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Development Guidelines of Three-Dimensional

Training Field Simulation for Supporting Operational Design
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Abstract

The management of training and education in the Professional Army Education in the
Royal Thai Army was designed to suit the missions acquired at each level. When undergo
higher professional military courses in accordance with the Royal Thai Army service guidelines,
the training will be developed from tactical to operational and strategic level, which is more
complex and challenging. The objective of this study was to investigate the development
guidelines of three-dimensional training simulation for supporting the process of operational
design using simulation technology and virtual training. The proposed development guidelines
will be used for further development of the current three-dimensional tactical training
simulation, which make it possible as operational design training simulation. This proposed
three-dimensional training field simulation is employed as a tool to analyse, synthesize
information and help in understanding of operational environment at operational level, which
will be transformed into operational approach to enable commander to employ concrete
mission command and combat power. Furthermore, the three-dimensional training field
simulation also supports the Royal Thai Army’s simulation system, causing broad positive
impact on the national defence industry, New S-Curve 11 and driving strategies for national

security system development.

Keywords: Operational design, Mission command, Battlefield simulation, Virtual training,

3D training field simulation
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Concept of Road Slope Analysis for
the Transport of A Modified 6-Wheel Truck
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Abstract

This academic paper is part of an ongoing project that acquires the knowledge of simulating
military rescue missions in emergency situations. The work addressed the application of road
slope analysis principle commonly practiced in GIS for 6-wheel modified truck transport. It
highlishted the importance of applying road slope analysis principles for 6-wheel modified
truck movement to create a decision-making tool. The ultimate objective was to study
obstacles in the car transport and to prevent hazards that may occur when driving up and
down hills with steep slopes. The study chose the normal land transport routes between
the Defence Technology Institute in Nonthaburi and the Mobile Development Unit 31 in Nan
with the route between Uttaradit and Phrae Province along Highway No. 11 was found to
contain a steep up and down route in a total distance of 31.4 kilometers. That was considered
both a barrier in 6-wheel truck operation and condition modification that may cause danger
while driving up and down hills with steep slopes. The results of the analysis of the 12.5
m DEM data were obvious to clarify that the obstacles in the road slope and the danger
could be prevented from driving up and down the hill in a distance of 2.09 kilometers. The
data analysis showed that along the 2.09 kilometers each collected location had a slope of
21.61 degrees, which was beyond the limited ability of the 6-wheel truck. Therefore, it was
suggested to avoid the studied route that included that 2.09 km range.

Keywords : Road slope analysis, Truck transport, GIS, Route selection
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1.3 InUszaA9AY0INISLEUDNANNIT
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€ a A s

iilolauendnnsiiaszdidaniuitlunns
AuamauaIaduvesauudildidusausin
6 da auUasanin Inglitoyaninuaeniiusema
fflanuaziBeadilutlagiu neunsliteyad
fauazBongelu

1.4 YBULYALALY DIINAVIINANNITIU
UNAINIBINITY

voultwalunisidenyatoyatanizi
mamqmﬁuﬁLﬁuLé’umﬁg{uaqmga%’mwz
Masau 31.4 Alalwns %aixqmﬂuﬁaqﬂaﬁﬂ
Tun15ifusa SaUSINN 6 89 ANKUAIENIN LWae
on9neliiinsunsievazduiuacniitiny
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=

a1ndu MatliiteUselevdsanisiiasieideya
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ToyaiidenliReganimvesuuudiasininugs
Baavaua 12,5 s deegluseiuvenuiile
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BonLdUNIALID LLaxqﬂaisﬂﬁmmﬁmﬁﬁmﬁa
Fouiusn denandesnnudemeiianinty
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2. wqwguawmmwmawm
2.1 szuuiasaumea
2.1.1 ild1sdunA (Geoinformatics)

Wuitauinisnisldmaununeaes Geo
vaneda Tanudenisinuwuierfudundeud
Wueguulan uazd111 Informatics wunefis
Yoyariasvie Information figmLsusium
INTLUVAITAUMNANIYTAAAT (Geographic
Information Systems %38 GIS) s[,u‘UNﬂ%dgﬂ
Seniu GIS faru JPUUYTANTAUNALALTUY
asaumaniiaansdsltunuiulaogielud

Heddey GIS Wusguundnisuszuianateys

¥ '
=1 =

FaNud (Spatial Data) wardasigiauindu

o—

1838913813 iln15duAu (Query) n1sudle

(Editing) N15U5UUTe (Manipulation) uagnns
wanana (Visualization) oluseuumaunmas [7]

v & & A< 9 ¢l a
YoyANNUN I UFUanwalnUIINgITIvY
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~

wulan arunsaldnisnsiainuazdnvinlign
Aosuaziualulaagresaniinienannissein
AIBANENEUTONITUTZUIANAN TNABATILTE
ntuIsdnfdunisuiuniuazysudgalad
ANUgNsokazkiug lusEUURARLHUNA Y
wialulagszuunmuaduisuuiulan (Global
Positioning System 38 GPS) flaiiu Yoyaid
X A = % Y o ) <, a

wunvznnugnaedlnalAgaiuauluaseu
\WBanudnvuzuagluBandaununuInigala
i Yuegiulinaiuanunsafig Invindoyalds
X A v ¢ P ) i

nunaglduszloviannmalulagisassfinann
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LazN1sleABNR MDY 8UITUITIANITAY

[

ANINNAAIINVDY GIS

a [

dureAanwiue (Attribute Data)

9

YoUAD
U

Jududdgyfianfiazivuanuaivesdoya

GIS UpgAsailinAuausaved GIS ludeya

Y & 1 v a

Ulanaadliiiuindauaunsofndauazidon

leaiudeyasdursnaudnuuzilauiniu villd
WinaaAntusotayaieiud Jadudui

U
a &

Aldaziiuvinifiuasfiviniiiu wideyasdue

Aaudnwazdudwiiuiy USuuy wazudly

9
o '

Ivifienuaaiavesyiavideyaizaiiyan

Y

Tiundeyarnians dlngudideyassuiey

AudnwusNuIgeioazlauiainnisasiud
d19atuiuiasasinnu

2.1.2 a9AUsEnauval GIS

muvannisiiosiuly [8] seylidn GIS
Usznaumeesnusznauidnan 4 Usenis a9
Aol

msydrdieya (Data Input) fnthiiuvas
Yoyafiflog Feo1aUsEnaUMIBIAUT AmEne
ee1ne waznmeaeafisn 1wy Ted
Tuguitansnsaldanlu s 1¢

n153An15veya (Data Management)
fnifdaiAvuazuiledeyasing uteya
(Database) ina1nnatg3slun1sdanisteya
Teglusuuiludeyaiinenfininosaiunsagiu
Als insdnnislassasnadoya tenisiden
lgsuiludayasg9iiusgdnsain d1gaenns
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AUAULAZLA b

nMsins1zvideya (Data Analysis) 1un1s
dudiunisly GIs ielilsundadayarnnas
fefesduiiunisroriadoyaidsiuiiuaztoya
oSuuandnuny \uesduseneuddnyianves
GIS wielilsndedoyatnanslunisdadula

nsuananadaya (Data Display) fntidi
Unauedayararslunisdndulasedldly
sULUULRUT 319 frussens Taslisngiia
UUNTEANY NEN0ABNTINDT Visoulutaya
Tusudiundansn

2.1.3 laseai1evesdaya GIS

Toyaidaiudiiion sdaiudoyaieiiug
Tu GIS Feasureliegrsazdanly [9] wuady
2 anwae fal

Toyaiiilassadrauuuiinines (Vector
Data Structure) fauvuvenineiienauans
fay 90 1 viefiufifignimunlaegadide
Fetoyausznoufisgafidaniaunsiu (X, Y)

9
= Y & o '

WAZ/MIDUUIRN (2) e D NTUNARsLMLeLAYY

a o

fazidurivegn d19afidnaesgansonInnid

snidudu (Fauanluguil 2 vu) dauiiuiiu

wAligANINNTT 3 ATULY UagaRinEua
warANnngAn1e xAetagALndLfgINY
ToyalInNias LAk oUW Wil §1ARBd YBULYA

AMsUNATDY WUy

Toyanillassadiswuuusanes (Raster
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Data Structure) ﬁmﬁu%gmﬂué’ﬂwmzmsw
Avdouaniaidne (Grid vde Pixel) ifulas
saiiosiu %ﬂﬁﬁmsaﬁwﬁamﬂﬁquqgﬁmamﬂé’
YUAVDINTNNTANIDANUAZIBA (Resolution)
Iumsﬁwﬁ’agawimjw’%aLﬁﬂ%is@ajﬁ%ﬂqﬁm
WUSTILIULAILAE IUIUADAUY Gﬁ”aasjm’faagaﬁ
Iaiulneldnnsnansa lawn awaienisennia
Anenuitey WWudu

2.1.4 nsUszgnald

Tudagtunisuszendld GIS Tunisud
Haymiefiuiifianudamindusgann aw
WiulAainn1ssieauaIuAInimaIvnnng
TUI5EITUINITIRT 16281509 GIS WazrAIs
Uszgndldauluvainvasds dreegraau n1s
d1aealsnfinnelagn1sysuINITNIsIANYME
TuBeiuiifunisiidnwazianizay [10] 39
Junisussgnaldlunisansisagy nsasne
LLUUﬁi’waaamwmmuﬂwqaLﬁaﬁ%muﬁﬁmﬁu
adﬂuﬂixmmiﬁ G914 Neural Network wa
ANNAdBY Bivariate Spearman Correlation
iefndontadefiivitosdmivadndoya
wazanalun1sAwa Fededddluvansiinng
innsaeuszuusuteya (Data Training) uax
Ansadawnudl [11]

Auinidelu [12] 19 GIS adramdnnisuas
wpalunstaueuuuiassdsiigarlngnisld
nIlANYIveITEUULAUTAUTE 1Ml UL
By (Shenzhen) tilowianuuanensly
BaftufivarFranaivesszuunisiiuinigse
Uszd1M79 NMSANHINUINNITUTUAITIA1UDY

- as
- B W
-

= I e .,.,.-_vl|.n....|.,'

JUR 2 deyannines (Uu) wazdoyausanes (619)

sautruguasdnsifuneiasulumuian
AINARNITIUIDNTEUULAUTAUTET IS SIUDS
AsaLn1sIY Ul aifinu anusives
saUszsmne waritufivense drundauddena
TuBeuansen1IN9sE UULAUTAUTEI NN

2.2 nM3aszvidayaiBenui

nanlunsimseideyaideiuiisaludl

AU IUIeEILRIN (9] Wiieuanslifiiualy
a1unsalunTiasendeyaleiunves GIS 8u

anihlugnisasamadeniiedududentunis
dula

EE

2.2.1 n1staenuazn1sauunUssLan

(Selection and Classification)

1%

n1siden (Selection) ilunsseyudne

2.

WWanNuNTsaennaosnutaulansendnnis 1 19

v

wiesnnae 9 v Tun1saiunisidenidoya

Y
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é’maﬁ%qﬁuﬁwgﬂmmaauLﬁauﬁ’uﬁauiﬁu
Lazndnn1s wazdiuiinssiudoulanazudn
N1392QNLaBN8NYN Wil onvazidladietu
Toyalnd 9 vieenagnuTulsalaglvieganels
Fudoyaiiu fogamadenfivadnveadnlay
WIATLBYNIT (<) 11NNT1 () WA (=) uiela
Wi (#) viseyauiivads Wi OR, AND, NOT
WHudu ﬁaaéwmwﬂ%ﬁuﬁmaﬁﬂugﬂﬁ 3 lng
(a) 70 A AND B vizemsidenludeitud wu1ng
\Ae (Adjacency) Wusy

3UN 3 yiudivadn AND finsgyisening A fu B

n1337uunUszian (Classification) vu
nszuIunsasslunadnnisteyalveglungy
fismuninliainnguiiedsdeyaiiFondn
U8yadoUIEUY (Training Data) fusiazuaives
Toyausznaumgtoyaaiulenmanyuy I
1IN AUTEAIAYDINITIHUNUTEANTBYARD
n1sasslunanisuentayassulenuanyMe
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Defence Technology Academic Journal, Volume 2 Issue 6, September - December 2020 33

Usgnaldlunareauueniniieainlu GIS wu
NSIANGUYNAINNNITNAIN NITATIVAOUAIIY
RAUNA WarnITIAIIZUNIINITLNNE LTudy

2.2.2 Handun153uAsIeiBaussunuan
WAZNISES1INUNAUYBY (Proximity Functions
and Buffering)

AU sIAsIEAdeUszanam (Proximity
Functions) tJuifenfunldniainudunus
sENINNRANAvuaiudaieg usiamsey 9
I o o cal o = v
Wun1snawdasguanyunaInunnIoaInegy
anwalfuanlndlagliduedfuszeenie 1w
AN NN FUTUTEUIUAITTHENIIINLNG
UsssuvRtuaneysndiugdnivn Wudu
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losanundvifianuddysonisdisdin
yoedniUn dadu $mdfisedesadneniny
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Jaumaailallnaunn

v
=1

nsaseiunAusy (Buffering) 10un1s
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=

afvveuafiuidouseuingiduit e
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2.3 msaAsenanyuziiuseina (Terrain

Analysis)

2.3.1 ANUTULaZMU (Slope and Aspect)
ANufulandnIINIsIUAsLLUAsBITEUAS
YDIIANMYBIMUUTADIANNFUTUAY (Digital
Elevation Model %38 DEM) A21UTULARS
AUaIATY (Steepness) yosiuii wazin
Tddadnualuvuiuiu 9 dremsuanniny
87198493 (Brightness) duf1u (Aspect) 52
FINANINVBINAIAVBITAIININGAVDINT
Wasuwladluainnudazganiwlugaganin
T1afee arunesladinduiienisesanudu
Anveansinaiildasduiialunuiufisves
fu sinlduanadudide (Hue)

23.2 Lé{'u%'ummga (Contour Lines) 1Ju
LﬁuﬁawmlﬂuuLLmuﬁLLamé’ﬂwmgQﬁﬂizmﬂ
WieUsdnisensEsunenIsanaUeIiy 99
FupLANg (Contour Interval) Wuszezuun
?ﬁw%ammLmﬂ@hﬂuigﬁuqqswdwLé'u%u’u
GRRHER Lﬁu%’ummqwé’ﬂ (Index Contour)
Tiafuvdedidunanaiunn 9 1duil 5 veadu
%ummga

2.3.3 Wuiin1suaaiu (Viewshed) 1Ju

fufivuiuianausonswiuldaingaduns
Ausudnnusf vaaiule aursanilednd

o o

FuneAauNausauoiussTule sau8s

o e

AYUAAIAIINGIVBIRFLNn F1iAAI1UY
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0 unuituiifildanunsovondiu 1 unuiudid
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Tugaufiviondien \udu

2.3.4 yuufin1519ia (Shaded Relief Map)
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Huudondn1dlasd N neiang Iunn
LaENLMﬁ@ﬁ?Uﬁ@Qﬂiﬂ%ﬁmﬁUﬁﬂ%ﬁﬂﬁLL?NEI'EN
LAALIEAT AIUAIVDIAMULTUVDILINTE
Prgliifudnuaraiugeiniuansieiy 7
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vaafionin wildunisliteezfeninudnves
niivszmela

2.4 n15ATIEMdUNIamanzauluy GIS
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$ruauann 9 wuiluasmsldundedeyaiisng
wazuslug3afinnudululanleszuu GIS ns
AnwnildnsAwandunisauusnuialagld
syuvasingula 138031 FOROR (Forest Road
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I doyausamosidundn nsiiasigsiiindag
5 3%n1sfiuanenetu inlwldnadnsidwdu
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wudFeuifisunu wagihluiSeuiisuiuidu
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Ay GIS FFinIndanasiunmsidenidunislng
galuanunisalaniduveaunidoddvaday
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Aziulen GIS Wuszuutelunsdndula
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finrsan levdnidsaguassaiionaviliinnsia
nsdaneusaussnlaidugvinauazaiiude

P8ND1UNALANSNGFUYDINNISIVANT
3. 50U5IYN 6 a9 AauUasdnIn
3.1 saAUANATANWIARAUN Mobile GCS

Tnsan1suszgndldunuiianiunisal
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anunisalanidu lanmuidukuusadnsu
nsmuauuazdinsiiuanidniuguuas
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gunsalmeuiimesdmiusesiunsiesivs
Janfiu wazuandedeyat1ans (Intelligence)
31NN1581AA543U (Reconnaissance) lu
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(Surveillance) ifv943OUTINN 6 G0 ARLUAS
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3U# 4 samuAun1AiuAieuil Mobile GCS
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dioUSuussomuauaiedoul dmsy
MsmunsEUUAIUANLasdstsluaa gl
anidu nieunan1sfnwnsiadyausuniu
fimuansvessausulgsliimnzdmiunis
AUANLATdINSLUULAARUTuASAINSYe
widemeamnsluaniunsalgnidu

\aUTITTUUABNTIMEI TR S UTRYANTS
U1IN389 NINTINTTA WAYNITAINATELIUVDS

1%
o (Y] I3

Tasanns wieunsinmngiaindndulunisia

Fanann waziileUsegnifldsamuauniaii
\ABUT dmIuNsWRINSEUUAMUAY LazEINTg
Tuaniunisalanidu d1msudiuienisug U
n13ian1syigmdeniamsiuaaiunisel
ANLAU

3.3 YAAUEIUITANYNAINITAABUAIENIN

iamsadaauanusalunisidufanans
?iam?ﬁ’ayja aveniusend 3 17 uagdnvin
wHUTiaa1uN15aisan 3iAT1EiiRle A wax
Yoyalndna1ass svuvdeansuaznoufinmes

Y,
o (9 (9

uusanendinsaauUasanineslugy

Q'Q
NeK

=

#
# 5 gneanuuulvilsznausiy

36 13a153vInsmaluladdesiudszna U9 2 avudl 6 nueguy - sUIIAN 2563



UM 5 sausnanudasanimniounauiomes

\n3esnpuimeTURTRU (Workstation)
§1u7u 1 vithe FedivtheUszanananans 4 wnu
nan Uy auning 2.7 GHz wiheuseiiana
Na198ANT MUY Cache Memory 5auluszau
REINUTUIN 8 MB Tuaeanudnnan (RAM)
¥l DDR4 vu1n 64 GB fnisedaiudaya
Solid State Drive 256 GB

\A3oanouinnes UFTRAIILLUY Rack
Mountable $1u3u 2 A3es FedmireUstanana
NA19 8 WNUEN JFYYIUUIWNT 1.7 GHz e
Uszanananaaliaudwuy Cache Memory
sluszauAeaiuuIn 10 MB dnuleA1u
91980 (RAM) ¥1im DDR4A Uu1¢ 16 GB inuae
Jawfiudaya Solid State Drive 256 GB fviag
UTPIaHAL N BUARININLENAN UK TUANT
1n18AMNTVUIN 4 GB ¥in DDR5

gunsalnsvaredyeyias (L2 Switch)
$1u9u 1 1A309 LATesdngliindrses (UPS)
$1uau 5 1Ased faniiunsuiamesuazgunsal
gunsalfuEumMaATeewuUlsaNe (Wireless
Router 3G/4G/LTE) $1uru 1 % tedesiiulu
fwa 19 1 3o 1uyaaIosiudaluih
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aunsadneidslnlaseedainit 5 kva Tu
Ashrauund Iaeldln 1 wa

4. YayauaznIsuisaTziaudy
4.1 gunsaluazdaya

Usenausignouinmedssuuyiuinig
Windows 10 64-bit Core i7 RAM 8 GB
FONAWITTLUUATAUNANNNAAIEAS ArcMap
10.5 uazdoyaasaumagiiaans laun wuy
91899 UTUAVLATTILUAOUY WANIAS
A9 1

M13197 1 SeazBeateyaniltdlunisfinm

Yoy YazLdun W sian
DEM (tiff) [ @13u¥ies ALOS | Alaska Satellite
7¥UU PALSAR | Fadility, Geophysical
AI1uaz L8 A | Institute, University
AW 12.5 LU T | of Alaska Fairbanks
U 2008 (assigned by NASA),
USA.
auu [ uneiildlung | Google map/
(km0) | Anwn Google earth

nspuLuIALARTINITITEAded Ae
nsiszuvansaumenagieansunlilunis
Anwmdnnishinnesiideiudilunisduan
anuanfuresauuildifusausinn 6 4o
Frutasanin uansiesuil 6 Tnsnstrdudona
DEM wiiasigimanudu waztudoyanuy
wafisiiuditury antufefuaumeanudu
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Ldwmuzanlunisiiusaniusivyidenves
FOUTINN 6 59 fauladanin ATANUaINITD
Funedugagn 21.61 8

Comversion KML to layer

Generate point

Buffer 20 meters Road (point)
interval 8.14 meters

Mosaic to new raster

Clip

Add Surface Information
&

| Slope of Road (paint)

JUN 6 nspuLwIARluNSIELENANN1T

4.2 nMaiaseutaya

U1deya DEM Nlaannaniiies ALOS Lig
FoNdLI3 GIS tieyin1ssia (Mosaic) Tayanin
wsiazn I (Scene) Wiilugadoyaunuil (Map)

& A I K P
AToUARUNUNauUY19na1 L lugun 1 9

HAYBINITADAINLARNIFIFUN 7

JUT 7 mssandeyanindieduduyadeya

Tneldaansiuag ArcGlS w3esile Mosaic
to new raster 19 NMEVAINIABANEBINTID
apulviganniidousiefudugaieaturesis
dosnndafesiy endnidesrnuRanain
avaufiaziindulunisfuanudu Wesan
Yoya DEM fhunldfiigativdnnisilsneaziden
VBINMFUVEIUDE U AB 12.5 1URT dlofieu
AUAINY1ITA 8.14 LUAS

tayanuuilaain Google My Maps
Whgweniiasseuvansaumaneiiaans 1ive
wlasguuuutaya Keyhole Markup Language
(kmU) 1Ju Shapefile (.shp) waneAe3UT 8 Loy
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Abstract

This defence technology analysis paper is aimed at conducting a feasibility study on which province
is most suitable for establishing a defence industrial base in the Kingdom of Thailand, the choices being
Lopburi, Chonburi and Kanchanaburi. The author realized that there is no clear academic evidence of criteria
to justify or choose regions. Therefore, the criteria were drawn from real world experiences and historically
incident records, survivals, tactics, calamities, war scenes or conflicts, and discussed to make cases here. The
criteria are as follows; 1) foreign ageression 2) industrial loss 3) geography 4) the ease of doing business and
logistics 5) workforce readiness. The author discovered that considering a defence industrial base required
a very careful investigation, in some cases, it was even much more complicated than considering a civilian
industrial base. Establishing a defence industrial base also anticipates preparing a long-term platform for domestic
and foreign investment on defence technology. Based on this paper’s calculation, the province of Lopburi
was found to obtain the highest scores, thanks to its central strategic location, making it a very secure place
for outward invasion and the lowest risk for territorial loss. Not only did the province remain untouched
during the WWII, but Lopburi also was the most feasible alternative when it came to basic weapon engineering,
existing and running facility and workforce that were currently working for armed services and Ministry
of Defence. This significant strategic location was rationalized by Thai premier General Pleak Piboonsongkram
during such wartime. However, Chonburi and Kanchanaburi, inferior in terms of the scores, were respective
choices to Lopburi. If the government intends to support the defence capability for all tri-services at the same
time, Chonburi might be the most possible answer because it contains shipping port, a naval dock yard, and
international airport in one place. But if the government takes a step-by-step approach by first developing
land weapon systems, personal unit and crew-serve weapons today, and lay plan for naval and aircraft system

in the future, Lopburi is the most suitable choice.

Keywords : Defence Industrial Estate, Chonburi, Lopburi, Kanchanaburi
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Effects of Layer Arrangements
on Bullet Protection Capability of Armor Plate
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Abstract

High strength steel bulletproof plate can be made into single- or multiple-layered
plate. The layer arrangement clearly influences the protection capability of the entire plate.
This project aims to analyze the effect of layer arrangement on the protection capability
of armour plate. An Armox500T plate was selected as the representative material. It was
tested according to National Institute of Justice (NIJ) threat level 3. Experimental results
demonstrated underlying deformation mechanisms of steel plate that served as validating
data for a finite element model. The model was shown to correctly predict the deformed
thickness and the penetrated hole of the steel plate. This validated model was modified to
investigate the effects of arrangement and thickness of layers. The analysis showed that the
double-layered plate is able to dissipate the impact energy of the bullet more than the single
layer counterpart with the same total thickness because the thinner plates were bent out

of the original shape, consuming greater impact energy and resulting in a larger deformation.

Keywords: Armour plate, Armox500T, NIJ standard, Finite element simulation
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Abstract

This research paper addresses the GIS analysis approach to the investigation of suitable
sites for a vertical takeoff and landing drone. The study manipulated GIS and terrain layers
and turned them into proper input before the spatial analysis that included slope, reclassify,
classify and buffer was applied to the individual layers. The output layers were weighted
and multi-criteria analyzed before those patches failing to comply with filtering out criteria
were discarded. Field survey for each suitable candidate site was conducted to cross-check
the proposed approach with the real world. Conclusion was extracted for the VTOL takeoff
and landing sites and discussion was provided with further study being suggested on the

mission simulation of selected takeoff and landing sites.
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1. Introduction

Surveying for drone launch sites is
troublesome when the study areas are under
constraints of mountainous terrain. Even though
it is plausible to use a sensor capable of
an aerial survey system to help identify the
areas of interest with growing research in
machine and computer vision [1], there is also a
question of satellite navigation signal coverage
and a requirement to help researchers to
plot on a large scale map or other open
sources such as Google Earth for flight mission
planning. It can be seen from Figure 1 that
in aerial photography over Pua district, Nan
province in the Northern part of Thailand,
of an area of more than 300 km?, it is easier
by exploring the target areas with unmanned
aerial surveying system. That will help in
planning for drone image acquisition more
quickly. Those areas will also be locations
of the ground-based survey to assess the
accuracy of digital terrain models in the final
phase of accuracy assessment. Therefore,
flat and level sites are needed for vertical
takeoff and landing (VTOL) drone in general

for example DJI Phantom Drone.

In this current study, prior to launching
a survey drone for VTOL site selection, it
can be more economical to investigate the
terrain nature of potential candidates for

the launching site. Geographical Information

Defence Technology Academic Journal, Volume 2 Issue 6, September - December 2020 67

System (GIS) technology was used to assess
the criteria requested to define the suitability
of land for housing [2]. The study in [3] was
to develop a spatial model for land suitability
assessment for wheat crop integrated with
GIS techniques. The proposed model allowed
obtaining results that corresponded with
the current conditions in the area. The land
evaluation procedure has also been applied
by a GIS — based methodology. Integrating
information with crop and soil requirements,
the authors in [4] edited and managed land
suitability maps for specific purposes by means
of matching tables. With the final output
aimed at creating military training scenarios
to be included in a fire-arms training simulator
of the Royal Thai Army, GIS data was prepared
and used for the Potential Surface Analysis
(PSA) in form of suitability map that revealed
the potential of GIS vector layers that suited
drug-trafficking routes [5]. However, the
GIS-based approach has been barely applied
to the survey of takeoff and landing site

sel

ection for VTOL drone mapping.

Figure 1 The study area with mountainous terrain



The results of the study in [6] showed
that using an unmanned aerial system for
topographic mapping and calculating volumes
was more time and cost efficient than land
surveying, with no loss in accuracy, but only
when performed over bare earth terrain,
suggesting that care be taken for the
topographic mapping of the densely covered
terrain. This current study was expected to
further extend the cost efficiency of VTOL
drone mapping by proposing a GIS - based
approach for VTOL takeoff and landing site
selection. The selection was performed prior to
the still needed field survey. The significance
of the study lied in the commercial mission
planner that was conducted using available
QGroundControl or Google Earth terrain data
that was inadequate to meet the standard
required for fine/small scale digital terrain
model for very precise engineering study [7].
With updated GIS data of the study within
GIS functionality before further spatial
analysis and multi-criteria analysis being applied.
Upon obtaining a suitability map for VTOL
takeoff and landing sites, the field survey was
conducted for every selected site to ensure

proper distribution over the 300 km? study area.
2. Data Preparation
2.1 Geospatial Data

GIS layers included 2016 road and land

use vector layers and 2020 satellite raster layer.
The road network was manually updated using
GIS basemap available online. The land use
data were of 2016 product whose rural study
area underwent some urbanization. The 30 m
Landsat 8 imagery was of 2020 acquisition
and selected to contain a few cloud-covered
patches. The 1:50,000 topographic map covering
the study area was in elevated ranges for an
overall understanding of selected terrain of
the study area (see Figure 2). The Digital Elevation
Model or DEM of 12.5 m was a product of
Advanced Land Observing Satellite (ALOS) in
Phased Array type L-band Synthetic Aperture
Radar (PALSAR).

Figure 2 Topographic representation of the study area
2.2 Vertical Takeoff and Landing Requirements
As indicated in [6], the mission path must

be free of obstructions for at least 200 m in

each horizontal direction. The takeoff and
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land sites must consist of a level, flat surface

that is free of obstructions for at least 5x 5 m

2.3 Data Manipulation and Class Weighting

DEM was applied with slope creation to
create a slope map. From [8], standard slope
descriptors are provided where level to nearly
level at slope of 0 - 2% or at approximate
degree of 0 — 1.1 is used as the most suitable
for the selection in Table 1 and the slope

results in degree of Figure 3 left.

Land use map was manipulated as
shown in Figure 3 middle with reclassify
function to rank Miscellaneous class to Most

suitable with Weight 3, Agriculture and Forest

Table 1 Slope suitability guidance.*

to Suitable with Weight 2, Residence to
Least suitable with Weight 1, and Water
to Unsuitable with Weight 0. Rationale under
this rating was that the Miscellaneous class
contained abandoned and unused areas
that were the most suitable for site selection.
Agriculture and Forest was a Suitable
candidate for site selection with subject to
field survey. Residential and urban areas
were a compromising issue best validated
on site. Water bodies could cause severe
damage to the drone if unfortunate

takeoff and landing took place.

Slope Approximate Terminology Slope suitability Weight
(%) degrees

0-2 0-1.1 Level - Nearly level Most suitable 3
2-9 1.1-5 Very gentle — gentle slope Suitable 2

9-15 5-85 Moderate slope Least suitable 1
>15 >8.5 Strong slope Unsuitable 0

* Adapted from [8]
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Figure 3 Results of the manipulation
and class weighting

In Figure 3 right, the road network layer
was buffered based on the accessibility of a
grownup man to carry the VTOL drone gear to
a launch site and to create 200 m interval from
either side of the road based on the 200 m
horizontal clearance requirement as the Most
suitable with Weight 3, from 200 to 300 m
either side of the road center as the Suitable
with Weight 2, from 300 m to 400 m as the
Least suitable with Weight 1, and from 400 m
and beyond as the Unsuitable with Weight 0.
Satellite imagery was analyzed to obtain
Normalized Difference Vegetation Index or
NDVI and categorized into 4 classes with the
lowest NDVI range from -0.057 to 0.070 as
the Most suitable and Weight 3 based on
the notion that low NDVI values resulted
from non- to the less- forest cover of the
studied patch. The NDVI range from 0.071 to
0.20 was rated Suitable and Weight 2, from
0.21 to 0.33 was rated Least suitable and
Weight 1, and from 0.34 to 0.45 was rated
Unsuitable and Weight 0. The NDVI map was

shown in Figure 4.

Legend
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Figure 4 NDVI map derived from Landsat 8 imagery

2.4 Rasterization and Data Resampling

The reclassified Land use and Road
maps were tabulated with suitability and
weighting columns, the latter of which were
numerical values of the rasterization process.
The weighting column was for algebraic
operation during the raster overlay step. A
rasterization process was applied to the
reclassified Land use and buffer Road vectors.
The final pixel size at 15 m was arrived to
maintain as much close accuracy as possible
to the 12.5 m DEM resolution. This size was
plausible for the original 30 m Landsat of

the NDVI map product.

The weighted NDVI and Slope raster
layers were applied by revaluing the pixel
with the value of the Class Weighting. The
revalued NDVI and Slope maps were

resampled to 15 m pixel size appropriate
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to the final overlay step and matching with
the previous rasterized layers. Figure 5
illustrates the Slope (far left), Land use (left),
Road (right), and NDVI (far right) raster layers.

Figure 5 Raster layers for suitability

3. Research Methodology

The proposed research methodology
as shown in Figure 6 consisted of 3 steps
that were related to geospatial analysis and
performed mainly down the left side flow of
methodology. The VTOL mission simulation
was discussed for further studies. The data
preparation that involved the manipulation
of geospatial data to an analysis ready format.
The results were further weighted and
multicriteria-analyzed to obtain potential
candidates of launching site in the suitability
map. Practicality, transportation, expenditure
and safety were decisive criteria for the selection
of suitable VTOL takeoff and landing sites.

The weighted layers were ranked
according to their significance to the site
selection criteria. The slope suitability and

land use suitability were equally ranked the

Defence Technology Academic Journal, Volume 2 Issue 6, September - December 2020 T1

more influential factor on site selection than
the road buffer and NDVI layers because they
involved technical requirements and local safety,
respectively. The road buffer and NDVI layers
shared equal percentage weight to the
analysis. The suitability map from multi-criteria

analysis was calculated by;

Suitability map
(Slope *3.5) + (Land use * 3.5) + (Road * 1.5) + (NDVI *1.5)

10

€y

where Suitability map is the multi-criteria
analysis result, Slope is the weighted slope
map, Land use is the weighted land use
map, Road is the buffered and weighted
road layer map, and NDVI is the weighted
NDVI map. Field Surveys were conducted
following the calculation results whose
selected areas were visited for observation

and photographic evidence.

v ¥+ ¥ ¥
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Figure 6 The proposed research methodology
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Figure 7 The weighted overlay map

4. Results and Discussion

Approximately 64.31% of the calculated
result hardly visible on Figure 7 was categorized
as Suitable sites illustrated in orange. The
second largest areas were Moderately
suitable and accounted for 35.45%. The
Most and Least suitable areas shared almost
respectively. Where safety to researcher
lives and equipment was concerned, only
the Most suitable areas as shown in scattered
blue patches of Figure 8 were adopted as
candidates for takeoff and landing sites.
The Most suitable at 0.11% of the calculated
result hardly visible on Figure 7 was found
exclusively on residential areas that had
been dictated since the Data Manipulation
and Class Weighting process was embraced.
These areas were further sampled for field
surveys. Some illustration of Most suitable
areas in blue of Figure 8 gave an idea of

spatial distribution that could be exploited

for the survey operation without the need
to visit every patch for photographic and

positional collection.

Figure 8 The weighted Most suitable patches overlay map

A spatial statistical method was applied
to determine a selected series of suitable
patches for the field survey where a standard
distance was measured from the distribution of

data around the center of all data, see Figure 9.

There were 29 sites selected for the
survey and the distribution was within 8.3 km
in radius. Time and fuel consumption were
much saved from the survey according to the
adopted spatial distribution that yielded only

29 sampled points to perform the survey.

Twenty-nine photos as shown in Figure 10

were taken with easy access to the locations
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resulted from the 200 m buffering data
manipulation. Some of the sites fell within
private properties but were accessible by
vehicle for photography. Together with high
reliability from the Land use layer, the photos
revealed the high suitability for the VTOL
takeoff and landing sites that responded to
the objective of the proposed approach. Of all
the 29 sites, there were 19 perfect sites for the
VTOL takeoff and landing mission, whereas 10
other sites were blended with construction,
water bodies and sparse vegetation considered

dangerous for the mission.

The topographic features found upon the
survey illustrated in Figure 10 were summarized
in Table 2. There were two discussion points
worth consideration from the topographic
features in the table. The Land use layer with
weighting percentage of 35% played a
significant role in some discrepancies between
the adopted approach and the real world. The
survey summary revealed that most of the
sites had withstood rare changes since 2016,
the year of land use production. However, the
fact that Pua district was one of Thailand
tourism destinations during the winter had
undergone Land use changes in most of the
rest features with Residential category and

manmade Construction among others.
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Figure 10 Photos taken upon field surveys

5. Conclusion and Further study

The research that adopted the GIS-based
approach for the VTOL takeoff and landing site
selection had achieved the objective by
obtaining the flat and level sites. Four GIS and
terrain layers included 2016 road and land use
vector layers and 2020 satellite raster layer were

manipulated prior to further spatial analysis



Table 2 Topographic features from the survey mission

No. Topographic Feature Survey Position in UTM
1 Flat area and road in residential area 701823.2932 2127715.090
2 Abandoned and evenly vegetated area | 703918.4949 2127259.551
3 Flat and unoccupied area 701830.2831 2127059.955
4 Flat area and paddy field 703893.8665 2126989.708
5 Vegetated and tree covered area 702884.6611 2126807.529
6 Sparse forest and scattered tree area 702799.9381 2126592.710
7 Flat area and paddy field 702066.6224 2126321.802
8 Flat and abandoned with tree and grassland 701892.2623 2126176.064
9 Flat and abandoned area 702379.5967 2124070.401
10 | Flat and abandoned area 702330.9545 2122995.157
11 | Flat and residential area 702073.3215 2122513.832
12 | Flat and unoccupied area 702011.2941 2122382.184
13 | Building and construction area 699032.0483 2121925.429
14 | Flat area with tree and transmission pole | 699145.9556 2121888.493
15 | Flat area and road in residential area 703038.0582 2121421.105

and multi-criteria analysis. The Most suit-
able areas accounted for 0.11% of the suitable
areas. After obtaining the suitability map for
VTOL takeoff and landing sites, the necessary
field survey was conducted for every selected

site to ensure proper distribution over

the 300 km? study area. There were 29 sites
selected for the survey and the distribution
was within 8.3 km, 19 sites of which were less
influenced by urbanization. The VTOL nature
of drone in general i.e., DJI Phantom Drone

can be of use with the results of this study.
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A simulation of the sites on mission planner
platform of the used VTOL drone is under
investigation during the time of publication of

the article.
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Abstract

This research was aimed to integrate approximation of Land Surface Temperature using value
of derivative analysis retrieved from Terra Modis data of MOD11A2 product during 4 time periods
years of 2004, 2008, 2013, and 2018, selecting Sakon Nakhon Province was chosen as study area.
Terra Modis data Product MOD11A2 was used, which was in monthly format of the year 2004, 2008,
2013, and 2018, 48 data in total for the image processing approximate of Land Surface Temperature.
The results showed that Land Surface Temperature data analyzed from the satellite data was
similar to the Land Surface Temperature data obtained from Thai Meteorological Department. The
correlation was performed using correlation method, it was discovered that the correlation coef-
ficient R = 0.988 was very high. In addition, using the above data to analyze by the simple linear
regression analysis, it was found that the coefficient of determination, R? = 0.9774, meaning that
the use of satellite data for this surface temperature analysis was reliable and the methodology in

this study could be used to analyze surface temperatures in other areas of Thailand.
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Bi-objective Optimization of Design Parameters for Lifting Hook
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Abstract

In this paper, present a bi-objective mathematical model for lifting hook designing problem
with maximized safety factor value and minimized weight of the lifting hook. Divided the design
method into two steps. The first step was to create a lifting hook by ISO 7597: 2013 standard (Forged
Steel Lifting Kooks with Latch, Grade 8) to be an initial lifting hook. Then, we found out the safety
factor value and weight of the lifting hook by the finite element method. In the second step, we
solved the bi-objective lifting hook designing problem using a mathematical model. The results
showed that lifting hook that was designed by the method presented in this research managed to
reduce weight of the materials by 27.5% per piece with increased safety factor equal to 42.16%

when determining both objectives to be equally important.

Keywords: Bi-objective programming model, Hook design, Parameter optimization, Finite Element
Analysis
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3D Modeling for Military Simulation Software
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Abstract

Military technologies have been under continuous development. The simulation system is
another option for military training. To make them safe of new weapons. There are many kinds of
simulator i.e., dynamic or static, virtual reality or augmented reality. Software and Virtual world are
essential in all of the above. In this research article, the author intends to research and develop
3D modeling process. Due to the objects of 3D modeling affect the software simulation system,
the concept of new 3D model pattern involves low polygon techniques and lightweight object
processing. Benefits of this experiment are made more efficient in software 3D scene simulation

and easier to install on computer systems and hardware devices.

Keywords: 3D Model, Simulation, Low Polygon, Google SketchUp
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Abstract

This study presents the classification and detection of surface defection on the grinding shaft
with two different types of defection: scratch and spot. To detect the defection, digital image
processing process with A-KAZE features were applied to stitch the shaft image. To classify the
defections, a circular factor is proposed to classify the scratch and the spot. In this study, the
circular factors were set at <0.8 for scratch and 20.8 for spot. The experimental result report
that the circular factors can classify the two detections. In addition, the A-KAZE features which

are applied for image stitching indicates 63.32% of overlay image ratio.
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S1RUNTN

Y 1-2 2-3 3-4 4-5 5-6 6-7 -8
i 1 66.03 66.3 67.14 67.51 66.53 66.22 62.66
i 2 66.23 66.21 68.7 67.43 66.26 66.05 62.65
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