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55910083: MAJOR: ENVIRONMENTAL SCIENCE; M.Sc. (ENVIRONMENTAL
SCIENCE)
KEYWORDS: SAMALL UNMANED AERIAL VEHICLE/ REMOTE SENSING/ BASELINE
/ SHORELINE CHANGES
TAWAN PHALARAK: THE STUDY OF SHORELINE CHANGE AT BANGSAEN
— WONNAPHA BEACH USING UNMANNED AERIAL VEHICLE. ADVISORY
COMMITTEE: ANUKUL BURANAPRATHEPRAT, Ph.D., KITSANAI CHAROENIIT, Ph.D.

134 P. 2017.

The objective of this study is to evaluate shoreline changes in Bangsaen-Wonnapha
beach using small unmanned aerial vehicle (SUAV). The shoreline was divided into 4 zones Zone
1 (Laem Thaen) , Zone 2 (Chaopho Saen), Zone 3 (Bangsaen Circle) and Zone 4 (Wonnapha
beach). The RGB images were acquired from May 2015 to April 2016. The geometry was
corrected by the combination of ground referencing and air-geotag from sUAV. The Average
Root Mean Square errors in X, Y and Z directions were 1.055 m, 1.308 m and 0.613 m,
respectively. The shoreline changes were estimated using the calculation of distances between the
baselines and shorelines. Maximum seasonal shoreline changes occurred at Zone 3 (Bangsaen
Circle), average width of the beach increased approximately +2.80 meter, while the minimum
changes were observed at Zone 1 (Laem Thaen) and Zone 4 (Wonnapha beach), average width of
the beach increased approximately +0.17 meter . The average beach width in Zone 2 (Chaopho
Saen) was reduced by -0.72 meters. The very high resolution images from sUAV indicated

significant advantages for shoreline change monitoring.
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M 2-10 nszuai 1nAia (MacMahan et al., 2011)
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Aerial Vehicle : UAV), Future boards, Tape, camera AaR15199 3-1

a13197 3-1 gUnsain 1 lumsdrsnvmneianzia
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a ¢
51ﬂﬁ$l®ﬂﬂq‘ﬂﬂim

Garmin USA eTrex 10 GPS handheld Yell blk

Physical dimensions
Display size, WxH

Display resolution,

WxH
Display type

Weight

Battery

Battery life

1y
J a 4
g1Iaaan

)
U190

2.1"x4.0"x1.3"(5.4x10.3x 3.3 cm)

1.4"x 1.7" (3.6 x 4.3 cm); 2.2" diag (5.6 cm)

128 x 160 pixels

transflective, monochrome

5 oz (141.7 g) with batteries

2 AA batteries (not included); NiMH

or Lithium recommended

25 hours

Field notebook
Intel Core i3-5010U (2.1 GHz, 3 MB L3
Cache)
NVIDIA GeForce GT 930M (2GB GDDR3)

4 GB DDR3L
1 TB 5400 RPM
14 inch (1366x768) HD
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A15199 3-1 (D)

sinmailnsel swazdvaginyel

ausnTvu

oS Android OS, v5.0.2 (Lollipop),

upgradable to v6.0 (Marshmallow)
Chipset HiSilicon Kirin 620

CPU Octa-core 1.2 GHz Cortex-A53

GPU Mali-450MP4

DroneDeploy application
a v 4
T lumsnawumstiuldgruaninuu

Aq ¥ a oa . A
DroneDeploy w“lﬂvﬁw‘uuﬂ;]mmﬁ Android Y179 ios

v
3.2 YUADUMIANY

= a ¥R 1 o I
ﬂ13ﬁﬂy']ﬂqilllaﬂuLllla\1GIﬂfJW']ﬂﬂ1\“Lﬁu'3@uuﬂ]jﬂﬂi\iﬂ!lﬂ\iﬂ']ﬁﬁ']ﬁ?ﬂlﬂu 4

Y
Q/ a a 9

< y a J
UYUNDU msmmm%’amnmm ARG RERL ﬂ"li!ﬂ‘]J"lgl}’mJuaﬂ"lﬂﬁuﬂu LRASNITDPYNINNN

u

9 9 @ 3 v & = o A
i’JTﬂWﬂIﬂﬂi%@]ﬂ?ﬁﬂ?ﬂqﬁﬂumﬂﬂlHTQmﬂ UAHUMNIUUADUNITANE ANNTNN 3-1



26

2
TuABUMIANYT
/ v \
a a ' 9
330 doyanaogl asdse waziudeya MmN N1 Ime laglsd
9 aw L a l/lsl o
1.U93a0na1TNUIIY MaNufy INAYIU 1TAUTY
&L a ' A ~ o -
2-"’17}%61/“!;‘13114‘1/114&11?”?(@{ mimagﬂnmm‘ngﬂﬂﬂmw% LANUHUMTUU
' = ~ ~ Ao 3 9 = A a
3. deyanmaenuiion Imsnlasunlas vazfunidadie 2.nuvpyannTMIUNANUAY
13049 GPS (GCP)

Orthophoto

v

»
>

9

doya 2 Hanansgluuumema uazidunaeds

v 9
NN 3-1 Lmuwwu@@umsﬁﬂm

9) a a zi skl a

33 miiamamwanﬁﬂgmwﬂ% HUMITINUAUNTUU !!ﬁgﬂ'ﬁﬁ'ﬁ'ﬁ]

9 =q Y = = a

éllﬂﬂJ“aVIGlGIfGLUﬂ'lﬁﬁﬂH'lﬂ'lﬁﬂﬂE']ﬂ']iHJaﬂu!HJﬁ\1G]ﬂfJTT1@‘]J']\1llﬁu-3@uuﬂ1lla$ﬂ']5

A A ? a X A Y o1 v aw A
L‘ﬂa@u%ﬂli’]\1ﬂﬁ3LLﬁu1lliL'Jﬂ!Wu%ﬂf’]ﬂﬁ’]ﬂﬂ’lﬂl!ﬁu-QGUUﬂTllﬂllﬂ Ell'f)ll“aﬂ']umﬂﬁ'lﬁ JTUIYN
A Yy 9 L N s 3w o A
Lﬂmﬂlaway‘awugmmﬂQumﬁm (GIS database) L‘]JUGI'JGK'JfJGlUﬂ'ﬁﬁ']ﬁ')fﬂﬂ'lﬂﬁlﬂll INDANITY
9 Vo o D) & = o A 9 ]

gﬂmmuaztmuElﬂumsm’i’m Tﬂﬂﬂlﬂyjawugmﬂmumimi’m R g”lusuau”amu‘mmuu

9
(Road) ¥0UIYATINIAUAZEUND (Admin boundary) ToyaTUANEG (DEM) Hazdeyanin

D19A1UNIIN Google Earth T 2011 NM@s1a@u 1 : 50,000

9 < A a
3.4 NTA15D uazmu%yamﬂwuﬂu



27

) < Y dy a ¥ A Y ! a )
NI1TA13ID !Lﬁzlﬂﬂﬂl@gﬁﬂ’]ﬂWUﬂuIﬂﬂi% 1393 GPS Llagﬂﬁ@\iﬂ']ﬂgﬂlﬂufﬂﬁ?ﬂﬁ']il
X A v Yy A = AN Yo a a 3
HUINA (Beach Rldge) Wiﬂllujﬁuﬂgv\ﬁ'nﬂ!lﬁﬂQfN%qﬂqqq@ﬂqﬂﬁﬂﬂﬂ‘ﬁWﬁ%']ﬂu']ﬂgmGlflnl

A A a A 4 Yo a A A y o A
ﬁﬂﬂﬂ INDLAANYA W5'E)Wu°V|llﬂiU@VlﬁWaGUf)\1ﬂ’]ﬁlﬂaﬂutlﬂa\‘]m@\‘]%'lﬂﬁﬂﬂglﬁ ANNINN 3-2

AN 3-2 A29819MITDANNO 151N AU

' 9/ 9 w 3
3.5 ﬂ']iﬂ']ﬂﬂ']'ﬂ'ﬂ']\iﬂ']ﬂ']ﬁiﬂUﬁl‘]ffnﬂ']ﬁf]']u"liﬂuslln‘ﬂu']ﬂlﬁﬂ
MIFTIAZIUAUNNNMNEN1901MA T HLT UG AL TU-D0UUN 9
< v A Ao o ¥ o g v ) P o < Y .
uumaesnsrnddaniu suiludesldermau¥auduvunadnuuuvatslua (multi-
d[ =~ a A a d%l A Y o [ :ﬁ’ ~ [ :ﬁ’ dl a
roter) BaNANUMABAD asoduIuadlunald mangdmsununuausg N UNUS N
a o 3 o a v A
manse Tagszuumstuvesomanu 13auduviiadn szimsduuuuss Tusa Tagg
a ] J X a 1 1

UHUNSTUHIY Application Dronedeploy Tuasnin vy auuimsdusienmwaziiaiu
9 v o ' ' . o 2
Foununuaziin1 Over lap 80% A1 Side lap 60% JULVUUDINFUURANM WUV DUUIAG
[ [ 1 A ~ Y = = Y 9 ~ o
N INeE1NABIHIN tazdeslinmIiuinlnasouagu wag ldaumsi 1 lumsmuiuni

a A o qu ' A ° wa s
aziveavesgan e namnsanenminiigunn Tasmuliannauauiavessusosn
a [ o < g’z 4 ana I 4
aa'liduorimesu ¥ auduvunadn msanuadail ld1sndosasaoaiusisos lums
9 Sy Yy Aq yaA ! a A o ' A
#1379 Bondosn 19ne Sony U EXMOR 10azidean 14 lumsmuiun GSD e
f1 Resolution :4000x3000 pixel, f1 Focal length : 20 mm. 4ag f1 Pixel sixe : 4.2 pm 9101

m“l%'ﬁlumiﬁmmﬁa (@umMs 1)



28

GSD Altitude 2
——— = aumsi 1
pixelsize  focal
Tagh GSD A0 ANDVTTIZVNUUIAADINAZIDIAVDIYAN TN cm/pixel
@ 4

focal Ao ANWeM TWidveuaud (mm)

Altitude AvANUga UMt (m)

pixelsize ﬁﬂmmmmﬁmmw (l,tm)

a % <
3.6 ﬂ15'J'Nllwuﬂ15ﬂuIﬂﬂ‘l%'ﬂ']ﬂ']ﬁﬂ']u"l%’ﬂu“llu'ﬂu']ﬂlﬂﬂ

A L A A A Ad < v A4
MINWRUMITUATNUNUUIZRo MU umans1e Taguuanun

I 1T A 1 a 1 a
ﬁﬂ’kﬂﬂ@ﬂlﬂu 4 T"]ﬂ! ulﬁlllﬂ VINULHAVLUNY mnmmm%ﬁwmmu mnmaaﬁﬂummau

Y v
VINUTIUTIFTITUSUIAIDUUNN Tﬂﬂﬁuﬁ VINIUUHAULUNU mnmmaz%ﬁwmmu uag

Y Y
UINAUNAIULEY 3za3g luuTnamemauaneay Tu 3 Teutiena)ssu 500 a3

9
muummmum‘ﬁﬁf,uzwm:muummagummf'msmm:muumﬁmmanmamwummu

#1579 Uszauna 450 AT AINING 3-3, 3-4, 3-5 1ag 3-6

NN 3-3 LHUNTTUUTDULHAULNY



NN 3-5 UEUMTTULTNIUNDGUVILETY

29



30

AN 3-6 LHUMSTULSTIUTIUAIFITUSHIADUUA

mﬁanuwmwﬁm‘?u%zgmnuwuN'mApplication Dronedeploy TuaininIny Tag
{1 GSD Wiy 4.5 ufiuas mssemwaeriouiiy 1 3ud de 1 nm anwugalumsdu
menmegi 80 was AnwE lunmsdullszinm 4 wasdedunii A1 Front lap 0gii 80% oz
71 Side lap 04t 60% ndeaTIIA Y 90 psmdanniuiinlan Gl’fayamﬁé’wiﬂumi’m

UAUNTTUAIAT199 3-2

A1319% 3-2 N 1FUNTENINNITOINIA LAZNITINURNUNITLY

Flight planning: Grid Flight plan
of Dronedeploy application

GSD =4.5
In track: 174 m.
cross:130 m.
Interval Photo shooting : 1 sec/photo
Altitude: 80
front lap 80%, Side lap: 60%

Nadir viewing captured 90 degree

File .jpg




31

&
3.7 9ANILAUMANUAY
v o IS é’ a 4
msdarhaniinaunuAIANUAY (Ground Control Point) Tag #1509 GPS 1
Handheld 15U yyuouu o1 i Hanesuesa fi ldvesiuiluga cep dludu loRudoya

Ao < a o 1 @ {
AN LLﬁzWﬂﬂhl"]gfjl‘llui]‘ﬂéjﬁﬂﬂﬂﬂﬂﬁ/‘lﬂ'IEJTI'N’O'Iﬂ'If’T ﬂ\iﬂ'l‘l/‘lﬁ 3-7, 3-8 llag 3-9

~ o 1 A tﬁ’ A @ ' [ ) Yy
NINN 3-7 @]')f]fl’]\?ﬂﬂﬂ')ﬂﬂilﬂilcluwuv]ﬂﬂﬂ'l gNAIVYIUFUNINNUINY LT UDUY

ANA 3-8 A108199AAIUANNTAIN



32

H Y a
AW 3-9 MIINYANIUAUNIANUAL

@ o ' a o A 4
3.8 MIFUATIZHNTNDIIN WD INALAY ﬂ']i'JLﬂi']Z‘Hﬂ']ilﬂﬁﬂuu‘l.]ﬁﬂ!!uﬁ‘]ﬂﬂﬂﬂ
g’; o A o 4 1 o

Tudududuiiumsdunsizidoyanmnienisoimanneimeeu 13auan lag
15 $Qﬂ9ﬁ%mi StM #u T15un5Y Pix4D Mapper Pro (non-commercial software version) el
TudFuudnm (Image calibration) MITATEININ image alignment ﬂ”l'iﬁ%}”lﬂi]ﬂﬂ”l‘w point cloud
NN orthomosaic ﬂTSL’jLﬂiTgﬁ’ﬂTﬁLﬂaﬂullﬂaﬂﬂlﬂﬁﬂﬂfﬂ’nﬂiﬂflal"]sf)ﬂ”lSQWﬂLﬁuLLﬁQLLH’J%Wﬂ‘VHﬂ

Y . = Yy A gy

LL‘LI’LIEJJLGHEJ’J“KWEIJ (On screen dlgltlzatlon) IﬂfJLL'UQL'IJLl 2 Lﬁuﬂ@Lﬁulluﬂ“ﬂTﬂﬁTﬂNTﬁiﬁ]uIﬂﬂ
o Y 9 Yy A o ~ 91
DIUUAIINUUIAUUENI T nglﬁul!uﬁlﬂ13L']J'ﬁEJHLL']Jﬂ\‘iGU'ENGmEJﬁTﬂﬂQﬂTWVI 3-10 Iﬂﬂslslfﬂ"l

=

ﬂ’]'llllmﬂ@ll'N"1]E]\1ﬂ"l‘l/‘l5@31uﬂ15ﬁ$ﬁ}ﬂullﬁiﬂlﬁlﬂiﬁﬂ ﬂﬁzﬁ}ﬂui}’lﬂﬂi']ﬂﬁjﬂﬂ T]i'lﬂl,l,'l/gi)\i uag

Q

ANHATANVUANAINVBINT 1NN NINALIDA (Texture) VOININ 2 1A 130NN

. ¥ o 9 Yy ¥ ¥ a < . o o '
orthomosaic) NNUUEUTUUUIBIOAING 2 mumxﬂaaugﬂui}ﬂ (Point) H141IAANUN N



33

' A A 9 .
FLHINYANIMANINTFIY tazauumerianims)asunasleslyauns Euclidean
Y 1 1 v Y
Distance method (3M3 2) MNUMINANAASFIFATOILUIFIBHIANIM I TouIa3vaaNnd
1 1 .; = g’/ 9
4 oy AR tazAIMIvoILUIFIeIAYeIMs)aeunlaani 4 Toulaglsaunislunsm

1 A 9 Y
AANDIANUNINVOILUIFOAIAT (auns 3)

d=(x3 —X1)2 + (v, — y1)? aumsn 2
Tagh d  ABMIANUNINTENINYAUUITIONIANIATTIU LAZIALUINEHIAN
Imslasuulas (m)
x,  NOANAZAYAVDIYALUITIONIANIATYIY (m)
y, ADAI0099YAUDIPAUUINGHIANIATIU (m)
=) 1 a d’d d'
x, ABMAZAIAYDIANNIFIEMIANTMIasunad (m)
=) 1 a d’d d'
y, A9f1a9933AU0I9ANNIRIEIaNTMIasuad (m)
y=((@a—x)+(—x) aumsa
3
Tagn ammslasunlasvesuiseriia (m)

A d'
aAuRasveINIasuLlasueuUIKIeTIa (m)

D.

anunavgIgaveImsilasuulasvesuuimenia (m)

u Q

'
' o

A A
ﬂ@ﬂ%ﬂaﬂ@]”Iq@‘]]@ﬂﬂTﬁLﬂaﬂul!ﬂﬁﬂm@ﬂuuﬁ%Tﬂﬁ’]ﬂ (m)

.

ST QR
=) =)



= Ao d'
NINN 3-10 UUIBWHIANUIATITU tazuuImeraninmsasumlag

34



UNN 4

NanN15I9Y

4 2 3 a
4.1 waveaMsnlasunilasveaNnuNUS AN IALIAU-IDUUN
o ~ I
Msd1srvasuulasue e uIauau-1eUUA U eznlszuna
a 1 ¥ 1 I 1 { a ] { a
4-5 D lawes Tasudaiunoondlu 4 Teu'ldun Teun 1 @Snaurauuny) Teun 2 WS
Y 1 A a = A a Aa o
Daneuay) Taui 3 (UTNANOEULIAY) T¥UN 4 (USNANIANTIINAANUTIUAITITUL
1 dy A 3’, Yo a A a 4 a o Y a
wianou) lunaaznuiniu ld5udnswannnanssuvesuyud tazsisuanarlding
{ y g’/ 4 ) o I 1
mslasunlasvesumeds msanp luaieillduiinsdiss eenidu 2 guun 1dun
MIATINNNAAUY HAZMTEITINNAND BN N IMANTTIeazBengan lanneme

9 &Y <
ﬂ']u"liﬂusl]‘llsuu']ﬂlaﬂ

] v g [] a
42 Nﬁﬂ'liﬁ']i’li]ﬂ']il'ﬂﬁﬂuLL']J'ﬂQ"]f']EJPTQ'Vl3LﬁWu"7]“lJiL’Jﬂl“]ﬂﬂﬂ'lﬂ'iJ'N!!ﬂu-'Jﬂuuﬂ']

NNAATUIY
) g ya a o A o
Tumsdsenamaauiniu g lssmaaud1sa laeEud 1399910 Tsuunal
! = ¥ v QY Y A4 o =

unu lsude Touaiuaisisugmiatouun wiounuldndesmenimioiuinnn

4 o 4 :
manlasulaslumasuuganiinisn/asunilasasanumnemiauwau-10 U WUN
Tupeunguniay 1 w.et. 2558 TuTyunwauunu tag Tsumateuumiainseanaznou

N518 (Groin) AININN 4-1

VIDULHANUNY YTNUWIAIOUUN

AN 4-1 SNHULTOANAZNOUNT Y (Groin) UTDUUNANUNULAZHIAIOUUN

[
I3 a

feieTun 5 Nguieu N.f. 2558

Q



36

v 9
Tudeunueeu 1 w.a. 2558 FuirgusguazTuanoald nieggau Tusininld

=1

Y v ]
mangguusluiuimenaosau-seuun i lduumematiugniamz luvaieiu
Y 1 1 = ' a9 Y Y
"l,mm T«ﬂmmammu T“]fWNL’J‘(’JI!‘]JNLLﬁu uaﬂ%ummauum Tﬂﬂwmmmummnau

HAZLINAVIMIINA1BYAAININD 4-2

wuIauIMAgnNAEmNE HUINADINNYN AN UTIAHIAIDUUN

USTNUNIOUL LY

{ QU :&l { % =) 1 H
AN 4-2 ANHALHUNYNAAIZUTIUWGNIAVIAY — 10U TUBNTWgHUFUIT

Q q

Moo UN 17 NUeEU W.A. 2558



37

a s 4 b A 1
4.3 Na"ummi’nﬂﬂzwmitﬂ'ﬁUumJ’nwaauu’r]nﬂﬂsi"?l"lﬁ'inﬂmwmtlmmﬁinﬂ

k) L% =]
mmﬁmu"liﬂmm"ummaﬂ
a £ A X '
msunszvmaasuilasvewuimedingannnwnienieend lasns
° Y Y 4 vy 4 < Y Y 1
swundunuinedidromenuyed Tasutadunuimnedimzaooniu 2 1du Taun
Y ) Y b !
dunnedanasgu taziduuunedenimsn)asunilas
Y J { y X v ) -
4.3.1 idunmedanasgunlslumsdneiaiedl wwlfuuduneningaiu
: A Yy A 1o 9 9 < !
JOIADUDINIANI Y UazTa1lgnasNegnaLIAUNENI 1Y WuuuIneangauas §Iu
{ : ¥ A4« & A :
432 idumsnlaouuasvesunedeg ldnunndunswven dluninui

Yo a a ¥ A ¥ Yy A o A A
Vlﬂi‘IJE)TI‘ﬁWﬁ"IIE]QuwuquuEJ‘c’JTIQ‘ﬂ AINTINN 4-3 LLAagNTINN 4-4

ummaﬂqmmgm

~ Y Y Aq ¥ )
NINN 4-3 !,mmu:uz‘ws13%1%1ﬂu1zuwmﬁmmsgm



38

A A Aq ¥ Y} A Y
NINN 4-4 Uﬁl’)ﬂ!ﬂﬁ'lﬂﬂfl'l“lJ‘VlGlflffl'lﬂlﬁuﬂ?i!ﬂﬁﬂu!!ﬂﬁﬂllu?%’lﬂﬂﬁ

ihdeyardunuimedanasgiu azdunmnedinimslasunlas vesyn Taw
o ' v v A o oyl oo & Y 3 Y q 9
winszezieludunivesma mnegdam laiusuiludesnlasandeyarduldilu
ToyagaaInIni 4-5 Fauaazgaazieny 2 was 1z Iatoyaga 250 90 Tu 3Tau 1dun Tayu
uvawuiy Teusnardmonan Tavnedeuuaay uaz ladeya 49 9alu Tauauaisisug
) ) A I 1 X Y
wiaouun nnmiuhdoyaiulauiugasznineganuimedanasgiu uazyauuaeia
Aa { @ 1 o < ' J 4
niimsnlaounlas niaszezvinenuvesya 2 90 szuaasliirunlusen 17 Wun
F) J A Ao 1 A A o Y =
ANUNIvBIMIALAaIABUTIA WA gaga uazAundegiin 1 nazrhIiniudega
niimsndounlasnniga Tasdunannyaiudasmndumsnlasumlasvesuuineil

' ' . g '
rhlndvanudasnandunuimedanasgiu ugaengaiulimsnasumlasn



39

4

. . )
A 4-5 maldeulasnnduiluga

9 v
HB9INNIAAN AN TN BN AV LA U-IDUUNININNINUATAUREY Root Mean
9 v
Square Error (RMS error) Y9499 12 1001 4 Tasu 0g#1l X = 1.308 13, Y = 1.055 1UA5
D) 4 Y  Aa N ¥ ..
ez Z = 0.613 was uagdoyannugevesdelgnaianing 12y 189 nnw Digital Surface
I {a 4 2 1 a a L g ¥ { o
Model (DSM) 1HuTumaiinszianuge lasswasnldnaquuni Tanusnaiiunui
] Ao 9 Y = < = ¥ !
IFURIANT Y DUUILNTA LazuuIAUNZ NI Hazdn a2Tfu 91 9I0UHNINA18N 1S
o1 wazgaunaeds T iaszezrisgnineganumedanaggiu uazgauuIng
= y & A = = = ' X 42 =
nasunilasnedsasuamoungynia 1 2558 danmieud) 2559 wunluinunng 4 Teuling
v 9
nasuulasnail
A = 1 a 4 A dy A Y
Taruil 1 (USHaranumy) MmMsanzinsasumlasvosnuiuumedien
' ¥ o < v A A = ) '
MMen e IMalago s auduuinann wununnemainIunIe 51HNW0
PRI Lazuuredaninaasunlaanasen 4-1 wun uuedinzaininy
k) 9y A A = A A ] A A
nhadesngalu@oungunian 1 2558 Taundsed 12.5 a3 tazlia SD ogh + 1.51
[ A = Y A [l A = a1 A A =)
AN 4-6 taziinnunNunniigasglumougaian 1 2558 Taundsodn 14.2 wasuazll

A1 SD 8¢ +1.95 AININN 4-7



MINAN 4-1 MEgA AIGITA AUNABADIADY A Standard Deviation (SD) 11azfA1 RMS error

voamsulasumlasveauimedanzaly Teun 1 @WSHaLHaNLNY)

iAo Mga Mgaga Anduse SD RMS error (1491)

(1un35) (1un35) 1pou x Y 7
GEE)

NHHNIAY 8.7 16.1 12.5 1.51 1.432 1.8 1.0
T TRE 9.2 15.4 12.8 1.82 1.634 1.8 1.1
NINHIAU 6.1 14.7 12.9 1.73 0.621 1.0 0.6
GALRGH 5.6 15.7 13.5 2.24 1.334 1.5 0.8
AueeU 10 17.9 13.6 2.55 0.723 1.1 0.6
Aa1ny 5.6 15.8 142 1.95 1.021 1.0 0.8
NYAIN U 6.4 19.0 13.9 2.64 1.623 1.8 1.0
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Shoreline Changes at Bangsaen-Wonnapha Beach Estimated Using Unmanned Aerial
Vehicle

Tawan Phalaraka*, Anukul Buranaprathepratb, Kitsanai Charoenjit®

8Environmental Science Program, Faculty of Science, Burapha University, Thailand
Department of Aquatic Science, Faculty of Science, Burapha University, Thailand
CFaculty of Geoinformatics, Burapha University, Thailand

Abstract

The objective of this study is to evaluate shoreline changes in Bangsaen-Wonnapha beach using small
unmanned aerial vehicle (SUAV). The shoreline was divided into 4 zones includings Zone 1 (Laem Thaen) ,
Zone 2 (Chaopho Saen), Zone 3 (Bangsaen Circle) and Zone 4 (Wonnapha beach). The RGB images were
acquired from duration of May 2015 to April 2016. The geometry was corrected by the combination of ground
referencing and air-geotag from sUAV. The Average RMS errors in X, Y and Z directions were 1.055 m, 1.308
m and 0.613 m, respectively. The shoreline changes were estimated using the calculation of distances between
the baseline and shorelines. Maximum seasonal shoreline changes occurred at Zone 3 (Bangsaen Circle) while
the minimum changes were observed at Zone 2 (Chaopho Saen) rand Zone 1 (Laem Thaen). The very high

resolution images from sUAV indicated significant advantages for shoreline change monitoring.

1. Introduction

Bangsean-Wonnapha beach is a popular
tourist attraction in Chonburi province. This beach
covers shoreline around 5 kilometers. Coastal
erosion, caused by human activities and weather
variability, is considered to be a serious problem in
this area nowadays. Severely land eroding rate along
the shoreline is reportedly around 1- 5 meters/year

[1].

Ground survey for monitoring shoreline
changes is much costly. On the other hand, the
capability of satellite imageries is limited by the low
spatial and temporal resolutions and cloud cover.
Missing data in inter-tidal zone is unavoidable [1].
Although, the combination of both methods becomes
an approach for monitoring shoreline changes, the

application of small Unmanned Aerial Vehicle
(sUAV) has greatly alternative advantage. This state-
of-art technology provides sub -meter spatial
resolution and overcomes the limit of temporal image
obtaining [2]. The objective of this study is to apply
sUAV for the estimation of shoreline changes at
Bangsaen-Wonnapha beach in 2015 and 2016.

2. Methodology

The methodology is divided into 4 steps
(Figure 1) including integrating secondary data,
ground surveys and data collection, photogrammetry
using sUAV, and 2-dimensional data processing for
shoreline changes.

Integration of secondary data Ground surveys and data collection | Photogrametry by using by sUAV|
Research papers Flight Plan
Geographical database Taking photo of shoreline changes GCP collections
Satellite data
¥
Orthophoto

2D data of shoreline change

Figure 1: Working processes for estimating shoreline changes

*Corresponding Author:
E-mail address:

65



The 2" Environment and Natural Resources International Conference (ENRIC 2016)

16 — 17 November, 2016, Phra Nakhon Si Ayutthaya Province, Thailand

2.1 Study Area

Bangsaen-Wonnapha beach (Figure 2),
located from Ilatitude 13.298430° N and longitude
100.902170° E to latitude 3.270699° N and longitude
100.922609° E, is a part of Sean-sook Sub-district,
Chonburi. It is approximately situated around 10 km

Thailand

from Chonburi city to the south. The beach length of
approximately 5 km is divided into four studied
zones including Zone 1 (Laem Thaen), Zone 2
(Chaopho Saen), Zone 3 (Bangsaen Circle) and Zone
4 (Wonnapha beach). They are all shown in Figure 2.

Figure 2: Bangsaen-Wonnapha beach

2.2 Secondary data

This study uses GIS database for the
analysis of shoreline changes of Bangsaen -
Wonnapha beach. The secondary GIS database
obtained from National Spatial Data Infrastructure
(NSDI) [4] is used for field exploration, accuracy and
precision assessments of the surveys. The used
spatial data include roads, the district boundaries,
Digital Elevation Model (DEM) and satellite images
from Google Earth on scale 1: 50,000 in 2011.

2.3 Field surveys

GPS and digital camera are used for ground
surveys. The virtual sea line on the maximum level
was referenced by using natural positions of the
coconut row along the beach. Ground images
captured with geotag are digitally linked to GPS
recorded position by using time-matching technique.

2.4 The aerial photography using SUAV

Aerial coastal surveys are conducted by
using the grid flight plans applied on sUAV.
Photogrammetry and computer vision techniques are
used for orthomosaic image processing. The image
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overlaps are determined as front and side laps of 80%
and 65%, respectively, at 80 m altitude above ground
level (Table 1). The spatial resolution of the aerial
images can be estimated based on Equation 1. The
sUAV system used in this study is Vertical Take Off
(VTOL) by the and Landing Quadrotor X platform of
DJI Phantom 3 advance equipped with a calibrated
Sony EXMOR 1/2.3 digital camera. Technical
specifications of sUAV system are also depicted in
Table 1 shown the technical specifications of the
sUAV system. The survey routes are fixed by using
an aerial orthophoto and image acquisition rate is
automatically set to one shot per second.

Altitude
focal

GSD
pixelsize

(M

Here GSD is Ground Sample Distance or
resolution per pixel (cm/pixel); focal is focal length
of the camera (mm); Altitude is the altitude of the
fight (m); pixelsize is image size of camera (um).
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Table 1: sUAV and its specification fight plan and an example of flight route applied on orthoimage

sUAV type: DJI Phantom 3 advance Flight planning: Grid Flight plan of Dronedeploy
Camera spec: Sony EXMOR 1/2.3” application

GSD =4.5

In track: 174 m.

cross:130 m.

Interval Photo shooting : 1 sec/photo

Altitude: 80

front lap 80%, Side lap: 65%

Nadir viewing captured 90 degree

. & 5 ~
By Amen. - i
[ |
e E! [ !
v
Feb 19: Smart Survev S
2.5 Ground control point (GCP) placed future boards. A total of 80 GCP points using
GCPs are fixed by using a handheld GPS UTM 1984 coordinates are assigned as indicated in
device to the corner of streets, power poles and Figure 3 and Figure 4.

o ) w e e
L I I L L

T T T T T
™ " " e e

Figure 3: Ground control points
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Figure 4: Working on ground control references

2.6 Synthesis and analysis of aerial photographs of
the coastline

The images taken from sUAV are processed
by using the Structure from Motion technique (SfM)
[2] implemented on Pix4D Mapper Pro (non-
commercial software version) for image calibration,
image alignment, point cloud generation and
orthomosaic and DSM mapping. The shoreline
changes are computed by using GIS technique. 2D
analysis is conducted based on manual digitization
for generating reference baseline and shoreline as
shown in Figure 5. Digitized line features are then
converted to point features, and the distances

between the coastlines and the baseline are calculated
to investigate shoreline changes by using the
Euclidean Distance method (Equation 2).

d=(&;—x)%+ (Y2 —y1)? ©@

Here d is the distance between the reference point
and the turning point of the beach (m); X1 is the
latitude of the reference point; X2 is The latitude of
the changing shoreline beach (m), y1 is The longitude

of the reference point; y2 is the change of the
longitude of shoreline beach (m).

Figure 5: Baseline and Shoreline

3. Results and Discussions

The results of shoreline changes at
Bangsean-Wonnapha beach by using sUAV
photography from May 2015 to April 2016 are
reported as monthly-averaged distances between the
baseline and shoreline in each zone as shown in
Figure 2. The monthly-averaged widths of shoreline
in Zone 1 (Laem Thaen), shown in Table 2 and
Figure 6, are largest in October 2015 (14.2 m) and
smallest in May 2015 (12.5 m). Largest monthly-
averaged width in Zone 2 (Chaopho Saen) occurs in
September 2015 (17 m) while the smallest is in May
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2015 (6 m) (Table 3 and Figure 7). Shoreline in Zone
3 (Bangsaen Circle) shows maximum monthly-
averaged width in February 2016 (11.9 m) and the
minimum in September 2015 (6.5 m) (Table 4 and
Figure 8). Zone 4 (Wonnapha beach) presents widest
and narrowest averaged shoreline widths in
December 2015 (17.4 m) and January 2015 (9.1 m),
respectively (Table 5 and Figure 9). sUAV provides
high spatial and temporal resolutions of shoreline
details such as sand colors wetness and dryness,
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which are very useful for shoreline mapping
independent to ebb or flood tidal periods. Satellite
remote sensed data still cannot distinguish those
shoreline details [6]. The study of shoreline changes
at Bangsaen-Wonnapha beach using sUAV can
reveal the seasonal shoreline changes, probably
influenced by both natural environments and human
activities. Maximum seasonal shoreline changes

occur at Zone 3 (Bangsaen Circle) because this areas
is smaller than the others.

Sand accumulation occurs during the
southwest monsoon because this is the endpoint of
northward longshore sand transport [7] and groin can
help keeping sand in this area. The shoreline width is
shrunk during the northeast monsoon when the beach
sand is transported southward to other areas.
Minimum seasonal changes are observed in Zone 2
(Chaopho Saen), and Zone 1 (Laem Thaen). Zone 2
is where the beach sand is just transported pass to
other areas while the beach system in Zone 1 is area
locates in the northern end of the beach where
seawall and temporary groin were installed. Shoreline
in both areas become stable with a little yearly
accumulation. Some error may be resulted from
beach nourishment

by the local government where coastal erosion
occurs.

Some limitations by using sUAV for
shoreline change assessment are discussed. The first
one is related to short battery life. Each battery set
can be used for just a 12 minutes flight. Therefore a
number of batteries are required for aerial surveys to
cover the study areas each time. The second
limitation belongs to coincidence between tidal
periods and light energy source. Aerial photo needs
to be taken during ebb tidal periods in daytime in
order to capture clear sand colors and textures used
as shoreline references. Last limitation may be
related to safety issues because the study area is
sometime so crowded with tourists especially during
weekend. sUAV needs to be operated very carefully
during that time.

This is just the first report of our
observations to monitor shoreline changes at
Bangsaen-Wonnapha beach using sSUAV. Necessary
information such as current data, Real Time
Kinematic (RTK) data and 3D elevation data are
required for further analysis to provide better
understanding in shoreline changes and coastal
erosion problems in this area.

Table 2: Average shoreline changes at Zone 1 (Laem Thaen)

Months Minimum Maximum Monthly average RMS error (meter)
(meter) (meter) (meter)
X Y Z

May 8.7 16.1 12.5 1.484 1.895 1.012
June 9.2 154 12.8 1.685 1.859 1.16
July 6.1 14.7 12.9 0.659 1.032 0.622
August 5.6 15.7 13.5 1.329 1.588 0.840
September 10 17.9 13.6 0.078 1.113 0.631
October 5.6 15.8 14.2 1.078 1.071 0.831
November 6.4 19.0 13.9 1.675 1.894 1.083
December 24 12.4 12.7 4.25 1.819 0.932
January 54 17.2 13.5 2.675 1.194 1.583
February 5.7 16.3 13.3 3.862 2.017 1.373
March 9.2 17.3 13.1 3.642 1.637 0.563
April 10 16.4 12.7 4.529 1359 1317
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Figure 6: Shoreline mapping at Zone 1 (Laem Thaen)

Blue points are baseline, red points and green points are shoreline

Table 3. Average shoreline changes at Zone 2 (Chaopho Saen)

November

Months Minimum (meter) Maximum Monthly average RMS error (meter)
(meter) (meter) X Y 7

May 2.1 9.8 6 1.789 1.123 1.113
June 4.2 9.7 7 1.659 1.56 1.888
July 7.9 15 10.8 1.104 1.238 1.767
August 9.2 16.2 13.5 1.691 2.036 0.59
September 12.9 18.9 17 1.126 1.235 0.567
October 6.7 14.1 12 1.006 1.435 0.567
November 10.5 18.5 16.6 1.695 1.174 1.683
December 11.3 13.8 12.6 4219 2432 1.384
January 9.8 16.4 14.2 2.675 1.194 1.583
February 5.8 16.1 11.5 3.057 1.538 0.949
March 7.3 14.4 11.5 6.474 2.388 4.736
April 53 14.4 9.7 3.582 1.604 3.573
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Figure 7: Shoreline mapping at Zone 2 (Chaopho Saen)
Blue points are baseline, red points and green points are shoreline
Table 4. Average shoreline changes at Zone 3 (Bangsaen Circle)
Months Minimum (meter) Maximum Monthly average RMS error (meter)
(meter) (meter) X Y Z

May 34 20.7 8.9 2.546 1.844 1.658
June 1.6 16.1 7.2 2.659 1.958 1.858
July 1.8 16.8 7.3 0.884 1.176 1.069
August 2.6 18 7.6 1.467 2.091 2.271
September 4.7 25.3 6.5 1.127 1.565 1.201
October 2.6 14.9 6.5 1.071 1.595 1.016
November 3.1 13.2 10.1 2.707 1.832 2.000
December 2.6 13.8 8.3 4.29 2.358 1.488
January 1.6 13.3 11.1 3.707 1.822 1.900
February 23 13.4 11.9 3.357 2.781 0.661
March 2.3 9.7 11.7 4.231 2.634 0.490
April 4.9 12.7 7.5 3.815 1.269 1.189
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Figure 8: Shoreline mapping at Zone 3 (Bangsaen Circle)
Blue points are baseline, red points and green points are shoreline

Table 5: Average shoreline changes at Zone 4 (Wonnapha beach)

Months Minimum Maximum Monthly average RMS error (uns)
(meter) (meter) (meter) < Y 7

May 13.6 20.3 15.1 2.325 1.759 1.255
June 10.25 23.1 12 2.549 1.888 1.325
July 10.5 16.5 11.7 0.504 0.699 0.526
August 11.3 19.1 144 1.184 1.029 0.964
September 9.4 20.9 12.5 1.277 1.759 0.883
October 7.5 19.1 11.8 1.277 1.849 0.988
November 8.6 19.1 12.2 2.895 1.363 1.125
December 14 21.5 15.4 2.895 1.999 0.655
January 3.5 19.7 13.1 3.551 1.563 1.205
February 2.6 19.3 12.2 3.066 1.866 1.922
March 15.8 21.9 12.4 4.720 2.443 2.133
April 9.9 17.3 11.9 1.066 1.966 1.372
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Figure 9: Shoreline mapping at Zone 4 (Wonnapha beach) Blue
points are baseline, red points and green points are shoreline

4. Conclusion

This study successfully applied sUAV to
estimate seasonal shoreline changes in Bangsaen-
Wonnapha beach. A great advantage is that it can be
used for continuous data collection in a wide area.
This technique can help researchers reduce costs,
time and labour compared to intensive ground
survey. Maximum seasonal shoreline changes occur
at Zone 3 (Bangsaen Circle). while the minimum
changes are observed in Zone 2 (Chaopho Saen) and
Zone 1 (Laem Thaen). The study also reveal that the
seasonal shoreline changes may be related both
natural environments and human activities.
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