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Thesis Title Algorithm for Classifying Reef Flat Condition Using THEOS Satellite :

A Case Study at Sirinart National Park, Phuket Province, Thailand

Author Miss Sasithorn Sukwiwatthanaporn
Major Program Technology and Environmental Management
Academic 2010

ABSTRACT

Coral reef condition affects the integrity of the ecosystem along the coast. The
application of satellite data can monitor condition and dynamics of coral reef over wide area
regularly. This thesis developed an algorithm for use with THEOS satellite data for classifying
surface type for reef flat zone. The study area is the Sirinart National Park. Phuket Province,
Thailand. Due to physical factors, the area has very few live corals. The algorithm classifies areas
with reflectance in near infrared band above 0.05 as land and those with reflectance in green band
below 0.015 as deep water. The algorithm does not classify surface type for land and deep water.
Areas with shallow water are classified as dead coral and sand under water using a neural network
trained using THEOS satellite data and overlapping ground observations. The data were divided
into 2 sets using stratified random sampling for neural network training and accuracy evaluation.
Depth-invariant bottom indices for 3 pairs of bands were used as inputs to the neural network
such that the effect from water depth was eliminated. The results show the overall accuracy of
100%. Producer's accuracies and User's accuracies for dead coral and sand under water are all
100%. This algorithm is useful for monitoring the condition and dynamics of reef flat zone. It

can be applied to other areas and to other similar satellite sensors.

Keywords : Algorithm, Reef Flat, Classification, THEOS
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THEOS 1/52911) W.#.2553 (THEOS Accessible Corridor Calendar for 2010)

A A Aq =
3.3.2 1nsealNonlFlumsfny
a 4
- ADUNIUNDT
- T1ls1tns1 CPCe (Coral Point Count with Excel Extensions)

a J a
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3.4.1 MINUVOLIANTND18A1UNEY (Image Masking)
A Lg AR A o Y a 4 a
M3@enmNIzve AN UNAN N UG T sunsuAnsizinegiansaumea
A Aav dyd o Lg 2 g 49!’ Yy 2 o g 9 [
HosnnnuIdsiaAn gz ms Tsununuguiunulansinza 3991udosnu

]
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‘Ui’]‘]_ILGUWU'ENﬂ”IWﬂ18@1’3Lﬁ811‘1ﬁ}9]ﬂﬂ‘]_|‘1/‘|1!ﬂ1! Lﬁ@u11ﬂ51ﬂﬂﬂﬂﬂﬂﬂw AUVDUNUNTSUUNDA
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A3a UTM laao 1l

3.4.2 M3SuudFusvinia (Geometric Correction)

msud ludrisvesnimnlgaruiiey 1io991nANUAANAIAY0929 19T IAZ ST
o o a o a . U 4 a
uiinnn laverdeganiuauluszuuinania UTM ¥0usuinIne 10093 15@1%uay (Ortho
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Image) ¥IAIIAIU 1:4,000 NTTBANNUNAIUAN 9 DTuRBAUAAN DT NIUIEMT
g 1 Y Y U I 1 o ] d' Y Y @ o 1
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[ Y a 4 . . .
3.4.3 M3USuudFInaY (Radiometric Correction)
Y A v o A A a v =2y
miuﬂvléummmm!,ﬂaauﬁuawayaLtazﬁiymummaumﬂﬂmﬂmiuuwﬂm@yauu
=\ A a 1 A Y A ] I Y 1 A
ANIUNYN TDDIVUNANITUNINTSINY ﬁi@ﬁgcﬂ@uﬂﬁulmlﬁaﬂqu1ﬂ1uﬁﬂ1WUiﬁﬂWﬂ1ﬁcﬂﬂﬂ
Y A o A A a < .
ﬂquﬂﬁ]ﬂ‘ﬁllﬂﬂ (Haze) #159A3U (Smoke) Vii'f)ﬁ]”lﬂH‘JJV]LLﬁQ@1TIG]EJ@]ﬂﬂ§$V]‘]J (Sun’s Azimuth)
[ d v
uazmmmwmsxazmammzﬂummqq (Elevation) ﬂJ@QQﬂﬂiﬂlUUﬁﬂ‘ﬁ}@yja (Sensor)
Y
Uszneudieg 4 Tuneu
9 A o L. [~ U 9/ o
3.4.3.1 ﬂ?i!lﬂﬁﬂﬂ7%@%’lﬁ!ﬂfﬂﬁ?lﬁﬂl (Dlgltal Number : DN) !1/1! AINITASNOUNQANNNTU
{ o o
navnsainruiioutiuiin1d (Radiance)
' .. A = v XK Y I 1 . o
ﬂig‘U’JuﬂTil!‘IJﬁ\‘]ﬂW Dlgltal Number ﬂﬂW?LﬂﬂNﬂuﬂﬂqﬂ!ﬂuﬂW Radiance 913

[

< &
auNIIN 2 AU

L=2N | Bias @
Gain
L, = 1 Radiance U943 Pixel ”lwﬁam?%u i (W/mz/um/sr)
DN = f1 Digital Number @%’lﬂuﬁl 0-255
Gain = 1 Absolute Calibration Gain Tuudazdrenay
Bias - 1 Absolute Calibration Bias luudazs1anau

3.4.3.2 MsYSuuAAUAAIANA DY INENENAYEIUTTEIMA (Removal of Scattering

in the Atmosphere)
MsankiousaA NI AT RoUNSIUINIFUMIBY 9 (Path Radiance) 114
vssnmalideroufigalnge1ds35n1s Dark Object Subtraction (DOS) (Vanderstracte et
al., 2004) fUIUA Radiance IMABYDNIINZIAAN (AIFTANVANINAT 50 1WAT) WNoBRIIN

A1 Radiance 194 Pixel Tuuaazy19nauUaIaunIsn 3

Atmospherically Corrected Radiance = L. - L (3)

1 S

L = @1 Radiance 04 Pixel 1ua9na i

[ : %’ 1 4 .
L. = @1 Radiance nA8U09MZIaan 1UB1AAY i
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' 3 ' 9/ o Lﬂy a
3.4.3.3 f”i!l?fﬁ\ifn Radiance !1/14ﬂ7ﬂ75ﬂ'§57]@1!!!ﬁ\77]9\7'J@QIIHWHWUIﬁﬂ
(Reflectance)

v . I 1 @ {
AszUIUMIHaInT Radiance 1913J1A1 Refleatance A3aun1sh 4

T x (Atmospherically Corrected Radiance ) x d’

= , )
Esun_ xsin®
A
P;. = Refleatance [0-1]
d = Earth-Sun Distance in Astronomical Unit H30a1115981129 18310
ga7 (1-0.01672 x Cos((0.9856 x (DOY-4)) x pi/180)) DOY = Day of Years
0 = Sun Elevation Angle (degree)
Esun j = Mean Solar Exoatmospheric Irradiances (W/m’/ pum)
= o Y v A
N Esun j, mmmmmm"lﬂmﬁumiw 5
J‘(RSRX x Solarlrradiance) dA
Esun (5)
RSR;L dr
RSR = Relative Spectral Response of /. Bands
Solarlrradiance = Solar Irradiance of 4 Bands

] Y
3.4.3.4 msvSuudanuaaramasunyIath (Removal of Scattering in the Water)
= 2 a "o A ) o Y2 A o o

mmaﬂmmumwaﬂaﬁﬂgmﬂmwﬁwaummﬁqﬁl@lm INDNIVANAUDIAIY
= %’ ~ 1 a a o’tdyd A 9 1 A a %’ a a A = '
aﬂu1ﬂjﬂiﬂtlﬁ\1qx‘l TVIEITHWu‘ﬁu%\‘]&ﬁ@ﬂﬁl“ﬁlﬂw1$“ﬁﬁﬂﬂﬁuﬁuﬂ\‘lu VYU TLA Gll!fni“l'ﬂﬂ1

. R 4 § g

Depth—Invariant Bottom Index (DIV) 494 3 @«mﬂﬁu tierdlua 0312 Input Y93 Neural Network

‘:‘ o tﬁ' v tﬁy
Tag# DIV MUINUNNAUNTN 6 AU

Depth — invariant bottom index = In(L;- Ly) - [(k /k;) * In(L;— Lg)] (6)
LL = @1 Radiance Y04 Pixel Tum9ndY i
L, = 1 Radiance magvostimzaanlurenau i

S

" N ST
k/k; = maulszansnggrii
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1 U a QG‘ 1 90‘ . .
Tagak Ik W3odulsz@nsn15NzquIUiI (Attenuation  Coefficient)

ANTOMUIUNNANMNITN 7 11ag 8

k /k =a+va’+1 (7)

a:(é‘ii_é‘ij)/é‘ij @)
k 1k, = mdulszansnsnzqrh
5 = M1 Covariance 3¥HI9T9ATY | UAg j
s, = M1 Variance ¥845908Y ii

= v [ % % v a KR
3.5 MIUAIYNVBYAMHIVNNHIDANBINN

3.5.1 MigounuAuveItoyamAduIuNUToyan WA 1BA 1T
M352YAMIUIATINUVDI9A GPS MATUINAD Pixel YOINND1BATNTAONAIGTZUY

A o a [ PR { 1 1 o 1 @ .
WinAnsA UTM aunaninusina 98 GPS ianeglu Pixel laldnonilidumiansany Pixel

1 = ?x’/ (% d'
GU’ENﬂ"IWﬂWJﬂ”I’JmEJ?JHUﬂQEﬂW 3.6

N\

\ > Satellite Pixel

/]
N d
Survey Data

N

&\

d /\ /
%

517 3.6 MdpuAUTEHINToyaN AT Iz Yoy AN A BRI

Y
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3.5.2 MI@ONAINUY Pixel ATNTA1TI19MAAUIN
o A Ay . Yo o a =R Y g‘/ 1 dg’ A A
MUUATINADING Train 1HAUSANDI NUAIINITIZYYA GPS Aaua 4 adu 11l
AHUIATINY Pixel V09N MDIBATITBY INDIZYANHUIAUVDI Pixel 31NTOYANIATUIN

Tavdasau

3.5.3 MIINTITHANHULIAUVDI Pixel 1INT0YANIATUIN

. . 2 o 2 2
sTianyaUzIAUYIN UYL nunlnaquIInveInnlssian UL
(% 9 ¥ ! ds! AA o 1 (% . 1 ~ = g A
Ugmisndoya GPS aua 4 yaau TR RT3 Pixel voanWn A1 IRBY FINUN

g [ ~ 1 & o & g

Unagusvvestlszianiuuuilzmsilaunnge naasndsznivuuulenisaiuilu

o oA . g . Ay v O D) Yo
anyuzAuNUI 1INV Pixel UY Pixel 1 1d01nnszurumstiaziilugadoya nput 1Hnuns

. 7 a K 1
Train ¥999an03Nua0 11/

3.5.4 Msuatoya Pixel tHOWAMUITND3 NNUAZATIVAOUANNYNADA

' 9

o . v W a ] I U
Mimnua Pixel 1dnudaneifivszdoantisesnilu 2 dau fie gudoya 70% 910

. A Y I Y o o o o a R 1 ~ A A Y]
Pixel lW@iGﬁlﬂum@Hﬁ Input @IUITUNAUIBANDINULLDASTIUNIVADDN 30% %gﬁlcﬁﬁllﬁni

ATIAOUAINYNADIVDIOANDI NN

3.6 MIVDNUUVUAZWENUIDANDI NN
v ae 2 Y. e C A
panainuiieonuuy las %A1 Threshold N1AV 0.05 1AL 0.015 YDIFIAAY

a 9 1 A A a @ j’ A 19 ?,‘ %’ = [ A
i’J‘LlWi”lljﬂlﬂmmg%iﬂﬂﬂum‘llﬂ’s Glumimwuﬂwawumuaxmaﬂaaﬂmﬂmwmgﬂ‘n 3.7

uag 3.8
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100 |

S0 Threshold Refectance Nearlnfrared = 0.05

|

1] T TP Yol | RNTITLY, -M‘ “!l‘”“lh.ll : .
-0.05 0 005 0.1 015 0.2 0.25 0.3

317 3.7 A1 Threshold 1M1A Y 0.05 Yot naaususuIalng

120 : : : - - -
100 Threshold Reflectance Green = 0.015

80

60 - .
40 -

20 - | E

‘ ‘ 111 |
0 | LD e sl .
-0.02 (i} 0.02 .04 0.06 0.08 0.1 012

‘ljﬁ 3.8 A1 Threshold 1tN11U 0.015 mawmﬂaummm
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¥ o v v ? & b
NUUUIUBYA Depth-Invariant Bottom Index 70% 310NITFURNIEUIAUUT

[ o [ a KR 9 d' o Lg [
QﬂigﬂﬂuﬂTiW@JuW@aﬂ@i‘ﬂlljﬂﬁlalsb' Neural Network Lwamuuﬂﬂiwmwwuumﬂwmﬁﬂcru

L 3 = @ vy o
wus1weendu 2 Usznn fo ﬂxmiﬂmﬂuazmmiﬂ UIANG ﬂ 3.9 ‘ﬂWﬂﬂWiﬁﬂ‘H’llU@\WIHWU?W

Reflectance Image

DIV red and green
DIV red and blue

DIV green and blue
Reflectance Green >= 0,015 g ond under Wate
Reflectance NIR >= 0.05

Shallow Water \.\'Nl

Dead Coral

‘l.lﬁ 3.9 ’E'Jﬁﬂ’é)i‘ﬂllﬁWﬁiU‘ﬂWlLuﬂﬂiwlﬂﬂwulmﬂﬂ ﬂﬁ\‘li“]f‘L!W‘HiTU

[

2 A ' A a ¥ a aa = 9
mmumumﬂﬂmm YU A9 BWWNAAUTUUIN FLUYILAS LA Tﬂfﬂlﬂﬁsja

111191g Neural Network 152noudig a1 Depth—Invariant Bottom Index U9 3 f’jGﬁ’Nﬂﬁu Ao @

Y

=S

hidu-dider o1, ) AAe-Tuag (DIV, ) uaz@iiiu-duas (DIV,) $9 Neural Network 9%
ﬂiwﬂGUQDGZﬂﬂJﬂaym)ﬁ 1uTubkummsﬁiﬁ§Uuﬁﬁwijeruluﬁ@ﬂi%iﬂuﬂﬂﬂiﬁﬂﬁ1u

9na ’ENT;T g 1@y Transfer Functions ‘V]Gl‘lfff? M3V Neural Network ﬁ’u ‘VTQET msif”uu,ﬂu Tangential
Sigmoid 19 Output Layer X Transfer Functions 41U Linear Grmaﬂym ¢Iaseaiamsiiau
%@Q@ﬁﬂ@%“ﬁuﬁﬂ ‘IJ 3.10 ﬁﬁ\i‘ﬂﬂﬂﬂﬂﬁlﬂhﬁ 30% ‘V]L‘Viﬁ@uﬂ“ﬁiuﬂﬁﬂﬁ’)ﬁ]ﬁﬂ‘ﬂﬂ’ﬂllﬂﬂﬂﬂ\‘l
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tansig tansig

purelin

Input Hidden Laver Output

511 3.10 Tngaad1amsiauveanoInu

Y

3.7 mimamaummgnéfaa

NISATIVADUAINYNADIVDY Pixel 9114910N15 Train dane3 NUAUANHUE
1 A P 1]
IAUYD4 Pixel MINToYAMATUIN A20MTA519IMTIUUNT NFANUAAIAATOY (Matrix Error)
' Y Y
ienfSeufounanissmuniigndenazdanaia Tagiananisiuunisaesszanain

aa [l I @ J Aa A o = Y
F0An1NU AL IR IEIUANNAANAIA NN U F9UTTNaUAIY

3.7.1 mmgﬂﬁ'mf?m%mi'"muﬂ (Producer’s Accuracy/Omission Error)
ANUAANAIANNAINMTIUAIaIe [T aInanTanaY FIAIUIUINTIUIU
{ o 3 o 1 4 . 1% a o . v
Pixel NUMIUSIHULIAUDY 9 91NNT Train VOISANDINUHMITAIITIUIY Pixel ANHUY

Y
mumm%’agamﬂﬁummwm

3.7.2 ﬂ]WiJQﬂ@%)ﬂQﬁiﬁgﬂﬁﬂ%} (User’s Accuracy/Commission Error)
ﬂamﬁﬂwmmmmiﬁmuﬂﬁlﬁum %QﬁWU?ﬂWTﬂﬁWN'}u Pixel 910N19 Train U8
o Ak A < a & w A Y o . A V3w '
@aﬂﬁliﬂuﬂﬁlumm&ﬂu%i%ﬂuaﬂymmﬂu@u ] 13AYTUIU Pixel mzuauﬂuaﬂymzmu

9
@lﬁJ“ﬁl@iJ”aﬂWﬂﬁu'lﬂJﬂi\‘lﬂ\‘lﬁiJﬂ
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3.7.3 A7WYNABITINVDINTTUIUN (Overall Accuracy)
m3lsziliunugnAeelangsauued Pixel 910N1T Train 6AND3 NN FIFIUININ
' v '
HATINVOY Pixel NNANHAUZIAUTATINTAIINIZALATMTTMUNNITAIOTIUIY Pixel Nanuad

M35 anYULIALVBI Pixel BINToYANIATUIN
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ﬂ151\1ﬁ 4.1 MeIUUNTUMITITINNATUIY

Line 1 7uf 6 Su1AY 2552 15 NA15219MATUIN 06.43 1. AITUAY 0422079 0895250 dnme1ma Reeilh Tl wanfes nasuaa

uunlsznnvestlemss FaNFINOU GAIRE L

! 3 J 4 a
AN na1 Mark a9 i Wan @Mie ouq WU NI NUBING)

22
o)
=)

DC CO BR MA PL EN FO FL SG AL oT RO SA

37 1996 92820 249 J J
38 2000 9:29:59 250 |/ J J
39 2002 93109 251 J J
40 2006 9:32:34 252 J J J J
41 2007 93653 253/ J J
2 2008 93755 254/ J J
43 2009  9:38:56 255 J J J J

Yu1811¢ : DC (Dead Coral) / CO (Columnar) / BR (Branching) / MA (Massive) / PL (Plate like) / EN (Encrusting) / FO (Foliaceous) / FL (Free living) /

SG (Sea Grass) / AL (Algae) / OT (Other) / RO (Rock) / SA (Sand)

S¢
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2 9 a2 &‘ A= 2 A 1A o
umﬂxmsqmﬂmims’qumﬂﬁmMuummwuwﬁﬂmmgﬂm 4.1 wuNnNdemsauIa 10%

UgmTaae 74% avarwviunalng 5% n31e 10% uazdu 9 1%
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d=m5aia
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~ J 3 J g A g @ o
i‘lJ‘n 4.1 L‘]J'E)il,“]fu@]ﬂ5@']Jﬂﬂquﬂﬂlﬂﬂnﬂﬂiglﬂ‘ﬂwuuu?ﬂgﬂ"li\ﬁ]"lﬂﬂ"liﬂ"li?fl]ﬂ1ﬂﬂu1ll
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Y
NINUA 496 9
4.3 wamsdszaannaiga uneaIny

4.3.1 wamsiSundiFusvindia
911NN31IMND w0035 I5@FUay 1:4,000 Lﬁ@ﬁmuﬂimmmumﬂwguﬁu (Ground
Control Point : GCP) Hanua 9 99 mamqm’%nmﬁuﬁﬁﬂm AUTOAIUIVAIAY
AMAAABUITIR N UNAY (Root Mean Square Error : RMS Error) 0.2821 %30 4.2 nas #ag1l
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51U 4.2 msSundiFusnadiavesniwaiearniien THEOS
432 mamsdsundFenau
o { I~
4.3.2.1 )51 19 lumsus/aq Digital Number 1iJ1 Radiance

9 U = v I 1 .. = <3|

ToyaNIND18A1UNBUYNIANUDY 1A Digital Number Haa11sanlauiy
' . = G4 = v R 9 ' a £ A ' '
A1 Radiance Ng1nssiarufioutiudinla mnarduilse@nsmamiunas MIFAseUoUAALH

A o 4
AAUAIANITINN 4.3



M13197 4.2 GT’JBEJINWﬂﬂ133tﬂ31$ﬁ%@ﬂaﬂ1ﬂﬁu1uil"lﬂ Line 1 1

U

Line Sl gione  qannia GPS fiufinagy fiufigiae
Uemsuzxia  Uemseae RN ERL N318 o Wi
(m”) (m”) (m”) (m”) (m”) (m”)

1 37 1547 141 0.0952 0.6370 0.2504 0 0 0.9826
38 1562 142 0.0873 0.6695 0.2239 0 0 0.9807

39 1571 143 0.1176 0.6854 0.1569 0 0 0.9599

40 3956 798 0.0913 0.7431 0.2243 0 0 1.0587

41 3961 799 0.0351 0.7205 0.3014 0 0 1.0570

42 3962 800 0.0782 0.7338 0.2657 0 0 1.0777

43 3965 801 0.0378 0.9087 0.0861 0 0.0038 1.0326

8¢



39

$ 1 o a QJ Q' 1 1 4 1
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UAISY e Auag dunlsusalnd
mdlseansmaiiy 0.734264 0.750353 0.855095 0.118171
maulszansnisan 0 0 0 0

4.3.2.2 NamsUSuudnNuAa AR UINBNT WAV TTEINIA
1 : %,‘ [ [ 4 [
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M13131 4.7 720819914 IUYA GPS NUAWNUINTINY Pixel LANAIINY

ID START UTM X END UTM X STARTUTMY ENDUTMY PLOT SURVEY Dominant  Dominant
1 2
98 422556 422571 895222 895237 443 735 0 0 0 S oT
99 422076 422091 895207 895222 596 0 0 0 0 DCR LC
100 422091 422106 895207 895222 448 449 597 598 0 DCR LC
101 422106 422121 895207 895222 450 451 599 600 O DCR LC
102 422121 422136 895207 895222 452 453 601 603 O DCR LC
103 422136 422151 895207 895222 454 455 604 605 O DCR LC
104 422151 422166 895207 895222 456 457 606 607 O DCR LC
105 422166 422181 895207 895222 458 459 608 610 O DCR -
106 422181 422196 895207 895222 460 461 611 0 0 DCR -
107 422196 422211 895207 895222 464 465 613 614 615 DCR LC
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THEOS-1 DIMAP product data-sheet

THEDQS1 SCENE level 1A o

SCENE T1 M 2010/0327 AT =
03:30:23 4 0250-0334 0 "ahan

DIMAP SIS TV
GECTIFF k ?,-f'

SCENE T1 M 2010003727 03-30:23 .4 0260-0334 0
Geometric Processing Level SYSTEM
Radiometric Processing Level SYSTEM
Mumber of peels per line 6000
Mumiber of lines 000
MNumber of spectral bands 4
Comer Longitude (DEG) Latiude (DEG) Line Pixed
#] EBT S5 4T [ L 1 1
#2 (=2 v N80T 287 1 E000
= E9748 01" MNOT31" 54° 6000 1
=4 ES8°41" 34° MOT*23 38" G000 2000
Center EB8"18 3T MOT 4E 48" 3000 3000

d SCENE T1 M 2010327 03:30:23.4 02600334 0
K-J 0260-0234

Line shift o

Date 2010-023-27

Time 03:30:22 408501

Instrument TOP2

Sensor M5

Satelite incidence angle Z7.038888

Satelite azimuth angle 15849283

\iswing angle along track 23.682221
\iewing angle acuss track -1.437804
Sun azimuth 0F.64£085
Sun elevation 55002881
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THEOS-1 DIMAP product data-sheet

Diata strip id TS51_2010085_05114_DD5_MS
Filename 5
Rewolution number oe114
Calibration type NOMIMAL
Calibration filename THEQS_1_201003029_00D0DH0_20100311_0DHD00.CRF
BAND DESCRIFTION | Band 1
Gain number - 2

Physical Gain - 7.3428400000000003=-01
Physical Bias : 0L0DD000000000000e+00
| Band 2
Gamn number - 2
Physical Gain - 7.5035300000000007=-01
Physical Bias : 0L0DDMI0000000000e+00
| Band 2
Gamn number : 2
Physical Gain - 8 5502500000000007=-01
Physical Bias : 0L0DD00000000000e+00
| Band 4
Gan number - 3
Phiysical Gain - 1_1817 100000000000+
Physical Bias : 0LODM0000000000e-+00

Horizontal Coordinate System

Gencoding tables identification EP3G{5.2)
Horizontal Coordinate System type GEQGRAPHIC
Horizontal coordinate system identification name WGS 04

Geographic Coordinate System

Production Date 2010-04-23 02:32-32.000000
Job idenification TH_CAT_100423020737136_1
Product type identfication THEDS1 SCENE
Dataset Producer ldentfication GISTDA

Producer link htp-/hewew gistda.or th




THEOS-1 DIMAP product data-sheet

Quicklook

d' 9 U =
31]1’1 nl mayaﬂnmumwmamamau

57



MANUIN U

Yoyamsd1sIvmAaNy

58



59




sUf w1 msdrsremaaui

U

60



61

wAa Y A
sz InEIvey
¥o ana UNANIAATT GUITUUNT
stialszdainanmn 5130220018
) =
FMSANYN
- A o o s de s
9 ¥oaanu imsanyngusa
INIAEATUUNA PSRN HATAAAS 2549
Al5zu9)
=
NUMIANN

Y a [ a 4 o A =
NUAFIIADU UHIINYIQYTIVAIUATUNT Uszamsanun 2552

msﬁﬁmﬁmmm%wmm
a a o a [ 4 Y J a J J
AADT FUIIAUNT, FUIVI F;:fiﬁﬁa, HITHY TTUUNILASUNUT WIAFITIWU.
Y a R 9 o o o & vy 9 =
(2553). ”i’]ﬂﬂ@iﬂllﬁTﬁi‘]Jﬂ”liil”ll!Llﬂﬁﬂ”lWLLL!"JTJ%ﬂTiQT%LlW‘L!i”I‘]JIﬂEJGLGHGIJBEQJJaﬂTJW]lel
] aaa o Y < a

THEOS ﬂiﬂdlﬁﬂ‘]sl”ligﬂf]”luuﬁﬂ%”l@]ﬁiu”m WHIANINA ﬂi%ﬁ/]ﬁll‘ﬂfl." ﬂ”liﬂi%‘]g"ll'.]slﬂﬂ”li
a Jd a (% A ¥ A a 4
INYIFTANT ”Jﬂ?ﬂiillllﬁ%ﬂ”liﬁ]ﬂﬂ”liﬁ\i!,!ﬂﬂ'gﬂm ﬂi\iﬁ 3, W 9IMTUNINNGY AUSINYIAITAT

PNAINTAIUWIING S0, Wi 59-60.





