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UNANYd

nseoniuvITInaussaurgeidudeiesdnuiifsafuszuudostunnuiou deudiom
Uanevioasan (Nozzle) axilduvesauiu (Insulation layer) vwhittostunnudouiitinainnis
wilndl (Combustion) lalligamgdaafuldauilsdulassasilansfinanudemedagyinly
Uszavsnmuessananat iWeitemdnsawnlnl arudouiiinanmsivavesuda (Gas flow)
gy iiIvesRuILAINa1IinNsdeAnTew (Ablation) waziduann (Deteriorate) lussUseina
LuuaemeAdinans (Mathematical model) aEJ"NJ'Walﬁgﬂﬂ'wm%’uimajmﬁaﬁugmsummwﬁ
nsanemANTou (Heat transfer), UfAseiall (Chemical reaction) wagwarmansvadlva (Fluid
dynamics) uielFesunensidennseu mslvaveauda uargamglimeluduauiusiuaudeudsly
fumseeniuiuegrsniinauazannsathluldlsess dagtushemaluladiviuasioliasngn
iaunluegasings fafuuuusaesmndamanssnanisitesitalunsldnu iendnides
Jad1in NsIaeIRaURILAs (Computer simulation) lauA n1sitasigilwludiefiuud (Finite
element analysis) Wagnammansvasivaideduin (Computational fluid dynamics) lagninanly
witdan nsluaveania nsdennsou taseads wastymdy q Mieadestuniseemaudeu
lutaneriessialdedsivszansnm filuenansiadunsmumuiagnssunudmguii
AenfunsesnuuuInInasaurgwnensiaesresiamesiiielflumsnmaaeunisinaveuia
wazmsdeanseuifstuluaevieanadmiudszandlivaunssuuiuedousely Tneranisnsie
aouazseuluenasves and. atudnaly
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Abstract

The design of high-performance rockets requires knowledge of a Thermal Protection System
(TPS). In the TPS, a nozzle has an insulation layer to prevent the heat generated by combustion from
too high a temperature, resulting in damage on a metal layer that may degrade rockets' performance.
When the propellant bums, the heat generated by the gas flow will cause the insulation surface to
be ablated and deteriorated. Overseas, simple mathematical models were developed based on heat
transfer, chemical reaction, and fluid dynamics theories to describe ablation, gas flow, and temperature
within the insulation layer, widely accepted and applied in practical applications. However, with
modern technology, rockets have been developed rapidly, so the mentioned mathematical models
have limitations in their uses. To avoid the limitations, computer simulation such as finite element
analysis and computational fluid dynamics have been effectively employed to solve gas flow,
ablation, structure, and other problems related to heat transfer in the nozzle. Therefore, this article
is a theoretical review and compilation of high-performance rocket design with computer simulation
to investigate gas flow and ablation in the nozzle to further develop a propulsion system. Results of

investigation will be reported in the next article of Defence Technology Academic Journal.

Keywords : Computer simulation, Heat transfer, Ablation, Gas flow, Rocket nozzle
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1. UNUI

Tul A.A. 1898 Konstantin Tsiolkovsky
(1857-1935) [1] AgaauIngAansy1ITaidey
IfaueuuAnieanisd1s190anaf 18950
Tusonuiu@ianilul aa. 1903 wilduugih
TildUsglovinnasiusuvosaiitovinlf
usadugeludeassiliasnduldifituuas
indeulUluszezmaiilnaduie muuzivean
#sunisiigivansadeuldunissouiudn
Wusingruaesinerdrans nsduadelul
(Modern astronautics) #adn3eInsdanuanin
UBNIMNANTTUAULAINTRONUUUTUT G N WL
YasUaevieasiniiinanensadusmeuiy

1.1 Yaeviaasan

Uanevieasn (Nozzle) Aoduuszneunds
fifiaudAyvesszuuduiadau (Propulsion
system) sfuviwtidinruauiienisnisinaves
whadseanunannismilgl wazdaeliinnis
Wasungsnumesluad (Thermo-chemical
enerey) liinanerdundsnuaatifiuanzauiio
Fuirdeuasin 3UT 1 uansUaneviorsiauazaiy

o w

Usenauduidifgy [2]

Payload System
Guidance System

Structure
System

—

| Propulsion

System

o

UM 1 Yanevieasiauazdiuuszneunidndsy [1]

1.1.1 NMSUAYUNAIUMND ST

TnevhlUlaneviessinazgneenuuuliiianuas
WUU “gin Ui geen” (Convergent - divergent
nozzle) M%@ﬁﬁULﬂaﬁumu%a “De Laval nozzle”
Faguit 2 [3] TnegumeiuuuLanswgingsuves
ANdL (P), gaunigll (T) wazananiuda (v) v
fumslutanevieasin ewfadafnainnis
vl ueenunandelurnvesUatevioasin
luuinueouiosiaud uiassianudugs,
oamgiige uazflenuiEiinindes (Subsonic)
TuRefiiasta (Mach number, Ma) fioanin 1
(Ma<1) ioindouilunisnuniu ﬁy’aqmmﬁ
LLaBﬂ’miJﬁuﬁwa@a\‘]LLGiLﬁ‘UﬁﬂQzQQ%UQuLﬁIEJLLﬁﬁ
indeuilinguinane (Throat) AwLEIves
widaziinduaududss (Sonic, Ma=1) uay
Hewndeuiiinguinnilanefiauvimasnuen
gl wazanuiuveiaavanandueeisunn
WS RERH LTSI TS (Supersonic,
Ma>1) Fsagvilvanaiauseduluihamhaang
Yo7 3 vesiafudinannin “ussisennussgons
59U Feflvuavinfuns firvianseiy
uLaun”

Throat
Convergent

Divergent

;s‘dﬁ 2 Convergent — divergent nozzle [3]
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1.1.2 LS9

A a ! | [23 a
WeRasanindunisivavesuialugaund
(Ideal gas) Auisalewde (Exhaust velocity, v,)
YasuiadananaulrasInlutamtnlutainan

aansamuadlasgauns (1) [4]

v.= | R 2 - 5}” @
M\ 71 P

e v, An anudledeiivanevieasin (m/s)
T #e guvnfiduysaiveafailvain (O
R #e Aasiiufiaanna Jol/kmolK)
M #e dwnlanana (ke/mol)
y Ae Yademsveneiilewunsetn
P, #ie anusudiysalufiaiinisesn (Pa)

P fa enusuduysalufiainiada (Pa)

dwsulu 1 38 shnslvavesufadiewnu
seealnglirmnildiaguneiuivings dnsnsivaves

1na (Mass flow rate) @unsafuladlameaunis (2)
¥+1

= A |7 Ma(] s Ma”J D)
JT., VR 2

for

We m Ae snsinsiviaveswia (kg/s)
a & d voo o a 2
A Ao NunmanuIIuee (m)
P, A9 Audiusau (Pa)
= = QO
T, Ao gaumgiisi (0)

Ma 7 avin

91nauns (1) wag (2) ardungUan 3 vasilidu

W59V AR5 IARDUN (Thrust force, F ) A
F=mv, (3)

Tagyluaunis (1) - (3) Aeauniseg1ediy
wiegrgluniseanuuuanialiiiuszdnsnings

waznssiugnuszasdanisldanu

anuisilodartuegiusiinvontemas
A4 mndwdomadanarsiaies (Liquid
monopropellant) auflanuSaussann 1.7-2.9 km/s
Mﬁm‘f]u%aﬂmml,%al,wawj (Liquid bipropellant)
wazLTomaud (Solid propellant) agdlmnun
Uszanal 2.9-4.5 km/s hag 2.1-3.2 km/s Auasu
Fogunniifiguieu 3,200 °C wazilaauisa
wileidesaviliduinlansvesansviensan
\Aansideansou (Ablation) fajuarindssniy

¥ a

= o o N a a
79gABIENNTIEUUTDINUANUSDUNTUTLEVE AN

1.1.3 N1SLdeANIoU

11910AWIBEAUAIIN “Auferre” LUadn
“g10en” Waturnnsiiiotanldsuusunm
audeulutSinaiinnaurildAnnsudsann
Tuidhusanetnsduiilsifosns Inesnnile cu (Char)
Fesndudeneroen nisdeanseuduigmid
dnfeg1aBeluniswauissuuduindoussan
LﬁaqmﬂLﬁaLﬂfa*?ammamuﬁ’uﬂmm%’auLﬁmms
\d@uansouauldeanin (Deteriorate) lUanLAu
FeazrhliUszansnmeeasinanas 1wy sz
Ms¥nnsauas AnLLsuganas 1an feiunns
9nLUY wazyAudlansdennseuiitiatu

= °o w = v |
RWNAWEIREY JUN 3 uanssegsUanevioaTina (n)
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laifinsideanseu wag (v) dnsidennseu [5] Au

% a

JounguarszezalauAuTounuIuTuaY

lgnsInsiianTsideanseugeuy

C/C composite nozzle
before ablation

C/C composite nozzle
after ablation

(C)]

3UN 3 Umevieasan (n) lifinsideanseu
(v) Inmsideanseu [5]

WewmuUszanEamnsvuYesasIn
1T A.A. 1957 Bartz [6] MoWmuiuuusaasis
Uszdn® (Semi empirical model) 1gd@msu
funamdUsEaransiemanuSeureasin
Fethuidildegdmiunmaiannenniddlng
UfuRnuluanuaddduindn uwagilanduinis
UfuRnulidudou

saunlul A.A. 1965-1999 [7,8] 99ANIT
UM INsTusazeINALend (NASA) lasauiu

wnYuNRUIlUILNSHE S UTaeINSIduAnTaU
Tu1 ﬁﬁﬁuaqsﬁy’uamuﬁ’umm%fauasmdwe‘?iagﬂ
wanasiaguil 4 ielasummdeutiinainnidu
nauu FudeanseuUsdILaTdEEaNnane
Hudrusaduaiuisaidouainuduiugves
ATt M (8)

dtot = dab + dch + d:’n @

oo d

tot

Aommumusamduatiuiuauieu (mm)
d, @ AumnYsstudsAnseu (mm)

d,, #o eravwesiug (mm)

d, #o emamuestuauiu (mm)

%
[

Imuamuﬁumm%fau %’uiﬂ?qai”ﬂﬂ?w

™, 1
<

FURUIUAU
AUSaU

[ o
FUNIT

a ]
\duansou
JUN 4 wuudiaesedadeveauIuiuANToY

ANMSUANUMUNVDITUFUANTOUFIUITOAIUIN
1aa1naunis (5)

d,=rt (5)

a

We 7 Ao dnsinsuinnisideansou
t A9 srezna e lviivesasIn
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v 1%
= 1

mm%uwaa%udmﬂz‘uuaqﬁwﬁmmLﬁai’a@
AUTIBUVDI NASA [8] dmdutanuseian
Carbon cloth phenolic @ursatligulads
a1n13 (6) hazdm3u Silica reinforced phenolic
aunsadieulansaunis (7) muaiau

d,, =0.036:""Exp (~66.5/Q) (6)
d,, =0.031"*Exp(~90.4/Q) (7)

W Q fe Wandausou (Heat flux)

dmduanuuvestuawIuiuALSou
aunsauszanadldmInnsuAEINMSMSEIANNSoU
azliinadi (Unsteady state heat conduction)
Tngfinsanindunsdiinnisideansougagn
(Worst case) MAnanRamThvestuauududa
fuufaifinisinaaiinduuudassuazanmgiing
(Free stream static ternperature) 4 #usfi
fiarsan (x) Wunawuwirdunaildluns
WAL 0099970 1AAIURUIVDIRUIUNY
AnuFeussntuszozmeisgaiitanmaiigsan
fasvauiifnasiennuudswadanslasaing
Y93Ua8v09590 Jaaun1sfanadeulass
auns (8) [9]

T(x,0)-T, x
T, ‘“”fc[zJaJ

[ hx KHat x  hlar
- Exp| —+—— |erfc +
k k- 2\t k

We erfe fo Meituasutoranain
(complementary error function)
T(x,t) Ao QUUINIINAAaAIULTITIVEY

Tavglasasasdatevioasin

= [

T, #o gumpiveufafilnaadinduuudase
wazgmniinei a duntsiifiansan

a e Amsnszanenuieu (m’/s)

k #o anmsuianuiou (W/m.K)

- as P-4 ' a 2
h fAa dudszansnmsatamainusay (W/m' K)

Fausluefniiniunaunis (1) - 8) 143y
nsgouiukargnldyiewauInIsesnwuy
Uanevioasanidosyn ieannliuafidenndos
funisldauasadusened walulagiuasiad
UszAnsnwgedusaesudnuaiuasfleddunis
yauresgunainng 9 Adudeusnniu vl
aun1sianandlaifisanefivzeSulenisaiswmn
Audeu NsEgANseu SINRIEIANT eSS
vauzUfuRnulaegiuiismes Jagdunisdiass
AN IADS (Computer simulation) lAlA NS AT
Inlusiedwusg (Finite element analysis, FEA)
uaywaransveslralisAuin (Computational
fluid dynamics, CFD) latangiunuvitunsane
Bosdanans luussinalnedsladwudninagld
nsnaesruimestiglunsAnwLasiaILN
svuutuipdeuvasUansvieasinunneu fay
Tuwonansil fidsulsfigasjsnissiutvaniou
waluladtestuuszma (and.) fiazldmuniu
LarsIuTIdmguiiiisidestunisitans
poufiames weluldnsedeunisivavesuia
wazn1sidunAnseu ullesAmNiaunsaily
AogonlunsiaLsEULTUIAGaud M uUae
neasnlaneld

1.2 N1531209ABNNUADS

n1ssrassneuiianes tunisdrasslu
paufiimesiieldAnwimanisalnilogyase
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vidluafin Yagihu vidoewaslnensrmusiouls
Fauls AnanIz Ma% YeddnIunIsalifens
AnwlvlndlApaturesatanndign sevsiuaias
uiaunisadamansiiiedosiumanisaiiy
LAZLAAIAIADULINAILAY (Numerical results)
wielilunsAinsest uaznoumamanvnnsol
fianle lunmiaseiinssassneufiumeiszneu
U 2 dau Ae namansvoslualdenuin
Todmsunnnsenlndnaenaunisivavesiia
drunsiesgilnlusiediuudlddmnsudnw
nsehemauderluduauiuiunudeu

1.2.1 waransvaslunaldemiuln

sunvunslvavesuiia nasnaufulsi
Aendastuuaerioanaanuisaduamiienis
wiaunseyiusgasliiluduvesaunisoying
(Conservation equation) wazaunsaututou
(Turbulence equation) @uni1seusny laun
ausNYLA (9), pusnuluiuudu (10) waroysny
wa (1) Fadeuldesd [10,11]

e 7, j @e 1, 2 uaw 3 lufiavns x, yuay z
R GRET
U, #ie musaadsluiiema i (m/s)
S, Ao unasriuiialuumsy (N/m)

- ' W 3
£ A8 ANUWLILULTDIWNE (kg/m’)

- ]

4 fe avuvilalaundinvesluana (ke/m.s)

Ly =

X, A9 AnebuASEeY (m)

i

E @9 wasunelu ()

N1SMIAINBUABUNILADS A BILAAUATT
AUINY (9) - (11) WAZLAANNITVRIHUUTIADY
autuvau (Turbulence model) Tngande
wnslludaequ (Finite volume method) T
aunisaud utudimngaudmiunuidel
fio SSTk- @ Bsldmdmsuredlnaiiinmsdusauas
AMLSIEa [10-12] aunnsaudutay 2 aunst
Usznoulumeiuiusdfgy Ae wasnuaaileans
Puthu (Turbulence kinetic energy, k ) uaz 851
N13NIELRNTE (Specific dissipation rate, @)
sUanysaivesaumsmututiutl falaannsn
grufiudnlely [10,12] Wanunsouanslaly
lonansil esaniudisain gﬂﬁ G N L RRN
nmsiamansvesivalsiuinluldnsiaaeu
(n) A5 wae () Anusiudiysel Tunsdns e
nstuavesunglulatevioasia [13] lnsuaud
LEnssEiUveIUSINMLEnIHa ThiduRe Seaush
lUaudawnsluszaugs Tugd (n) aziiulean
eFuEEaUSIRININEee USnauneaen
ANUS WAL waraNuuAISIgaNIEes
Tusy (¥) AUFIEAINAUE dIUAUTIIAIILGY
i1 Arwduazanasndig e Sagingsu
suaam'mL%’;LLazmmé’ué’mymﬁugﬂﬁaamﬁm
AuitseeilBlude 1.1 fafunarmandvosiva
Fadunaliinanissassiifinnuidede was
aonadostuilymisnaula
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1.2.2 nMsaaszilnludiodmud

dmdunisanomanudeuiintuluie
YDIUTIUS NURUIUAUAINT DU FILUTAS
fifaenisnsrvaraunsasiuialadainnis
wiaunisinludedwusdluaninzdufunan
flaaunns (12) [14]

[clir}+ (K ]+[K ]+ [ ] {Ty={e} ~ (12)
\iio [c] A WwEngAYImgAINTeY
(1}, {7} fio ninesesgMaTuayayius
YOAUA AU
(K] Ao wnsnduaInsunIuSau
(K,] A9 WnsnduaInNIsSNIANUI AU
[k,] Ao wwinduosmswiisdauiou

(0} AB WasmveIINmRIANNTBUTIILA

gﬂﬁ 6 LAMIAIDE19NITATIVADUNNT
N18LNAIUST B UVBIUA18VDITIAA AT
Baszilnludieduud [14] Tugd (n) uansnn
wuUdaealds (Solid model) uay (V) wans
gugifiAntulularsvionsn asiiulddn
Tlusiedwudaiunsaldnsisaougungd
vulaevioasiale aungll, Windaiuiey,
ANUSINslravesulia, AUAY 8% @1unse
ArulaInaunl1s (9) - (12) sauAvaunis
aut udauie 2 aunis daduluanuided
ABUNILADIALADILAGNNTT 6 AUNITIULAAY
s MliiAnaunisadinmians ides
LANAIEATUENNTT Laga1faga Ny uIs Ly
AeNTinLnes aumsIMauEsaAReUls
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dlosmundeulvveuin (Boundary condition)
Funzay warAsUdIu NafildainnisiIu
szoglumenvesdiias Fawonsinaazivasy
Waaﬂug‘dLamﬁLﬁ@iﬁdwmmmﬁmwﬁ Fai
LLamLﬂuLmUﬁIugUﬁ 5 uay 6 LlohAsziina

UAUNITNARDY WIBHNALNBULALIAUIUINY

=

duazyin s lanani1sanansnilauwl e
LATULTDDD

(n)
(1)

a

UM 5 F108190aN1531899015  avaILd d@n e

U

namansveluatdediuin (n) ANUL57 way
() AuAuduysal [13]

(v)
JUT 6 (n) wuuAeseILltwetUaeviensin uag (1)
ado %% a s a 4
gaumgiinannlamensiaseilnludieduud [15]
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2. 52 08Uq5998

MBI UNITNUMIULEZNITTIUTIULD
MU NYITUNITEDNLUUITINAUTTOULGIN Y
N1591899ABUNILADS LNDATIVABUNITANULY
AMUSOU harNITiravaInialula1evioasn
HIYNNTINADIADUNIADS WATIILLUINIILNY
Useansnnszuutesiumnusou tnewsnagly

¢ ¢ a ¢ o P a
FannIsALNINeIIaaselataulunauls
Town Wuniswnludvenvoindwdsluaniig
é’ [y} 1 a = < o
Juiunaluig 0 - 4 Ju7iwsn wazdunisinass
T 2 GIf wavifipanshie gaungd, Wandauseu,
N15EEANTOY, NNSAUN DY (Resonance), way
AAUNTZLNA (Shock wave) MAnTuveslaneyia
9590N8H 122 1. dmsussiluuisidenlduans
Aawnuidlugun 7 angulududseie Tuneu
n1331804eARNNINaS TRz gni1uiYIely

P A & ° = a )
M3fn¥Eel nan1sTaeRzgnIUTEUTg Uiy
a & aa a Y = | P

HANIINAABIDTIVTON B N8 IT09Tana 7L
Tushide 1 Awaunis (1) - (8) audulaiwanis
918091AUYNABY NAIIINTUY NATIVUAZYN
lUAiesgiiienmuumausulsssuulesiu
Anufoulniiuszaniangiusiely waiilaan
e TuszerduanunsaihlUldesnwuussuu
Jastumnusauiiaiiuyseansanlidulane
YieasInngu 122 mm leenwiuit dandlussezen
N1991899ABURADS warseLleudsiduaunse
inlUldeanuuutaevioasinlungudu q 1id
Usgavsnmgdulanely

3. unasd

lonansImMsilunsumuaen I
Bang el iAgIiuNTeeNkuUATINANTIOULEN

Auafufururieyn

ussussiinmisaraiu 2 AR

-
1
: i
1

]
1 } !
1 [~ Asusdaulvrsuaemadiind 1
|1 - dsusdaulsmsdnuas :
: 1
I 1
. !
1 1

]

FRNILPIBURTELLLLU

1

geiurfraniinped
- menmsilfluisious

= MMAREY

Lo_meed

TArEin LAERLRULELLWT
tudpasrvudeafumruiou

!

wazinurmrustumuyed

U 7 wiudaselfouitide
fen1sInassneNinesinalanannisanveus
MMYN9U US9TU wagnsidennseuvesUatevie
anuimguinsdemanufouiiieides
ey uenanidsldenshogrensidnissrass
ABNNILABDS LA namansvoslualBemuin
wazn15hassilnludodud fivszauniy
d15alun1sWauivanevieasinvesinidely
maUszmediotliidulsAlelunslduitaym
warWauIUatevieasia damsuluaisuseine
nsIasreuiImesa s U AT ULty
raSeugnidiueenaumsvans dvsululssmelne
elauminaneannin sauluielenansiaale
Uauon1sINaeInauiImesLarseiiauidive
vosnuIdeneduyy Aelufe nsuin1snass
pouumesiulglun1sAnwinisatawmanuiou
waznslravesidluuaeviossn Wefizinadi
I Alumsusus wesiannsuuiundeuason
soly anmiiilsazgmitnsealunsans
n15ves any. luaturely
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Abstract

Floods are natural disasters that damage lives and properties. This academic paper aims
to review the literature on geospatial technology, introduction to geographical quantitative
methods for analysis of factors affecting flooding in Pua Subdistrict, Pua District, Nan province.
The research method was based on factor analysis using an analytical hierarchy process
(AHP) model which the flood disaster experts rate the factor weight and land and building
information survey. The results of the study revealed that there were 6 factors affecting
flood risk consist of rainfall, slope, elevation, land use, and soil series respectively. Local
government officials or disaster prevention and mitigation agencies can apply the principles

of this study to more precisely and accurate assess areas at risk of future flooding.
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Rocket and Missile Technology Trend 2020-2030
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Abstract

Nowadays rockets and missiles could be considered as main armaments for defence security.
These weapons have a high level of firepower, accuracy, agile and difficult-to-defence, making
their use gain a lot of advantage on the battlefield with cost-effective tactics that can reduce
a huge amount of coalition damage near the target. So on, many research and development
organizations and manufacturers put a lot of resources on development in this kind of
weapon and place them on the market continuously. Furthermore, the surrounding technology
or dual-use technology like artificial intelligence, advanced material and telecommunication
are also benefiting from this kind of technology. This analysis report is to address the trend and
behaviour of rocket and missile research and development organizations around the world and
to focus on the incoming decade demand in the global market of missile technology. These
three mains factors of the parameter can be used to evaluate the performance of rockets and

missiles in the incoming era for readers.

Keywords : Research and Development, Defence technologies, Defence Industries, Rocket,

Missile, Dual-Technology
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Fabrication of High-Performance Sodium-lon Batteries Based on
Polyaniline-derived N-doped Mesoporous Carbon
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Abstract

N-doped mesoporous carbon with high N content was prepared from in situ polymerized
mesoporous silica-supported polyaniline (PANI) and was explored as a low-cost anode for
sodium ion batteries. The N-doped samples possessed an enhanced electronic conductivity,
rich defects, and improved Na+ adsorption capability, realizing the superior capacity of
573mAhglat0.1 Ag ! and retaining 530 mA h g~! even after 100 cycles. As a consequence,
N-doped mesoporous carbon shows great prospect for the application of sodium-ion battery
anode material. Sodium-ion batteries based on polyaniline-derived N-doped mesoporous

carbon can also be the prototype of an electric vehicle industry in the country.

Keywords : N-doped mesoporous carbon, Sodium-ion batteries, Polyaniline, Anode

! Department of Chemistry and Center of Excellence for Innovation in Chemistry (PERCH-CIC), Ministry of Higher
Education, Science, Research and Innovation, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand
" Corresponding author, E-mail: fscipths@ku.ac.th

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021 41



1. U1 (Introduction)

Tulagdunumsmnslsodumalulaging 9 an
Uszgna o lusudunsnmadieduaiesdie
YULTILAZANNITEUTTNNVBINIITIUNTITLAULYI
anssiluiuidestesns  aniPudidosdinisuun
Humse fens et wienssauesdiodenns
LazuUAIE I TARTALAR TR I UAES
vilsmmsidaanuamnsalunsindeudilindos
fhBstuanainisdrannisuuninudnuazantig
narlunsvdandlindhuunneivesgunsal
#3 9 wenanil MaRaLUALAE EmsTy
untuiioneuauasanaiasuaiEiunmImg
rnmaiinluituiivindnaniasee aelidh
wuameTydafdununneifiannsnthndualdlvs]
laaunsadrlldanulavainvate wu aunsal
Sidnnsedndiinnmlalaseinelniindaases
wazsondsedliifin Afaudesnisunndstu (1]

n1smuimaluladfisaaialudaqiy
gunsaliniiundsnudaadlniii endregugu
wunmesaieslosay (Lithium-ion batteries; LIBs)
wunweslawienlesat (Sodium-ion batteries; SIBs)
WaTLUAMB3AINEE (Zinc batteries) fiaudiosnis
iioldiugunsnididnnsedindsing o Wusehsun
fafuFedanusndueeebeiisdeaiamn Tagd
ﬁ‘dﬁzﬁ‘wﬁﬂwwiumif’fﬂLﬁULLazLLﬂigﬂwé’wuLﬁa
uAlelgnnisvianeaunasauvedlanuas ey
Frudanndeu [2] TnoRaudd a.d. 1991 LumAes
Alsuleeauldgniedmiiedainmsiuasgninly
Uszgndlilugunsnididnvsedindsing 9 1iesann
wumkne3 Aifulesoudinuainsalunisiniiu
Wﬁamuléfmmmzﬁm&gmﬂ%muﬁanmu [3] us
athslsinulunerssefinuuinuinusunadany
Afpuitunldlunisndauunneiafienlesay
gweivg) Wethuliluszuuinfundiuuwuui
fogfufiagiidunnitiinavedanyfifloudiis
aguuenlan (0.0065%) [4] luvauzifgaiulane

Adleulylatiegnn 9 UnauuUdenlanisdwma
Tnsihuunmedafisulossululdlussuuinfiu
‘wé“muu,wamé?qaeﬁuﬁﬁﬁ’faﬁﬁm 5] dlods q @
wuawmeilufesleseufoliugunsalinifundsny
giandafifidnennlunisiunldunununnes
Adleulovsuiasanlanslodouaunsamlaie
wazduinannuudentansaustadadulans il
3IAgNBNAIE [6]

v
o

useenslsfinu nslwvigniinulfidutaueun
dwiuuunmeiaiionleseudamdudaziiAinig
WuUszdaged] (372 mA h/g) [7] waxdidnsinis
fin Lithiation/delithiation s (8] Favilw
nlidutanilimngausonisiunlddudn
woluadwiuuunmedlfonlooumnsgluifoy
leopufivunlvgininaiieulessu (Na* 0.204 nm,
Li* 0.152 nm) [9] Fahlvinsunsnithvedlasies
looavlulassadsoansiliAntulfondaduiad
audduegisBeiiagsionhmeiun fasiitam
annsalumsinifiundsanunn f1n1gn waeidns
n194An Sodiation/desodiation 7133 tleuviudu
Huelundmiuuumnedludfenlossu Tuussnnian
AISUBY WU AISUBUBAMEIU NN LaznI I
Fanasueu Afignguluszdvulu (Mesoporous
carbon) fedutanasusuvianieiifnenmaslu
nsthantvhidutaueluslusuneedlnifenloosy
ilesanTaneiveunfisngulusefuunluiviun
swguann duifags feuafoanddasadaia
fanuaunsalunssauazaeuszqiigeuas
31A7gN [10]

wiagslsimu nsfilassad1svasianaisueu
e Y a < o = o
gnuluszavunlusinnudunslaivien Jsdanali
Fanprsueusnatemsilnd Senyseansam
Qaamﬂ (Coulombic efficiency) @1u13ndnLazANE
Uszanilid [11] sy wisdunsuddgmsanan
sl 3svhnsauesdugimen [12] avueu
WPaynA [13] Relainelsermau (Heteroatom) [14]

42 ss153vmrsmaluladiesiulszmatil 3 atuil 8 / nsngiax - SuarAy 2564



LLazLﬁumquu [15] iileLfisiuTnnuss (Active site)
U3naunmies (Defect) uazdasing (Void) et
nslihewamsalunisuanivdsulszquas
mNaIsaluNsSaLarmeUszy [16] danside
snlulnsaudeduisifidnenmisuisdunaia
Uinasaazammahliliidesninsiglulasiau
Wusmilaunsolvdidnnsouunlaseainsues
Asuauld [17]

Tngimadafiinidedulngldluninios
lulnsiaude Pyrolysis [18], Hydrothermal [19]
waz Ammonia treatment [20] usagnglsinnuis
FsnanazvililiTanensuounitisnguluseduunlu
figniFesnesglulasiauiflaseaiislidusyfeu
TusiAsetuiesldmedosday (Polyaniline) 1y
widsaslulpswudmiumsduasenianaisueu
Afgnguluszdvunluiignidedssinlulngiau
\osannedozdauiidnsidinvessin N/C g
(0.167) wazihnaluanasnndadunisanaiuides
Tumsgapdesmlulpsaluduneunisen Bdunini
nsfeAdesuildvhmsduamesinedesdauly
snuszavurluvesiandaniuenainazinli
§Yanarsuouiidaaseituiiiuiiiagaudags
vilivanansuouilifiuiinalulnsiaugedndie
\lesnngnsuiidninnlussivunluvesiandani
alutnrenisaanedivesnedesiidu [21]

Hefunuifetuiiigausrasdlunisesnuuy
FsaFAsondanadlniifvszansangses
FanansueuniigngulusefuunluiigniFesesy
Tulnsuleglinedesiauiuwramemsvouias
ulpsaudielividuduelunlusunnedlnfen
loseu andefihehisdemalii Sanmsuoufifignyy
Tusgduunluiignidesesiglulasauiinruiia
annsolunsda/mevsyaigeiu Suhlitaguilu
Aoulndndsnanddnaningitunisiiunldvindu
Hueluadmiunsiamuunneiludouloooy
IiiusyAvsnimgety suidesudiadunsiaun

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021 43

¥ o

anfilivindutiuelusluuunnesladieulosouly
wosujuRnisniienudululalu@onndiag

ol e

o
o

()}
L)f de

NR3Y

2. /15 98/Mna09 (Method)

2.18ua512Tan@an1ndgwguluszavuily
(SBA-15 Mesoporous  silica) ignuuugeinuia
1'% a A ¢l [ = I '3
meaITUTENaUBUNIENLLNULIUUDIAUIZNDY
(Organodiamine group)

avane Pluronic® 123 1w 4 niu luansazane
nsa HCL dadu Y3uns 20 Sedans uaztindu
Vs 130 fadans sniidlimndeuunansazany
Tepmnil 45 esrnwaFes wiouaFL Tetraethyl
orthosilicate  (TEOS) 41w 85 n3u adly Lew
Aussazaneuna 20 Hlue wihansiilglueu
ool 80 esmiwaBea [Wuna 24 il nves
Sandaniidngulusesuuluilfuesdefethndy
Usnasnniadaudithansildlueuliuisiigumai
35 pewaidea (unm 24 Hlie wdaainiul
anstiduaseldsnog 4 ndu avluansavaneves
Hexamethyldisilazane/toluene (5 1aaans/60 Lazams)
Funan 18 Falus dieviinisiadouil uiladuuen
vosanRamisEsUlusssuulumeny) Trimethylsiyl
(SiMes) nihuhlufesfieusniemenousenin
wawthlueuliusiiionmafl 120 esnwaidoa 210t
n13idneT Pluronic® 123 aanlagn1suians
fwmsouldsiuan 5 nfu auludihazaieves
Diethyl ether wag Ethanol (§n51@u 1:1) Usues
100 fadans Wunan 5 il vdwnasedu
nsvvIuNsHazhlfiuiduenvesTandan
filgngulusziuulugnindeusieny -Me lsans
fifdedn Me-SBA-15  anthmswdeuinduly
vosTandaniisigngulusduunlushemsusenou
SuvsdTmesiudussduszneu (Organodiamine
groups) Iaensau Me-SBA-15 dhuau 0.1 n3u Tu
#@15azangYad N-(2-aminoethyl) -3-aminopropyl



Trimethoxysilane U393 1.0 1aaans wag Anhydrous
Toluene U31nms 100 fiadans iunan 18 alus
gl 80 pamuwaliea Intudeansiildsie
Ethanol Umnainn eulsiusieiionmgll 45 esm
wailea wdsnaSAunsyuIunsll asviliiu
Aaduuenvosiandanifsngulussduunlugn
iUy —Me warituRdlugnindeusiems)
“NR, (Alkyldiamine groups) Iagansfiduasiziils
Mntumeuiiidedenth SBA-15/Diamine

2.2 duA3189 Polyaniline (PANI) Tuswiuves
SBA-15 (PANI/SBA-15)

11 SBA-15/Diamine 411U 100 dadnsu
laasluansazatonsn HCL Wudu 1 luanedns
PBinns 10 50803 Tiuszneausne Sodium Persulfate
$1ua 600 Tadn3u wtNTuALENSHELT NG
Wunan 2 HlusTigumpivonaiaudiing Persulfate
TN Iat SR At TR TATNIE- SO SRR IR
\iousnaynausanuiielEEadunsyuIunshorly
ansfiiledenin SBA-15/Diammonium-persulfate
Mntiu Auansildluansazansues Aniline Usuns
150 lulAsdns wagnsm HCL wutu 1 luasedns
U3nns 10 faddms lushathuded gaunnd 0-4
ssmwadua WWunan 4 $alus ievhnsdunsei
(SBA-15)
aunsadanaldanmsdsud vesansiiogeein

wodertiaulugnuvesiandini lny
FundudiTnadaudidnsansilésne Acetone uaz
Ethanol (§n51éau 1:1) USunasnn wnmuansiilise
@158¥a18 Ammonia WudY 1 luaneans Usuing
10 Tad8ns Wunan 2 Hlus wazdremeindu
USinann wiouiailVuafigamgdves vdsmn
leEaAutuneviiarldansiidedn PANI/SBA-15

2.3 W1 PANI/SBA-15

W1 PANI/SBA-15 aneldussenniaves Argon
fignsnislva 30 faddns/aund igamgil 200
DIANWATEE way 300 DIAWATYE (BRTINISHAY

q U

S a a g =
qmmumﬂuumuqmmmﬂu 800 ALY

Y

2aunNd 1 DIAWATYE/UN) WY 2 FILd TuusaY

@nmaiingamgl 10 ssmwalea/uil) Ju
v 2 il

2.4 imdndadaniignauluseiuunlusenanieg
ATURU

thianeniusuiisnudndiuau 0,002 n3u ely
a1sazane NaOH wudu 1 luadedns Usuns 200
fadams Wunm 2 Hlus Mntuhasazaeiily
Weuitgamadl 100 ssrniwaBea w1y 4 §9lus udn
faal el Tanarsuounnagneuawnfifuyin
nntuheeneuiildlumissdetnduiteusud
pH Tidunansadudrdansilésne Ethanol wén
ilupusiiovilsus

3. NamsReLazafUsIena (Results and discussion)

dugruimenvesiandanitigwgulusysuunly
(SBA-15 Mesoporous silica) 399n11119539a0U
Ingldimaiia Field-Emission Scanning Electron
Microscopy (FE-SEM) wileldlun1sidseuiiau
(3UT1 1(a) - 3UT 1(b)) 99N WENY SEM 83 N-MC
Janarsueu N-MC danwazidudusiivas
Feusetudusamegliidussfoulnefinu
gedeUszana 035 um  deidnvasadeiu
sBA-15 Fihantiduanssiunuy Fauandusud 1 (o)
Fadnwanduduenwudensu

SU# 1 nmene SEM wes (a) N-MCT uag (b) SBA-15
ey TEM ¥83 N-MC Qnuanssisguil 2 (a)
dugnAnevestannsueuiilalianwaziludunss
WoumaiuuenaNLnaY High-resolution TEM

44 551539 mrsmaluladdesiudszmatil 3 atuil 8 / nsngiax - SuarAy 2564



3UN 2 nweng TEM 04 (a) MAsenen wag (b) davenegs vae N-MC

'
a

(HRTEM) (5U7 2 (b)) fuanaszunuwani (Lattice
fringe) Tiflszozvianiifu 037 nm Fesvezring
FTMINTZUIUAINEIFDAAADINUTZTUIU (002) VB3
TanA15uau [1]

Audundnuesianmsuauainsaiiaszi
ngldinata X-ray diffraction (XRD) mﬂgﬂﬁ 3
nsmindsuidiendvastagasuounnaie
agUmngiiadidumia 20 ~ 26.5° Gsfe iAves
msuausTuU (002) Bslunindudiossudieudia
Y89ASUBUTEUIU (002) W89nT v azuiulain
famsueuvaanslyivivsngfidums 20 ~ 26°
UaHTEUENITENINNIZU (deoy) WU 0.336 nm
Feanunsoliifuadrdafinseudisuanudu
nANvadanAsUBUYnm1a 9 1A 31NNaN1TMInaeY
FlenuInTzesiiesEnineszuIy (deos) voa¥an
N-MC agfiainiu 0.332 nm Fafaunnenaein
N lidaanansatvenldintanasususandn

1800 -
1600
1400
1200 4
1000 ~

Intensity (counts)

600

= i

X

T T T

24 26 28 sh
2Theta (degree)

U7 3 N7 XRD w83 N-MC

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021 45

flassasrsedugruvselivounnsoslulasaing
asusuanndstuiaduussleviinndentsiitan
asuouianauliiufassufizemnsluiuad
Tuduaineididalninvosaduasofingsiing
doulawaa

wiatla Raman Spectroscopy Tlun1siaszn
UATDIATUDULAZ IO UNNTDIVDIlATIAT AT UDU
NANTNTWNUVDIER N-MC (gﬂﬁ 4) Usngiinag
2 fin Thufifte D-band waz G-band Fiflauaduwiiy
1355 cm! waw 1580 cm! sudeu Taedl D-band
Usuoniisdounnseswse  sp>- Asusuezaenly
Tnssasawesnsuen  Tuwwadl Gband  Usuen
flassaiensilun wise sp- m1susuevmenlu

D/G ratio = 1.48

Intensity (counts)

4000 -

500 1000 1500 2000 2500 3000
Raman shift (:m"]

U7 4 N3l Raman 8¢ N-MC

Tassasavesmniveudsmniiundnvesiagasueu
thianunsadeseRlaansasamesituiléns
58114 D-band U G-band (Ip/lg) ¥iNgANT a1
1o/l fietfen Yanasusuiuasilasadiendne
As1bsiunn mng‘dﬁ 4 il nansEUsEI NG I/l



Tassasvesmnsueudmmnundnuesiagansueu
thianunsateseklaandasdiuesiuilénsv
5¥134 D-band U G-band (Ip/lg) MH1EAINI 01
Io/lc dA1tiay 5’aqm§uauﬂfua33?1«-15&81%’1@?1518
AsbviLNN mﬂgﬂﬁ 4 iR EUsEI I/l
994 N-MC fldwiifu 1.48 91nsansnaaesiuans
TiiuITanansuoussiilassadsedugunsedide
unnsoslulnsead e sueunInGawan1siaszi
fewAllAn Raman Spectroscopy ELANUADARTDS
fuNamMsIATIEReWATA X-ray Diffraction

WALA X-ray Photoelectron Spectroscopy (XPS)
gnlfiflediasvivinvesaiuounariulnsiou
vuiiuRvestaneiueu fin C 1s vosianmivou
Useneusenanefindesiiufie C-C=C (284.3 eV),
C-O/C-N (286.0 eV) uag C=0(286.9 eV) flauandlu
gﬂﬁ 5(a) Inefiensndusemning C-C=C/C-0,C=0 lu
Yanensuauansienedlinniuildfngosvos
C 1s Bwanslasginuintag N-MC 8nsidon
JeuIeUSuawes C-C=C/C-0,C=0 WAy 1.40
Fsazuulsintan N-MC SUSaina C-C=C 1nni
C-O uag C=0 Fedwalwdan N-MC dan15in
Inlihiigetudaastielididnnsouannndoud
Klassadosmsvouldfity dwmsufia N 1s
Usgnaumefinaufingd oo ffindsaud anied

(a)

WINAU 398.3, 400.1 way 401.2 eV fakandlu
UM 5 (b) Bevsuandsviinveshulasioy Aunnsaiu
o Pyridinic N, Pyrrolic N tagz Graphitic N #13
1 (UL 5 () nramsvIAAes Fananazidiule
Tulasaulignieadulassaiawenisueusss
wonMNHUSINBIs Pyridinic N fiu Graphitic N
fAnmzildaniuildfinges N 1s v03%n N-MC
thiflfnihiu 53 % @hwihesmen) smuddu wuh
Pyridinic N waz Graphitic N dUs@n5a1nn15139
UFATemslwiiuatige (14] Fedunisiivan N-MC
fiuSanas Pyridinic N wae Graphitic N fiunntis o
biianmsvsufinaTiilsedvsnmmaseugiten
firghe

ﬂ‘yuﬁE‘nﬂ%umeLawumgwguLaﬁlaﬁm MC,
Co-MC Waz Ni-MC figniinsizsinematia Nitrogen
Porosimetry mﬂgﬂﬁ 6 Wuitfinwes N-MC il
Wiy 10076 m¥g uenanillelumen n1spady
nsmeeenvedlulnsiouuuiagaueu N-MC
wamastagui 6 Smegluvsziamlelemeonuuy IV Tng
qgdl Hysteresis Loop Tudsmnusiu (P/P,) sewing
0.40-0.70 s Hysteresis Loop LARA1NNISAIULLILIYOY
wialulasaulugnsuifvunalusgduuluresian
mfueu N-MC Fadumstsueninianaiueud
Hapseituiulignauedluan 2-50 nm (Mesopore)

(b)

(c)

gﬂﬁ 5 n579 XPS 2984 (@) C 1s, (b) N 1s Tuasiaegne N-MC
way (0 lulnsiauusazeiinlulassasiswesnsvay

46 381539 m1smaluladlesiulszmalil 3 atuil 8 / nsngax - SuarAy 2564



JUN 6 (Inset) WaARINIINTEAEMIVBIVUIATNTULY
Tana1sueu N-MC Jan Co-MC uag Ni-MC fvun
a a | ] 1
snguUsEan 3.8 nm gsvwadedudiulng
FawansliiuinTanansuausinaniinisnszanasn
YIPNFUALAY  wandNil  LileasanUIunng
snsuvudaga1sueu N-MC  wuuTuInssngu
voedan N-MC (0.30 cm?/g) TR nTauansli
wiuhianensuen N-MC Tauudausedanaunn
lngagdwnalvignsuiinnisuaililosadsening
NIEUIUNITLEN
lopanhauniues (Cyclic voltammetry: CV)
I a = < .:4
Juwalienldlunisfinwinalnnisinulseylossu

180 - {

60

Volume at STP{cm'ig)

-
-
_a-n® ——
= L
-

i

T T T
oo 05 10

Relative presure(P/P_)
3U7 6 lelowmounsgadu-n1saigeen uay N1snIEa8T8N
YUINFWTUVDI N-MC (Inset)

Inennsnaaedlutsnumafngsswing 0.01 uay
3 V1Iagnsad CV 3 5oUusned N-MC gnuandly
U7 7 (a) avualugidl 0.9 v lunsnaiaaiy
snsdndlumemininseunsn Inefiacana \nan
msaaneivesasaranedaninslasnsiinUiisen
frundulilduaznsifafiduduinosinad
Wuveauds (Solid - electrolyte interphase: SEI)
wenanil Usngfinfienasadngsh (= 0 V) ufn
MNNsTUIMMSININEIes Nat wiludagnguid
wWAdn (Micropore) UBIANSUBULAYNSYUIUNIS
unsndhdsnaminainilusouseluandiifiui
AsTUIUATSUNSNIRT Nat Wunszuiunsiundu
18 Bslundrdunsm cv luseusine q Ssisusnang
dalidsuulasanslidiuinu§asediiatu
Y89 N-MC aansadeundulaiduegned aannsu

v Samudiawelufin (Anodic peak) fintrdluza
0.1-1.0 V lunn 9 sou Fefiadsnanaziinain
nszuunsTliedlessuedousaniniasadine
994 N-MC Tngaziintuludisnusnsdndining

5UT 7 (o) uamsnswiiennluausfinense/Aaensa
(Galvanostatic charge/discharge) 3 S9UkINVDY
N-MC 71 0.1 Ag™! Teamanansalunsuae gUszUen
FHlwdhiivhanan NMC aziid 573 mA h ¢! way
feUsgavsnngasuy (Coulombic efficiency) Bu
$u 97.6% uandlsidun YRS fiAnTuves N-MC
ansodoundulsifued1ed Jsaenndostunanis
neaesiildatnnailn CV usnani msi NMC
ﬁﬁuﬁﬂaqa Faduanmephili N-MC SidUssnsam
@aauﬂ (Coulombic efficiency) L%Iuéfua:jd

eflazUsziiiunnuafiosves N-MC 3‘1J‘1'7i 7()
wanamansvaaesfiliannsmadeunnuaie s
0.1 A ¢! 91nnansneaeafildarnudn anisiiu
Ussqavananfisndniioouity uazdmsmniai
‘Uizqﬁl 530 mA h ¢”! wdsnnvhmsvaaeuluduau
100 50U msﬁﬁwmiLﬁU‘Uss@amaqLﬂmlﬁﬂﬁaamwﬁu
\WnuanAsaanefivesasazanedianinslanas
wileninilnanduiidunedwesadenavuiiy
Favestalii Bdluntifudalaiihagnaseduain
UiRenduatlihfiiedu venniimsdesn N

e

¥

(]

¥

Spescific capacity (mh h ')
L]

. #

» - @ " 9
Crehe rumber

31]17; 7(a) N5 CV vestnlwihityinunann N-MC,
(o) ns e luauaRnYnse/Aawnsaves N-MC 7 0.1 Ag™?
wag () NMSNAFBUAINULADETVDI N-MC

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021

47



rwitlenihvihAdadaunnses (Defect) wazustan
$UATEN (Active site) Nanunsadudaniuasazan
a a v & o a 1% v
gBinlaslanliiduegned nnuarainaludiiy
Fedawalimnisiiuuszganaaiisadniosndsain
Mnsnaaaulusuiu 100 58U

4. unagy (Conclusions)

Fagensusuditignyulusziuunluiignidese
snlulasiauiidanseilagisnediueslssiuves
wodeslaulugnyuseAvuluresianddniaiunse
thanlfifuueluaiifisnagnlununimesluifen
lenaulaeg1afivsedninimainuanisineney
Tassaravesiageniveuiiiesiglulnsiauadly
fufarundunslwigadsilifagasveusiens
annsolumailin ity uenand Tagansueu
Tignidesmesslulasiauezivin Pyridinic N uag
Graphitic N g laglulasiauviindsnanaginig
ansalunissaufisendamslniieilafuay
KaMIlATERR AR ILas U TagAI U Y
fuduintaganueuiiFesalulnsauadlufiiui
e IR LR D REAREE ML DRETER
UiAzemalniiaisndredafianudululdd
TanAsueudInaaziinuansalunisgadu
nsunsuazNsUMsA/nsindouiioonves Na*
Tulasadswesmiveuliifniunnuanvaaesiild
wnuirfanasusu N-MC fidunsgildiidnenin
galunsuszandldlugunsalinfiundsnulinay
Uszian 1ananlsiumalulaBmsiannuunned
Toifenlesouszifudusuinnvesuunine’
aunwgsiazaeulandainudosnisldlutuda
wiléR Tnsanzilomeluladflasumaiaumniy
fadesnmsienisldanuunnneuagwiviuiunisdu
wiouvasnszuawmaluladdu o lnsanizsalii
videusinsyisgunsaididnvnsedndnfinisaunly
vanvaneguuvusariinisildsundaaelulad
9819TINL7

5. AAnssuUsznA (Acknowledgement)

Yo @ !

LR UIUIdeaTuldSvaarelanleRannng

q

Iasunuaanyun1siTeannuaayulasanside
Usgdndeuuseanal 2564 vesaavuwmalulad
Jasdudseina nsensunailuuiazvevaunu
Audanududaiuuinnssumaadl madviad
ANEINYIANENT UM INeIFEINYRsAIaRS Tunns
IianuoyereigUnssianiuiiuazinatlunis

haudielvirnieifoanansamiiiunliegindosh
6. 1ANH1381984 (References)

[1] Ding, J., Wang, H., Li, Z., Kohandehghan, A., Cui,
K., Xu, Z., Zahiri, B, Tan, X., Lotfabad, E. M., Olsen, B. C.,
& Mitlin, D. 2013. Carbon Nanosheet Frameworks
Derived from Peat Moss as High Performance Sodium
lon Battery Anodes. ACS Nano. 7 (12). pp. 11004-11015.

[2] Wy, S., Zhu, Y., Huo, Y., Luo, Y., Zhang, L.,
Wan, Y., Nan, B., Cao, L., Wang, Z,, Li, M,, Yang, M., Cheng,
H., & Lu, Z. 2017. Bimetallic organic frameworks
derived CuNi/carbon nanocomposites as efficient
electrocatalysts for oxygen reduction reaction. Science
China Materials. 60 (7). pp. 654-663.

[3] Wang, B, Li, X., Zhang, X., Luo, B., Jin, M.,
Liang, M., Dayeh, S. A,, Picraux, S. T., & Zhi, L. 2013.
Adaptable Silicon-Carbon Nanocables Sandwiched
between Reduced Graphene Oxide Sheets as Lithium
lon Battery Anodes. ACS Nano 7 (2). pp. 1437-1445.

[4] Liy, Y., Zhang, A, Shen, C,, Liuy, Q., Cao, X,,
Ma, Y., Chen, L., Lau, C, Chen, T.-C., Wei, F., & Zhou,
C. 2017. Red Phosphorus Nanodots on Reduced
Graphene Oxide as a Flexible and Ultra-Fast Anode
for Sodium-on Batteries. ACS Nano. 11 (6). pp. 5530-5537.

[5] Yue, J., Han, F., Fan, X,, Zhu, X, Ma, Z., Yang,
J,, & Wang, C. 2017. High-Performance All-inorganic
Solid-State Sodium-Sulfur Battery. ACS Nano. 11 (5).
pp. 4885-4891.

[6] David, L., Bhandavat, R., & Singh, G. 2014.
MoS2/Graphene Composite Paper for Sodium-lon

48 1551539 m1smaluladlesiudszmatil 3 atuil 8 / nsngax - SuarAy 2564



Battery Electrodes. ACS Nano. 8 (2). pp. 1759-1770.

[7] Zhang, X., Qiu, X., Kong, D., Zhou, L., Li, Z., Li,
X, & Zhi, L. 2017. Silicene Flowers: A Dual Stabilized
Silicon Building Block for High-Performance Lithium
Battery Anodes. ACS Nano. 11 (7). pp. 7476-7484.

[8] Saurel, D., Orayech, B., Xiao, B., Caniazo, D., Li,
X., & Rojo, T. 2018. From Charge Storage Mechanism to
Performance: A Roadmap toward High Specific Energy
Sodium-lon Batteries through Carbon Anode Optimization.
Advanced Energy Materials. 8 (17). pp. 1703268.

[9] Zhou, X., Zhu, X., Liu, X, Xu, Y., Liu, Y., Dai,
Z., & Bao, J. 2014. Ultralong Cycle Life Sodium-lon
Battery Anodes Using a Graphene-Templated Carbon
Hybrid. The Journal of Physical Chemistry C. 118 (39).
pp. 22426-22431.

[10] Li, H., Wang, Z., Chen, L., & Huang, X. 2009.
Research on Advanced Materials for Li-ion Batteries.
Advanced Materials. 21 (45). pp. 4593-4607.

[11] Zhang, J., Yin, Y.-X., & Guo, Y.-G. 2015.
High-Capacity Te Anode Confined in Microporous
Carbon for Long-Life Na-lon Batteries. ACS Applied
Materials & Interfaces. 7 (50). pp. 27838-27844.

[12] Jayaraman, S., Singh, G., Madhavi, S, &
Aravindan, V. 2018. Elongated graphitic hollow
nanofibers from vegetable oil as prospective insertion
host for constructing advanced high energy Li-lon
capacitor and battery. Carbon. 134. pp. 9-14.

[13] Hou, H., Banks, C. E,, Jing, M., Zhang, Y., & Ji,
X. 2015. Carbon Quantum Dots and Their Derivative
3D Porous Carbon Frameworks for Sodium-lon Batteries
with Ultralong Cycle Life. Advanced Materials. 27
(47). pp. 7861-7866.

[14] Niu, S., Lv, W., Zhang, C,, Li, F,, Tang, L.,
He, Y., Li, B., Yang, Q.-H., & Kang, F. 2015. A carbon
sandwich electrode with graphene filling coated by
N-doped porous carbon layers for lithium-sulfur
batteries. Journal of Materials Chemistry A. 3
(40). pp. 20218-20224.

[15] Xiong, W., Wang, Z., Zhang, J., Shang, C,,

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021 49

Yang, M., He, L., & Lu, Z. 2017. Hierarchical ball-in-
ball structured nitrogen-doped carbon microspheres as
high performance anode for sodium-ion batteries.
Energy Storage Materials. 7. pp. 229-235.

[16] Xy, Y., Zhang, C., Zhou, M., Fu, Q., Zhao, C,,
Wu, M., & Lei, Y. 2018. Highly nitrogen doped carbon
nanofibers with superior rate capability and
cyclabilityfor potassium ion batteries. Nature
Communications. 9 (1). pp. 1720.

[17] Liy, L., Yin, Y.-X., Li, J.-Y., Wang, S.-H., Guo,
Y.-G., & Wan, L.-J. 2018. Uniform Lithium Nucleation/
Growth Induced by Lightweight Nitrogen-Doped
Graphitic Carbon Foams for High-Performance
Lithium Metal Anodes. Advanced Materials. 30 (10).
pp. 1706216.

[18] Qu, K., Zheng, Y., Zhang, X., Davey, K., Dai,
S., & Qiao, S. Z. 2017. Promotion of Electrocatalytic Hy-
drogen Evolution Reaction on Nitrogen-Doped Car-
bon Nanosheets with Secondary Heteroatoms. ACS
Nano. 11 (7). pp. 7293-7300.

[19] Yang, Q., Zhou, J., Zhang, G., Guo, C,, Li, M.,
Zhy, Y., & Qian, Y. 2017. Sb nanoparticles uniformly
dispersed in 1-D N-doped porous carbon as anodes
for Li-ion and Na-ion batteries. Journal of Materials
Chemistry A. 5 (24). pp. 12144-12148.

[20] Zhong, X., Tang, J., Wang, J., Shao, M., Chai,
J, Wang, S, Yang, M., Yang, Y., Wang, N., Wang, S.,
Xu, B., & Pan, H. 2018. 3D heterostructured pure
and N-Doped Ni352/VS2 nanosheets for high efficient
overall water splitting. Electrochimica Acta. 269. pp.
55-61.

[21] Silva, R., Voiry, D., Chhowalla, M., & Asefa,
T. 2013. Efficient Metal-Free Electrocatalysts for Oxygen
Reduction: Polyaniline-Derived N- and O-Doped
Mesoporous Carbons. Journal of the American
Chemical Society. 135 (21). pp. 7823-7826.



UNAINITY

ATSWAIUILUUINADILFUNIINISTUVD9I8INIALIU 3 1R A28

AUNITHUUNINAUARILUSIUSH

wuz $nUAT I noRen Widn  uaz QuusA waesu 2

v aw

i3y 14 nsngian 2564 uiuily 9 Asnen 2564 Yuneusu 9 Awnew 2564
UNANED

a

AR 9 unsadiadunienistureseiniaeiy vien1svinuedunianisiud
wanva1eds wu nmsvihwediedlasweysyamiion viensiunedienisiadousiduing
gineumds Tngluemiaseisdunsadadumansiuveseniaeudaeaunts Parametric
WUU Non-Uniform Rational Basic Spline (NURBS) lai@uni1s NURBS f‘?L‘f]“l«!LLUUﬁWﬁ’eJWN
aflaFanifittugunan spline Ssdowllunuaeufinmesnsfindns 4 ieasadulds 39
Svazvondunimsduveserndsuiuiiiduduldsduiudamngdmiuinadaduna
n30uld Tnemsiendeyamshuaudifve sdumensdusndnammsfiwe sivsnzauiu
dunanstuwsazidun o fiwesiidfysmilsdunisairaduldwes NURBS e Control
point NSNARDUNITAS19ELNTS NURBS parametric 93dn15USUAIMNSIEADIAN & 203831A1S
wdhmssudisumanuRanaiaseninsyadeyasumisenniaudilaunAua i ady
THsitldarnaunts NURBS weliAranufinnarsvesduldsiidesiian wdliminimesvaty

\Juaunns Parametric wuu NURBS Lilauanadunianistuvesennideunely

AENALY : LEUN1IN15TY, AUNITRUUMTUARILUTUEY

L Ay iminssuenavinig AnEIMNTINAIENS WnInenaenunsamans
2 gundennssuliiniaieinanisndn MAIYIAINTIIATEMNA AMYIMINTINATERNS NNINEIRBNYRTAIERNS
" Busts, Buel: fengenr@ku.ac.th

50 21581539 m1smaluladesiuuszmatil 3 atuil 8 / nsngax - SuarAy 2564



The Development of 3D Aircraft Flight Path Models by
NURBS Parametric Equations

Chana Raksiri 1" Krittiya Pa-im ! and Phumaret Saengram 2

Received 14 July 2021, Revised 9 August 2021, Accepted 9 August 2021

Abstract

There are a variety of methods for creating aircraft flight routes or predicting flight
routes such as prediction by the neural network method or prediction with relative motion
between positions. In this research, aircraft flight paths will be created using the Non-Uniform
Rational Basic Spline parametric (NURBS) equation. The NURBS equation is a mathematical
model based on spline method commonly used in various computer graphics applications
which are used to create curves. The nature of an aircraft's flight path also has curves, which
are suitable for creating a flight path by using the three dimensions data of the flight path
to calculate the appropriate parameters for each flight path. One of the most important
parameters for constructing a NURBS curve is the Control Point. To test the NURBS parametric
equation, the parameters of the equation are adjusted and then the errors are compared
between the obtained aircraft position data set and the curve position obtained from the
NURBS equation to give the smallest error value of the curve. Then, those parameters defined

as NURBS parametric equations show the flight path of the next aircraft.

Keywords : Aircraft flight path, NURBS parametric equations
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NURBS Curve gnivuamennsiiwasna o
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Abstract

This paper presents the design, development, and system efficiency evaluation of a Troop
Tracking Equipment operating via a Long-Range Wide Area Network (LoRaWAN). At Defence
Technology Institute, a LoRaWAN system has been developed for use on body of a soldier
or on a vehicle in order to track the object’s position as well as report certain status. The
system can be used for supporting various missions such as surveillance, monitoring, seizure, or
intelligence gathering. The system is operated by having a main central processor read certain
data from sensors within the module, which include the GPS, 3-axis accelerometer, barometric
sensor, temperature sensor, humidity sensor, as well as power level of the module. These
data will be transmitted from a client module through LoRaWAN to the Control Center via
a Gateway module. At the Control Center, the data will be displayed on a Situation Map so
that the Team Supervisor will see and understand overall picture as well as position of all
team members on the mission. This results in a precise command and decision-making as
well as an increasing success rate of the operation and therefore minimizes any loss which

might occur to soldiers in the mission.

Keywords : Tactical Tracking, Internet of Things, loT, LoRa, LoRaWAN, Command Control,
Military Operations, GPS, Sensor
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Abstract

This report is devoted to data analysis and digital transformation using the Air-to-Ground Missile and
Offensive Weapon as a case study. The objective of the study is to understand nature of the data being
used, after which data visualization and data analysis can be taken. The database was collected from
Jane's Defense archive. From data visualization results, it can be concluded that there are 5 countries that
play the main role (Big players) in producing high-technology Air-to-Ground Missile, namely, the US, China,
Russia, Israel and Cooperative Project from the European Union countries. Data Visualization revealed
offensive weapons were used or developed from large countries, especially those with high level of threats.
China, Russia and Pakistan are all surrounded by land threats, hence produced a large number of land-based
missiles, while a large number of sea-based ballistic missiles were found to be produced from the USA
because of its maritime threats. The correlation of missile’s threat-indicating parameters was shown in
scattering plots. The plot of Volume and Weight was found to be more correlated when compared to
those from Volume and Range. This implied that Range of a missile depends on many other significant
design parameters, e.g. type of propulsion and warhead as well as its initial velocity. After sorting and
grouping of all missiles in the world, it was found that the D1G missile from DTI can easily be classified
as a “not-so-dangerous missile” for the region. As rocket and missile research and development had set
the starting point of DTl in the year BE2552 and hence a gradual decline in military expenses was seen
in the graph and the data prediction for year BE2564 was found using “Curve Fitting” method. In order
to verify such gradual decline in military expenditure, this was compared to another graph of collection of
expenditures of Thai military from Jane’s Defense website. The data was collected for Thailand from BE2553

and classified into various categories. Here, very interesting conclusions were found.

Keywords : Trend Analysis, Data Prediction, Air-to-Surface Missile, Offensive Weapon, Thai Military
Expenditures, DTI, D1G Missile
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_6  Country 000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
112 South-East Asia
113 Brume 4.1% 3.9% 39% 3% 25% 23% 23% 24% 23% 29% 29% 2% 22% 23% 3.1% 33% 35% 2.9% 26%
114 Cambodia 3.T% 1.8% 1.5% 14% 1.3% L1% 1.0% 0%% 08% 1.3% 1.5% 1.5% 1.5% 1.6% L™ 18% 19%% 1% 21%
115 Indonesia 07% 06% 07% 09% 09% 08% 07% 0.7% 06% 06% 06% 07% 07% 09% 08% 09% 0.8% 09% 07%
116 Laos 08% 07% 06% 05% 04% 04% 03% 03% 03% 02% 02% 02% 02% 02%.. ’ i 3 i 3
117 Malaysia 16% 21% 22% 2.6% 23% 22% 20% 21% 1.9% 2.0% 15% 1.6% 14% 1.5% 15% 15% l4% 1L1%  1.0%
118 Myanmar 2.0% 1.6% 1.1% LT 1L.7T% 1.4%). . i i i i P id i ik g = i i
119 Philippines 1.6% 1.5% 1.5% 16% 1.4% 13% 1.3% 13% 1.3% 1.3% 12% 12% 12% 1.2% 11% 11% 11% 1.3% 09%
120 Smgapore 4.5% 48% 49% 49% 44%  43%  3.9%  36% 3.9%  3.9% 34% 3.2%  3.2% 31%  31% 31% 31% 31%
121 Thailand L5% 15% 14% 13% 12% L1% 12% 14% 16% 18% 16% 16% 14% 14% 14% 14% 16% 1.6% 14%
122 Timor-Leste o . 04% 06% 0.8% 05% L1% 0.6% 03% 05% 06% 0% 12% 1.0% 09% 0.7%
123 Viet Nam 21% 2.0% 18% 19% 23% 22% 23 23% 2.0%.. .

#iun: Foyamsldsesugmlsunsalvosusazdszina (World Military Expenditures) 3 w.a. 2563
www.sipri.org/databases/milex 210 Stockholm International Peace Research Institute (SIPRI)
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A B c D E F G H [ J K
Table |Country  Missile name and designation|Length | Diameter |Launch weight |Payload Propulsion |Range lSﬂlus In-service |
Land-based balistic missies  |China B511 IE 0m 06 m 2,100 kg 480 kg (single conventional, HE, sysobd 150 km | ] 2004 (but may be 1999)
Land-based balistic missies  |China B311M [680m_ Jogm 2,187 kg 480 kg (single conventional, HE, sysobd @kﬂ operatana T
Land-based ballistic missies  |China DF-3 21.2m 226m 64,000 kg 2,150 kg {single nuclear, 1-3 MT) |liquid 2,500 km (est) [1470
Land-based ballistic missdes  |China DF-3A 212m  |225m 164,000 kg singhe, convenbional (HE) or nucledhuid 2,400-2,800 km {est) [1987
Land-based balistic missdes  |China DF-4 2B06m  |226m  [B2000 kg 2,200 kg {single nuclear, 1-3 MT) |hqud 5,500 km 1980
Land-based balistic missies _|China DF-5 BO0m  |3%m 183000 kg 3,900 kg {single nuclear, 1-3 MT _[iqusd 12,000 km ] 1981
Land-based balistic missdes  |China DF-54 30m  |335m (163,000 kg 3,200 ky {single nuclear 1-3 NT, o iquid 13,000 km operatonal 1983
Land-based bahstic missdes | China DF-58 36.0m 3% m 183,000 kg IMIRY nuclear, 150-350 kT Iquad 13,000 ke operatonal 15
Land-based balistic missies  |China DF-11 75m 08m 3,800 kg lﬁﬁ kg (sngle conventional, HE, sysobd @km rabonal 1992
Land-based balistic missies | China DF-11A 85m 08m 4,200 kg 500 kg (single conventional HE, Ffsobd 350 km operatonal 1989
Land-based balistic missies _|China OF-16/154/158 9.1 m(15). 1.0m 6,200 kg 500 kg (single conventional, HE, cljsobd 1600-800 km Emna 1990 (15), 1996 (154), 2006
Land-based ballistic missdes | China DF-16 nk 12m nk 500 kg (single conventional, HE, sysobd 1,000 lgm | ] 2011 (est)
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Study in Pua Subdistrict, Pua District, Nan Province

Phaisarn Jeefoo!” Watcharaporn Preedapirom? and Chatchadawan Chinkeeree®

Received 19 July 2021, Revised 3 August 2021, Accepted 3 August 2021

Abstract

Flood disasters are a global problem and have caused tremendous damages. The main
objective of this research is to assess flood risk areas, a case study of Pua subdistrict, Pua
district, Nan province. For an operation method, we used an expert interview form as a scorer
for the weight of 6 related factors consist of rainfall, slope, elevation, stream distance, land
use and soil series and analyzed by analytical hierarchy process (AHP) model by dividing
the risk areas into 5 levels comprise of very high, high, moderate, low and very low.
Results were achieved by AHP calculation for most contributing factors to flooding. The
most contributing factor is rainfall at 0.328, the second being slope at 0.285, the third being
elevation at 0.144, the foruth being stream distance at 0.114, the fifth being land use at
0.082 and the least contributing factor being soil series at 0.046. The consistency ratio (CR),
consistency Index (Cl), and Random Index (RI) were accepted with values of 0.0035, 0.043
and 6.0216, respectively. The high risk level of damaged area was 10,380 Rai, or 71% of the
study area. The moderate risk level of damaged area was 2,681 Rai, or 18% of the study
area, the very high level was covered 1,380 Rai, or 9% of the study area, and the low and
very low was 191 Rai or 1.30%. Security personnel can use the information and results of

this study to prepare for future defence.

Keywords : Flood risk area, Geographic Information Systems, Analytical Hierarchy Process

! Research Unit of Spatial Innovation Development (RUSID), Geographic Information Science, School of Information
and Communication Technology, University of Phayao

2 physiology, School of Medical Sciences, University of Phayao

® Geographic Information Science, School of Information and Communication Technology, University of Phayao

* Corresponding author, E-mail: phaisarn.je@up.ac.th / p.jeefoo@gmail.com

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021

93



1. unin

fosssuvAnieUsingnisalsunsed
AnTueanusTTNTA Snansenuriliuyed
lianunsasse@inlaeganiigy nelviiAnainy
FomerianoTin uazniwsaudusiuiumn
uennitdsmavilvidenudosinauas [1] nils
lufosssumAfiintutssfegnndoviotvim
Faudufosssuninifntulesnisfigndn 1y
41.4% muume winfulm uagnig laeniy
delasunansenuasan [2] dwiulsendlng
wuhduavarudemeantvhslfifiutuan
6,000 druuitul 1990 U 40,000 druun
Tud 2000 way 1.44 aruaruumiud 2554 Tag
iawizoenadelud) 2554 [3] Agndaliduseiv
pdsasrsnrudsmeinnigaidususudvestan
sosanunuAnlmLarAundngyulud 2554
unuAnlAgUulud 2538 uwagmyisesTiay
wanisesuiAnluanigeiwsniludl 2548 au
a1y [4]

Usgwalveditui 513,115 ans19ilawns
Aseglananavaynsduladulue@eny ueen
WBesldlaefinuunuszmalneuszauiudgm
H ! < ° = a Y
Widuusgdmnluaziialunimnainves
Uszimaduilesnantadenesugienans
Msznelnesiegluandaudugainlila su
ansnadnauusgunziunndeddduazusay

(9

nziueanileanile naeRIUINIENIAKIUNGDR
75 [5] IneAssududerauiivnlalddmiung
UseLllusEAuANULEEMNIEUAY SEAUAIIUTULTS
yosthviuifedoyaasaumanIounuiiuand
youmNuATiUsyauSoRUR [6,7] Vadisn1auuy

Wi o) Tueadtlaiuun 1wy nMsviueuAuwiaula

1snsvidMasyinneauntuvinlmdsanly
NegauagldsreznauIuBnviausUINiund
VA LNQAADAIUNITITIDINUTIBINGIUIN

Hadunafioivhudy fvanedadelas
mahusggndldlunsinsesiiuiides e
i snfegnatiu nsAnutadonisiaa
ivihuflefuuniiufidsstedviudessy
ansaunaAgiimansuaziwInisloatuusaim
Tuuinaguingosnsiaaivaswaiil sz fuan
Famiainga ldAnundadenidvswasenisiin
hviaslaedeyaiiiruldlunisfnuie Teya
atd ToyaldunazAnuduiusuoIguIY 91N
nsiudeyaninaunLazuuudunIvel §1u
Yoyaansaumagfimans [8] uonaniigrudeya
plmansdmivlilumsliaseiiufideton
vy Idensisianssunislififueg 5 Ussam
1A Auftun Aufiguou Auitiols fufihadan
fufividenngy waeiufitild Teanusouss
seiuAuAssiansisiviueenidu 5 sz
fun sefuanniign sedumn seduUiunans
seiu wagszAudnann TneldFnuiladefidema
TAmivslaswuindidudsimua 5 fuus
fo Anwanadu Anugeveaiiuil dnwuenisld
fifu auantAmlunsssuiesiivesiu uazam
s ifinnuduiusfuaugees
fluit Tngldandmdnduusaavdunudii
lnaiseannudiAguesianusanuiniunies
Ao 5, 4,3, 2 way 1 @ua1au [9] wsansalAnwyl
yiuiidssdenaifingnnsieluanguniouing
Fslaldmdnnisdeusiudoya (Overlay) wuin
ffuUsiiefossiuuiedy 8 duus Thud
ALNLTUULT0381 ATMTLINL LA
Ay nsldusglonifiau anugaanszdy

94 551539 m1smaluladesiudszmalil 3 atuil 8 / nsngax - SuarAy 2564



Yz pvainduresiiui puaansaluns
ssunethwesiu sysutldau uavUssnaniely
muadu [10] nsUssendnannisiuiseeslng
(Remote sensing) WSz UUANTAUWANIAIENT
(Geographic Information Systems: GIS) i
nsUszdiuiiuiidssfoiviauduanunsain
ATI9ERUSIAULUUS a8 HEC-HMS wag
HEC-RAS lnganansniinsievianuwaznisinaves
duasveuwavestiiviay [11]

o o [ 19 ' @ =
suall 9nels aniauiu LWusnnila

1% '
A I

nunnUszavlgyuviuunagnaiilos U1un

| o

agdgvasusssulainisasislual saudla
insuSulsgenuaulinguimiiauanInAy
nnasanduiafetivion Seuiasszeznaiiin
Bty dnnemnuazmins 9 QNAAYIA
il luliarugisimdeve wdmid
Wuluegneengiuin nisiiunsdesendese
Veauuwinty yonainiid i figuussm
ars1sudvlugrugidunisiaglinsiuee
azLﬁamﬁmﬁ’ua”wmu@’ﬁam&ﬂuﬁ’muﬁiawé’q
sudasngauidensna o Wegnadniau Saili
gnmon1sUseiiuanudenielaegnesiaisa
UaZLUEN

Fadunsfinuiteluesifiaasouneiiio
Ainsgsifuilidosfononiniadiviauiiui
suaty dunell Jwdauiu lnenisuseyndld
LLUU'«iwaawNQﬁmam%ﬁ%mzmumséﬁu%y’u

a ¢

WILATIER MIOLUUTIADY AHP dnsuusuiliu
udswienainseiwiu ilelfidutoyagu
dmsumhenuiuauuaah vl duedes
UseneumsusediuanunisaignudeRuivvi

Tusuanlaagrsiudwazsinssal

[

2. WunAneuasdoya

2.1 YBULVAYBINNTINY

3

= A

1) fundnwne arvath onety J9uin

WU (JUT 1) 9131 8 vty wae 3,063 ATaSau

Y

b =)

Tnefisrurutssinsiedy 7,302 au [12]
AsBUARUITLT 23.15 m91silawns vieusvan
14,469 15 SAwaluszuuitania UTM sewing
2118000 yawuile D9 2124000 M4l uag
696000 MMz TUDDN A9 703000 NNIRETUDDN

2200 MIW0T LM
00 MO0 TLM000

2121000
2121000

2120000
2120000

19000
2119000

2118000
2118000

dnwaszpismmalaenlumuiiny fuoon
Hudteniwuarainasmaiiang Yuan Susii
tlarumssuiimmile fiuftoggeniisedui
neaUIUNa19UTEN 310 LWAS

2) wudadeyaiiuuazdsgnais uas
idesimuamumisRtamagfimansniaiiudu
(Global Positioning Systern: GPS) &0 GARMIN
U GPS Map60csx

3) d1913deyaninautuns eugnany

a wa

Usgyyuluguvw/ vy Urunnedssaudend

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021

95



4) ponuvuuazdnigiudoyaldeiiu
(Spatial database) lnggavidnniseanuuugiy
ToyasruuasaumAgimannutarivuaves
wasgiulaseadrs e audnume Auam
yosyateyanimanifiugiu (Fundamental
Geographic Data Set: FGDS) [13]

5) 3wz Ussiluiunidesiefivauvioy
ME WuuTaes AHP Ineridiednsy 911w 3 Ay
Judlirazuundmiinanuddyvecdady

2.2 Foyanerganaiiey

nsAnuiteluadaidldlitayaninaie
31NALTIEN WorldView-3 $18az188A3ANMN
31 igufiung Wuusuiig (Base map) Tuin
Toyaludoungu1AN W.A. 2564 SEUURTA
fimansuuy UTM WGS 1984 zoned7n (U1 2)

2.3 anikIsasiAIadie

msdsiiuiivuath sneth Saieu
anizgiteliinslduuudateyaiidunas
Avgnadefildsuanmaunamuatly wieuty
ta3ea GPS Taedmuamnuamaedeuliiiu
3wy wagldlusunsudnsaguszuuansauna
iimnans ArcGIS estu 10.8 vhmslsevideya
dmfuneuiamesensausiu Wldszuuuios
M3 Windows 10 Enterprise, Inter(R) Core(TM)
i5-6400T, CPU @ 2.20GHz 2.21 GHz, RAM 8.00GB
64-bit operating system uazLA30 Printer A
3. WBnsaniiueudde Basdnliuniside

[
[

Asatluanslanegun 3

3.1 maassudoya
Az lveANUBULAT I ITRNALTITIUTN

696000 698000  TOODO0  TO2000 704000

L.-'
124000

2118000 2120000 2122000 212400
118000 2120000 2122000 2124000

2

696000 698000  TOOO00  TOR000 704000

M LI 1tometers
0051 2 3 4

JUN 2 Fayanimdneananiidien WorldView-3

deoyammitennemden

Worldiew-3
v

sanuvugndeoyadihd

Y
nsdTRnmany

ﬁi‘.‘.aﬁ‘.n’ﬁ'ﬁnb'. dayanunm,

dayannindiannmne

deyarinmsdmvmeauy

nvarvaeuATugaiedudtiing

gyl

[ Analytical Hierarchy Process: AHP

v

rmsuUseiiuduiiduafudavian

JUN 3 TWeullumside

NATNUNINEINTEIIUVIALAL A
wndoudminuiu (e ) Aldueudeyaids
uililuguuuuddvialig Siaensle wmlg
(ESRI Shapefile) Usznausne dufogaiunnis
Unases unztudayayniu

96 1581539 m1smaluladlesiuuszmalil 3 atuil 8 / nsngax - SuarAy 2564



Toyavsuauicy Idvermeyiasizs
foyaUimnuirlunnandanienive s1umu
3 annil lawn (1) anddnneth fwinuiu sia
28042 (2) anddnneviniann s9ia 28073 wa
(3) apntldnnadisanans s 28102

Tayaninuatndularuleyadnymy

a

piivsTwALAzANgs AeiITelavinisade

A191NN"3 Digitization tuAUAI1XES (Contour)
97U 20 AT NNUHUTNTUTENA 1:50,000 YA
L7018 NIuuNUNMIS AseuAguiuiiuail

imsudadliddeyavanualviegluguuuy
ESRI Shapefile szuuiifingileanswuy UTM
WGS 1984 zoned7n

3.2 maiudayaninauiu

mafiutoyamaaualalduuudisaiiau
wardsgnaiedilafunnmauiaduatiunld
Tunsdnsan sdieaediteldasdsaiuilae
NSRANANIRNGNEIU LYY fossopsziuiiiies
yhuilesinuan dnonusesmuluiiud i
AlvgjUnu onanadasansisuguUsedmy Ui

(@) Wusu s1919nsAuRn A wdaiae
WRUNYIINAIELATD GPS

3.3 nMsdavingudayalenui

Futeyasiuiiagldseuuiiiagieans
WUU UTM WGS 1984 zoned7n 9u1Asns1au
1:1,000 Tagdigruau 6 Tudeya laun

1) dudeyauiinoniny (Rainfal) fidu
nsafdutoyauinahiueio ey
58113190 WA, 2559 e 2563 (5 ) Inenuin U
.1, 2563 LiouAwnen fUsinanidugsiian I
161 485.4 fladuns se3aefe U w.a. 2560 Ta

16 399.0 fiadiuns (U 4)

nsmiBuaniiy 2.0 2w U 2559-2563
600
500
400

300

1

W el ()

200

100

o L =
wA. N WwE wa 8. nA. AR N | AR WH. SR
—e-2059 383 1.2 227.7 195.0 T7.0 157.9 308.6 156.5 40.0 | 810 0.0
—a=2560 00 00 46 1568 209.9 337.7 399.0 227.6 555 161 00
—a-2561| 67.3 00 1267 839 751 3246 3259 1834 279 | 549 00

2562 43.9 00 1699 BO.T 8T.9 3009 203.6 168.5 66.9 | 30.6 648

—=2563 00 00 855 2354 187.9 337.6 485.4 171.0/101.5 33.7 3.2

3UT 4 uanansUTinanisluiage 59

AngdIdelavinnisaiiatudayayTuin
H = v v a H
uluadesed laglalddayauTunmuiey
910 3 @018 Win1sAulamIA1USUI MUY
1288 A8lUTUNIU ArcGIS A2838 IDW (Inverse
Distance Weight) 5117190 W.A. 2559-2563
lnglaragsening 1,205-1,310 Tadwnsael

[

Ae3UN 5

EHE000 ERE000 700000 02000 04000
1 1 1 " L

2124000
L
T
129000

Y
)
N

2122000
2122000

Wiranhduaiesed
Wi : Sinfaunsdal
] 1205-1225 | &
B 1225 - 1245
| RECTRRFTS
| REIIEEIH
| REEEEEL]

T T T T T
TO0000 702000 TOA000

2120000
2120000

2118000

T
2118000

['8-3 Fi 3 4

;;‘U*ﬁ 5 USinauhelua@esned (w.e. 2559 - 2563)

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021

97



2) YUTBuaTLYL1991Na1UN (Stream

U

distance) fiung1vadl dwdirdqlnaniunig

a o

Aenile wazdldiag lawn Waguainig e

e Mo eUrdn wazinensevn Wudu

(5U# 6)
L] EOR000 0000 TO2000 ToR000
A
1 g
% 4 —— vk _g
R iy : was §
0- 200 m
B 200 - a00 m 2
% B 500 - 600 m §
60(:'3.00 9980.00 TN.‘-';OU -‘320‘00 ."013:20
M L lklometes
0 05 1 & 3 a
Uil 6 %gu%'au“aiwzmqmnﬁﬂﬁw
3) Fudeyaniiuaindu (Slope) Anily

1585199 0Uan2835 AU eauasukuUly

Y

asiiae (Triangulation Irregular Network: TIN)

AILAIRTUEIEWIN 0-29 Wasidus (U7 7)

T T T
2120000 2122000 2120000

T
2118000

JUN 7 Judeyanuaindu

v
v Y

1) Fudoyadnvuriuiigivssineanas
ANUEA (Elevation) Aiiiunisainsteyanieds
Taseneaumdsuuuulyainaus (Triangula-
tion Irregular Network: TIN) Tagnuindnuaih
fiAedsaugeogsening 233-380 WATaN

sEAuNziaUUNaNa (U7 8)

696000

700000

T
2124000

2122000

T
2120000

T
2118000

Qe

v

UVBUAAINUEN
Y Y

€an
c
=D
o]
2

5) tufioyanisléustlonidiau (Land use)
ﬁ%ﬁumia%ﬁﬂ%wﬁaga‘[mams Digitization A3y
TUsunsa ArcGIS annunuiigiudoyanindie
31NA1e WoldView-3 laganunsadwun
Futeyald 5 dudoua léun flogorde Uil

1% '

P8 & ad =
LNWYATNTIN WAL wazunay 9 (§un 9)

856000 T00000 02000 704000
a4 Ay |
/ -"'T\JI\E 4 | = . y
g i 2 ‘f = J //./" '%
S Y B g ]

\ 4 rnHivselomditiu
i A y W e | g
b | ) [ ]l &
/ \_,_3 =
§ \\ L [ vmsmsnamu g
E 1 _ .. [ umdiash i =
avenca om0 7oouem 702000 oacco

3UN 9 Budeyanisliuszlovingu

98 1551539 m1smaluladlesiulszmalil 3 atuil 8 / nsngax - SuarAy 2564



lngnuhndudeyanunsnssudinuiunige
31U 8,109 15 5098911 Ae WunU1 bl S1uu
5,074 15 unasin 495 15 wundu 9 412 15 uaz

fegende 382 15 awandiu (3U7 10)

i & o ps
Fauiui (3)
10,000
8,109
8,000
6,000 5074
4,000
2,000
382 435 a12
. -— L] ===
ARSI Hl Tagend wwiinh fun

UM 10 uansduiuiuiwenaunsldussleviiau

[
v Y

6) tudeyayaiu (Soil) Tuilufiduat
Usgnoumenguynauduig 3 ngu laud nay
yoAud 3 Wunduyeduluiuiidy Tanvaseu
Hunduiumderdnnnitinanazneuiines
lassasafuwiuiiu Auwiaudauazunnszuns

inlsilansauenn nquyedui 6 1unquynfu

e

a

wugunauAuviledninniiinanagneudt
UfAsedudunsadauin augauauysalsi
nssgunsdaiereudIwa usiiunfawdun

695000 £58000 THOM00 T0H2000 TO4000
= . -
A y y
|
= K\ -
1 < ¥
£ 1 £

T T T T
695000 H58000 TOOGO0 TOR000 TOAO00

nejugadudl 3 Fumiin Snaen
| nﬁ:ﬂgmﬁ & Pumln neneudnh

| nugpdudt 14 Wieada Antunan

3UN 11 Fudeyaynin

sadnn v1auAauLn LLazﬁwhm%’ﬂqu]Nu
yhanudemetuieiildveuth wagnduyaiu
7l 10 ngwpAluiiufiguAuuIendnaniiunans
fududradufuauiifidnonindeliifadu
funsadiuzdu auawindunsadauin
mmmauﬁ%maﬁﬁﬁmLLazﬁwmwﬁﬂquNu
yhanademetuieiildveuth

3.4 mylaseideya

ASEUIUNITAINUTUTINATIEY (Analyti-
cal Hierarchy Process: AHP)

Dunszuumsiildluns “Sassedv” ves
msdndulaludassing o Idegnefivuseaniam
LLaz’Lﬁmamﬁfﬂ%ﬂ%ﬁgﬂﬁ@ﬂmqﬁ“‘uLﬂmm*a‘uaa
nssindulalduindign nszuaunisildsunis

AnAuLlaUanenaissen 1970 lneAansianse
Thomas Saaty WASHUTINGSULNUTAILTE T3
o a PP aa
nszvunsindulanivenalulymniivane
Uade Wngldi5duawSouiisuiiave WaiSes
o W o W H U Ay Yo a A &
sMeuANudEALaz i vitndlriumadeniiilu
Amauveilau lnedinannis As wUdlATIATs
[ @ g:v g =1 o
vosthyvneonithui o Fuusnae nismuuaithwng
(Goal) war3enuuaLnee (Criteria) LNauaigg
(Subcriteria) wagymaden (Altematives) [14] L
a ¢ a Ao a ¢
ATILUMININGNNATNGR Laen153LATIL
wWisuWieu (Trade off) inauailunsAnEBN NN
a i . . =~ U ] v a i ¢
iawe (Pairwise) Wiolihesiansindulainnas
TnudAeniniu TnensiingluunuaNdALy
P50ANUYBU NN IALLULNDIAAIPUAIY
F1AQYUDUNUTLAY F9ADUNITUNIATIZU
a a \ fa o P ¢
Madenfiazanunueiinvualifiaginase
IUATUNNLNN INTAZRULANUEATY YD

ANUYDUTIU ALnELNG (Consistency) 9w&N158)

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021



dndrdunndeniiionImisieniinfngala 33

¥
=1

AHP sngazisUszgnaldlunsmitudides
ARATNUANIETTNYR WU anndey ey Ay
Was wieuwsinszilsnsiinlsainse udu Sedes
Fontaduiifignainvaney 9 Jady uazinasi
lumsiansanmadenviatewnae AHP Wunns
TasziiUTsuiisuvesiiaze Juilvinisiden
madenvhldireuazazainiu Jagiiu AHP 1y
Builsweanszurunsindulanuunanenasi
(Multi-criteria decision making) %Qﬁlﬁﬁww
funnndnisiaulusunsureuinnesiiiods
TWmsineiaaulerldhowasasnniu

wuushaes AHP Tuiidsd iy fidesiiarsan
¢ 3 Usgns el msdedrudulunsinezi
AMImERUANUEIAY (Priority) WazATIATIZNA
ANUaNmRaNHavestoya [14] lnellsuasidyn

(%

&
ANU

3.4.1 m3daasutulunsiasey (Structuring
the hierarchy) Tumsiesiziifiesnauladen
yoandemadeniiafign azutanisiasey
sonudduduseiiie Whwne Goal) e
(Criteria) \neu9ignY (Subcriteria) Lagynaden
(Alternatives) Tngluusiazdusnaiivaainasi
warluuraginasienalivareinaigesla
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Abstract

This research article aims at the analytical assessment of content awareness and the
audience satisfaction of a virtual seminar held by Defence Technology Institute (DTI) while
the world has been affected by the Covid-19 pandemic. The questionnaires were designed to
transform qualitative data from 40 attendees of DTl key stakeholders attending the seminar
into quantitative information. The quantitative analysis for statistical proof was proposed to
achieve gquantitative results that were followed by interpretation and discussion. Grounded
in the classical test theory definition of reliability and the tenets basic to Likert-scale mea-
surement methodology. As for the attendees satisfaction, quantitative research with at least
one variable measured by a Likert-type scale, while the qualitative data will be analyzed
through content analysis. The findings lead to the conclusion that the virtual seminar among
Covid-19 was statistically successful and matched the objectives of the knowledge network.
Moreover the organizer was successfully able to modify the seminar due to the Covid-19
pandemic ensuring the safety of the attendees and staff while maintaining the quality of

the seminar, and further improving the attendees satisfaction.

Keywords : Knowledge management, Satisfaction, Likert-type scale, Virtual seminar, Covid-19

pandemic, Network forum
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1. Introduction

Defence Technology Institute (DTI)
was established to research and develop
large-scale projects according to the
Defence Council. To figure and approve
for implementing, studying, researching
project, and other related activities or

continually develop defence technology.

The Knowledge Management Division
which is under the supervision of Knowledge
and Publication Management Department of
DTI takes responsibility in the systematic
administration and management of knowledge
to enable knowledge retrieval and sharing
for application and exploitation, and the
fostering, support and provision for the
activity or process of knowledge sharing and
exchange. Therefore, the seminar was organized
by coordinating with the military and higher
education institutions to create a network
of academic knowledge management in defence
technology and industry and further knowledge
from renowned academic institutions leading
to the international transfer of knowledge
sharing, networking and knowledge management.

There are several methods to assess the
satisfaction and success of knowledge management.
Janus addressed in [1] that some indicators in
measuring the effectiveness of knowledge sharing
where most organizations would set such targets
as benchmarks to be attained in a given period
of time. One of intermediate-outcome indicators
was improved collaboration among staff or
between departments. A number of literature
were devoted to statistical analysis of the
knowledge management results. The authors in [2]
conducted an exploratory study and suggested

that a knowledge and innovation view could
enhance service differentiation but demanded
a proper engagement approach where social
ties were paramount to success. The work in [3]
proposed the methodology based on the basic
open questionnaires Framework for Information
System Due Diligence (FISDD), data analysis, and
at the end questionnaire related to the data

gathering process.

It was suggested in [4] for the use of an
Integrated Management Information System (IMIS)
with cognitive agents for acquiring and acquisition
sub-processes in a collective knowledge processing
in the IMIS. It aimed [5] to determine whether
and to what extent the attributes of organic
structure contributed to the creation and sharing of
knowledge from the empirical study obtained
through the survey of 150 respondents, employed
in 30 companies from several industries, in the
Republic of Serbia. The questionnaires were
adapted to the needs of the study and were
developed based on the theoretical knowledge
and findings of several previous studies on the
processes of knowledge creation and knowledge
sharing. A regression method was used to test all
the hypotheses.

The authors of [6] aimed to uncover the
combinations of knowledge sharing mechanisms
that organizations in a science and technology
park in Brazil used to share managerial and
technical knowledge. They adopted a qualitative
approach that used a fuzzy set qualitative
comparative analysis to analyze data that were
gathered from 51 managers of organizations
in a science and technology park. The results
showed that knowledge sharing happened regardless
of the type of knowledge. More recently, the

study in [7] followed the design science research
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paradigm and employed mixed methodology,
combining quantitative learning analytics with
qualitative analysis of notable segment replay
instances by viewers of online video lectures.
The work of [8] was set to develop a belief-value-
satisfaction model based on social cognitive
theory. This paper was aimed to explain how
relational virtual community (RVC) members’
beliefs on individual features and environments
could be transformed into satisfaction through
social learning strategies.

The COVID-19 pandemic has affected many
parts of our lives. Following social distancing
recommendations, many organizations have
shifted their in-person conferences to virtual
meetings. And while online events like webinars
existed before COVID-19, virtual conferences further
present benefits and challenges to navigate for
attendees. For example, you can attend more
than one conference to help your professional
development needs while saving money on
travel. However, the primary challenge of
attending a virtual conference is that you
lose out on the face-to-face networking aspect.
No matter the benefits and challenges to a virtual
conference, remember the reasons why you are
attending, which most likely have to do with
presenting and learning about research, gaining
professional development skills and networking
with others.

This current research study took a
combined approach of technological Zoom-based
teleconference, traditional questionnaire entry
survey, and simple statistical analysis to tackle
the study objective of assessing content awareness
of the virtual seminar amid the Covid-19 pandemic.
The following three main parts of this research
article address the seminar inits contents and
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assessment, the proposed statistical analysis,
and the analytical interpretation that leads
to the results that conclude the article. Further
study was suggested to for the extension of
the study of this kind to the post-seminar
assessment.

2. Materials
2.1 The Seminar of Knowledge Network Forum
2020

The seminar of Knowledge Network Forum
is a Defence Technology Institute or DTl annual
event and in 2020 titled “Multisensor Detection
and Aerial Robot” was held on 12 November
2020 at Venus Room 3 — 4, Impact Exhibition
Hall, Impact Muang Thong Thani, Nonthaburi,
Thailand [9]. As the name implies, the event is
to keep strong Institute’s knowledge network
with stakeholders.

Fieure 1 up was the banner the organizing
team used to advertise the seminar among former
and new targeted network members. That was
a very important piece of information that
attracted seminar attendees to participate in
the forum since the announcement was made
during August to December 2020 amidst the
second wave of Covid-19 worldwide. However,
the virus situation in Thailand was significantly
eased out and the forum was widely embraced
by key persons from DTI’s stakeholders as seen

in Figure 1 down.
2.1.1 Seminar overview

The Knowledge Management Division
which is under the supervision of Knowledge
and Publication Management Department of
DTl, Thailand has the function of, and takes
responsibility in the systematic administration and



Fig.1 Banner for advertisement (up) and key persons

photo from the seminar (down).

management of knowledge to enable knowledge
retrieval and sharing for application and
exploitation, and the fostering, support and
provision for the activity or process of knowledge
sharing and exchange. The activity summarized
from the seminar and reported herein was to
reflect such function and responsibility of the
division. The objectives of the seminar were
twofold; 1) to create a forum that enables
knowledge and experience sharing and 2) to
create the network of knowledge administering
and acquisition among the stakeholders in
the ministry of defense and beyond, and 3) to
introduce advanced defense knowledge and
technology to personnel from the ministry of
defense and security, private and academic sectors.

The division team planned and managed the
seminar which was organized by a professional
organizer, and financed by DTl in an annual
budget. The organizer was tasked with a smooth,
live seminar infrastructure

interactive, and

whose video footage could be revisited at a

publicly announced website, still photography,
and online registration. The language medium
used in the seminar was Thai. Three Thai presenters
working as a professor at universities in Japan,
Hong Kong, and Singapore were invited to deliver
lectures. The lecturer from the National University
of Singapore was formerly invited to a 2018 seminar
and kind to extend the network further to Osaka
University and City University of Hong Kong.
Most importantly, the seminar helped to promote
Thailand’s Meetings, Incentives, Conventions
and Exhibitions or MICE, which refers to a particular
type of tourisms in which large groups, usually
planned well advance are brought together for
some particular purpose.

2.1.2 Infrastructure for virtual seminar

The seminar was designed such that before,
during, and after activities were accessible
online. Thus, the professional organizer needed
to make sure that such concept was realized via
a reliable communications infrastructure. Figure 2
left was the online registration form being used
for interested stakeholders to register online
provided that they received an exclusive
invitation letter from the institute. That was to
ensure the limited but truly targeted participation
was achieved. To follow the Thai government
upon Covid-19 restrictions was another reason
for the limited number of the online registration.

Fig.2 Activities before (left), during (middle),
and after (right) the seminar.
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Activities during the seminar were central
to the success and needed broadband wireless
internet to enable such live seminar interaction
among the audience in Thailand and the
lecturers in Singapore, Hong Kong and Japan
(Figure 2 middle). The website to the activities
in the forum was available for access to the
attendees and all the networked stakeholders
(Fig. 2 right). The Zoom video conference created
the required communication infrastructure using
a 10 GB speed internet. The system was perfect
at test but with a slightly problematic effect
due to several bandwidth-greedy functions such
as audio, online and offline backup tasks were
simultaneously occupying the traffic. However,
nothing considered as a major defect to cause
the complete stop to the seminar was seen

throughout the seminar.
2.1.3 Seminar contents

The seminar had 4 important parts, each of
which was presented by 1 presenter and lasted at
least 45 minutes for each lecture with 15 minutes
for questions and answers, see Figure 3. Four
parts had four different topics including
1) Aerial-Terrestrial-Aquatic Robots (ATA-Robots)
for search, rescue and inspection in an ATA
Extreme Environment, 2) Introduction to swarm
operations for UAVs, Advancing Aerial Robots
with Mechanical Intelligence, and 3) Multi Target
and Multi Sensor Detection in Autonomous
Vehicles. The first content was delivered with
aiming to demonstrate the capability of
Cyber media Center of Osaka University,
Japan. Research output extracted from
projects funded to the Center by various
sources was outlined to sections that included
Aerial-Terrestrial Robot, Aerial-Aquatic Robot,
and Mapping and Teleoperation. To the entirety
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Fig.3 Seminar agenda extending
from 08:00 AM and 04:00 PM.

of the lecture, the project results were
demonstrated from underlying principles to

real-world applications.

Describing the incident in Tham-Luang
cave rescue as an inspiring research question,
the presenter mentioned the motivation of
the extreme environment — inspired Aerial-
Terrestrial-Aquatic Robots from the world
renowned incident. The underwater drive
test of the robot was demonstrated on the
video clip. The Mapping and Teleoperation
part was mainly based on the Simultaneous
Localization and Mapping or SLAM concept
of using the first aerial robot to simultaneously
map the studied environment as situation
awareness for the second robot to perform a
search and rescue operation. A collapsed
building on a disaster-hit site was the purposed
environment. The interest of the audience
to the content was on a multifunction robot
that was performing a dangerous and tedious
job denied by human workers. Rust on old iron
bridges in Japan was central to the application
of robots of this kind. The second presentation
was live-streamed from the Mechanical
Engineering and Temasak Lab of National
University of Singapore. The rationale of swarm
operations for UAVs was the difficulty in urban/
forest environment operation of poor GPS



reception where autonomy was needed for their
self-localization and autonomous navigation.
System overview was first described to cover
hardware design and software architecture.
Hardware details were exposed for expert
discussion, experience and knowledge sharing
with the audience. The software structure was also
addressed, leading to further offline discussion
at the end of the lecture. State estimation
providing challenges for visual odometry with an
unstable illumination condition was discussed
as the process yielded indoor scenes with less
texture. Mapping and planning were adopted
for UAV environment perception. After a Model
Predictive Local Motion Planning with boundary
State Constrained Primitive (BSCPs), a safe
trajectory could be computed in 1/100 second
on TX2. The system supported Open-street map
that was imported into a simulator as the test map.
The Unity3D® was used to simulate varying
types of drones to achieve maximum number of
6 drones operating at the same time. Experimental
results for instancing the flight test of a square
path were covered. The result of flight test in
corridor was showed with a video footage in the
presentation.

The third lecture advanced aerial robot
topic was delivered first in the evening of the
seminar day from the Department of Biomedical
Engineering of the City University of Hong Kong
by the presenter who was an associate professor
at the Robotics and Intelligent Systems Laboratory.
The inspiring idea of the presentation was human
inspirationto fly dated back the day the Wright
brothers’ era and beyond. A fly was an example
of natural flying machines with no unrivalled
aerodynamics feats. The Reynolds Number was
introduced to the audience to show scaling
effects on flight efficiency. Most of the audience

was first informed by the reduced flight time
and energetic efficiency with smaller machines.
Flapping-wing aerodynamics was the most
interesting part of this presentation. It was less
explored but most anticipated in Thailand than
any other robotic kinds. The bio-inspired flying
robot which was the world’s smallest flying robot
in 2013 and subject to the ongoing collaboration
of Harvard University and Massachusetts Institute
of Technology was demonstrated in a video
clip. The presenter’s own robot called Harvard
Robobee® showed flying against wind
disturbances at 80 cm./s. was much inspiring
to the audience. Its planar components were
elaborated for an audience’s better understanding
on the Harvard Robobee® flight capabilities.
The delayed stall introduced at the beginning
of the talk was further discussed at benefits of
which flapping wings and Samara or auto-rotating
plant seeds took advantage of A Samara - inspired
robot with 13.8 gram mass, two motors and
propellers was elaborated, claiming passive
attitude stability at the Laboratory.

The second presenter was back to deliver
the fourth presentation from his Laboratory
in National University of Singapore. A number
of publications and research byproducts were
obtained from the project Multi Target and
Multi Sensor Detection in Aerial Autonomous
Vehicle. The first concept that the presenter
explained was multi-camera, multi-target
detection, localization and tracking in 3D with
image enhancement and moving camera
compensation.

Then, trajectory-based target identification
and association was showed with a video clip
displaying tracked trajectory of flight paths.
More interestingly, the small flying object classification
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and identification of drone versus bird was
derived from trajectory based detection
and characterization that classified small,
fast-moving drones from other small objects
such as birds. The result from a combination of
extended Kalman filter, Kernelized Correlation
filter, Particle filter, and Discrimination filter was
demonstrated to track drones with Reinforce
Learning. Finally, the approach using
multi-camera, multi-target tracking systems
with trajectory-based target matching and
re-identification was achieved using target
identification, intra- and inter-camera target

matching, and multiple target and identification.
2.1.4 Seminar Attendees

The attendees were from public, private
and academic sectors already established the
strong knowledge network with DTI. The 2020
seminar was restricted to only 40 attendees
to comply with the social distancing rules
strictly enforced by the Thai government.
Educational background was compiled to
crosscheck the fit-for-all contents of the seminar.
Half of the attendees hold Master’s degree,
making the seminar the forum of highly educated
network. Of 9 Ph.D. attendees, more than half
of the number were from computer science
background. Attendees with Bachelor were
engaged with unmanned technology either
professionally or educationally.

The age of the attendees was also an
indicator of a degree of engagement with the
knowledge and technology in the forum.
The attendees aged from 30 - 50 years old
accumulated more than half of the
participants. This number reflected two fold
i.e., on the interest the networked sectors had

Defence Technology Academic Journal, Volume 3, Issue 8 / July - December 2021 113

showed on the forum and a strong relation
between DTl and its partners. The attendees
above 50 years old was one-fourths of the
participation, indicating such a success of the
forum contents. At 10 years before retirement,
Thai people at this age are at the topmost of
their performance and most successful on their
career. Most importantly, one of the participants
was more than 60 years old and found to be
closely networked with one of the presenters.

2.2 Questionnaires

At the end of the seminar, the attendees
were facilitated with either the online response
or paper-based questionnaires. The questionnaires
were designed with the first section aimed to
collect personal data of the attendees. The
second section was for the awareness creation
to the attendees on the 4 topics. Each topic was
measured on: 1) the significance of the topic in
research and development, 2) the advancement
of the topic in Thailand, 3) the application and
benefit of the topic in the attendee's work, and
4) the opportunity of the topic research and
development in Thailand. Five-rating scores
from 1 to 5 were expected from the attendees
to show the Least to the most aware content
the attendees responded to the questions of
each topic.

Due to the Covid-19 pandemic, the virtual
seminar was adopted to comply with government
instructions. The presenters physically resided
in Osaka of Japan, Singapore, and Hong Kong were
provided with the communications infrastructure
to deliver their lectures to the audience in
the convention of Bangkok. This technological
adoption was needed to guarantee to the audience
that the presentation worked smoothly and



with no difficulties to the point that contents
planned to deliver by the presenters were not
comprehended by the audiences. The third
section was targeted on attendees’ satisfaction
with three aspects of the seminar that included;
1) multi-media, communications, equipment and
documents, 2) seminar contents and time
allocation, and 3) with the online seminar itself.
Similar to the purpose of the second section,
five rating scores from 1 to 5 were expected
from the attendee to rate the Least satisfied
to the Most satisfied for the measured aspects.

2.3 Proposed Quantitative Analysis

The seminar was divided into 4 sections
from three lecturers where section 2
referred to topic T, or presentation 2 and
section 4 referred to topic Ty or presentation
4 were delivered by the same lecturer in
Table 1. The questionnaires were composed
of 4 questions upon similar purposes for
each lecture session. Assume that @;.1 is the
value that the attendee i rates upon
gaining awareness aimed by the seminar to
@\, whereby 1 means the Least aware and
5 means the Most aware. The rating values
range from 1 to 5. In addition @;.2, @3 and @;.4,
are the rating of the attendee I to question
@, (&, and Qs respectively. The number of
seminar attendees is n. Let A1 be awareness
anticipation calculated from the attendee
rating and be it less than or equal to 1. Thus, the
awareness anticipation from an attendee # can

be calculated from equation (1) below.

Qi1
Ajg = = (1)
Therefore, the total awareness anticipation

of n attendees can be calculated from

equation (2).

ﬂ_ a'. a:. aﬂ.
T A R e

The awareness anticipation from the
presentation of each of the 3 lecturers
having total 4 lectures was rated with the
similar 4 questions in the questionnaire. If
P\, P> and P; are presenterl, presenter2
and presenter3, respectively, the percentage
of anticipation from presenterl derived
Jrom @ or Py Py can be calculated from

equation (3).

Using equation (3), total
awareness anticipation from presenterl! to
Q1-Qs Or tot.Py, _,Pycan be calculated as

equation (4).

1{100% 100 100 100 %
3 TZ&\‘FT“AH*'T Aa.:%+TZAi.4 (4)

tot. Py, P, =—
i=1 =1

The average awareness anticipation
from the seminar presentation or

ave.Py,_,P;_, is obtained by the overall

total percentage of all presenters divided

by the number of presenters as in equation (5).
1
ave.Po, Py = 7 (tot.Po, P +tot.Po,_Pr+ (5)

tot.Py, ,Ps + tot. Py, _,Py)
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To determine the level of attendees’
awareness anticipation of the seminar, grades
are applied to the ave.Py, ,Pi_4 as follows:

1. If ave.Py, ,Pi_4 < 20, the attendees
gain Least knowledge awareness as anticipated by
the seminar;

2. If 20 < ave.Py, P, < 40, the attendees
gain Less knowledge awareness as anticipated by
the seminar;

3. If 40 < ave.Py,_,P1_4 < 60, the attendees
gain Moderate knowledge awareness as antic-
ipated by the seminar;

4. If 60 < ave.Py, ,P,_4 <80, the attendees
gain Much knowledge awareness as anticipated by
the seminar; and

5.1f 80 < ave.P,,_,P,—, = 80, the attendees
gain Most knowledge awareness as anticipated by
the seminar.

3. Methodology
3.1 Quantitative Implementation

The implemented methodology was
illustrated in Figure 4. The knowledge network
has been established and extended annually
since the origin of DTl more than 10 years ago.
The forum such as this one has been a mechanism
for DTl to keep its stakeholders closely and inform
the knowledge and technology deemed important
to the defense technology and industry, of course
reflected in the objectives. The Covid-19 pandemic
was crucial to the adaptation of the seminar to
be held in a virtual environment in which the
experienced and expert presenters residing in
virus hard-hit countries interacted with the
audience in Thailand in a manner that complied
with the government rules and regulations. The
seminar venue was provided for the domestic
attendees in order to keep the Institute in close
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Statistical Proof of Success

L]
| Virtual seminar amid Covid-19 |

Fig.4 The methodology of quantitative analysis
for statistical proof.

contact with the stakeholders while the distance
lecturing was to ensure the presenters and
the attendees seamless back and forth
communications. From this section on, the
article was dedicated to the assessment part
of the seminar of whether it was conducted to
achieve the targeted objectives.

From the lower part of Figure 4, the
questionnaire was provided for the invited
applicants to fill out either online or paper-based
to collect the attendees’ rating on the content
awareness and increased content knowledge
from the seminar. A simple but effective
statistical analysis was applied, to be detailed
in section C Proposed Quantitative Analysis, to
address how the virtual forum responded to
the objectives of the long established network.
The 4 level grading system was adopted to
determine the level of attendees’ awareness
anticipation of the seminar into the Least, Less,
Moderate, Much and Most knowledge awareness
scales. The average calculation was used to
obtain the content awareness and increase of
the introduced technologies.



3.2 Qualitative data

Responses to the questionnaire were
summarized in Table 1 for to the content
awareness questions and in Table 2 for the
increased knowledge questions. It was visually
interpreted that all topics attained exclusively
Much and Most rating scales. Equal number
was seen at 13 Much and Most ratings for the
question 2 of the presentation 1. Where there
was low at the number of rating such as 9 Most
ratings for the question 4 of the presentation
1, there was high at the number of 25 Much
ratings of this criterion. The highest rating from
25 attendees was at Much category for Q4 of
Topic 1 for presentation 1. Accordingly, the
network agreed that the ATA-robot research
had opportunity in Thailand. However,
the advancement of flapping and bio-inspired
robots had seen less developed in the country
with 6 attendees rating the Least aware content,
thus, requiring policy, encouragement and
financial boost from relevant agencies.

3.3 Quantitative information and interpretation

After applying the ratings in Table 1 to the
equations in section C Proposed Quantitative
Analysis, the statistically computed results were
detailed in Table 2. As expected, the statistical
results of Py, P4 that were related to the
advancement of the topics in Thailand dropped
to less than 80% with that of Presentation 3
slightly above 80%. The flapping winged robot
technology did have a great opportunity for
research and development in Thailand. Where
benefit in workplace was not highly realized
such as the topic of the presentation 3, a forum
for technological promotion and education was
required from a policy level of the Institute.

However, the fot. P, P, , values were
well above 80%, making the average for
all presentations or ave.Pg, P4 at 85%.
When thisfinal statistical outcome was determined
for the level of attendees’ awareness anticipation
of the seminar, the grade of gaining Most
knowledge awareness as anticipated by the
seminar was achieved. As a result, the final
score of 85% proved the virtual seminar among
Covid-19 statistically successful and matched
the objective of the knowledge network.

Table 1 Summary of responses to the questions

Questions Rating
o £ g w
=

*P1_Q1: Significance in R&D 23 17 0 0 0
P1_Q2: Advancement in Thailand 13 13 11 2 1
P1_Q3: Application and benefit in work 18 19 0 3 3
P1_Qd: R&D Opportunity in Thailand 9 25 4 0 1
P2_Q1: Significance in R&D 18 21 1 0 0
P2_Q2: Advancement in Thailand 13 14 11 2 0
P2_Q3: Application and benefit in work 16 19 4 1 0
P2_Qd: R&D Opportunity in Thailand 15 18 7 0 0
P3_Q1: Significance in R&D 22 18 0 0 0
P3_Q2: Advancement in Thailand 17 12 6 2 3
P3_Q3: Application and benefit in work 13 20 4 3 0
P3_Qd: R&D Opportunity in Thailand 15 18 3 4 0
P4_Q1: Significance in R&D 22 18 0 0 0
P4_Q2: Advancement in Thailand 17 12 3 2 6
Pa_Q3: Application and benefit in work 13 20 4 3 0
P4_Qd: R&D Opportunity in Thailand 15 18 3 [ 0

*P1_Ql is abbreviated for question 1 of
presentation 1, and so on.
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Table 2. Results of statistical content awareness.

Aware- Statistical results
co:i:ts & & & o fotFo, P
Py 915 | 775 | 86 | 815 84.125
P 885 | 79 | 85 | sa 84.125
Ps 895 | 805 | 965 | 87 88375
Py 91 | 79 |s815| 82 83.375
ave-FooPis 85.000

P1, P2, P3, and P4 are presentationl, presentation2,
presentation3, and presentationd, respectively.

3.4 Scope of satisfaction assessment
3.4.1 The Likert Scale

5 point Likert scale consists of 5 answer
options which will contain two extreme poles
and a neutral option connected with intermediate
answer options. A commonly used 5 point
Likert scale example to measure satisfaction is:
Very satisfied, Satisfied, Neither satisfied nor
dissatisfied, Dissatisfied, and Very dissatisfied [10].
A principle basic to Likert scale measurement
methodology is that scores yielded by a Likert
scale are composite (summated) scores derived
from an individual’s responses to the multiple
items on the scale [11].

3.4.2 The contents are as follows:

1. Attendees knowledge before and after
the seminar

2. Seminar attendees' satisfaction towards
the seminar in terms of location, suitability of
equipment, satisfaction with the speakers,
appropriateness of content, duration and

platform for virtual events

An on-line questionnaire, comprised of
5-point Likert scaled items ranging from 1
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(strongly dissatisfied) to 5 (strongly satisfied) and
open-ended questions, was used as research
instrument. The population was all 40 attendees
attending to the seminar by the time the survey
questionnaire was administered. The average
score estimation was prepared as a five sub-scales
measuring attendees’ satisfaction as follows:

1.00 - 1.80 means strongly dissatisfied
1.81 — 2.60 means dissatisfied

2.61 - 3.40 means neutral

3.41 - 4.20 means satisfied

4.21 — 5.00 means strongly satisfied

The attendees’ overall satisfaction of
knowledge before and after attending the
seminar averaged mean score is 3.77 which
illustrated that they tended to be satisfied with

the seminar (see Table 3 and figure 5 below).

The attendees’ overall satisfaction of the
virtual seminar averaged mean score is 4.49
which illustrated that they tended to be strongly
satisfied with the seminar (see Table 4 and
figure 6 below).

4. Results and discussion

The seminar of Knowledge Network
Forum 2020 “Multisensor Detection and Aerial
Robot” was held amid the Covid-19 pandemic
to create a forum that enabled knowledge and
experience sharing among the DTl stakeholder
network. The seminar was to make sure that
the essential content awareness of the forum
was attained via the reliable communications
infrastructure when the presenters were
distancing lecturing from the pandemic-effected
countries. The 2020 seminar was restricted to
only 40 attendees to comply with the social
distancing rules strictly enforced by the Thai



Table 3. Attendees knowledge before and after

attending the seminar

Table 4 Seminar attendees' satisfaction

Assessment Items Satisfaction (n=40) Assessment Items Satisfaction (n=40)
X SD | Scale | mterpretation X SD | Seale | Interpretation
1. (ATA-Robots) knowledge before 325 | 115 3 Neutral 1. Location 4.60 | 0.50 5 Strongly
attending the seminar satisfied
2. (ATA-Robots) knowledge after 4.28 | 060 5 Strongly 2. Suitability of equipment 435 | 0.74 5 Strongly
attending the seminar satisfied satisfied
3. (Advancing Aerial Robots) knowledge | 3.30 | 1.20 3 Neutral 3. Satisfaction with the speakers 457 | 059 5 Strongly
before attending the seminar satisfied
4. (Advancing Aerial Robots) knowledge | 4.20 | 0.65 4 Satisfied 4. Appropriateness of content and 420 | 0.65 5 Strongly
after attending the seminar duration satisfied
5. (Swarm operation) knowledge 335 | 119 3 Neutral 5. Platform for virtual events 4.48 | 0.62 5 Strongly
before attending the seminar satisfied
6. (Swarm operation) knowledge 4.20 | 061 4 Satisfied 6. (Swarm operation) knowledge 4.44 | 049 5 Strongly
after attending the seminar after attending the seminar satisfied
7. (Multi detection) knowledge 3.38 | 1.08 4 Satisfied Overall satisfaction 4.49 | 0.59 5 Strongly
before attending the seminar satisfied
8. (Multi detection) knowledge after 4.23 | 061 5 Strongly
attending the seminar satisfied
Attendees knowledge before and 3.77 | 089 4 Satisfied
after attending the seminar
Attendeas knowledge before and after attending the seminar
5
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Fig.5 Histogram of attendees knowledge before and after attending the seminar.
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Fig.6 Histogram of Seminar attendees' satisfaction.
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government. The methodology of quantitative
analysis for statistical proof of the forum
success was proposed with the questionnaire
designed to measure the Least to the Most
content awareness the attendee response to the
questions of the topics. The visual interpretation
from all topics summarized in the tables managed
to attain only Much and Most rating categories.
The highest rating from 25 attendees was at Much
category for Q4 of Topic 1 for presentation 1.
Since the average content awareness in statistical
value was at 85%, the grade of gaining Most
knowledge awareness as anticipated by the
seminar was achieved. The Likert-scale scores
reported and interpreted; furthermore, the
attendees’ overall satisfaction of knowledge
before and after attending the seminar and the
virtual seminar averaged mean scores are 3.77
and 4.49 which illustrated that they tended
to be satisfied and strongly satisfied with the
seminar respectively.

As a result, the final score of 85% proved
the virtual seminar among Covid-19 statistically
successful and matched the objective of the
knowledge network.

5. Conclusions

This research paper addresses the virtual
seminar forum held amid the Covid-19 pandemic.
However, the virus situation in Thailand was
significantly mostly contained and the forum
was widely embraced by DTI’s stakeholders.
The rationale of the seminar was to create a
forum that enabled knowledge and experience
sharing by the invited speakers distantly lecturing
advanced defense knowledge and technology
to the audience. The Zoom video conference
played a central role of communication
infrastructure using a 10 GB speed internet. The
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seminar was divided into four different topics
but all covering unmanned robots which were
of interest of the 40 attendees. Thus came the
objective of this research of assessing the
content awareness from the distance lecture.
The seminar was measured via the questionnaires
deigned to contain 4 questions upon similar
purposes for each lecture session. The rating
values range from 1 the Least to 5 the Most
gained awareness. The average awareness of
all presenters was used to grade the attendees’
awareness anticipation of the seminar. The
summarized data showed that the attendees
rated mainly Much and Most categories with
the highest rating from 25 attendees at Much
category for “Opportunity of ATA-robot R&D
in Thailand” of the ATA-robot Topic. And in
conclusions, the attendees’ overall satisfaction
of knowledge upon the 4 topics by assessing
the knowledge before and after attending the
seminar averaged mean score is 3.77 which
illustrated that they tended to be satisfied with
the seminar; moreover, the attendees’ overall
satisfaction of the virtual seminar averaged
mean score is 4.49 which illustrated that they
tended to be strongly satisfied with the seminar.
In addition, the final score of 85% proved the
virtual seminar among Covid-19 statistically
successful and matched the objectives of the
knowledge network.
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