © Eo@ =« '
(Luminous Intensity) | -z & X - 2 - = o o S s
=8 |S& |5& |S& |SE |S& |S¢&
= = @ S @ & @ 3 @ 3 @ 3 @ 3
woap woap % % A o %
0 o ~ g - @ ~ L@ “ @ < @
o e O e e L4'ad e e
e S s = = = =

Foot Candle(fc)
19,486.32 19,099.33 18,593.19 18,323.67 15,824.29 13,646.29 12,627.95

sy (cd) Favinu
fc x 10.764 209,750.70 | 205,585.22 | 200,137.15 | 197,235.95 | 170,332.61 | 146,888.62 | 135,927.24

Psvezving 1 4.

SUN 10 N130532TRANNULYRINTADIATNUDIRULUUALLAEN TEUULAUAVIYU

TneltAsoeinwassEuUfIvia [4]
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A15199 4 A1TNNTUUAIAULTNYBINITEBIEIY LﬁuigSSﬁWMUWIUﬂﬂiLﬁULLﬂQIW (Nominal

Range) luiiruidenansiu (Night Time) Tnamnuduvesnisdesainsiinilioduusaieu [15]

Table 1 Night time nominal range table (rounded off to the nearest nautical mile)
LR Nominal Luminous Nominal Luminous Nominal
range : ; range . ¥ range
Intensity (rounded) intensity (rounded) intensity (rounded)
candelas nautical kilocandelas nautical Megacandelas nautical
(cd) miles (M) (10° cd) miles (M) (10° cd) miles (M)
1-2 1 0.633-1.06 9 0.927-1.35 26
3-9 2 1.07-175 10 1.36-1.96 27
10-23 3 1.76 -2.84 11 197-2.84 28
24-53 4 2.85-4.53 12 2.85-4.11 29
54 -107 5 454-7.13 13 4.12-5.93 30
108-203 6 7.14-111 14 5.94-8.53 31
204 - 364 7 11.2-171 15 8.54-12.2 32
365-632 8 17.2-26.1 16 123-175 33
26.2-39.7 17 17.6-25.1 34
39.8-59.9 18 25.2-35.9 35
60.0-89.8 19 36.0-51.2 36
89.9-133 20 51.3-72.9 37
I 134-198 21 l 73.0-103 38
199-293 22 104 -147 39
294 -432 23 148 - 209 40
433 -634 24
635 - 926 25

YI9INAS1T 4 WARIAINUTUYBINITABIATINNAILA 134,000 - 198,000 wsabiteu Fauduy
B | ' & | a = a o & | Vg v
AULUUYDINTADIAINAWG 4 FU/UNT Ui 1 sou/undl duluseunisvyuaiulnginldau

Yosnzifiesszuuaudnyy 9 wazdisvazimusluniswiusatlnegn 21 ludneia

4. msnaaaairluldeuy
4.1 lunmsneaedldeuaidliilufadmaaesiivszninsunandet a.uienyles o.umaud
9.3un3 daus 21 wAlnieu 2562 audsthgtu iseluiuifddnuazenimdudunuiud
o mgiauazinizludnidilne faduiiuiffedasemasuaznsslanllveansugnnamanse
ovuald Tnefidnwureiniadoudu dusngn deegliviaainnsugnnmansauagdidmini
U5ENIATUNANENINTIERULAE TIUTINT DY AN TV TV UL UUAZIA BT UUaUdnY WY LaBEnd
seiilos
0.2 Foyamuhau [uiinlaodwinfivesUszniasunadsisauniuil 21 woeRneu 2562
quiialagiu)
421 gumgidsnieluioslingfes = Inoids 41.0 °C uaznouenlaelade 37.4 °C
(pamgiinigluiedlingifes 1 geandneuenlagiade 3.6 °C)
4.22 n19uTeILUAe3 1HuunAe3 Seal Lead Add wuna 12V 100 Ah $1u2u 2

wiiasivaynsuiu lawssiuluiieden 26.8 v madlniiagdy 2.7 A fanaiiissonisinaunes
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Funuunzifies 1 Adiadluiedeussina 1.67 A devhenlunainaiu uilunainaisiuazld
Sdslwihdiosmnnuszana 0.1 A) waziiuszavsnmnsyhauvesuunimeslneaas 89.30 % Snva
anmvosuumeesiduund liunndn weuiunes
4.2.3 nsinanuvesleansiwad Tdunslgaisiwadauin 120 W 18V 5A 91U 2 LN
wroaynsuiu Idlssduliinaden 39.80 V uaziadluiiieds 2.8 A Fanaiissdmiunisvinem
vesRunUUs BT UUAUdLY @ Brvlsanwoasdleanfivadiuund liwnim videdgademne
4.2.4 N15YILVDLAS BILEIEI1Y LED (LED Light Source) vwuuni Tnsuasainedaiau

[ [

laifu viTeuasangluinun

425 wudnaiiuauduni (ndagueiun) wazwiulaaud Uiy Blanking @ wwidne
uHueyATAATuLEER) agluanmund Inslanelaudlndasvaiunliunni anse Waaaua

43 syozildlnavesuadliandunuungiAssssuniaudy @ Aenudlunisviu 4 sou/ani

(4 RPM) HAn3Ld1v89N1588987319 135,927 wSUAgy 91n95397IANMILU0In sdosainglnely
WA3DTALANTZUUATTA anunsautseenididu

4.3.1 szuyimualuniswiuuaaldl (Nominal Range) a&ujﬁl 21 luangia nAnuduYed
n15d@3a719 (Luminous Intensity) 135,927 wsaifiou fiaananirlunisvyy 4 seu/und (@ RPM)
5T 4

4.3.2 szuviiulalnaveauaslyl (Luminous Range) agjﬁ 20.2 Tudnzia NANUTUVDS
n3desaiNe (Luminous Intensity) 135,927 usaifieu fivimAdevsgndeninen 10 ludnzia vido T

= 0.74 Tagl% Luminous Range Diagram mugﬂﬁ 11

LUMINOUS RANGE DIAGRAM

NOMINAL RAN
s w "

IN SEA MILES
w W

¢ 88

e 348 & ¥

fuuvunzidfisaszuuaudwun

Luminous Range 20.2 NM

LUMINOUS RANGE IN SEA MILES IN PREVAILING VISBILITY

g1 1N 1 LT
16000 100 300

INTENSITY (N CANDELAS

. funvuasfsasruuaudmu 1 daudunsdening 135,927 cd fsountampu 4 sevAni

uardl Luminous Range 20.2 ludvma

JUN 11 uansszeziiulalnavesuattyl (Luminous Range) vedsiukuunzifssssuUaudnyu « [4]
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4.3.3 szuznienans (Geographic Range) dszavuansinaiuoanlunuauegvodnsia
lpgUsEn1AITNaNEIEAINgRINTEAUNEIAUIUNANRIANEINAIALAE T UUNRIULEASD NS
fifndts v3ogetng (H,) Wity 83 u. lusmefidamadseguudora q wilgwvesdnsa (Hy)
wansingiueenty Wy Sonaleasey wlgeninsiauseunn 6 1. Sorataiums Ussunns 4.5 4.
50 7.235 236 uay 270 Uszanas 3 1. wasi3esudiuiieveiigeminsioUstana 2.5 1. Fsannsn

Lansszerlimansuain1TITe 1 MnnsAunNgasiute 3.2.3 lanwumisedn 5

M19190 5 wansszesnienans uagszeziulalnavenaslnainnisnsiaaey (Observed Range)

YBINITIVY

seeziAans (Geographic Range : Rg) svuzdiuldlnaveasuadli
. WUz/alu . . ] NNIATINEBU
oy AN9PSIFDU eI goam whzgiimnang (Observe Range) VRABIR
(Ho) (w.) (Hm) (1) (udnzia) B
(ludnzia)
BoguAiui
1. 21 W.8.62 2.5 83 21.70 20.08
1381 1810 - 1848
138 m.235
2. 29 W.4.62 3 83 22.01 19
1381 1800 - 1825
7.8.AUA
3. 6 5.A.62 4.5 83 22.80 20
1381 1800 - 1850
130 7.236 Y
4. 26 1.A.63 3 83 22.01 16.3 Mﬁu’ggjﬂ
17a1 1900 - 1935 5 -8 ldnsia
sa.d3uy rIdy
5. 26 31.A.63 6 83 23.47 23.4 10-12
1an 2230 - 2315 ludweia
130 7.270 SYANVENTiN
6. 7 0.A.63 3 83 22.01 20 Nimidy 8 - 10
a1 2200 - 2230 ludnzia
\ndy 22.33 19.80

4.4 @0150a3UNANTITYINIIUYBIA ULUUALLABITEUULAUA ML UN T URAID 1T N VB
159715338 1 tassil

4.4.1 nnsvinluanngausssumfduszeznaniunit 1 U wudiduwuunziios

6 ¥ ¥ a v v ¥ = a v = gj

sruvaudvyy @ ansaldaulanuund laglddvedndemieadenienasnnisldau gnns

duusznaunng q 819 iesesiasalnalaleniUdas oud wuawes wnslvansiwadegluanmuni

suanegluseunsiies 1 (Housing) lifiletn visedunadnluluFaunsifies 4 aunsavieuidedla

fUNASEIU IP 65 [16] TaviedUsenaudu 9 Lok AseutenerA3aAlATIasauazn1THeIaNgn
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13 1%

4.4.2 szevwiulalnaveauasly (Luminous Range) agjﬁ' 20.2 ludngia nANUduUD
n13desaing (Luminous Intensity) 135,927 usaiiieu fivimAdevsendesinen 10 ludnzia vido T
= 0.74 ¥9359UNTNYY 4 50U/W171 (4 RPM) Tpefiszazimualunisimiusadln (Nominal Range)
o7 21 ludvzia uazannsnyadeuveaiesn q lunzia aziszeziiuldaTaveauadl (Observe
Range) agj5zning 16 - 23 ludnzia ieladveyiiszey 19.80 ludvzia

v AY 4AadA

443 Funvusgiiesssuuiaudyy v Seddefnnansuszns nanfe Suwdnun 14
wisues aunsnneakentudiudeslduaetu Saavmndentaideudie Yaggunsaldnlug)
annsadamlaanludszinaoniiued ssuasaing LED Afosdnmaindalszina uazaiansn
Usgndnsuuseannveinasinge nanfemngludiuiangunsaiasiisinuseann 400,000 Um
fosruu udlesanuszunanisailddiesie o MeauudrariisnnUssana 600,000 - 700,000 UTW

Aoszuu Tuvagivndamaindaseinanaseuuasiisiaegi 2,500,000 - 3,400,000 U

5. agd

HAINNTIVBVDIAEYINULASINITITY 1 Uszaunudi5amumuganing amsoasis
o/ a 6 % a Yo @ o Y a v Y a
AukuURzifessruUaUdv unduaemadlddsauazluldlaese Inelutagduduwuuneiies
LN UT0IINIFIUNANLITEINANLNTIUNSIMUALIR S MLsUNTl NBTimSe (nUy.ms.)
wan e 26 Awnew 2563 Taedianumuizan anudululy waslienuduan aansadilulddu
susuudmsundnldnulunesinseldunzifesmamdnveslszniasuarnsslaulvesnsugnneans
Tnpiivszansnmlnalfesdunisiamainasussma wadlsinainin 3 - 4 Wi deazanelunis
Wuseusnaneiaasinglunsiavesiuiinalulusemnulasnsediu anaalndfiaualve)
& Yo ' UV Y & A o = Y o
wiuladamuannszezlnauszanunsanenlvsenannuasaninsainudeladty saunsdesthluseeudniu
gunsalszuumuAUAnnINTEE b NALATAITAUMALAT DINNIENIUTO (Automatic dentification
System: AIS) NRAAAULATDIVILNEYIBNITFAWTD (AIS AtoN) n3egunsalniudyayiaissuy AlS (AIS

3 o 1

Repeater AtoN) flaganinsasuddayaansaumAne i UanueetAI e iinenisenaonauloyady 1
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Abstract

The objectives of this research aimed to design and evaluate the efficiency of Single
Plane Balancing Laboratory. The laboratory set includes the Single Plane Balancing
Laboratory, information sheet, worksheet, laboratory sheet, exercise sheet and examination
sheet. The research methodology was designed to five levels questionnaire with Likert rating
scales to investigate 6 experts’ opinion for quality of Single Plane Balancing Laboratory. The
quality evaluation results show that the overall quality was in the highest quality level with
average score of 4.31 (S.D. = 0.31). The satisfaction and efficiency evaluation of Single Plane
Balancing Laboratory performed the experiment with 32 students of sampling group. The
average satisfaction with Single Plane Balancing Laboratory was at a high level. The mean
was 4.01 and the standard deviation was 0.62. The efficiency analysis reveals that the process
efficiency (E1) about 84.06% and outcome efficiency (E2) about 86.52% are higher than
expectation (80/80). It can be concluded that the single plane balancing laboratory is

qualified for teaching.
Keyword: Single Plane Balancing Laboratory, Vibration, Likert Rating Scales
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Abstract
A time series is a sequence of observations which are collected over a period:
Hours, days, months, or years. There has been an assumption that the dependence of
successive observations in time series is probable to exist. By means of time series analysis,
this dependence is examined to discover a pattern utilised to prepare a prediction, and the
prediction is one of various common objectives which can be achieved using time series
analysis. Fortunately, time series analysis has been a topic of interest among academics for
many decades and quite different algorithms or models for the prediction task have
already been at our disposal. These algorithms are either well-established statistical ones
or based on approaches of machine learning. In this paper, an experimental comparison of
five different algorithms (simple exponential smoothing (SES), double exponential
smoothing (DES), triple exponential smoothing (TES), autoregressive integrated moving
average (ARIMA), and long short-term memory (LSTM)) was carried out using 10 examples of

short time series to examine the performance of the selected algorithms over the task of
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time series prediction. The experimental results suggest that TES and seasonal ARIMA are
the most appropriate to be used for time series with clear trend and seasonality. However,

LSTM is the most appropriate to be used for time series without trend and seasonality.

Keywords: Short Time Series Analysis, Exponential Smoothing, ARIMA, LSTM

1. Introduction

There have already been plenty of different definitions of time series. We simply
state that a time series as a sequence of observations which are taken sequentially in time
[1]. In our life, many sets of data appear as time series: a country’s unemployment rate,
the prices of a cryptocurrency, a city’s electricity consumption, the number of the world’s
population, and so on. The observations can be made, for instance, daily, weekly,
quarterly, monthly, or yearly, depending on a proposed frequency of data collection.
Examples of time series exist in several different fields such as economics, finance, industry,
meteorology, health, and so on. There has been assumed that a time series is affected by
four main components of which a time series is supposed to consist, and which can be
extracted from the observed data, namely trend, cyclical, seasonal and irregular

components [2].

Irregularity Cyclicity

/IWW

Trend Seasonahty

1 2 3 4 5 6 7 8 9 10 1 12

Figure 1 Illustration of Main Time Series Components [3].

A time series is called a short time series if it consists of only a few numbers of
observations. Dealing with short time series can have benefits in practice because tasks or
applications in the real life, in which short time series possibly exist, can be found in
various disciplines, for instance, biomedicine (e.g. analysing gene expression over a short

time period), economics (e.g. retail of collection at a clothing store) etc. [4, 5].
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One of the purposes of “understanding time series more” is to find out from a time
series whether any “pattern” is discovered which can be utilised to prepare a prediction or
forecast. This can be achieved by time series analysis. Fortunately, time series analysis has
been a topic of interest among academics for many decades and quite different algorithms
for the prediction task have already been at our disposal. These algorithms are either well-
established statistical ones or based on approaches of machine learning.

This paper proposes an experimental comparison of traditional statistical time series
prediction algorithms and LSTM algorithm for 10 short time series each of which consists of
120 observations (100 for training and 20 for prediction evaluation). For the comparison, we

will use the mean absolute percentage error (MAPE) as prediction evaluation metric.

2. Related Work

To analyse time series, many mathematical algorithms are applied. In many
publications, statistical methods are also used among these methods. Besides, it is also
noted that statistical methods can be exploited for short- and medium-term prediction
problems. Thus, several time series prediction models were developed from statistical
methods, such as autoregressive integrated moving average models (ARIMA) [7, 8],
exponential smoothing algorithms [4, 9], etc.

Moreover, many new time series analysis approaches have been developed using
machine learning algorithms to build a time series prediction model. Machine learning
algorithms such as support vector machines (SVM) [10], and deep learning algorithms such
as long short-term memories (LSTM) [11] have gained popularities with their applications in
many fields and been used in many domains, and time series prediction has of course

been among these domains.

3. The Methods of Research
3.1 The Data
All the time series using for our work were acquired from [12]. Each time
series was made a short time series, that is, it was edited, such that only 120 observations
were contained in the series. Each time series was divided into a training set and an
evaluation set. The training set was used for training (fitting) the model. And the evaluation
set was used for testing the model for prediction accuracy. The training set consisted of the

first 100 observations, while the last 20 observations constituted the evaluation set.
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3.2 The Algorithms (Models) of Interest
3.2.1 Autoregressive Integrated Moving Average Model
Two submodels are involved in ARIMA models, namely autoregressive (AR)
models and moving average (MA) models. AR models use past p observation values to
predict the future value of a variable which is modelled as a linear combination of these
past p values. Besides, a random error at a period t (white noise) & is involved in this
linear combination, too [2, 13]. Mathematically, an AR model of order p, denoted by AR(p),

models the current value at a period t, denoted by y;, as
Ve =&+ X1 i Veois

where  y;_q, .., Yt—p are the past p values and all ¢; are the weight
parameters which are to be estimated from the data. The term of autoregressive indicates

that it is a regression of the variable against itself [13].
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Figure 2 Plots of the Examined Time Series.
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where  y;_q, .., Yt—p are the past p values and all ¢; are the weight
parameters which are to be estimated from the data. The term of autoregressive indicates
that it is a regression of the variable against itself [13].

While AR(p) models apply past values to predict the future value of a variable,
moving MA models use the past g prediction errors. An MA model of order q, denoted by

MA(g) models the current value at a period t, denoted by y;, with the white noise & as
Ye =&t Z?zl —0; &),

where & _4, .., &_4 are the past q prediction errors and all —6; are the
weight parameters which are to be estimated from the data.

Combining an AR(p) model, an MA(g) model, and the notion of differencing
which is the progress which makes non-stationary time series stationary (we say that a time
series is stationary if its probabilistic properties, such as mean, variance, autocorrelation,
etc., do not change over time), by calculating the differences of consecutive observation
values [13], we have an ARIMA model with differencing order d, denoted by ARIMA(p,d,q),

mathematically written as
v =&+ X byl + X, —0iE ;.

To determine the differencing order d, there is a most used statistical method
at our disposal called the augmented Dickey Fuller (ADF) test which tests whether a time
series is stationary or not [14]. Basically, the ADF test is a statistical significance test which
involves a hypothesis testing (“reject/accept the null hypothesis”) with a computed test
statistic and p-value. The null hypothesis of the ADF test is that there is no stationarity in
the given time series. If the p-value of the test is below the significance level a (most
commonly a = 0.05), then the null hypothesis is rejected, and it can be inferred that the
given time series has already been stationary, that is, d = 0. In this case, no differencing is required.

Unfortunately, the major disadvantage of ARIMA (from now on, we call it
normal ARIMA) is that it cannot deal with time series which obviously show seasonality.
Thus, there is an extension of ARIMA model to overcome this problem. A seasonal ARIMA
model includes seasonal terms in the normal ARIMA models, mathematically denoted by
ARIMA(p, d, gXP, D, Qm, where P, D, and Q are the autoregression, differencing, and moving

average order of seasonal part. Moreover, m is the number of observations per year [13].
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For instance, if a given time series presents data which are recorded quarterly, then we
obtain m = 4. For this reason, one should be careful about selecting the appropriate
variant for any given time series with significant seasonality.

Additionally, one must verify whether a fitted ARIMA model is a proper one by
reviewing the residual error values which are produced during the model training: those
values should be normally distributed, and they should not correlate with each other. But
normality of the residuals is a useful, but not necessary property to be satisfied by ARIMA
models [13]. The task of verifying the normality of the residual values can be achieved by
the Jarque-Bera test [15] which is also a statistical test. In this test, the null hypothesis
assumes presence of the normality. As for finding out autocorrelation in the residuals, the
Ljung-Box test [16] is a suitable tool for it. The null hypothesis for this test assumes
absence of the autocorrelation. Moreover, the number of lags to for the Ljung-Box test
must be specified. A suggestion of selecting the number is min(10, T/5) for non-seasonal
time series and min(2m, T/5) for seasonal time series, where T is the size of time series [17].

3.2.2 Simple Exponential Smoothing Model

Simple exponential smoothing (SES) is the simplest exponential smoothing
model which is suitable to be applied for the predictions of time series which show neither
trend nor seasonality [13]. Let s; denote the smoothed or fitted value and y; the actual

value at time t. For t=1, we set sy =y, [6]. Fort = 2, ..., T, we have
se=aXYii(l—a) Yy, + (1 —a) sy,

where o is the smoothing parameter between 0 and 1 which can be thought
of as weight attached to the actual observation value. The predicted future value ¥, of SES
models is s¢, that is, all predicted values take the last smoothed value at time ¢t [13]. As for
the value of a, we will use an optimisation tool to optimise and find the best value.

3.2.3 Double Exponential Smoothing Model

Double exponential smoothing (DES) is the extended version of SES. DES
models can make predictions of time series data which consist of trends. The idea is to
apply SES twice on the initial time series on the assumption that a twice application of SES
to a smoothed time series may result in better prediction values. For DES models, there is
another parameter, alongside the smoothing parameter «, to be calculated which is called

the trend parameter 3, a number between 0 and 1. If B is small, the trend is assumed to
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change very slowly over time. If § is large, the trend shows the more rapid change [18].

In DES models, there are two equations each of which computes, like in SES
models, the smoothed value s, and the trend b, at time t. For t=1, we set s; = y; and
b; = y, — y; [6], where y, is again the actual value. For t = 2, .., T, we compute s; and b,

as in the following equations:

se=ay;+ (1 —a)(s¢—1 + b;—q) and
by = B(st —s¢—1) + (1 = B)b_4.

Finally, the equation for the predicted value thereby can be written as
yt == St + hbt

Again, we will use an optimisation tool to optimise and find the best values for both a and .
3.2.4 Triple Exponential Smoothing Model

Triple exponential smoothing (TES) is the extended version of DES. TES
models have been applied to time series which exhibit not only trend, but also
seasonality, or in other words, cyclical patterns. The idea, again, is simply that the simple
exponential smoothing method is applied thrice to the initial time series to make the
prediction more accurate. There are two model variations to this method the application
of which depends on the nature of the seasonal pattern. That is, the additive model and
the multiplicative model. The additive model is more likely to be utilised when the
amplitude of the seasonal pattern appears relatively constant in time, while the
multiplicative model is more likely to be preferred when the amplitude of the seasonal

pattern is proportional to the level of the time series [6, 13].

Additive seasonality Multiplicative seasonality

—+—  Series 7
— Level
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— Level
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Figure 3 Additive vs. Multiplicative Seasonality [19].
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Recall that we now have two exponential smoothing parameters, namely the
smoothing parameter a and the trend parameter f. In TES models, a parameter for the
seasonality of time series is additionally required. Hence, the seasonal parameter is defined
and denoted by y which ranges from 0 to 1. For the exact mathematical formulations, we
would like to refer to such as [13] because it is quite complex, and the computations will
take place using a Python program.

3.2.5 Long Short-Term Memory Network

Long short-term memory network (LSTM) is a special type of recurrent neural
network (RNN). A long short-term memory network has a structure which consists of several
gated cells. In the cells, information which is available can be stored and written. It can be
read from these cells, too. The cells decide what to store, and when to allow reads, writes
and erasures, by means of gates which open and close [20]. The cell state conveys
information from past and gathering them for the present one. And information can simply
go along the cell state without being changed. Gates are a way to optionally let
information pass through or discarded. There are three gates available in a LSTM network
which help control the cell state: (1) The forget gate decides whether the previous cell
state should be forgotten, (2) the input gate chooses which new information needs to be
stored in the cell state, and (3) the output gate generates the output which will be based
on the cell state. For the exact mathematical formulations, we would like to refer to such

s [19] because it is quite complex, and the computations will take place using a Python
program.
3.3 Measures of Prediction Accuracy

Prediction errors play a major role in the evaluation of the models. Roughly
speaking, the less the errors, the more accurate the prediction. In practice, it is important
to make an appropriate choice of a measure of accuracy assessment. The mean absolute
percentage error (MAPE) is recommended for its application in most publications, though it
is not suitable to be used in some circumstances. For instance, MAPE is unsuitable for
intermittent demand data because of the prohibited use of zero and negative actual

values [21]. MAPE is defined as

MAPE = = |ZT Ye—Vt Yt
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where y, is the actual value and J; is the predicted value at time t = 1, ..., T.

We will use MAPE as the accuracy metric.

4. Results
The experiment of each model was carried out on an Intel(R) Core(TM) i7-7500 CPU
processor with 2.7 GHz and a usable memory of 16 GB. Each model was written in Python.
All the selected models were trained with the training set (the first 100 observations of
each series) and the parameters of each model were determined using the data.
4.1 Building the Models
4.1.1 SES, DES, and TES

We wused statsmodels [22] to build all exponential smoothing models.
statsmodels is a Python framework which provides classes and functions for the estimation
of many different statistical models, as well as for conducting statistical tests, and statistical
data exploration.

For each training set, the smoothing parameter a, the trend parameter 8, and
the seasonal parameter y were optimised using hyperopt [23]. hyperopt is a Python library
for parameter optimising over search spaces with real-valued, discrete, and conditional
dimensions. Regarding a normal optimisation procedure with hyperopt, a search space for
each training set was defined to find the best values of the parameters by which the error
during the model training was as low as possible. As stated earlier, , 5, and y are in the
range of 0 and 1. Therefore, these three parameters were searched for a real number
between 0 and 1 (certainly, 0 and 1 are excluded). One of both currently implemented
search algorithm of hyperopt which was used for our task is called tree of Parzen estimator
(TPE). This algorithm is one of Bayesian optimisation algorithms for hyperparameters [23].
Then, the search space and the objective function returning the MAPE from the training set
were passed in the minimising function to find the optimised smoothing parameter(s) which
produced the least MAPE during the training. Table 1 shows the optimised values of the
parameters which are rounded down to values in 8 decimal places, to be more easily

presented.
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Table 1. Overview of Exponential Smoothing’s Parameters, ARIMA’s Parameters, and

LSTM’s hyperparameters (e. = epochs; b.s. = batch size; n. = neurons).

SES DES TES ARIMA LSTM
P a a B a B y d,q@)| (P,D,Qm | e bs. | n.
S1 0.0626919 | 0.0003931 | 0.0000251 0.0438373 0.027798 0.0005197 | (0, 0, 2) - 100 1 2
S2 0.1030444 | 0.0004552 | 0.0001189 | 0.1672903 0.0003656 0.0002881 0,1,1) 0, 1, Dy, 200 1 5
S3 0.9731978 | 0.9982267 | 0.0000353 0.0706603 0.0001303 0.0004144 (2,1,0) (1,0, 0), 50 3 2
Sa 0.6367266 | 0.3175668 | 0.0331696 | 0.1927638 0.1918442 0.0004193 0,1,1) 200 1 5
S5 0.1616712 | 0.2794364 | 0.0000388 0.7176836 0.0016582 0.0001114 2,1,2) 200 a 3
S6 0.9999949 | 0.9995951 | 0.9992066 0.981844 0.9542871 0.0181524 (1,1,2) - 100 1 2
S7 0.9986229 | 0.9999252 0.000008 0.4451375 0.0000836 0.0013893 (1,1,1) 0, 1, 1)y, 200 5 1
S8 0.0000161 | 0.5098825 | 0.0000364 0.3080804 0.0002687 0.0000672 (1,0,0) 50 3 4
S9 0.2241311 | 0.0017878 | 0.0006171 0.0191358 0.0005383 0.0007275 (0,0,0) 100 a4 5
S10 | 0.9999955 | 0.9987753 | 0.0023751 0.9169906 0.0010011 0.0011748 0, 1,0) 50 1 1

4.1.2 Normal and Seasonal ARIMA

In addition to the ADF test, one can use the Hyndman-Khandakar algorithm
[13] to build the ARIMA models. Fortunately, there is another Python library called
pmdarima [24] which uses statsmodels as its backend and hence contains several useful
statistical functions including the function which can automatically build and fit the best
ARIMA model, whether normal or seasonal, to a univariate time series based a provided
information criterion and the necessary parameters given. With significance level a set to
0.05, we performed the ADF test on each training to see beforehand on which training set
differencing was necessary, as presented in table 2.

Now, the results of the ADF test suggested that the time series S1, S8, and S9
are already stationary. Thus, the model of those three time series should be in form of
ARIMA(p,0,g) Moreover, one can obviously see that there is significant seasonality in the
time series S2, S3, and S7. Hence, the seasonal parameters for ARIMA were reasonably to
be determined, too.

We also conducted for each fitted ARIMA model both the Jarque—-Bera test
and the Ljung-Box test to compute the p-value of each test, again with significant level a
set to 0.05. For the latter, the number of lags was determined, as described in 3.2.1. The
results of both tests are presented in table 3. We can see that all training sets passed the
Ljung-Box test, that is, there is no correlation among the residuals. As for the Jarque-Bara

test, nevertheless, the null hypothesis of present normality among the residuals in S3, S7,
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and S10 was rejected, that is, their residuals were statistically not normally distributed. But

it has been already pointed out in 3.2.1 that normality of the residuals is just a useful, but

not necessary property.

Table 2. List of Each Training Set’s p-Value Obtained from The ADF Test.

ID Periodicity p-value Less than ? Differencing needed?
S1 yearly 7.39 x 10° Yes No
S2 monthly 0.32 No Yes
S3 monthly 1.0 No Yes
S4 monthly 0.84 No Yes
S5 monthly 0.74 No Yes
S6 monthly 0.1 No Yes
S7 monthly 0.98 No Yes
S8 yearly 2.69 x 10 Yes No
S9 daily 8.87 x 10 Yes No
S10 daily 0.27 No Yes

Table 3. Results of The Ljung-Box and The Jarque-Bara Test.

Ljung-Box test Jarque-Bara test
ID Lags p-value (at | Less than No o-value Less Normality
max. lag) a? correlation? than @? | present?
S1 10 0.87 No Yes 0.34 No Yes
S2 20 0.66 No Yes 0.56 No Yes
S3 20 0.22 No Yes 1.56 x 107 Yes No
S4 10 0.45 No Yes 0.07 No Yes
S5 10 0.74 No Yes 0.19 No Yes
S6 10 0.14 No Yes 0.88 No Yes
ST | 20 0.67 No Yes 1.04 x 10" | Yes No
S8 10 0.73 No Yes 0.19 No Yes
S9 10 0.98 No Yes 0.44 No Yes
510 10 0.99 No Yes 0.0 Yes No
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4.1.3 LSTM

All LSTM models were built using mainly two Python libraries, that is,
TensorFlow [25] and Keras [26]. Both are the two well established Python libraries most
used for deep machine learning. Generally, to build a deep machine learning model using
TensorFlow and Keras, one should consider selecting the best values for hyperparameters,
such as number of epochs, batch size, and neurons in the hidden layer. One epoch means
one forward pass and one backward pass of all the training examples and batch size is the
number of training examples in one forward/backward pass. Of each time series, to find out
the optimal number of epochs, batch size, and neurons, we again used hyperopt for this
task. With the same procedure as in the case of exponential smoothing algorithms, for each
time series, a search space was defined to find the best values of these hyperparameters.
Due to the performance of the computer on which the experiments were performed, the
number of epochs was determined between 50 and 200, the number of batch size
between 1 and 5, and the number of neurons between 10 and 100. Moreover, all the numbers
must be integer numbers because, for instance, there cannot 47.11 neurons exist in practice.

As for LSTM, the last 20 observations in the training set would be used for the
test to avoid underfit and overfit problems. Hence, in contrast to the other training sets,
the training set for LSTM would contain 80 observations. Table 1 shows the optimised
hyperparameters for LSTM models of all time series.

4.2 Training and Evaluation

After the models were trained with the training set and the MAPEs were
calculated, as illustrated in table 4. We see that DES was the best model for S1; TES for S2,
S3, S5, S6, and S7; And LSTM for S4, S8, S9, and S10. We then used these best models to
make a prediction of the last 20 observations in the evaluation set for each respective
series. To see how good the best model for each training set made predictions, the results

of the prediction evaluations in MAPE are provided in table 5.

Table 4. Overview of the MAPEs Calculated During Training.

Mean Absolute Percentage Error (MAPE)
ID LSTM
SES DES TES ARIMA
Training set Test set
S1 4.61% 4.6% 5.67% 4.89% 5.31% 4.97%
S2 22.28% 20.39% 4.15% 5.65% 25.76% 26.27%
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Table 4. Overview of the MAPEs Calculated During Training. (Continued)

S3 6.89% 6.9% 3.07% 3.86% 7.53% 7.14%
sS4 37.89% 40.72% 46.22% 50.81% 25.8% 23.54%
S5 12.8% 12.77% 7.14% 24.02% 10.81% 11.03%
56 9.04% 7.7% 4.75% 12.26% 6.03% 5.98%
Y 13.06% 13.15% 4.13% 5.71% 12.1% 12.65%
S8 51.73% 34.79% 31.58% 35.41% 21.77% 22.09%
S9 16.05% 62.31% 16.25% 15.9% 15.98% 15.74%
510 1.01% 1.05% 2.46% 1.88% 0.65% 0.67%

5. Conclusions

In this paper, an experimental comparison of five models on time series prediction
was carried out. The results in table 4 have revealed that TES performed best in five time
series, LSTM in four time series, and DES was the best performing models in one time
series. Thereafter, using the evaluation set, each model was evaluated on prediction
performance which was measured as MAPE presented in table 5.

There are totally three time series which show their increasing trend and seasonality
much significantly, namely time series S2, S3, and S7. Time series S5 shows its increasing
trend and cyclic pattern, but both components here are not as obvious as in the three
mentioned earlier. From table 4, we realise that in S2, S3, S5, S6, and S7, TES clearly
outperformed the other models. In the time series with significant trend and seasonality,
i.e., in S2, S3, and S7, one can clearly see that TES and seasonal ARIMA were able to
achieve the similarly small MAPEs. Besides, the MAPEs which were produced by TES in the

evaluation using those three time series were also considerably low.

Table 5. Overview of Prediction Performance Measurement with MAPE Using The

Evaluation Sets.

ID | Best Model in Training MAPE
S1 DES 4.63%
S2 TES 4.67%
S3 TES 3.72%
S4 LSTM 23.25%
S5 TES 7.26%
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Table 5. Overview of Prediction Performance Measurement with MAPE Using The

Evaluation Sets. (Continued)

S6 TES 14.42%
S7 TES 8.23%
S8 LSTM 22.17%
S9 LSTM 15.32%
S10 LSTM 0.44%

The remaining time series, namely S1, S4, S6, S8, S9, and S10, present neither clear
trend nor obvious seasonality. The values of observations in each of these time series vary
recognisably. Time series S4 and S6 remarkably show both increasing and decreasing trend
over a period of interest. As displayed in table 4, of these six time series, LSTM outperformed
the other models in four time series (S4, S8, S9, and S10). In S1, DES was surprisingly slightly
better than the other models.

Consider first the time series with clear trend and seasonality. From table 4, with
TES and seasonal ARIMA, each of the MAPEs was surprisingly less than 10%. In comparison,
the MAPEs produced by SES, DES, and LSTM were relatively greater. It is strongly arguable
that both TES and seasonal ARIMA are much more suitable models for data with clear
trend and seasonality.

Consider now the time series without trend and seasonality. The MAPEs were
produced by TES and DES were relatively high, which supports the suggestion over the
feature of the models mentioned earlier. In S4 which shows indistinct trend and
seasonality, the MAPEs produced by DES and TES were high. We argue that this can be due
to that DES and TES are more likely to be used for times series with distinct trend
(increasing or decreasing) and seasonality. Nevertheless, DES was the best model for S1,
although the trend is visually not present in it.

To summarise, from our obtained results in table 4: TES and seasonal ARIMA are the
most appropriate to be used for time series with clear trend and seasonality. LSTM is the
most appropriate to be used for time series without trend and seasonality. It is quite
surprising that LSTM could achieve prediction task in time series analysis well. In future
work, it would be intriguing, as for LSTM, to perform such an analysis on a more powerful
graphics processing unit (GPU); this would eventually increase the number of epochs, batch

size, and neurons and hopefully improve the performance, too.
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Abstract

This study aims to examine the ability of UV chamber developed by the Faculty of
Engineering, Ubon Ratchathani University to inhibit Escherichia coli (E. coli), Staphylococcus
aureus (S. aureus), Bacillus cereus (B. cereus) and Extended Spectrum Beta Lactamase
Escherichia coli (ESBL E. coli) that were used as representatives of gram negative bacteria,
gram positive bacteria, spore producing bacteria and drug resistant bacteria, respectively.
When the tested bacteria with the initial concentration of 0.5 McFarland were streaked on
BHI agar and exposed to UV for 10 min, all tested bacteria were inhibited. However, when
the same experiment was performed using each bacteria with the initial concentration of
0.5 McFarland but decreasing the UV exposure time to 2, 3, 4 and 5 min, it was found that
exposure to UV for 3, 4 and 5 min could inhibit all of the tested bacteria while exposure to
UV for 2 min could inhibit only S. aureus and ESBL E. coli but not B. cereus and E. coli.
Moreover, it was also found that exposure to UV for 3 min could inhibit all of the tested
bacteria with the initial concentrations of 1, 2, 3 and 4 McFarland. From this study, it is
suggested that the most effective exposure time for the application of the UV chamber to

inhibit all types of bacteria would be at least 3 min.

Keywords: UV Chamber, Bacteria, Antibacterial Activity
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3. PNEITHASIUIVENNYIVD

waedansilalotan (Ultraviolet Light) w3auasgd (UV Light) uwasiifinnuenadulugag
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a

° & A a v I3 ° a aa . . A
ﬂalﬂﬂ'ﬁﬂ’]aqﬂlﬂj@LLUﬂV]LﬁEJGU@\‘1iﬁaq’)LUUﬂqiﬂqaqﬁJﬂﬁﬂ‘U'}ﬂa@ﬂ (Nucleic Acids) niUu

| A

93AUsZNOUAAYTDIAOWEKAZD150WE TnalaTeadanInanaunsagandulafiaI N IRAY

= va a dl'

260 3 265 wiluwng Fedumnueneiuieglutiwessdeidlafnan deonsaiipddniuien

[
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normal polynucleotid o ‘l' .

H’ CH,

Uil 1 lalradamuly3isulewes (CPD) was (6-6) Wlalnsinyt (6-4PP)

4. Fanliun1sin
4.1 foauuae]
Founasg? (UV Chamber) Al#lunisfinunilfowin n$1a 44 e, 812 40.5 9. g9 44 B,
aelugmaefuuuiivasagd (TUV TL Mini) $1u2u 2 waen Faudazvasniiindanisudnuas UVC
Wiy 8 Snsf (Watts) neuengiiuuiunat Ssusunanldfeusd 1 s 30 unit quit 2) n1slday

Y ad = ° 1% v O I = a ~ vy
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(@) nwaumtivesd; (b.) nwauluvesd; (c.) Judsuna

4.2 mimaaummmmsmaaé’ammg%‘iumié’ugmﬁm%fyeumLLUﬂﬁL‘%‘a
nMavasesitiunimmeaoumuamtsavefouuasylunisdudinisiinuesnuaiie
wiianne q InelduuafidedoludiluwuaiiGennasu 16un Escherichia coli, Staphylococcus
aureus, Bacillus cereus waz ESBL E. coli @slédusununuailiounsuau wuaiideunsuuan

WUATISENES19aUaS LazkUATISERRYNAUAIAY
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N13NAABUAIINAINITAVBIFRUKAIYTLUNITTUEIN1TRT Y Vel uATliSevIlnga e
wupfisenageuwdazsiafiunluemsidesdio BHI Broth aaumnll 37 ssmgaidea Wunian 24
Tl asluemsideaa BHI Broth Tnl Tagly Inoculum Size winfiu 2% (v/v) tluuuingamgil
37 9eANwalged AU Bacterial Culture 8¢luszee Exponential Phase USua31atduduvua
Bacterial Culture T#indu 0.5 McFarland udirundngasuuaiuermisideada BH Agar aaeldl
Wud1anuaene (Sterile Swab) MnuuiueImsEesdediina1luvnludeuuayd Wuna
10 W Tudn v NUMIAIUULTD9 UM BBIT000N WaATUATRUALIATITTUANNIA U IS
& & Y o oA a = [ Y A o a a a
WeavekalUunioamgil 37 ssrwadea [Wuan 24 Flu iednnnIsiasy e uaiiisy

& & S = & A & N a
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=
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v
[
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Usgtaneng 9 ImelduuafiSeseluiiduwuaiiSenaaeu laun Escherichia coli, Staphylococcus
aureus, Bacillus cereus wag ESBL F. coli T Jufunubuaiisoknsuay wuAMSewnTLUINn
Aa A v ¢ aNa X o W
WUATLSENES198UDS wazkuATIBERaeIMNa1RY
N13MARRIYIULALIUNTNAdRUAIEINTTaYRIdaUkaIdluN1TdugInIsIaS Y es
Aa Ay Y] P | K Iy a X X
WUATLSENANA1IN WA gL luNISNeaaIlinisUSuasunalun1Sa UL NS ReaLTD BHI
Agar andn1stheweuwuaiiiSenagey waylafinstheweuuafiSenaaau (Negative Control) tHu
2,3, 4 uag 5 U Nsneaesilingt 3 assluwsaziiaIveInseuLate?
4.4 MIFN¥INATRIANUTNTUYBILUATISERDNTTEUSINTSIS Y va L UATIS R IE e
nmsneaesillidunsanwnavesrududuvesLuafieUssLneng o senisdudinisiasey
Yesuuafienisuaed lnelduuailieneluililuwuaiiisonaasy liun Escherichia coli
Staphylococcus aureus, Bacillus cereus Wwag ESBL E. coli Faldudnunuaiisownsuay
WUATILSELASUUIN WUATILSETIAS19EUDS haTkUATIBERDIANLAIRY
N1IMARRIlYULALIUATNAdRUAIEINTTaYRIdaULaIdluN1TduginIsiaSy el
Aa Ay % ~ [ K ) a v v Aa O v Yy
WUATIS B9 IANA1INAD WgauslUNISNRaIRIlnsUSUAsUAMUU LT LY UATIS aRany Lagled

ALY WINNU 1, 2, 3 wae 4 McFarland nsvinaedllyingd 3 ASIluumas Ul uuaasuniis gsany

5. wamsAneuazn1senUsiena
5.1 MINAABUANNEITavegauLaeilunsiuginisiasyvetuaiiisy
diptvewuanisenaaaunnvila tawn £ coli, S. aureus, B. cereus wag ESBL E. coli 13l

aududuindu 0.5 McFarland wntheasuueims BHI Agar waniluauuasgdidua 10 wad
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wudmuafizevaaeunnalingndudld lnedunmannsilinuniasigyuesuuaiiFenaaeuynin
vuTeIMIRsLde iU ULy TururfiuuauemaAssdefiliiunsounasy? Sald
Hu Positive Control wuafiiiennasunnaiinarunsnasnld (U 3) nsvaaosiuandlifiud,
Fouuasyinlilunsvaassdaruannsadudsléiauafiounsuau uuaiGounsuuin uuaiiGed
adeaos uazuuniiGeran,
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wuATi3ounTIaU [10] wuAfiBsunsuuan [10] wafiSefladates (1] uasuuafiFoRosn (12] 16
uenanifadiseeuiumgiamnsasusinsaiayvesgduvideindu q wWu 1We [13] uarlia
[14] lagg

JUN 3 msdudenmiasguesuaiiise (rududu 0.5 McFarland) dsnmseukae3iduam 10 wi

(@.) vamuay; (b.) Yaneaes (E = E. coli; S = S. aureus; B= B. cereus; ES = ESBL E. coli)

5.2 MIANYINaveIaluNITaULAIEIRBN1SEUEINITIATYVBILUATILTY
detgeuupiisenaaaunnylia laun £ coli, S. aureus, B. cereus waw ESBL E. coli
AUANTUYIAU 0.5 McFarland sndeasuuemis BHI Agar udailieuuasediduiia 2, 3, 4
= ! a @ = o O a2 S

uwag 5 Wil nudniseunasgilung 3, 4 uag 5 Ui aunsadudinisiasyvesiuailisenaaey
nnaflald (GUA 4 wazm1s9d 1) lusasiiniseuuasgdiduna 2 wiit anunsadudnisasgle
WaN1E S. aureus Wag ESBL E. coli wilyianunsnduganisiasayves £ coli wag B. cereus e (U# 5)
S o g w I Y vy = = & & S A 1%
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& a A v a < ! b4 !

anunsagauuafiselannuinmseuildunategutey 3 Wi

=1 Y @ ! a a ' a a ' av v ! (Y

Han1snaapsilkandliiuiwuaiS susasiladanuansalunisnussuaselaunnsaiu
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aa aa
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luns@nwiinudn B. cereus uag E. coli imnuansnsanussuasgilaaniuuaiiisenagaaudn 2

!
=2

viln Tunsdives B cereus FafunuafiGefiainsatos nmsnuseuatgisnainannsiifiunaead
94 B. cereus oefluanmziinmsaiisates vilinudeuasilad ns1emnumsidoves Setlow [15]
wutradasves 8. subtilis Sanuannsalunmsnusonasyilif weiduduiidosan deaves
laFuuasgITnvinliiAn Spore Photoproduct (5-Thyminyl-5, 6-Dihydrothymine) Fuiu DNA
meluaves udanuraunddinanansagnadeuuaulanieieulesl Spore Photoproduct Lyase
fafiogneluades MomgiavesTsdauansalumsdenusuaufinunives DNA Suidlesnan
waagdla Javilvinustowasgloan dumnuaunsalunismuseunasgves £ coli lngdnlngudiiin
Mnnsfiuafidesiaifinalnnisdeuneunufiounifiiaainuase Tasunfudauasyan vl
AaruAsunfzuiu DNA veswuaiiidefidendn Pyrimidine Dimer [16] winuuaideladinalnly
nsteuLTL DNA 167 wuafiSedufasnudeuasyTlén 9nnnisAnwfiiiusinuii £ coli fivane
natnlunsyouway Pyrimidine Dimer WU Photoreactivation, Base Excision Repair La¢ Nucleotide
Excision Repair [17] Tng E. coli usiazanewiugenalénalniiumnsrsiulunistouues DNA uegiy
ulesififogluudasaneiug uenaniddisenuii £ coli fiogluanmezvnsnisiasyivlng
Lmefi’Nﬁ’uﬁmmmmsa’lumimmLLaag‘iﬁLmﬂﬁiNﬁu a8 E. coli ﬁagﬂuswz Stationary Phase
fimwamnsalunismusiouasyldfinit £ coli fegluszey Log Phase iilosannwadluszes
Stationary Phase fi§nsn1suvawaddities 39vil8n31n15:in DNA Replication tiae wadis
anunsafunlifunisdennsy DNA TEGuT (18] lunsdvesnisAnuwdfinuin £ coli d

AnuansalumMmusisuaedlad onvdlanvnunantadelatadeviadannaiaunugs

JUN 4 nMsdudanmaiaiueauafite (Aududu 0.5 McFarland) vdsnniseuuaseiduam 5 wil

(@) gamuaw; (b.) ¥anaasa (E = £ coli; S = S. aureus; B= B. cereus; ES = ESBL E. coli)
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JUM 5 msdudanmiasuesiuniiise (Anudindu 0.5 McFarland) wdsanniseukasediduna 2 undl

(@) wamuay; (b.) Yaneaes (E = E. coli; S = S. aureus; B= B. cereus; ES = ESBL E. coli)

=] ] a N a Y Y aa ]
M99 1 NTTYUYINTTEATEYVDILUANLIY (ALY 0.5 McFarland) Va\iﬂqﬂﬂqsa‘ULLﬁ\ing‘V]L’Ja']@]']\i 9

s 52821981 UNTaUNENET (WH)
LLUANLIY
2 3 q 5
Escherichia coli - + + +
Staphylococcus aureus + + + +
Bacillus cereus - T + +
ESBL E. coli + + + +

= U 5 a a a 1l U gj a a a
+= UNTTYUYINTTLATEYVDILUANLIY; - = lﬂJiJﬂ'ﬁEJUEJ\‘]ﬂ’ﬁLﬂiiyfﬂ’eNLL“Uﬂ‘VILiEJ
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NAQDILYULAN ABD LLﬁﬂEJ’Jﬂ’]SJ']iﬂU’iﬂﬂm“U@ﬂL%@Iunﬂﬂ’ﬂmmm“ﬂu&ﬂl@ 99%

69



Royal Thai Naval Academy Journal of Science and Technology Vol.5 No.1 January — December 2022

= v & a N a aa Yy oy o a ) =
M990 2 ATYVYINTTLITEYUVDILLUAVILIINUAITULYNVUAN € ﬂaﬂf\]’mﬂ’]iaULng?LUuL’Jm 3 UM

e anududuvasuuaitse (McFarland)
LLUANLIY
1 2 3 q
Escherichia coli + + + +
Staphylococcus aureus + + + +
Bacillus cereus + + + +
ESBL E. coli + T + +

%
LYY

+ = fimsdudinaasgueanuaiiiny; - = ludinsduginsiaigueauaiiie

6. a3uNan1Anen

' [
aa v =

n1sfnwililunisfineiuse@nsnmaesdeuuasginiautulaeausininssuaans

W Ingduguasvsd lunisdudadenuaniiseyiacing q Felaun wuaisgunsuau wuaisy

aa Ay s pRpp 4 = I v o w
WASHUIN LUANLIENETNEUDT LazLUANLIeNBEN Na‘ﬂqﬂﬂqﬁﬂﬂﬂqﬁqﬂqiﬂﬁéﬂlﬂﬁq 'Vi']ﬂm@\‘iu']g]@‘U

wagllUlduase FelluuaiiSevannuaganeiuguzduiued asldnaluniseuunasgieatas

3 w1l Wesanuaisinaianusadugwuaiiselaynaia wagnnanududuildlunisvaass

LONE1591999

[1]

(2]

Amaro-Ortiz A, Yan B, D'Orazio JA. Ultraviolet radiation, aging and the skin: prevention
of damage by topical cAMP manipulation. Molecules. 2014 May;19(5):6202-19.

Dai T, Vrahas MS, Murray CK, Hamblin MR. Ultraviolet C irradiation: an alternative
antimicrobial approach to localized infections? Expert Review of Anti-Infective
Therapy. 2012 Feb;10(2): 185-195.

Katara G, Hemvani N, Chitnis S, Chitnis V, Chitnis DS. Surface disinfection by exposure
to germicidal UV light. Indian Journal of Medical Microbiology. 2008 Jul;26(3): 241-2.
Wacker M, Holick MF. Sunlight and vitamin D: A global perspective for health.
Dermato-endocrinol. 2013 Jan;5(1):51-108.

D'Orazio J, Jarrett S, Amaro-Ortiz A, Scott T. UV radiation and the skin. International
Journal of Molecular Sciences. 2013 Jun;14(6):1222-48.

Mohr H, Steil L, Gravemann U, Thiele T, Hammer E, Greinacher A, Muller TH, Volker U.
A novel approach to pathogen reduction in platelet concentrates using short-wave

ultraviolet light. Transfusion. 2009 Dec;49(12):2612-24.

70




U7 5 aduN 1 uns1AY — SuINAN 2565 MFAITIVINTLSNIUUYST DM UING AR LaznALLlaY

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Rao BK, Kumar P, Rao S, Gurung B. Bactericidal effect of ultraviolet C (UVC), direct and
filtered through transparent plastic, on gram-positive cocci: an in vitro study. Ostomy
Wound Manage. 2011 Jul;57(7):46-52.

Taylor GJ, Leeming JP, Bannister GC. Effect of antiseptics, ultraviolet light and lavage
on airborne bacteria in a model wound. The Journal of bone and joint surgery British
volume. 1993 Sep;75(5):724-30.

Yin R, Dai T, Avci P, Jorge AE, de Melo WC, Vecchio D, Huang YY, Gupta A, Hamblin
MR. Light based anti-infectives: ultraviolet C irradiation, photodynamic therapy, blue
light, and beyond. Current Opinion Pharmacology. 2013 Oct;13(5):731-62.

Rose LJ, O’Connell H. UV light inactivation of bacterial biothreat agents. Applied and
Environmental Microbiology. 2009 May;75(9):2987-90.

Coohill TP, Sagripanti JL. Ultraviolet radiation of bacteria with particular relevance to
biodefense. Photochem Photobiol. 2008;84(5):1084-90.

Zhang CM, Xu L, Wang XC, Zhang K, Liu QQ. Effects of ultraviolet disinfection on
antibiotic-resistant Escherichia coli from wastewater: inactivation, antibiotic resistance
profiles and antibiotic resistance genes. Journal of Applied Microbiology. 2017
Apr;123(1):295-306.

Ozcelik B. Fungi/bactericidal and static effects of ultraviolet light in 254 and 354 nm
wavelengths. Research Journal of Microbiology. 2007;2(1):42-9.

Mackenzie D. Ultraviolet light fights new virus. Engineering (Beijing). 2020;6(8):851-53.
Setlow P. Resistance of spores of Bacillus species to ultraviolet light. Environmental
and Molecular Mutagenesis. 2001 Feb;38(2-3):97-104.

Sanchez-Navarrete J, Ruiz-Perez NJ, Guerra-Trejo A, Toscano-Garibay JD. Simplified
modeling of E. coli mortality after genome damage induced by UV-C light exposure.
Scientific Reports. 2020 Jul;10:11240.

Douki T, Koschembahr AV, Cadet J. Insight in DNA repair of UV-induced pyrimidine
dimers by chromatographic methods. Photochemistry and Photobiology. 2017
Jan;93(1):207-15.

Abedi-Moghaddam N, Bulic A, Henderson L, Lam E. Survival of Escherichia coli to UV
irradiation during exponential and stationary phases of growth. Journal of
Experimental Microbiology and Immunology. 2004 Apr;5:44-49.

Saha R, Donofrio RS, Bagley ST. Determination of the effectiveness of UV radiation as

a means of disinfection of metalworking fluids. Annals of Microbiology. 2014;64:831-38.

71



NFANTIVINIAUINIAERsLazinalulad Journal of Science and Technology

Ui 5 atuil 1 unsau - Suau 2565 Vol.5 No.1 January — December 2022

nsusznanimtingnslaglinisuszalananiwuaslasetnedseamiiey

Pig Weight Estimation Using Image Processing and Artificial Neural Networks

[y

ey ailde!

Pisanu Kumeechait

Receive : March 6, 2022
Revised : April 11, 2022
Accepted : April 12, 2022

UNANED
yr.:lu L3 d‘ =

nsAnwilfifaguszasAiiafnyisnisussunanimdnanstagldnisussananann wag

q

Y [ 1%

TassngUszamidion Tnsagldansswaunisdoss Saansasgndsdmiindiossh Savumdusonas
yowhuazaueIdi vy funmaumesiuuesans warlinsgdnsduesiinieg
vosansefiufinemun Ingldlusunsy Python doyautseanidu 2 nqu fe yafln (n=70) way
yanaday (n=30) Anuduitusvosimindiuasidusenis naenauaNE AT N INENYIIY8q
sumegnrmualrsanuduiusvesfiosdu (PPMO) yeflnevsudldlunsiauaunisimdngns
1ny K-Nearest Neighbors (K-NN) waglasedrgussamiviou (ANN), Mean Absolute Deviation

(MAD) uag Mean Absolute Percentage Error (MAPE) gnl#iil a3ndefianainvesnisuseanan

'
ada

dmsunanIsnaedAIAINgnAetag il 86% taeasunisuszutananinduisnsiniilunis
Uszanamdndalegldlannueiealiiugns nisldlasstredssamdien [Juidnsmiaden

TunsiiiuanuwiugvednuuInaesdmsunisuseananivtnans

AEAgY : M3Uszaamiingns, Mavssaianan, lassieUsvamidiey, anudunusaaiie s

l91a1sdnesizimnssulni drefnw lsassuuiese
Instructor, Department of Engineering, Education Branch, Royal Thai Naval Academy

E-mail: pisanu41984198@hotmail.com

72



Royal Thai Naval Academy Journal of Science and Technology Vol.5 No.1 January — December 2022

Abstract

The purpose of this study was to determine a method for estimating pig weight using
image processing and neural networks. Weight, head circumference, body length and top
view of a hundred pigs, the sample groups, were recorded once at a time. Python was applied
for analyzing the top view of each pig to find the pig’s pixel-to-total. The data were classified
into two groups, the practice set (n=70) and the test set (n=30). The relationship between
body weight regarding circumference and length regarding body image, was determined by
the Pearson Product Moment Correlation (PPMC). The aim is at developing pig weight
equations where K-Nearest Neighbors (K-NN), Artificial Neural Networks (ANN), Mean Absolute
Deviation (MAD), and Mean Absolute Percentage Error (MAPE) were measurement errors of
the estimation. The results were about 86% accuracy. It can be concluded that the image
processing was a quick method for estimating body weight without stressing the pigs. Artificial

neural network is an alternative method to improve the accuracy of pig weight estimation.

Keywords: Estimating Pig Weight, Image Processing, Neural Network, Pearson Product

Moment Correlation
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Abstract

This article aims at studying construction of a solar water distiller to improve solar
absorbing efficiency. The result of the study is to find the best solution for building a solar
water distiller. The testing structure is made of aluminum with an exposure area of 0.48
square meters with a slope of the glass 13 degree horizontally. The analyzed data is about
comparing pre and post efficiencies of solar water distiller. For improving the efficiency, the
construction of the solar water distiller was covered by insulation material, and distillation
body was sprayed black to increase solar absorbing efficiency. The test field was behind the
building of the mechanical engineering apprenticeship department, Navaminda
Kasatriyadhiraj Air Force Academy. The solar water distiller was installed for one month and
exposed to the solar from 9:00 a.m. to 4:00 p.m. The results showed that the average amount
of water distilled before the distillation optimization was 0.53 liters per day, and after
increasing the efficiency of the distiller, the average water volume was 1.10 liters per day.
The quality of distilled water meets the drinking water standard of the Division of Preventive
Medicine. Royal Thai Air Force Medical Department which references the criteria of the World

Health Organization.
Keywords: Solar Water Distiller, Consumption, Drinking Water Standard
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2. npufjuazauideiineades

2.1 ¥1RU (Raw Waten) fie ¥ri Idanuma sdnmusssuand Tned delyrunszuaunista o
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¥99n09vAanT Uiy nsuunngnise1nia 498198 unueinueadniseusislan @il
ffwedang 9 lunisia deil

2.4.1 Tedvlasuuuaiiise (Coliform Bacteria) WunguuuaiiSefianansaadaiulaladlud
fiftonmuarldfionnia snwuluanmuadouiiidosiuin mnnuirdimadouuludduun
Auldannsntsdfeanuliazeiauaylignavdnsasveaunasifuld dadmnsgiuniiudes
1aliiu 2.2 MPN (Most Probable Number) slati1 100 fiadans

242 finsUuitleunesgians (Fecal Contamination Indicator) fio UsinmungauuadiSe

Mrduluganse waswuaiiiedaalan (E.Coli; Escherichia Bacteria) Fa.dauusgoglu@einain
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2.4.3 Y831 (Color of Water) 1An91NN15aLIDULAIUDIETHYIUABETUYT LU UInNY

a N A =& a a as 8 Y A XY ~Na A v oa VY
555UYRALNAMA 09T 1ANINNA15DUNSE U luwuasnTluldiuauasiidunsia vseadsnglasin
=3 aa A = %:’ a 4 a1 I a 1 .
fazdidlen Faunsgruunnuazaeslialiiy 20 e (Units)

2.4.4 AUy (Turbidity) Ais ANNENNTveId AL AntuvTeaAtUUTI LA AR INTY
136t @edvinlsiungu laun Suniduazefiunidansluin naenaudadidisbn o nusingludnvos

' a A a @ v = Y A v a " a

A134VIUADY LU DYNIAVBIAY NI wuaTiSy Wudy Fansgiudiaudesdanlaiu 5 NTU
(Nephelometric Turbidity Units)

2.4.5 lalasifloalonsu (Hydronium lon; pH) Ao Usunallalasiauleeuiiazatsluin wie

Armuiunse - wavesi Feunfazdaegsewing 1 - 14 dnindunsaazdien pH desndn 7
grinduassdien pH annd 7 uasdiandu 7 @efanmidunans Fannsgruiduasdosed
5¥MIN 6.5 - 8.5

246 Aunszdsasin (Water Hardness) Ao USinaveundeunsaifouuaruuniifoud
avawogluih awvliildifevesivayuarasiionznoudedy Sudadu 2 vlia Ao munsedns
Has10 Renansaratunadenvisuunididosluaniueiun Wegnanufouazanpzn suldu
#uyu warANuNIEaNnIsinInindenaelsaniedaaveaalsunIauuniligey liaunse
vlsnnagneudieldsuauiou Sunnsgutaudoslaiiu 100 PPM (Part Per Million)

247 Aufnvenn (Salinity) Ao AUSuaALT T ureund aus 7 avadeluti
Tnsamelufouaaolsd Foudsldwed dhdnaedantonndn 500 PPM, tndosiansgwing 500 -
5,000 PPM, Yfufiansyning 5,000 - 30,000 PPM LAzt LatiAnsEnIng 30,000 — 40,000 PPM
dmsuinmsguuazdonduinde AernuAudeslsiAu 500 PPM

o [y 1

2.4.8 Frvpundn (ron) Ao Aveswdnilazaneuuiui mdndulaveninfifsunses
A9iTn wnsgruhiuaedesluiAu 0.3 PPM

249 ArveeuuInNiila (Manganese) Ao Aweuusmbadiavarsuiuii wuenndadu
Taneminiidsussesodaidinuiniumin wnsguifueededlii 0.1 PPM

2.4.10 Vsinamasuieazaeth (Total Dissolved Solids, TDS) #o Usinaveaudsnnadadi
avanagluii Usgnaudelanentn asuviuass SunFeanssng q uinsgiuinaudeadialuiiu
500 PPM

2.5 smATeATe
Hagundssuuaseniindfoinduundmasnunaunuilvgfign [Hundanunauny

UszLamuidsuilduduielvlldnussund dundunuiiazenn Unennuaiiv waeddngam

a9 [2] Tunsldndsnuuasenfindanunsouvadu 2 sUuuulneg q fie Tddmsundanseualni uay
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UNANED

nM9ideEiTngUsrasduil spanuuuuasiangagUnIaliaaunaiuay mnusaiosann
wsaldugaelanusenauyannasin1siniewesgnauegedte (Simple Pendulum Oscillation) 1ng
Yngunsal 5‘Uizﬂa‘uﬁasqﬂmaimwé’mmuaum%wLLaz NodeMCU ESP8266 lag NodeMCU
ESP8266 1iu famauvilunndeudounrdstoyariudumedidn uiedumedidnvosassnis
(Internet of Things; loT) TUAIUTDINITLAAIHATZUAAIATULIA1LREE (Average Time; Tavg) WLy
Ausadesnnussttugasian (Gravitational Acceleration: ) WuaUNELATY Blynk i WU
fi¥pvazanuAanniAdou (Percent Error) fouay 1.463 WalfisuiuAiausaiiesannusalifumg
TanuasgIu & ngaymayuAs lngaatuannsine i nssnasinenmansuazimelulad 7
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Abstract

The objectives of the research aim to design and develop equipment for measuring
time period and the gravitational acceleration of simple pendulum oscillation by using IR
Infrared sensor and NodeMCU ESP8266. This equipment was connected for transferring data
over the Internet (Intemet of Things; IoT). The average time (T,y,g) and the gravitational
acceleration (g) were displayed on Blynk application. The estimated percent error was 1.463
meter per second? whereas the standard gravitational from the National Institute of Metrology
(Thailand) was 9.78297 meter per second® Additionally, the time period measurement
equipment is more accurate than the Naval Cadets’ stopwatches, which displayed the percent

error at 4.150.
Keywords: Simple Pendulum Oscillation, IR Infrared Sensor, Internet of Things (IoT)
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Abstract

Image analysis is becoming increasingly significant in a variety of industries, including
agriculture, medicine, security, surveillance, observation and etc. The image analysis is still
processed by humans. This is quite costly and time consuming. For improving image analysis,
an image analysis algorithm is required. The edge detection is one of the most significant
aspects of image analysis. In this research, various edge detection algorithms are compared
and applied to aerial images captured by unmanned aerial vehicles (UAV). PR (Ratio of true
to false edges), PSNR (Peak signal to noise ratio), and F-Measure are used to evaluate and
analyze the results. The overall goal of this study is to gain a better knowledge of how each

edge detection algorithm performs with the UAV aerial images.
Keywords: Algorithms, Edge Detection, Aerial Images
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Abstract

The objective of this research is to apply Landsat 8 satellite imagery for analyzing the
depth in the Gulf of Thailand in three study areas boundaries based on nautical charts. The
first study area is the inner Gulf of Thailand (Entrance to Mae Nam Chao Phraya), the second
study area is Eastern Gulf of Thailand (Koh Saba to Koh Chik Nok), and the third study area is
Western Gulf of Thailand (Ao Chumphon). The depth accuracy from the integration of
nautical chart techniques, Satellite Derived Bathymetry (SDB) and Log-Band Ratio Method is
higher than single-beam echo sounding. About the depth between 0-15 meters in the study
areas, the results indicate the Coefficient of determination (R?) in the Inner Gulf of Thailand,
Eastern Gulf of Thailand, and Western Gulf of Thailand as 0.8621, 0.9130 and 0.9304
respectively. Depth from the SDB charts precisely consistent with depth from nautical chart
can be concluded that depth derived from the SDB is suitable especially the area in the
western Gulf of Thailand. The result of the study confirms that the SDB method and Log-
Band Ratio Method can be alternative methods to support hydrographic bathymetry surveys
in areas where depth is less than 15 meters or where, hydrographic bathymetry data is

unavailable.
Key words: Bathymetry, Satellite Derived Bathymetry (SDB), Remote Sensing, LANDSAT 8
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Nnafiey Landsat 8 [udeyafildanmuiisndsanineinssssunivesussmaanigeuinn
UsznaumeszuuiuyinaIn 2 viia Ae Operation Land Image (OIL) i@z The Thermal Infrared
Sensor (TIRS) $1u2u 11 Y23ndu WiswaziBungnnmaasndu Visible, NIR, SWIR 30 was 129naY
Thermal 100 1#5 a2 Panchromatic 15 a5 [15] @1115091n13501738Inana1niuled
https://earthexplorer.usgs.gov/ 83 USGS

mu%’aﬁjﬁaLﬁumiﬁﬁa;ﬂamwﬁuﬁ?{u Band 2 (BLUE), Band 3 (GREEN) ua¥ Band 6
(SWIR) [2] 1HunszuIunsinseddsuuudians ielildundsnnudnimea Tasshnaden
amdsianudau lifweunagy neaiieu wazidendrnandilndifssiurisaiisuidunns
dmaunuiiiuEendavilasnsugnnaans nesinide lasfisoaziBendeyanmdisniiien

Landsat 8 Maan b nukAarNuUNeInIs1en 1

=] cs % ! N
MN13191 1 ‘5’1868LEJ‘EJG]‘UEJ?,qJJamwm‘EJm’JLV]Em Landsat 8

i Panaiilinmdgnaiion Landsat 8 Path/Row
tnmadusididmezen NOPFINU 2561 129/053
nzaztn D9 1neTnuen NOPFINEU 2559 129/051

DIYUNT WU 2559 128/051
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2.4 Yayaanuanid1sia (Bathymetry)

Payanuanu1d1TIanldesdalunisas Uil unarATIEE UAINYNABIVBINT
<o = 8 v  aa ) <o = & o S0 o 3
n§aAudnu1n1838n15 SDB Wudsyanisndsanudniiuneszianinvirlagnsugnnaians
NN e AIIsN1INdImuaniImeldedyiauluua1nduLAe (Single Beam Echo Sounder)

! ) a o o a v a ° v v =2 awv a ¢ v a . .
Jwfuasasfusuaimenniisy GNSS dwmsuduiiniinaniagiimansdiemaila Differential
Global Positioning System (DGPS) 48g1uv1951U WGS84 wagyinisiniauiiiinainnsiasuias

YDITTAVUWY - a3 Tuiiui awnsedvinamifan (Lowest Low Water: LLW) {uiuns (1519 2)

M19199 2 TeazBuatoyanIUanidTI

MUELAVTEIN , ¥ ToyanIuan
§ 1IM51dIU WUA .
WHUT d1979
112 1 : 45,000 U1 BUENITNTZYN AN 2561
118 1: 60,000 WNNZELUN D9 1NNEINUBN WEFRANNBY 2559
225 1:12,000 ’eJI’YJ‘lqilI‘Wﬁ bw8gU 2559

2.5 mMyiATgilazillanmaneaiiua (Image Pre - Processing)

nsATzvazklanimateaienldnisuszatanan1ulusLnTuNIeIU GIS
ﬁﬂszmuﬂmt,az%y’umau@hm il

251 m3uUuuARau3E (Radiometric Correction) Wunsufuugauilummnanandeuves

Yoya wazdygrundusuniu suillownanaianateysznis 1wy A15TUNIURINTLUUTTEINA

nsnszdansranelutuussennia Mennanuunnsesvenaiessudyaa lhinarulidaan

3187 nuennIoANada (Haze) latsidudzuu (Strip/Noise) dnaliaiuaudnusininanas

muié’s‘ﬂé‘li’f‘i‘%miLU?%EJ“LJ@]'WMWMNMJWWWL@uﬁqmnwﬁa%amyjfﬁ (Conversion of Digital

Numbers to Absolute Radiance Value) mmaumsﬁ (1)

LMAX - LMIN
lne? L = AINTLATIANIUYIATY (Spectral Radiance)
LMAX = AINMSLHTIEgeEn Faudasannamiueainegsanlugisnauiiy (DN = 255)
LMIN = @AnsuiSedeinan deaulamneinintainmiaaiug ey (ON = 0)
DN = d1nsazviouvedgan1w (Digital Number)
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2.5.2 MIUTUUTIRUNIMYRINMENgAILTEY (Image Enhancement)
N. N13NTDINNLTINUN (Spatial Image Filtering) HingUszasALiaLinAIUTALIY
- DRI au & o v A i =
Yo vserungiunnglunn Inslunuifeiiunldifieangnsuniuvuninargniiie
(Speckle Noise) MaztAntuluiunvzialiantiosas
. ATLeNUY (Water Separation) mgn1sldmauianuunnsisvesmuaulul
(MNDWI) w83 Xu [14] auauns (2) nslududuningrganiiisugnusuruinlinsauaguianie
fiunnaula a1ty MNDWI agfuiasendiuiidudmzanieidnduinduunuiuias g
Ingjeen dullaUnasutifiogluyisaus -1 §1 +1 lneAnsAlownsn > 0 unuil bag < 0 Wnuiiufu
mesiauaudAnldlunlunmensgnuensanainmsdssaiana MNTwMLUausiasiingaves
= v Id Y . . o cal v & & I & A -
amanisalikanaduwuuynases (Floating Point) naansnlaannduneuilaziunuiidiuiimega

Waltd1nsuisnis SDB sl

MNDWI = SREENIR 2)
GREEN+IR
g9l GREEN = 4epaudiden IR = %73mau Infrared

2.6 WUUT1A998RT1dUYINAGY (Log - Band Ratio Method)
ANE1EANINUIRIUNITIMTEULSBUToELAIaz N 15U TEYndlduuuTIaes
dnduYnaUTRauIlag Stumpf wazaty [5] Auaunisi (3) Fadumsldonsiaiunisulasan

ANTSTILYDINITALNDUVDIT PR UANNIHIUAINUAN U NTEAULANF1NY (FUNRUWaLELTEN)

In(nRw(Ai))
Z=my X ———= — 3
17 In(nrRw(A))) 0 3
gl Z = Anudnuiduysaianisnig SDB m, = Arasninlilunsususasdiusianiudn
Rw = nsaeviaudiunnsuyndans My = ANYALTEEINSUAINEN O LUAS
Ai = Yumdudinkuy (Band 2) N = Yumaudides (Band 3)

In(nRw(Ai))
In(nRw(Aj)))

[ [ 12

N1911AANANTINA (Extinction Depth) Iaaldmiudunusideidu (Linear Pearson's Correlation)

NAINLAAIINNITAIUIUDATIAIULIIARULA ( ) 2zidudumnauTD s

LaZNITIATIZINITON008LTUEY (Linear Regression) AuangiuaasaImdniidsianildilu

AuANAIUAN (Depth Control Points) Feagldnadnsiduamisidives m, uwaz m, Aldlunsusu

FATIEIUADAIIUEN (My) LAZAITALIYFINTUAIIUAN 0 LUAT (M) AINUUUINEBIUBYS Stumpf
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1 a 4 [ YY) 1 ! = ln(nRW(/ll))
Lagaaly [5] Imamwwammas My Mo LAZHAANIDAINEIUVINAAU (—————=
. . ln(ngw()l]))

UuilguiiioniAininudndnade (Vertical Referencing) edunautiaziludunougaiialunis

) 2¥nUIUN
YFuumadnsvasrimudninlvauysal MneiianA1al1udnynainisnis SDB 719 3 Wui aggn
UUINTIADUVUAZAATIZUNEDA HIUAIAIINARIALAREUAIG @D LRAY (Root Mean Square
Error: RMSE) Anduusea@nsanduius (Coefficient of Correlation: R) wagd1duUssansaanivun

(Coefficient of Determination: R?)

3. NaN1sANEIwaLanUsIgNa

3.1 ANNANITIATIEINNADATLNINNAIAINANUIIINTITNS SDB AUAIAINNANUIE1529
o g A | aa v v o & ' ) | ' A a8 a
PIAUNUNLALIIN WUI1I0NTST SDB THANANNAUNUSTE IR IAIUT P AUVDI UL ULAY

?‘Lsﬁgj(ln(an(Ablue)) 3 o < & Y A o

) fuANANUNEI RN TUAINLENAIUALTIA 3 WUT F9n151971 3 Tasiian
ln(an(/lgreen)) 9
= a

R? 9g5¢1119 0.8833 - 0.9768 laufiuiienilveud n ianuduiusnanan sesasunfeiiuiens

[y

Ineflawziunn waziuneninelnziuesn auaisu

A9 3 NANTISIALASIZINITOANDYSTLNINAIDASTIAIUTIAAUNUAIAMUANUIE1TITU 3 Wud

Ratio SDB (Blue/Green) x Depth (Control) | Observations m; Mo R?
fiuftgnlnezui n 140 22956 | 23181 | 09768
Hufierlvetling fuoen 1396 1218.6 | 12338 | 0.8833
Nufterlneilany Sunn 1387 1208.9 | 12222 | 0.9436

3.2 ﬁnﬂawmﬁﬂﬁﬂamgsaiQWﬂLLUURﬁ”laaammsaa%’mLﬁuLLmuﬁmmﬁﬂﬁwmﬂmwmsmuﬁ&m

19 3 il lawn wnuiaudniiannainaiea e usnamadiuitndmssen (GUA 3 n) wui

a

ANUANIIIINAMENgANITBNUTIMN AU D9 IngAnuen (5UT 4 n) uazuauiAuEnt1an

ANANLANINGUUITNUBNIYUNT (FUN 5 1)

Y
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dmnwnthh )
ey (wns) . <

. <o s
. o-2 2-5
il 2-5 5-10
5-10 10-15
B 015 B as-%0

N 15-20 — udunoidn 23

udunsisin 5 s

udunsuin 10 4]

i 15 3]

0 200 4.000 5,000 8,003

s

UM 3 (n) wnuiAuantinamaeainuT MM IaduidNTEeT Way

(2) U PINLANUNINANENBAITABUUT LIV WU NI NTE O DUAUNUMKNUTLA LIS 9viNeay 112

g .S
Somitve - fpefisan
i1 ¥y &
axUn s inzinuen
) e i,
S s Emh T
i Busmainasmsefuhadiilee
Y iy YT WGSBS (58]
Khtung 7m%100m
_Mw
A 0-2
r 2-5
-0
-1

-

JUT 4 (n) unuianudnuInnamaeaIiEnUnaLNzaztl 89 1nginuen uag

() WU ANUANUNINANWAATIELUS REANEEEUN D9 1NNEINUBNTBUNUN UKLITLAUS DVINea 118

" i e
M <o
| o-2
| 2-5
“ Vi 5-10
| W 10-15

=

JUN 5 (N) WHUTIAUENUIINANENEAITIEUUTIUEIYUNT e

¥

() UWHUTIAINANINAIINANEIEATIALUUTIUENYUNTTOUTUAULHUTLAUTONNEIAY 225
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2.3 A5 4 LAAIANNFUNUSNI9ADAVDIAIAMUANUIAINITAS SDB NAaNLUUINGDING 3

[ '
A =

PUN AUAIAIINENUIE1579 IELUIRINTEAUAMUENT 0 — 5 WIAT, 5 — 10 WAS, 10 — 15 1WA hay
0 - 15 A3 WudnA RMSE Tuiuiig1ilnegusa n e RMSE 1niign windu 3.2952 lagianizi

= 1 =

FEAUANNAN 0 - 5 WA A1 RMSE 2989 4.1273 Uansdier1Auani1anisns SDB 4eszauay
ansananianulndidesiuaanuanindnsialunaeian drununenlnelansiuean waze1lneils
Az TuUANIIAT RMSE AU 1.4512 wag 1.4194 auaau fauandlmiiuinninnuaninetaannisnig

SDB vasiunaMneilineiuoen wazennelawyiunn Tndsstuaramiuanindrsadueg1ad

ANS19N 4 NANISIATIZVANNAUNUSNEDAYBIAIPINLANUEIINISNS SDB AUAIAMNANUNE19ID

AU g o N L. g b
. #ungalnegusa n fungIlneilans fusen #ungalneilany Tuan
ANLEN

Wm3) | Obs. | RMSE R R? Obs. | RMSE R R? Obs. | RMSE R R?

0-5 50 4.1273 | 0.0430 | 0.0018 | 442 | 1.4648 | 0.8445 | 0.7132 | 498 | 1.3566 | 0.9298 | 0.8645

5-10 50 1.1484 | 0.9832 | 0.9667 | 499 | 1.2151 | 0.8978 | 0.8061 | 500 | 1.4485 | 0.9668 | 0.9348

10 - 15 50 37711 | 0.9305 | 0.8658 | 500 | 1.6430 | 0.8102 | 0.6565 | 500 | 1.4509 | 0.7237 | 0.5237

0-15 150 | 3.2952 | 0.9285 | 0.8621 | 1441 | 1.4512 | 0.9554 | 0.9130 | 1498 | 1.4194 | 0.9646 | 0.9304

TudIuv09A1 R N52AUAINEN 0 — 15 wns wulnfiune ninedanzTunnilen
Wnian Wiy 0.9304 sesaunfeiuneinelang Jusen uasiunelvesui n mudau wansi
WIUIANANNANN9INI3 AT SDB veafiufie ez tuaniauasnndasiuainnudniidsaly
e‘n‘ld =) dy d‘ 1 y v} dy Q‘I 1 Y o d‘ a I
NUNNR seanAe fune el iueen uasiiungnlvesui n sud iy uazdlolansandmng
ADAILUNAIUTZAUAINUANUINZLA WUINTEAUANUAN 5 -10 IR TR RMSE NEAN kazdlan RZ A3l
| Y < 1 cl' [ = a0 = ’o’ aa c{' Y v [ 1
g9 wandl i MseAuALan 5 -10 wes IAenuani1annisng SDB NlnalAeuazaenadoeiua
= go’ o d' 1 d’ % = Yo o o‘d’ v v d’ ¥
ANLANUIETIRINNTAR duiiseauauan 10 -15 wes avlvidmaansiaenndoiosian eniiuly
& A ) P ) = YA aa ~ P ) ~ %
Wung1ngguad n Nseduanudn 0 - 5 WAS NAdNEIINTZNNT SDB dArudenndesiuAuEntn
AlusEaUARuETe WasnusnasanaidunuffuseuauwidsuU nwitwnszen 3eiA1any
YU AN TN TAET D UGV TN BRI
3.4 LuneNAnimzeINAMmaNeneNUS nue i nelns Tussnuandliliusuas B unvad
fundunseliulugasmnudnii 10 - 15 wes sgadaau 3n3un 6 Faduuinaiuling laun
Fuvsidu uaziiunn wazunufinudniimzannawaleanivieuuinaeniveilwme Sunnuandli
=3 a dg‘; d' [ Y 901 1 =3 a°/ d' a 1% a o
wiuswazdenvasiunsuasglauilugiemnudnid 10 - 15 was 33U 7 uSanseuldulEen
L A a a = ~ = % \ P ) A a A
AP UTUSARLYUNT F9UTINYLUMNUNANNENUIME@INANANEAT AU TN ULNUNAUS
dunsaudulsAnnuansiuriusnniulau FaianudniilusnunduEe 3.20 wes uwilivsinglu

UNUTIAUENUIZIAINATNENEANITIIL

131



Royal Thai Naval Academy Journal of Science and Technology Vol.5 No.1 January — December 2022

UM 6 dudunselduiluukuiaudnimeiaainainaieaniiieuusiane nineilwmg Jusen
WiguguiuusuiAusenineay 118

B

{

/

\,
/
\

C———

rd
-;

& -
——
:«.' )

&

JUN 7 i Sunselauinluknuieuandmeiaanamaea L Rsuus e neilansiuan
WS UMBUNULNUTLA LS DULNELAY 225

3.5 Namiﬁﬂmﬁ'\ménaamﬂé’mﬁ’uNamiﬁﬂwﬁuﬁ] Aouniing [11], [10] uavuanaliifiuin
LuUS1aeeSnIELYIIRAY (Log - Band Ratio Method) anunsaldlaluanimuandeudivainvans
wazlugasnaniinaiy Snvailofiansandl RMSE veeunuiinnudniivziaainamaioniiiioy
HufienlneinzSusen waziuiiendlnedeny Yumn nudiaranuwlugvesaudneglugae
+ 2.5 W05 Aszdunudn 10 was Wuluauveuwavesaui@eduszau C (ZOC ©) Ay

UINTFIUVDIDIANTENNAENTTENINSUTEWA (IHO) donmdasiuuidees Meliala [16]
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4. a3unamsAnen
aw & Y @ = [ = v Y Y =2
e liuansiuisnisdunalulagnissuinnsseglnamnyssandldlunisvdsanudn
Ungla lagnan1533enuInnmeeniLiiey Landsat 8 1UT8N15 SDB aunsandannudnudmea
I1NAMEANTABUNG 3 NuRvessnlneld Ingldaianudnimeiaainamarennisunil
PuduRUs TR wazdenndeaiuaudniidsaliluegieh fif R eglutiae 0.8621 - 0.9304
wanINUAIANUENUIMEL@INAMEIEA1ITBLTUYITEAUAIINEN 5 - 10 WS Yodluynitud
fmnulndlAesannndoeiuaInNanU1d1599l00g WANEA S09AIUABYNILAUAIWNEN 0 - 5 WAT
way 10 - 15 1A ANUE1AY
a L4 a I & A y LY ' [ & Adg v
NHANITIATIERSsusunuInuig nelansdunn (813guns) Wuiunilvead
v e = 3 ! = aa a & A y o ¥ e
HAGNSAINENUIINNNEEAITEUATIAR So9a9u1 AR NuNeineRaneTueen (nzastn 3 e
Anuen) uazituevezuii n (Madusii@dmssen) nua1au FaennqeaiuAinulusuaares

= a

YINLLADUAINARDNITALNOULAIVDININANEAIAAUNUILNTY A9TUTIAITUANLABINITITIDTNNS

] v
a a

SDB AUNUNNLA1ANNIUTILEIUDIUINELANT UBNINULRNUNANUANUINZLAIINATNAIYALTBY

1%
& = & o a a

) v & = a a v & & & da - v o ) A a o«
Fauanslilrudanuisu viseusiiuiulaun dadununingfsenisiuEslalnalfssiuunuiiiuEe
vy a a o ~ ~ 3 ' a & A y Y |
Nlge1989 BnvlaunuiianudniIneaanamateauisununelnglany Junn (819uns) uag
dy d' 1 y v v =3 a I~ d' e'/ [
funennelanziuesn (n1zaztn 89 1n1e3nusn) Wuldnuveuwaueannudiaiuseau C
(ZOC Q) MUKNITFIUVBIBIANTENNAENTIENINUTEWA (IHO) Bnee

NSl a8 IWEN Landsat 8 N aas 1L ANNANUMZaa18735015 SDB lunzias1iine

FeawnsaldilunsestoniedTnismiadenlunistieniarudnimeailininiugniesves

'
o

AnuanTuteeudntluiiu 15 wesledusg1ed Tnsanizlununenlnetinesiusn wazalne
Hanziusen Feldauuszunas Gussdniam Bavgu Tyaainstes wassiasalunisdniunis
A5 9LUS s UL g UAUNITAISIANOIUINIULEL DULTINAMUINITANTILN UNNL LA LAY

Useansnmundadu waznalminussleviagraunnlusuinnsaly

5. Yauuzin
5.1 31NN15399ATIUNUIINSITAINENEANLTBA Landsat 8 AUITNT SDB harhuuIIa9
8M5181UT9ARY Mau1salanaknuITAsrdaanuanuIneawuuLnla Weasainliaiainy
= 2 = 901 QIIQ < a [ Y a Ly ) [y )
avldeagnaearasaudntNialuInAluass wianunsaldidumedaaduayudmiunism
wnugnnenanivasiunaulalagianie vieiunuIumelansianilveyagnnaansogiies

< v G a v
dntaeviseliiiiasle
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5.2 2MaEa1fguNiniuadeadaiungatu Wy Andlga1iel Worldview - 2
a a a = 1 ] a a
f518a8188A70n1 50 WURWAT WsenmateveIniivulnelyn d51eaz8engnnIn 2 was
palinadnsvasAnuanInLUUTIaesldgnasuiugmngeiu

5.3 Yedinvestinialunmsifentinmaeaniiiedliaesndesiutisiailun1sdrsiauaui
nzia ibionalanmlunisldiwsennlddaau Suaunagy viselindulunsziala Jamsidentdnn
ivednintesnan saudunslidnadaluniswseunmaiganiiieuneunisidiuuingass

[ '
=

5.4 AISPANEEINISIENSNTS SDB AUNUNNATA1ANUTUTILEIVDIUIMNZLEN 18U USUAUADU

%

auwasuUINE UShnaulneau Wudu

6. Uselaviifiazldsu

6.1 aunsoiismandsenudntimaadsnmaeaifioslulssgndldfuiuiivetmeai 4
vasUszindlng Wolfifuedemislunsmawmudsaunuiivea

6.2 a@nsalddariunuilunsdisemu wazfimusududeddauiieliiuseaniunisel wu
msvhusuiiluuTnnildsunansenuandund mevhusufidmiulfasdaigduils Wudy
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Abstract

Presently, face recognition is a popular technology for accessing multimedia content
in different networks, such as security, indexing retrieves content or video compression. The
facial recognition technology is "people" as the center of attention for accessing various
multimedia information. Controlling network access with facial recognition technology will
not only protect “passwords” from stealing, but also stimulate interaction between users
and computers. Indexing or extracting videos based on a specific person's appearance is
helpful for users such as reporters, scientist and moviegoers. Video calling and
teleconferencing applications using facial recognition technology also provide a more robust
encryption scheme. Regarding image processing, the objective of this paper is to explain a
general framework for facial recognition systems and the variations commonly found in facial
recognition machines which are several well-known face recognition algorithms such as
Eigenfaces and neural networks. Face image recognition procedures are tested with various
facial expressions for comparing to each other. The result shows that the error rate of the
mixed method Self-Organizing Map and Neural Networks is 4.5 percent, a minimum time of
recognizing at 0.7 seconds for 6 hours training time. The error rate of the Eigenface method
is 9 percent about 40 minutes for practice time which is the least time for testing. The
selected method depends on which method is suitable for their own work. The Neural

Network method shows the result better than others method.
Keywords: Face Recognition, Network Security, Eigenface, Neural Networks
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Abstract

This research aims to study hydrographic data for support of naval operations and
the changes of the coast at Thai Mueang Beach, Phang Nga Province. The length of study
area is about 5 kilometers along the coast and about 2 kilometers from the shore. The
surveys were conducted by beach profiling along the beach and also bathymetric surveying
for the scale 1: 5,000 with the area of about 10 square kilometers. The littoral current was
measured at the upper and lower of the surveying area whereas the sediment samples were
collected along the coast. The field measurements were evaluations for beach slope, coastal
bathymetry, longshore currents and coastal changes during northeast and southwest
monsoon. The results reveal that the characteristic of changes in the coastal area of Thai
Mueang Beach is the dynamic equilibrium. During the southwest monsoon, large waves in
vertical line (scarp) cause beach to be eroded and transferred offshore to form underwater
sand dune. The beach slope increases. During a period of lower mean sea level or during
the northeast monsoon, the beach becomes emergent because of swash and wind-carried
sand. The beach slope decreases. To reach this conclusion, the study must be repeated in

the same area throughout the year for covering all seasons.
Keywords: Naval Operations, Monsoon, Coastal Changes, Dynamic Equilibrium
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Abstract

The study of gravity is important in order to get to the basic understanding of physics
recarding the gravitational force, weight and potential energy. This research aims to develop
apparatus for determination of gravitational acceleration by using a digital piezoelectric
sensor to measure change in time and a digital ultrasonic sensor to measure change in
displacement. using an Arduino Mega2560 R3. The data was sent via the Internet of Thing
controller and displayed on Blynk application installed on smartphone. For finding the
gravitational acceleration, recorded falling time at different falling displacement were
analyzed by free fall formula physics and slope of the graph. The results showed that the
value of measured gravitational acceleration was very close to the standard value. Its
percentage of accuracy from the standard value was 99.51. This experimental set

demonstrated that it was applicable for measuring the gravitational acceleration effectively.

Keywords: Free Fall, Arduino Microcontroller, Piezoelectric Sensor, Ultrasonic Sensor,

Internet of Thing (IoT)
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