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UNANLD

Uiy dwusiidunisinuuazaireaniinaiuuniiongniouine,
NOAA Tughueawd 137 MHz - Feuseneudasaisennia Turnstile Antenna lngiu
awornauuunatlsdnay gunsallumssudyann Jsesldindaeiudyg niuu SOR
(Software Defined Radio) Tn¢ldmansiuaslunsmuaunisiny uaseewdanonsvia 3
THlUsunsy Wxtolmg  tiefiazahniwdieniadiendililudiasisy wasussaranan
Wesidudmammnuiuvsansaluwsiasniing uazairsuuustasaiieuszanminasiuiun
thufimpanaeen nnwefdudmmmuunivwssasitielhiadulunsammamuns Tne
41Usunsy MATLAB Ssazannsathlulduselenimafrugniouiveld

ABSTRACT

This project is the study of setting up a weather ground station for
receiving signal from NOAA satellites in the frequency band 137 MHz. The
equipment in this system consist of the turnstile antenna with circular polarization,
Receiver based on SDR and WXtolmg is used as a decoder. The displaying data
and images received from the satellite will be analized and evaluate the average
density of clouds in each region. The result will be applied in the estimation of the
rainfall in Bangkok by using MATLAB. In addition, this system can be utilized in

meteorology.
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DBS) udiitaidenande dygrnergnasmeuidsainidarursuiiann arudgm X-
band (8/7 GHz) Ilufiamsvmnsdruaauiignu Ka-band (40/20 GHz) Huwaldiuazinld
unluswanieudUymmiuiesavasnudldan wy Tasens IP-Star vaeudem Ineay
dmfuauninasuauaud (Bandwidth) n1sldsiuund C-band 0419 500 MHz
Tneviluuuald 12 des aradien (Transponder) n¥1edesas 40 MHz dufieewslunisda
Fyeranaiendld 1 vaq viledwdyaraudeseurdenld 1500 vasnsdeans wiedyyin
Insimidayaruin 10 - 50 wngdn (Megabit) 1# runirevesiuuderaniatulads
1 GHz 38 2 GHz 1w Tughuaud EHF (Ka-band) fivgthanldluaunas
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d o ' d d 1
15199 2.1 ﬂ'l‘iﬁ]’lLLUﬂEJ’iUﬂT]iJﬂFlauLLULW&HIW“N'\

%Ehum'mm'mﬁ FI'J’]S.Iﬁ
HF 3-30 MHz
VHF 30-300 MHz
UHF 300-1000 MHz
L Band 1-2 GHz
S Band 2-4 GHz
C Band 4-8 GHz
X Band 8-12.GHz
Ku Band 12-18 GHz
K Band 18-26 GHz
Ka Band 26-40 GHz

lngmluanifieuudagaisazgnitdameninunineesnnudldu

e ' 1 o P o | v ¢

(Bandwidth) 19U g1uAINA C-band  @9n119 500 MHz  wusld 12 nsiuaneunes
(Transponder) ¥11AN319 400 MHz

o % : d a & o ' aa &
2.1.8 w0 (Frequency Re-use) Feilmatiandny ay 2 35 daluil

2.1.8.1 ldwaila Spatial Isolation Ao Msldauarsamalum

o v B AP ) | v ¢ g L

wend1ndu (Beam) Iinseumquituianeiy wu d1unmguaselan 1380 Hemispheric

beam, AsaUARNIRYNZEMMTOYANIA 136N Zone beam wipAsauARuITugAIaNIBIMS

a 2w o & & a & 4 Y o |l

1380 Spot beam (Uuau amilmanuduiegluiunaseurquuesdygiumuazdindulyd
J a = 1 2/ 12 at I s
nswaeNiu azaInsafnmelansennulngluinissuniuduy

2.1.8.2 Winadlausndadaygnanisuninsyarsady (Polarization) 89
Undazusnidunisunsnsgareaduluwiauan (Horizontal Polarization) nMsunsnszane
adulunuad (Vertical ~ Polarization) %38 n1suwsnszareaduidulsnay (Circular
Polarization) Fsanausnidurnauisunan (Right-hand Circular Polarization: RHCP) %38
Feude (Left-hand Circular Polarization: LHCP) aanfiitlddanisumsnsrarendusneiy
whgldmudienfufeglisuniuiy wiluaadien INTELSAT 6 aziinnsldninug 6
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= = = A ] o
2.1.9 a1y (Satellite) anneuiidaudsenaundlagy

AB STUUMIUANAIUMLLLAELATT SEUURTITULAYTINITATITEY
| o o d =l =l
(TT&C) spuudngdalni szuudeansvesnniifion uagssuuagaInALies

2.1.9.1 szuumuAuALUazlaIsaIfien Uniazdsenausigy
¢ P ° v o o . a v v A a
wawnasITInnAsgviiuTuasuislaasanivisn egluadlaasgnaeadioiinnig
AATALARBY (Beam) wnduiumisuuiiulanagnegnses ssuunsaIuANiumle1alYi
al tJ L] 1 7 = i % ] o el a/ -:'IJA

A1WIgUVyU MSenda Spinners %30 14 Momentum  wheels %8 Fsndstifisultly
U2y wswibianvunauseledngadaslate 1/3 wih dquseuuatuaualaasiusldy
Gas Jet muamlaaslveglussunuidugudgns

2.1.9.2 53UUATIWIVUAZAINITAINABN (Telemetry, Tracking and
:at 5 1 nl [l = dli‘ - ] o @ 5 W
Command: TT&C)  s¥uuiinsduneguuaisduasuunuiuviauduiusiu lny
Telemetry dwdatoyalaannn1snsaadu (Sensor) e IAIVANANY UUAILTBY KE7
| (Y} @ =l &g a 4 P as a = [V Y]
AINFUUNEIFNTUNIANUAY S¥UV Tracking UUNANUAUIZARAINAVINNLAL IV
NT¥UU Telemetry @dliszuu Command diedygrnluusznaluszuuneuiimes
) Y | V) -l P ) Vo i | Y]
Dudgyyradansdeludinnaiien iieufuudiuninlasuagssuuaiuauaigg Tus

=l v v
aafenlvignses

2.1.9.3 syuuTneidslni arufisannuuulasundseuuainieg

(%) o - L3 P ] o =l 1

Sunaenuuasaying (Solar Cells) wethluldluszuvieaisvesamiiisnlneianizniads

@ P 0 | = =& | b al ) al v

wasunmdesasinluldludrudug Fa3endn Housekeeping  Woatuayuaafisuly
M9ueEtUsEaNsaw

= | o -
2.1.9.4 seuv@pansaniey Lﬂuﬁ’;uﬂsanawan‘umm’nLﬁamami
A 1 Qs -ﬂ” v ¢=; s 1 s
s'uUauL'T‘Jw.ﬁaamuauuaquiauuu%ﬂssﬂaumamuawmmmﬂauwaaarggymuuuﬁ

[ | o w ) o | = | ) |
N9 AATU-EY uazvenefdvesdyyin MSendn Transponder  Fadunulsiu-ds
Fyuusazdaslufianiaufioy

2.1.9.5 suuagerna seuuienafiendudumiwessruudoans
aiienlagugnesnutanysuaUsunes (Transponden) Yagiuanifion fagui 2.4 1
ssuvuawaIMaAiduoufioliansousndiadu (Beam) dwnaseunquitulaniy
JUwuUsnen lamusiaanis
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UM 2.4 mudlelnenu (3]

2.2 a1 gy NOAA

A1y NOAA Wuafisugafisainel arunulasedAnisuinisayms
ARSI UTIBINALIYIA (National Oceanic and  Atmospheric  Administration:
NOAA) wpseinaanigauidng Auandduzun 2.5 Jaduanifiendsagaieningt wu 19
AnnuNgaLe memﬁuﬁﬂnﬂquﬁamﬁusu.aaﬂi'ﬂqmmﬁﬁaﬁ'\mLa Famendsanunsa
Ussendldlunisfinmfunssanseuagulantiseiu lasarafonguuanliun aadfisuye
TIROS %3® Television and Infrared Radiometer Observation Satellite Ufjifn15581319
U w.a. 2503 fla 2508 juilaesde a1ufieuym ITOS (mproved TIROS Operational
Satellite) UfUAN1s5evInD w.a. 25013 fe 2519 arauiteugedl 3 fdedu el 2521
fiquiwy 2545 Faduamifivuyn Advanced TIROS-N (ATN series)

aafien NOAA usnaiisniifisyuunansduuy Three axis Stabilized 7
fhalpasTunuamileldl mufteulugatazyienmdoniu 2 e ileliliteyagniosine
g wn 6 Hilue manilszdauundurudgasnnmieadling 7.30 u. (Fon
Moming orbit Hisefiuaaleasi 830 nu.) Bnansazdauudugudansanmieadision
13.40 u. (Sun Afternoon orbit fisziuaslavsfl 870 nu.) uarfhelaasuuuduiniiuae
9190 (Sun synchronous orbit) fgusrednunsuasszuuiufinteyavesnifioy fegud
2.6
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UM 2.5 aiiten NOAA [4]

Velocity ¥
Vector

instrumentation
on board the NOAA-M
spacecraft f';oylﬁ‘; PITCH=> Orbit Normal
L 2L yaw  (+Zp)
sm’rgm Theemal Control (*xﬂ)\
Pinwheels (15)
Earth

st 2.6 UsREnuaEuAszuUTUTindeyavesnLfion NOAA-17
(Colorado State University, 2003) [5]

amuiieanelpassn NOAA aasemefitelunswennsalornalagadion 29
Tnvsaaeiiiniesiiofavatoeila 10y AVHRR  (Advanced Very High Resolution
Radiometer), HIRS/2 (High Resolution Infrared Radiometer Sounder/3), SSU
(Stratospheric Sounding Unit), MSU (Microwave Sounding Unit) %dqﬂﬂidwﬁﬂﬁa
gunalinunmAINazIBEngs (AVHRR - Advanced Very High Resolution Radiometer)
ﬁagﬂ‘ﬁ ek %‘wsdwmwﬁw@mmwwmm 1.1 Alalums ﬂﬁaUﬂquﬁfuﬁ 2,600 x 2,600 #1519
Alawns Feiaulasadendnnisasioufiunndeiuvesadu 6 wwudussmueadud
Usznauffudieadenmiliesnis 81 6 wuudvesminemadusiindnusznouldiouuus
#in q Fansadl 2.2
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gth?'i 2.7 Advanced Very High Resolution Radiometer (AVHRR) [6]

] 2 ‘
AN 2.2 AnsanuaizvesgunIal AVHRR

wuwst Y29ndu mslduseTow
(lulasiuns)
1 (Visible) 0.58 - 0.68 mi‘dﬂﬂ@maqL:Jmammuﬁﬁluﬁ'ﬂan
2 (Near IR) 0725 - 1.10 | myUnAauvess usuil #ufialan uazuenthiy
WHUAY
3A 1.580 - 1.64 | MITAUNANIINTEILRIVINYNTTON LY NBIAAY
(Short wave IR) s avaasluana iy uatiuds
3B 355-393 | gamgiuesiufalan undswdruniudou ns
(Thermal IR) Uneguisluiiainaisfu
4 (Thermal IR) | 10.30 - 11.30 Qmwgﬁ%ﬂﬁ;ﬁ-wma ﬂ'ﬁ-ﬂﬂﬂ-qu-tm“n{&ﬂ-amﬁwaz
NaAY
5 (Thermal IR) | 1150 - 1250 | gamnfvesiweia wnuiimsunaguuasiue

A o v v | & i |
L§J@‘Vﬂﬂ']'ﬂﬁUﬂ']WlﬂLLﬁ’Jﬂgiﬂﬁﬁmfy’]mﬂ’]WﬂﬂﬂJqﬂqﬂwu 2 S¥UU man1Tal

dyayro 1 adeite luseuu HRPT (High Resolution Picture Transmission) Smnuauides
P29 1x1 asuRlawes de 1 Anga Arudlunsdadyain 1700 MHz aglugu L-
Band wags¥UU APT (Automatic Picture Transmission) A11azL88A2030 N 4x4 A5
Alawmssio 1 Anwa dduszuut] unsenmweziBunvesnmilldangunsal AVHRR
wivhnsdsdgaieanuiidiniiseuu HRPT fle 1375 MHz fudunisanaidsely
nMsmeanfisuneiuAutiues
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dmivtoyadiniedneg  uaranugvesTEUUYRIMisl NOAA  uiazaig
] vl . A
a’lmim‘mlﬂf{}lmw http://www.0s0.noaa.gov/poesstatus/ (M50 website Bu¢) N
. v o 1 . | P-4
website $1aRuamNIanTIIADUlRY link Aslull

NOAA-15: http://www.oso.noaa.gov/poesstatus/spacecraftStatus
Summary.asp?spacecraft=15

NOAA-16: http://www.oso.noaa.gov/poesstatus/spacecraftStatus
Summary.asp?spacecraft=16

NOAA-17: http://www.oso.noaa.gov/poesstatus/spacecraftStatus
Summary.asp?spacecraft=17

NOAA-18: http://www.0s0.noaa.gov/poesstatus/spacecraftStatus
Summary.asp?spacecraft=18

NOAA-19: http://www.0s0.noaa.gov/poesstatus/spacecraftStatus
Summary.asp?spacecraft=19

2.2.1 fpgedayadninizuaennaiiisu NOAA

NOAA 15- Information

Spacecraft Letter: K International Designation: 1998 030A Catalog Number: 25338

Launch Date: 05/13/1998 Operational Date: 12/15/1998 Operational Status:
Secondary

AMSU B Scan Motor stalled on March 28, 2011 recovery effort on egoing

Notes:
HIRS Filter Wheel stalled on May 31, 2009 recovery effort on going.
GAC: Yes HRPT:  Yes STX-2/MSB 1702.5 MHz
LAC: No APT: Yes VTX-2 137.62 MHz
LTAN: 16:42:1¢  inclination Angte: 98,5 (Deg) Altitude:  807(Km)

Precession Rate: 0.63(min/month) Period: 101.1(minutes)
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NOAA 16- Information

International
Spacecraft Letter: L 2000 055A  Catalog Number: 26536
Designation:
PM
Launch Date: 09/21/2000  Operational Date: 03/20/2001 Operational Status:
Secondary
GAC: Yes HRPT: Yes STX-1/LSB  1698.0 MHz
LAC: No APT: No Inoperable
LTAN: 20:28:56  Inclination Angle: 99.0 (Deg.). Altitude:  849(Km)
Precession Rate: 3.63(min/month) Perlod: 102.1(minutes)
NOAA 17-Information
International
Spacecraft Letter: M 2002 032A Catalog Number: 27453
Designation:
Launch Date: 06/24/2002  Operational Date: 10/15/2002 Operational Status: AM Backup

NOAA-17 AVHRR scan motor operation became erratic on Sep. 28 often indicating motor
Notes: current saturating to 271 mA, It finally ceased to operate indicating a stall condition at 271
mA on Oct.15, 2010.

GAC: Yes HRPT: Yes STX-1/L.58  1698,0 MHz
LAC: No APT: Yes VTX-1 137.5 MZ
LTAN: 19:12.50  Inclination Angle: 98.7 (Deg) Altitude: 810(Km)

Precession Rate: -4.53(min/month) Period: 101.2(minutes)
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NOAA 18- Information

International

Spacecraft Letter: N 2005018A  Catalog Number: 28654

Launch Date:

Designation:

05/20/2005 Operational Date: 08/30/2005 Operational Status: PM Secondary

NOAA-18 & 19 RF conflict pericd ended On May 18, 2012. NOAA-18 SARR TX A was re-

Notes: enabled for normal operations. NOAA-18 primary playback was switched from STX 1 to
STX 4 May22, 2012, HRPT TX remains unchanged.

GAC: YES  HRPT: Yes STX-3/HSB ~ 1707.0 MHz

LAC: YES ¢4 APT: Yes VTX-2 137.9125 MHz

LTAN: 14:51:13  Inclination Angle: 98,74 (Deg) Altitude:  854(Km)

Spacecraft
Letter:

Launch Date:

Precession Rate:  2.83(min/month)  Peried: 102.12(minutes)

NOAA 19-Information

N-PRIME International Designation: 2009-005-A  Catalog Number: 33591

02/06/2009  Operational Date: 06/02/2009  Operational Status: PM Primary

NOAA-19 ADCS Digital Signal Processor (DSP) Software Restart Command Procedure (CP) was

Notes: initiated at 19:42:41 Z on July 11, 2012 as per CNES/CLS-Argos request due to internal DSP
anomaly. Mission recovery was successfully completed at 22:46:00 Z.
GAC: Yes HRPT: Yes STX-1/LSB  1698.0 MHz
LAC: Yes APT: Yes VTX-1 137.1 MHz
Inclination
LTAN:  13:33:02 98.7 (Deg) Altitude: 870(Km)
Angle:
Precession

0.25(min/month) Period: 102.14(minutes)
Rate:
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o u‘ ) o w @ = & a
dwiu Mode Tunmsiudygrudmivlassmsnsiauannidaeiusiu
o/ o a a 0' d o L2
dwiusudygruaniiieugninen NOAA wuufunusfisgyhnisfinwastuiuunsiuly
= < o @ ) o«
Mode ATP &a1ifies NOAA mafisnaganunsayinnissulu Mode ATP ity Tullaguium
o ket 1w al <
deldauegiirmasulilunisni 2.3

< o a wa | W
AN 2.3 AMuiiEn NOAA UfuRuey w Uaqlu

TR ISEY Al (Mode APT) #0Tus

NOAA 15 137.6200 MHz ON

NOAA 16 137.6200 MHz OFF dhausl 15/11/2000
NOAA 17 137.5000 MHz ON wsilaquiuuseautym

< ) '
LABINU scan mirror sync.

NOAA 18 137.9125 MHz ON

NOAA 19 137.1000 MHz ON

a n’j o e =3 i = = a d o
FeluTTUUIUAY Y MLRERERN AN ga Hendne NOAA MI9gvinng
W Tuarmsudyiudeyainaniiiien NOAA 15, 18 uag 19

2.2.2 n151A5989a172L 8 NOAA

[V Y o a o« P at ol
fhalpasuuuduiusiunisending (Sun synchronous orbit) Asguh 2.8
- v i a =t < a Y
urdlpasTuuwamile I uaesuwiasiganilan Mnawesduideiiy

; :
JUT 2.8 nslATTveenTIiity NOAA
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2.2.3 W3sulsulnua APT way HRPT

Wiguiiiguanuuaninsuasssuusudyanniesgneuing) NOAA
l 4 a ¢ 1 v v o o v o
5¥INLA APT uay HRPT Lieliasisinigaiiuganaevasssuusudyg unainetusn
NLATIATINVBITHUUYI 2 T8UU

APT Antenna @ HRPT Antenna

|
1 Pre-amp Positioner
Pre-amp Clownconye Controiler

Receiver |={ Decoder (= Computer

U 2.9 Tnseansvosssuuudyanagnioninet NOAA ilvin APT wag HRPT

Rl'\ﬂﬂ']WLLﬁml‘VrLWIJIF]i\‘]ﬁ‘i’%ﬂ‘ﬂ@ﬁiuUUiUﬂmﬁmEUEJG]UBJJ’WIEJ’I NOAA Tulvum APT
LAz HRPT BaszuuieassiimuumnsefusediunsaiUisuiiisumuuansievasi 2
svuv ARanns1edt 2.4
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AN 2.4 WIBUWIBUAMULANGIITD9TEUUT U QIS SenIelviue APT wag HRPT

Tnun HRPT

Tvua APT

Resolution

1x1 15eflaluns/fniea

4x4 prs1entalums/Anea

Downlink Frequency | 1.7 GHz 137.100-137.9125 MHz
Modulation BPSK AM-Subcarrier and FM
Antenna 3 m. Parabolic Ant. Turnstile and QFH Ant.
1 L) a st d
Pros AANYDININENY guusudugdanugugaun
P v val - ) ) o v
ieunladinnuazidun | Usunin aunseainsliiosuas
d 1 ar 1 v v
YDININNANI Usendaanldanelunisasesyuu
Ieunn
Cons sEUuTUdy Qi AUAINYBIN TR UTLAL

Futou YilinisasiesEuy
Huvhlaean waganlgane
Tunnsasnesguuas

ANUaLBYATDIN N BENTN WA
gaaunsalgnnlunisdnule

2.3 d1ga1n1d

Ao slave Safnsduuuulauvunilsvasauenaianievionans fatind
wlddmivangermarssedinszualiitlnasdusndfuld aeenrveuedosdenszua
Inifezasenduinguimdnini pdutisussneuludeauiliii uaraunulvdnds
wndeuiluluenimainaneaina anseimavedrdessu rduingazmienitliiAanszua
Iluangeinia Jenseualrihiendudygondveaniosiuiundesduaziaiassui
Afrealanserniaduieaiy wivimthfisaty L*u'ué";aﬁhq"mqﬂmu?mism’uu (CB) §i9
Aldanwoimadmsusudaniloutuansihdyguszsetuatsena neluansihdygyn

gUszneumeiihaing 1dludosinaseninaiunedl mihivesasirdyaide n1sih
nszualinlneusimannsusnduwimaningh
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2.3.1 AduIngwalmanini

awomafignaiedussdiinuienatsuunn uazsaneguiaiesesiy
nsldaunuusneg Wefinsvudlvinlvaru angerniarsiinuduiudiiendestuauy
LLﬂL%é‘ﬂ‘?‘f\‘)’ﬂyjiﬂU‘] i ileArnuduresauuusndniudsu visaunuwivdniadoud asi
TAansmidenihussulnihdu Suseulnihdesduiudifeniostuauuini nadws
yaavhdesauiine ﬁﬁdLﬁﬂWﬁﬂﬁLLﬂJ’mﬁﬂ'LLaﬁﬂENLﬁﬂLLN’i}’]ﬂLﬁﬁLL'ileﬁ’]LLﬁﬁﬁdLLﬁ’J auy
W2 fanuddunnniada MsiABuLUawing YasauuLsivanasiinaronisaing
analwiuuiu matdsuuvasineg vesmunalnihasiinasionisane faguil 2.10

ol )

f
|
A

9]0° | ; o RANIMSINEVeINTIM (P)
1 F

f%.ac“

/
"4

Y

auBILIRD (H)

= | d o | ]
3U7 2.10 drudsznevuesmdiinguivaniwihuaznisunsvengluaina [7]

aulWinlddydneel £ avuudmdnlddydnwal H Wi 2 auiuey

& ) o 4 nﬁl a ]
Waguulas duuummumuusslurnsitedounluluiianisveanisunsvety P aann1sues
wiunw gnastuaudfiaunaliiuarauuudvdnasiaaindeiuuasiu yuniswnasiu
= d é d ' ° vV a !
Arnansindeuivesaduguuuuessauiniuasauuwiminagyiliiianisunseene

o [ [ = < a o | ! @ !
aduusimaniniivaluluoinia wdwunisindoufinesrdufonisudaniig dusendng
peAUsEnaurasiiihuaziinin

4 a
232 ﬂ‘]"luL%’]‘UENﬂﬂu'J%EJ

9

ﬂ'—’ ‘d 1 1 =% 1 at
Tneving T duudmdnlndn e guuuuvenisud Fedmasnueenly

1 | i s 3 d a ! ¥ <
1148’”]']?1 ATTUNYBDILEAN NTLLNAINHIDU NﬁLE]ﬂ‘ﬁLLagﬂaUTﬂEJ' mmﬁlﬂumamwamau
1 =] = < 1 =] P (. [ « al o €
wiwidnlwi FepdundvaniwiriunsvanglulusnatuanuSiveswasiidydnwal C
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g
AIULIIAD

C = 300,000,000 ng / AU
v39 C = 3x10% wms / ud
y38 C = 3x 10" wufuns / Junii

sgfinsulusinaviogyginimaziiaviiiu Tuaduingainuives
msulsilumnanduvesaulnihuaraunuuingn wduniioutunnuiveanisulsiy
Tuagomanszualniin@sezadisnduuindnliin vendndien anudvesauy fe
AuBvesuvasiuilngwinld Anaunuiu |

255 ﬂmauﬁ’ﬁmmawmmﬂ (Antenna Characteristics)

= =Y i [ q] 9/ (7] 4 17 -Jni
nisidensiinvesaneainiamaeg ieldaufiuanudldeu anudnge

11, Fnhaeemeaiianuemwemane ldsrsuivll aeenimeunsastawiuduie
Tislowuud aponieslaiuudasiinusniensmizasdmiunuildou neawse
uauAMAENN (VHF) 30 fia 300 MHz 9¢ldansainimrienau (Half-wave) Tumeuid
a897n1ATRINTYIFY Ap ﬁ?@&jﬂﬂﬂlad’ﬁ%@:ﬂédﬂéu (Half-wave dipole) fimanue1auszann
240 Wwufmas Wty awa'1mﬁ{ﬁﬁﬁw%’u‘lwiﬁﬂﬂuazunummﬁ:‘mqmwLé‘:u (FM)

mngﬂﬁ 2.11 uag 2.12 uwansagarnawuuiidexldlunmssudmnyalu
Mode ATP 137 MHz a1w91maguf 2.1 azifumgenmuuy Cross Dipole wiafli3en
fiudn Turnstile antenna  34il Polarization  WUUIINANIULI (Right-hand  Circular
Polarization) \{fosannanaifley NOAA fivhnisdadae Polarization wWuuasnasauuIgui
fagvimsudyanafidmianaiifioy NOAA

Tunsfnseanseaneliimsiasduusnailadiforlsuvnatui
mati vsendean Tnsliarwgeetganitanseinia TV ieflaslfsudyyinminaidioy
Iagluflezlsuivaneiu arwerniadndnvusnilAildlsguiufeaisenieuuy
Quadrifilar Helix (QFH) antenna anwzatga N AUy Turnstile ﬁ’a‘gﬂﬁl 2.11 haghuy
QFH wansl@iegui 2.12
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nsldemuansenieisaesfand e snagramisdolifewinns
PONUUUTEUUNT Tracking angainiamIunsiadoufivesndieusadunsdifldarseine
fimmanioatgeniawuuunisluan desnnatserniadinarniudnuasves
ANUOINIATOUM

g‘dﬁ 2.11 Turnstile Antenna [8]

gﬂﬁ 2.12 QFH Antenna [9]

2.4 \A3095UIMgiuadesaniua Software Defined Radio (SDR)

38U Software Defined Radio (SDR) Iégnidatusinmswammalulat
mamamnslasaniuide Roke Manor' #suny Walter Tuttlebee ugfynidnuasive
{efussuy Software Defined Radio (SDR) wmaftiitel¥qunsalfifanuasnisu-dass
UM 2.13 uarguit 2.14 Ayaauitfimnsuanssiulianansoldousaumuld

lussuueSesiuinguuueunden faguil 2.13 uansufonlmezunsuvenndes
fulnguuuewden Heterodyne ddludiunsndygyia RF ifudninainagenneuasyin
NV FY Y mﬂﬁy’uwgndaﬁfalﬂé’amﬂ Analog Mixer Wflevhnisuandayeyioiszming
dyy RF amangemeafudygruiiinannniandnamiudiuueunden (Analog Local
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. - o 2 o v a a ad v o < ]
Oscillator) AANERANDRULBUIABNIEYMTIRERANE AIResNSiRaldlun1sdengu

mnuivesdnyyaivefiafudunuarasudsudyy i RF v lieglutiedyyia
Aufinans (Intermediate Frequency : IF) ﬂﬂﬂﬂy’uﬁ'zyzgwm%gﬂeiwialﬂﬁamﬂ IF AMP it
Yirnsvywdy I éqﬁfgrgwsumwﬁﬂmwaqssw’mqtmu AM gwWinfiu 455 KHz uay
FyanuPUEnaUY FM Wity 10.7 MHz mnﬁ"ué’cgrmmmnmﬂ IF AMP 2zgnassialy
fama Demodulator ievhnsudasdygrafisudnndedinig Modulate s1eq 1wy
N5 Modulate wuu AM agldn1s Demodulate wuuldunalavMwewes  (Envelop
detector) Wa¥n19 Modulate wuu FM a¢l9n15 Demodulate wuuwenmILa (Frequency
discriminator) :ntiuszgndadinia Audio AMP iitevenednlugsdiing (Speaker)

Receive
Antenna Digital Down Converter
: : Recelve
RF . A/D ", Digital L5 CIc Fitter |- Demodu- 5 Channel
Recelver Converter | 1 Mixer ! lation D
i | ata
1 1
1 T 1
I'| Digital Local :
: Osclllator i
' |

g'd‘ﬁ 2.13 Digital Down Converter

fhete dusdesnisdenanuiing FM nannifidesnts Wy anming
FM fieudiviifu 100.7 MHz ﬁaﬁ’juL'mxcﬁ'{aw%’ummﬁﬁmﬂwﬁmﬂ'rmﬁl,ﬁa"lﬁlﬁé’tymm
mnuAna (IF) Wi 10.7 MHz mszastiumanannissnananuaiviiy
100.7-10.7 = 90 MHz

£
S

ﬂé al a ¥ . ‘J
#993159n35M15871 Down conversion #3e Translation ilesandeysyn
& as 1 al v [v) ’
mwdgeazgnuUasasndudygyiutiemindnats (F) Mmunaraudygyis (Mixer)

= L] 19

2 as ¢ 5
WIBITUIEInUARIBEaNALIS (Software Defined Radio Receiver: SDR

. <l 4 o a ! oda ] [~ aa = v
Receiver) ﬂ@hﬂ'ﬁ@ﬁ3U?V}EJVI3Jﬂi¥U'Juﬂ'15W7Q7Uﬂ’]EI'LULT.}ULLUU@QWaa‘ﬁﬁﬂﬁﬂi%ﬂ@‘u\lﬂﬂ?ﬂ

q

] L% ) < a/ o =l o ° = | )
wanedumeiuudduiiduiilandnuosssuuirdesfuingimuasovenduaf Aediud

1 al

o v o 'Y | w
vuifandnaduieesdoygyu
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Digital Local
Oscillator

Transmit

Data Mixer Converter Transmit

i !
l l
| I
i I
! I Antenna
] l I
Transmit | !
1
Channel —3f Modulation :‘ Righal, —>»| CICFilter |- ke — il
I 1
1

Digital Up Converter

5U# 2.14 Digital Up Converter

Tugunia RF Tuner agvhnsudasdgyaueunden RE naweinaluidu
Fyoradlugaeaudnans (F) %‘a%mﬁauﬁ’uamué‘anu:a'ﬂ’uaaLﬂ‘%'aa%’u‘iwquwamﬁanw
vnswlasdy e udinauuveuidendudyg ufdnoasienia AD (Analog to
Digital converter) aglsifiudygmauinarsuuuiinea Oigital IF Samples) dsluds
dufli3undy Digital down converter (DDC) Fevmiiinasdaygairndnarauwuy
Adnealuludyyuflneawawusun (Digital Baseband Samples) #agzusenaulusae
AIURNE ot

drudsenounesnia Digital Down Converter fagufl 2.15
®  MANANEYYINWUUATRDA (Digital Mixer)
e ML (Digital Local Oscillator)

e ‘J D. 1 1 a 1
®  NIINTONYYIUANUDAHUUUUARSA T IFI 881
(FIR Lowpass filter or Decimation Filter)

Translation Filtering
................................. 4
AD | DIGITAL LOWPASS »| Dsp
CONV MIXER 2

i i e b
y

1
1
1
I
1
L]
FILTER : i
1
1
I
1
1
1
1

R R R e

Tuning Bandwidth

$UR 2.15 dhuvsenauvasaia Digital Down Converter
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® nAnaudygMLUUAInea (Digital Mixer) awvinsulasdayeyniisundn
1191n77A Analog to Digital converter TludyruRinealvawususmenisuauiy
ﬁ’zyzymwﬂﬁu sine Ay dYqnd cosine  AnARINATANARAINALUUAINDaLaL Y
Fyoraudyanideisluginna Lowpass Filter ivintihiinsesdyanamnudissimuwuy
andnsduiededyan Tnoidyyravteenazeylusudyan | (n-phase) uavdoain
Q (Quadrature)

® AAnARANBLUURTRea (Digital Local Oscillator) z¥imindindn
é’mmmmmﬁﬁ’aaﬂismumsmaﬁ%ma?}wwamﬁ’mmmgﬂﬂﬁ'u sine Waw cosine lng
I MImeAdaeadtunisuaniugdemsiaua (Fow) madyansnads (Flk)
wazazladeyyree1vinn Fout é’zyzymifwﬁww%lummuﬂm@ (Look up Table) 7
FuUnUY Address #i14¢) ﬁLﬁUmLWaaxammﬁmmm‘L’i

° N%mmﬁ’mzymmmﬁﬁ?ﬂmuuuuamé’mwdnﬁ’aaéw (FIR Lowpass filter
or Decimation filter) mwumﬂimatymwmmmnmmwuLLavmmsamamqaumamwm
amcmmaa ol §8nsduiog1anaiieanis 'lum'itliuamwaumamaawummms
Usuimdined N mLUumLLU‘:ﬁ'l%’L‘un"liaﬂami'\qumamamyzym

mnwlmnanmamuuumuwL‘dum'ﬁﬁmaﬂ'lum'im'suuum'sadsmmm‘wum
Feweninas (SDR) Hufifle mendnauduuuisnea (D!gital Local Oscillator or Direct
Digital Synthesis: DDS) LLaywaSﬂimafufg’lmmmnmmuLLuuamaquumamq (FIR
Lowpass filter or Decimation filter) Ssdesdruiiozondumonduasifievslunisusus
wisfimesaney 1wu nMsusuanudlindumenanmiuiuuuiines Uiuandnsinisdy
fegedrygnniuytesdygieiduiu Sudufiinvosdnin “Ingimunsegenduag’
(Software Defined Radio : SDR)

2.5 nszuluniswlasidesliiduniwaneaniey

[ = v i al w =
nsyurunMsuUasdygrandeslildunindnenriiien fagun 2.16
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Envelope Detection

Lise
Correction

Analog to Absolute Low Pass e Cross Create Find ""de"
Digital Value Filter Correlation Matrix of maximum
Conversion point

FM Demodulated
APT Audio Signal

Average

Creace iDL Choice Display

Normalize sy - Bright
Metrix ek L Flip Image Image
- Darker E

| —

= None

Vecter Operation
N

[N initially
)|

Transpose

—  Matrix Opaeration BRIGHTER

&
JUM 2,16 nsguIunsasnem

MnUuaglaIm Output Image sonu iy NOAA APT Frame Format 34
wundu Channel A uag Channel B Tasmuniismesnmarldinan 0.5 Suniadu uay

1w

& ol ¢4
ANHENVBINNALTUBETUAIUYNIYRY wav.file FeguAl 2.17

v

APT Video Line Time

If 0.5 seconds FI

A I 1
H 2 —L Minute Marker | 2
3 -4 lines i
S Ta S (2 white, P
P P 2black)
S | A k) 3 A 5
vy | € 6 ¢ 6
0 N E 28 7 Y |E 7
ne Channe! ! e B! Channel ;
Com;lrcte C|a A Lines . c | A B 5
A : v
P i A | and Video 0] s and ideo 0
11 11
T 12 T + 12
R 13 R 8 Li 13
g 14 E 14
R * 15 R 15
16 16

y
Telemetry Frame A ——j Telemetry Frame B ——
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sU 2.17 NOAA APT Frame Format [10]
2.6 TUsunsu Wxtolmg

A s ; d o . L7 =
nrsessudsonaluimiaciulanzaudmiudyyin ATP Mode wiawtlu
ol e fa sl voow v ¢ ) §
Scanner fifliuudivegludrefimuadsiuayiviteviwnesnunludnuuzveudss (Audio
] 1 | 1Y [ a (] ¢ o
Output) mnuuf‘ﬁytyﬂmsgnamawﬂﬂmmaummaimumqmsmﬁ&m (Sound Card) e
Wnstudin wazneasvadygnlvesnundunmaisanfisuuulonanina Fauue
M b  da o
ABUNIMBTHALYININITARAILUTUATY Wxtolmg (EIvia Version 7l Freeware waguuuh
v & da & | a ¢ & o L) Ao 4y d
#aete) Tuswnsy Wxtolmg Afindsaguupsuinmasiuasinmatuiindyaransulady
! & o v.ow al v i al =t
Mg (wav file) mnduasyinsaensadygruilasuesnuilunmarentiiion dilunis
o & 9 & , * o s °
noaswaliansaylaviaiuu Real Time wag Non-Real Time wazdmsunisuansiagyin
Tiagnursouananadunuunnds (Stil Image) atluwuunmeuns (Movie) Tagyinnas
. v = @ a
Set Option 48915 Record Wy Auto process Widudlugufl 2.18 uavdeanunsaiiiu
] = aRLvé' val v
mwarganisunlatuluwaninauy Web page ladnsae

[ R
£ Racord only Ghew image if bl

F  Recond and auto pracess

W Greate imape(s) Mwnm-l
I~ Craune mavies) C Marde Seminge..

I Creatacomponta imigeid Componit Intage Stinge| |
I~ Add images to web page Web Page Settingt. I
Miniesion percem of prsjectan Mlled 3__:-_]
Minienun 1ohr slevrion for visibe images L |

Exchug rom camposi images and srimations _-aj

Minimum Good Quably Scan Lines uul};}
Showe MCR whar MSA 14 o0 reen r

Rarrarse mudio s o —
Ramevs aw images e —
Rarye maps i e -
L T e 4

S M:___-““_‘-'* i ‘“M c;“_ :
e e ——— —————————

U 2.18 N3 Set Option lunastufin Auto process

wonantulusunsudenandeauisaiinisusuniw wWu n1svi Histogram
Equalization U§u Contrast 1usu wazdauniniinis Enhancement awlunuusngle
Ly WUU Contrast enhance, MCIR Map colour IR (NOAA), Sea surface temp W@y
Thermal {lugfy sausten1svin Multispectral analysis LLuuﬁﬁw’uaqé’zgapwfnamﬁﬂﬂmsu
Wxtolmg awsavhinisuseanaldde 12 kHz dumneansiusdnseiainisldinieding
FeaswuuunAdainuudinuszana 15 kHz Tunnsiudyenn Wxtolme fanunsayiinis
Ussananalunmdeamiiienldusiorneslfaunmitlidtnidesindesiiadoswuustin
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~ - o a < v P~ fa M v 1 ol | LA
104ATECIVgAToINgAaa s luuuumIvilailaegiugag 30 - 40 kHz auileIesiuly
¥UU ATP Mode luimualiey

w < ¢ ead - | o

sunsy Wxtolmg #sgud 2.19 Wusevduaingnadrsuiieldlunisnonsia

= o < B ' <

A nanfien NOAA  ulluaaifiengyleniver Tulwun APTuszeglughumnud
137-138 MHz

Wxtolmg version 2.10.11

Capyright (c) 2001-2010 Central North Publishing Limited.
All rghts reserved.

httpu/Awww votoimg comd!

Fresware edition

(cliek balow):

3U 2.19 Tusunsy Wxtolmg

2.7 Bias Tee

Bias Tee 1Hugunsnfanmmednililunisdedy OC  snasdimstaguiduda T
Bias Tee gnaanuuusifielddmivaneds Tnsunfduilunuduns Z, st 50 Teviu Z,
wio 75 Toviy Bufiunuduesdufiudsey (X O) Aewdondiaxihionndn Z, wazarnuduniu
vasfamileni (X L) umaudsdilidusnnnds Z,

RF +DC |——oRF only

DC

5UM 2.20 2497 Bias Tee
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o & a
28 ANWYUTWUITUVIINTWATINIEU

A (Image) Taevilumuneds sUnMIeAILaY (Digital picture) w58 faunu
vae¥nquilaq (Representation) ﬁayjamwﬁwmmﬁamﬂuﬁqLmuL%aﬁ?Laﬂwmﬁuﬁ’ﬂaﬂ U9
yanmgniiuliluuiiudoya (Data file) vioisundn uitunim (Image file) vuindusman Tu
uHuRad UuuHuER viFededuq doyamaniiuszneudedalauviniu Munumdiazuans
sonifunmiseiilearsesnmeasnin viailefsmioonununmiiuiuds

2.8.1 AuanundalanN NEEANITIEY

el v

=1 o at 4 a v 1 ﬂ' =l
nmaINAIABNEITIININEINTITUANAIYSTUUNRBIABY AR UL
AL URRIABUANA19INNABIE I8N NETTUAT AB

2.8.1.1 iudfeyaidaay AflauazBunuesinisasvioudienduuas
Wuseduemdiudin s 256 seiy Faannsmhdoyadfusinasnnmanilundnidy
awynsuazinay pasnauiiuiianseisisrdesneuiiames vilifiiugnieedaiy
wazdsmansndivysannslussuvansaumagfimanslaasainuazivsednsam

=l

v o v o | o - & a v o

2.8.1.2 deyanvufinaunsadwndeaniisunaiuauliviui (Real
3 o (7] a o o
time) vlilddoyanviuady

2.8.1.3 nsduiindeyaiuuiiaundag (Synoptic  View) MmN

< & & v ° vy [Y) i o et

ANMgLA WEIATEURgNALTINTY Vil lAdeyaludnwasdeliedusyesiaaduiinam
“:’ ﬁ'! H 2/ 1 - 1 GJ al :ﬂ
duq Gezvanliannsadnwanimwlnasu 619 Tuusnaunitdaideslunaieaiung

AN

2.8.1.4 mstufinaawldnanedaendy mafiudranineinsiisyuy
ndasiivuiinanlsvaregremavluuinaniuaty ﬁﬂﬁuﬂni’mq&iwuuﬁuianlﬁaa'w&’mLw
AL LANDSAT 1, 2, 353UU MMS (Multispectral Electron Self-Scanning Radio
meter) i1 4 93908U AaLTln LANDSAT 4, 5 58UU TM (Thematic Mapper) & 7 r3pdu
Husu

2.8.1.5 msUuinamenusIMLAN (Repetitive coverage) MLty
ﬁﬁawswmﬂimﬂﬂ%mnmuaaﬂm (Polar orbit) LLavnaummﬁmmaﬂ,unmwamuaew
asiuawe wavlurasnanfiuiuey 17 araiiey LANDSAT ﬁ]vmamwmwn‘] 16 U MOS
N 17 T4 wag SPOT 9nq 26 Tu vililadeyauiuuferfiuratgq 4191981 @1m1sn
= = a o ' & a v & 1 =
WisuvsukasAnnunIsiuasurUas1eg vunuialantaituotne
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2.8.1.6 amanafeslinuazBeavaneseiu dnailunisiien
lldusslendlunisfinwdiiusneg amingusvasd wu amlussuu Panchromatic ved
AIFEY RS ANAZIBUANTM 5.8 AT @unsaAnyIdIliles WumepsunAlsEAuny Ul
amluszuunnnmwraetlseiueesm e SPOT TmwaniBunnm 20 wns 4nwn
msyngnituiitiliianizgaidng uazuvdnhouindn amanaufles LANDSAT 5 wag 7
AABBYANIH 30 WAs Anwianmnisidiuseaudmin Wi

miﬁ*lmwﬁwauﬁwmwmnmqL17'1auﬁﬁ’uﬁﬂluwmaﬁqaﬂﬁummm
mm«muwt et Teeldl 3 Avandn Bunhdu (Blue) il Green) wasduas (Red) Fudhy
tandunmeaiiy etndouituiuiliAednangdineg Falulumumnquid Ae
mitouiuesiduinudaggasiuaidau  (Subtractive primary color) fie  Hwidies
(Yellow) @auns (Magenta) wazdwn (Cyan) ﬁ’ag‘dﬁ 2.21

WMad

AN

FUe T

iy

a‘ =y ‘ 8 ol
AMA 2.21 Mafinnwitnauvesteyanaiiiey [11]

dums (R) + &len (G) = Andes (V)
Auma (R) + Finidu (8) = Aauee (R)

M@y ®) + A8 (©) = 3 ©

=l

Audu B) + e (G) + Fums (R) = Fva (W)
e (Y) + Frawms (M) + 811 () = den

og

Tunsdifidaanistildnwdnausssuand (Natural color composite)
iseslddeyatiendy fiudu Ao waruasmuddy Tunsalildnisuaunmandeya
mmauwLmﬂmqlﬂmnumwwlmﬂvL'sam'lmwﬁwauLm (False color composcte) wiu
Joyatrenduddys Fua wazBursuanlng audwuaslidoyaftanssuduiung las
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« v | 4 a val Y o ' o q v
infiganinsoazieutindudunsusalndlad Wudu annmannisdsnan ilisanse
frnunvanenuiiningaiudnusingle

foyanmaniienidudeyafdnea lAunlaeassainssuunsain
v | o | o & W e v
Joyanateyiendu 1y 91na1ifiew Landsat, Spot wag NOAA Jusiu udfenalaninnig
fenwluiesufjifimadudeya Mneadildangunsalussnnnianimdana

f1i1 “Image”  Iamumsngldvangms dnilldlavaneaguam
sssuausiiludoyaduiay 2 iR uraziunuAAINEINg (Brightness Value) nipsazviou
wasupaLTuaanluam Fuauiiduisnussnwvilfannsatandaseild
Tngldmeninnefuazmeiiamadinseiililsiavyelmifidusumulunisuiulganm
v3eH UM TTMUNToYaUA?

= = | aa @ 3 P
awanfisuvionmAdva Usnausay ssdUsenaudng Auenaen
a . 5 1 2 : A:I ) s <
9N (Discrete Picture Elements) 138031 yanw (Pixel) &eiilegsaniuganinnfe

v u

a ' v [ = o < i ' & o =3
MILAYANAZYIDUNGIULRAY (Average Radiance) M3aAIAMUATINUBIRUTITUIAENTUAIN

WRveINuTiHadem LAz Beaasn I levuinveaganminas
vl miisgagiBeannty . ad1efunwemsemafiannssaansuinuieveeuun
18 amddviafanusoanuazgrsrunawliduiisaiu Ingldnssuanisinsisideys
FeRBNTIADSTIMINEAN TUIAYBITANINATNTAAIUANEINTIE LTI AR LA

@ e aa v '
dmiunmniiganings vevesanmunfivuiaiosnda 0.1 mm
sy uragannmliainsauenwesosnu i duwuudndld dwsumairdeyaniwan
o = o q‘: s o | | P [ v
viunufinsduuntu Snagldgpamisiauiningnit ielviasisaeudeyaseiugnnimla

szuuduiaszoglnafildnnnifendugudmaty mafudeyanin
Fosrnuussemaveslan MgunsainsredaluifisausosTanisulfedasiounniulanuas
Awiuusssna winsusdddudesinsnsznglasussenimiy mussganmusasyn
amdumiuvesnsazisundanudigaunsalngada (Sensor)

- S S

fuisaduiuAudonnmidusuuiasiiesdusznaudu iun A
492099UNT0IN 539N quuawmmsdwmwuﬁiasﬂ% (Instantaneous Field of View,
Fov) dslaienled (FoV) Hiflusmmnndnlusnadavesniwaudiiugsnineiiuialan
uargunsalinsratn Wusuuiliinangunsalifudayadafieafinseidufiuiislan #38n1s

- < P a Ll & a
nenwvanedslunisindouiivedleienlodvasgunsailviiiunuialan waainnisnanw
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< a aa o - aa o o
IinwwSoununvesn wiifidrasviou 2 37 laganmaddeya 2 GRduuun vibilanaw
Aimeavuinlng

FEUENNITNINYANMN AD VUIATDIYANTN ToyaRInealiinavues
a 1 w v v s o P ¥ o ° v a 3
Unilufunudayamsasviaundsuisaidomasnwladunvililluuiunn (Quantized)
v & oA oA . - ) | Y da o a

Tdumhenlisiailies (Discrete) Sendn Aseaudng (Gray Levels) 3an s mauin
5 - 6 dn sloganw (32 v 64 szv) AanunsauansnmAidneald  Suudnroganinda
unduililadeyaasidentu drddiuiuvesarsedudinianas nwazgoydusivasiden

Yoo
YBINUT

2.8.2 AUALLDYAVDININW

Auasdeavasmwluiivesdudsiiariuagiunisulasiniviviley
W Hudmiavsuudy fdusgfuniseenuuulunistuiindoya fiavudasaiazgn
Vudinlugueunsu (Series) vassruuiavguaed (Binary) Altlawizias 0 was 1 v3e @y
“Un” “Un”1n3esrauaines viaisenda bits (In) uiazdnavduiinduas 2 unids T
fisavenindsgnimualagsiumisssdaludiuiied enfegiatu dszuvsonuuuls
Fuauusasatuiinlduundande 1 lud (Byte) waninfidumisiaiavanrnds 8 suvied
annsntufinaudosainiinseiuldluwtasdisnau e tufinArguaasnida
Foswnudduagians 0 uaz 1) Tuudazdumis azdusuendialusuminiuazionly
soumFola 1 Tuguil 2.22 A1 157 w3e 29 ldnvinkavanveavgiu 2 snfdany
unisenudny sumidlaasianluuanvialy ﬁuag'ﬁ'ma‘ugmaaaﬂgud%ﬂu 0 %58 1
Ju 0 gldionluAn widwlu 1 sz lufnuansie

1 O\W%Y T 0d 1 0 1 0 0 T LA 0 1
s |
{ 1x2° I g T
2 Oxz = Dx2
1x2 y 12
4 Ixe 1%
X %2 . : 1x2’
. Ox2 i = Ox2
0x2 Ox2 y
¥’ l 0%2’ l l
v Y L 4 L 4 w f v r ¥ L 4
126+0+ 0 +16 + 8 + 4 + 0 +1 = 157 0+ 0+ 0 +16+ 6+ 4+ 0 +1= 29

EUﬁ 2.22 nsuansantusiaalu 8 On [12]
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SuumesiAudesaidlunmdsiaiay ssgnimuslngsuiuvesdaiiled
fregraiu 8 Tnlugud 5.2 vhldanaudesaindld 256 an vidadialamaus 0 fa 255
(27+26+25+24+23+22+21+20 = 128+64+32+16+8+4+2+1= 255) ﬁ\‘l‘ﬁu Uy
vanfitmuaziBenidannssedvesninaniiiien (Radiometric resolution) AIMATITEY
swazidoagdutiogty feuasideadansddie 32 0n nwiiliauasBenidanns
Fefunn asBausndeyaldasdenunn auesBenvesdosiniumsiiudoyalusuiasin
Tdesomsiiudeyaliludiosney 1wy wiu CD U wieduq fannsafudeyadeiiayld
wavanusardeyaluliluseuuaeniaimeslidoyanin aiouildiuun lldgndnfuly
e musszdaiuiiumanudazganimisaidaatu Tasvlfansdafudiu 3 suun
(format) fagUil 2.23 Aa

- BIL (Band Interleaved by Line) ugunvunisiivdoyaitu usazuaauny
veswsazuuudideyaunImileg vemnuuudasgriuidudwusaidlesiuneluuiudeya

- 8SQ (Band Sequential) uguuuunisiiudioya wenfazuuus

- BIP (Band Interleaved by Pixel) WWuguuunisifiudayandreiu BIL usiey
\Auflazganiwunuilazifiufiazim

ANBEIUFIUIDIN A8

Header Header files
el wuudl el wuudl

usaw W g R aiun et 1 [ yaq2 wuudi

a7l WUuA2

it wyur 2 W2 wuuR2

wa72 wuual

w032 UWuum2

1 " . uaql wuud
W ag. LIltp] uiunw wuud 3 ’3
w3 uuun2 W2 WUUA3
Tailer Tailer files
Band Interleaved by Line Band Sequential

gﬂﬁ 2.23 Uuuumsiiutoyann [12]
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nsdenifiudeyanimluguuuule Tuegiuarusesnisvesdly wu ddld
v & =l at o k4 = 53 vy
HOINTIVARNIWAININ wazynuuudluaandeaiu idenld BIL w3e BSQ uddfly3
o 1 1 L s dy lJ 1 L2
HUMUULUBUYDININ Uagdaen1sinieNumiiesusdu Tildguuuy BIP iwsiganunsa
MvuasiuvLswasganIwle

Joyanmanenaifioy udeyauuuiiauiidaiulugunin (Grid) sagud
226 wiomsvasiaviiiigndidmuuuiuoulaziuIge udazduusznauiFen
WA Bamneis druilidnilgavesnin (Ruiifignaun) Afarrnis iesnwdse
whmdnlihiialdvasusazganimgnuuadliagluguussdisiay (Digital number) 39
Fonnmiluansdeyadaiiantian nmdafiay shegn amilidneazideiiay

Bbhor m[?:oij
data 0/0/0/0/0/0)

sets AL9/1/0/0/0/0

¢ /0 0 /0 /0 /0
So 070 76 70 /¢
SOLO0L0/0 /070

Point features Line features Area features

= v oow cd 1Y v a
JUN 2.24 Tassadndayauuuiwadiusznoumeuniuagaeduy 15 wuunia [12]

nguuaneadIndufunudnuuesngg  ATasusavgad  TuAnTNATes
Snwmiug Snunsveenmeisanitey sumaganideafuluudazuuug vegnseiu
foyanmussusaziuud ssgnifuiduusasiutoya (Layer) anmwlaluuuudlafidudins
avviauldga Aesfiddiavge uazuanadumiuainauusenmeuadlay ganwitile
faaudu 0 ssuanadudin niaifiuddaiay fasfslnuadngtu 9 i wagead
shiavgean sxuanadudunadng dmduamiisiua k wuus uiazgaamasssiulnud
w1 k A FausazArasduvesurasiuud faguit 2.25 dafuszduTnudmivesninanifies
k A seiliuideraendu k 37 (k dimensional spectral space) Faustazganiwaziivung
uagfirmna (Vector) luituiliBetaandu fagudl 2.26
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wuud k

28

3§

Le A

Ardoyaananluganiide

\ An 4114 k wuug
BE

o A )— AMAIAAAIN
pREUION

Y

! ¥ ! W,
5 l l ithoonmawayadiay
J ¥
i f

1 .]'m-,,j'mm WA
A H

< v o
JUN 2.25 Andiyalunuusnawesvasninaniiieudiangsie 7 wuua [12]

MyIaniu A

4

ol

3,",(‘;‘1

i RE

: .
5o 4 ar N £ - E0EU B
myneu C e\l (o)
o - -

= - Y ot ' A e ol - aa
JUN 2.26 vuanagiimmng (1duiiv) vasusazanamluiuinigeniu 3 7 [12]

iwmnammfisueglusudaian sy deyasine Adudiavannsmiun
Uszinananisrenfiuaes TnsdufiRnimmsadamand Wevihlinmaudaty dede
mswlaviethslunisuanim wieinqussasdsy madafildluudasnszuauns Tuegiu
NARWE LIRS
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a Y = " o
2.8.3 yilnvasfaiay (Numeral type) Mussyagluszuusainasnaly

Prinaviorinvesinaildluszuusames wdufvoniiudeya
ffuq ssgnuans wieannsniluvsrananaldegels Methau futeyaninuge il
Tuta 550 fie 560 ssgnldsnatutudeyaiifidud 1, 2 3o 3 Fadusuny 1 fu v
oalste Aan lududoyassuusrawesineiluandusiaadal fo

- sakuukenUssan (Nominal) uamafie Avdiiaviignimuyauuy
e wazunude Avesfialifinuduiustusaay Satnasdusiaeiiliruuszan
yFeduiuiy Auudagadialiiiauunnieiu sutoyafiimiasdnaed tnidududeya
fuanadenaniz (Thematic layer) Wy wfiavasiu msldinu ouu with wasdnazuans
anTauUmALUTIANAN |

- Fauuuduiu (Ordinal) wansdils Adiauindrefuiiasuuuuen

L |

A19U Y5009V AT UNILATINVINFAATLUULENUTULAN LU 7 =1 187 =
3

1=l

Usenm el
<l
2 \a791gm =
) v o . Y o v W £
- AAVUUURUTIUIY (Cardinal) Lamafd ANfLavniauduNusiu
- & =l s Qv; Qs J -=f 1 d
an1mAuluasausedinununy fetiu mLawﬂswng'lul,l,ﬁwﬂauvawLﬂuLmumaLuaa
. o #
(continuous) WHMAELUL A

2.8.3.1 saviuuitutie (nterval) Wudnawndantussdeuniy

@19V (Order) wiaztinvinasiinnuming warlyindnuaguiaegne wu mnugs gumgi
(WUnfmuuyreiisludian o)
as (Y] ] . @ o o i
2.8.3.2 frauuuusnsnalu (Ratio) Wy siaaninaniw (Condition)

oo ) o

[ ° 3 < a &Y ¥ a1 M v O w o & J
sgifuvdinuiu vie Yanetisunls 3A1 0 Ald Tudeyandinavdnuned dnidua
v & d a

1 P 1 I = ] -1 a :’ s
wuusiailes 1wy Araduudmaniniy Yiuanndiay Tieassduiunglduseivawuuiiiay
(Digital Elevation Model, DEM) uagsinasuaniatayaludelFing nmamifieuasiidnuo
LUt

2.8.4 52UUYANNA (Coordinate system)

i u_ A v ¢

Tayanmiinsinieaneseuunanes suniiveanwluuiiudeya

(3 o

ol =4 - L a e aa o
valunwiuans vislunmiiun szgnimualagszuugaiing ssuugaiin 2 87 Avue

u
=

WuA199m13ULIRe (Column) wazuuiuou (Row) wdazsundsuuninasdiyn x uay y
190 X WARIFILVUITBILUIR WAY Yy  WARIHILMUATDILIUDUTEUUYARANLUA W
Afiew & 2 wuu Ao
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2.8.4.1 Aneusutaya (File coordinate) wanasmisvesyaninlu
AW L9 usgan i 1 unadl 3 viesuvisganindl 3 umdl 4

2842 fiauwuil (Map coordinate) WAMIFUVLIANTHILY
Werfuuuiigiusema Tuvsemalneldszuy UTM Tuusufigivsewe svuu UTM 1B
ssuufifrdmasuiiiaunananigowsinuaniividvhlan Tasaseunquious 84N f
80°s Tneuvseoniu 60 Twuvhlan usazlsunsounquituil 6 asadgn Tasvenglum
avfueen 3° uwagayiuan 3° MnfsnanameTiAey lauileuaziuainagiunnlungfusen
Tneiduan 180° wediieu dwuusumalneeglulsudl 47 way 48 foghamauisiin
LHUTILUY UTM vasuszinaanigoning faguit 2.27

A I & d o -
UM 2.27 MIULWRAAUNUALUY UTM 9a3Useinaansgalisni [13]

2.8.5 AENURYRININATITLY

AaLAISNF LRI IiBLTuRgfuUdnunEreIsEUUNTTRSITAY
FaRarsananaruannsalunsuenuey wie msliswasden (Resolution) ludusneg
auasdealanumneniieg Wesuieia Sauaugrnmitanunsauansiduuve vie Aud
Tunimitududeuandae 1 qanwluuiunm widleldlunisesuieteyassesing asdl
AU BT \JuseaziBundetieniuy (Spectral resolution) uasduadeiug
(Spatial resolution) F18aziBuAL@aIAT (Temporal resolution) WarsieazldumTanIng
%48 (Radiometric resolution) flaguil 2.28
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FIUALBUADY
fiudl 30 u.x 30 .

s18azdun@s 9r9adu
0.52 - 0.60 luasou

Tr8azIDYALG
uIms3ed 8 Um

uit 1

U7 2.28 S1aziBon 4 uilaveanmanifies LANDSAT-TM wuus 2 [14]

=] _y 1 d Ll 1 d dl
S0azLBALTI9AAN BUNEDY YA9eAINEIAAUNTE Y Tulay
I (3 a} dl' = (7] v Y | 4; 4 AI Y] Ve 1
wimantyin (EMR) fiasesileanuisonsiaduls d1vremduiiasesanuisansiadulaiivig
' | i = ad i -l | aa v oa v o
Y19 WEA9IT MNHNUTISIUa DAY I9AAUNEIUNIIN NN LTLASDINSITUNAUITORTID
%] 1 d ] Qs 1 1 <:| s ol o
JuderaulaLAUNIIfIR g1y 1ASBINTIVTUTRIAIITAEY SPOT  Tussuueii-an v
- ] J A -l [¥] = 1 1 d ﬁ' -l I
518azduMTNRAUTaz By Ins1eTufin EMR 5¥%3n99i9maY 0.51 - 0.73 Gafiszesying
1 ] dll o 1 7 o b -l Y 1 A
SETUINYIAAULAU TuN19n5IT UL LANDSAT - 7 S2UUN-01 Wseagidenilienianau

U s 1 1 GJ ‘i‘ - 1 A 1
VEIUNTT ITIEUUTIN ERMSE97N9979AaY 0.50 - 0.90 Faflseayyineanemauningnin

910anBndsiu el suniuiivesingiiiiniian Madosnsaadu
ausausnuoldvie vanefly Auilumaauniuandas 1 0 FiauBsdasuansings
ﬁm’mamﬁamﬁqﬁuﬁqwu Twandundeiiudl 79 wns ssmeunneasndendeiuil 10
wnseazundeiud wasnasdnlilddeuioatu amiisoasdoadeiuiivinfuus
o199zuansnmluinsduiuanaeiuld sdnalsfnunmiiissasndendeiufigaind
ransnsanansnmludnsanilugninle

easBuniunnsied wineds duavdeyafieriildluuiiudoyaveus
azuus damnennude Swaude (oits) Mnenuegldlunsduiinwdsny enfagragu
nsvufinnasenulugy 8 9n (1 Byte) uanviradiaaluuiludoyasziauasidunlits 28
A viFo feldiaust 0 fis 255 widhduiinwdseulugy 6 On Fadluuiludeyassdiaufivs
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27 Awide denlddaus 0 e 127 fedy nistufinndselugd 8 On sliinrmasideavie
mnuuanisvedyudldniimstuiinndsnulugy 6 SamoasBonidanan mneda mnud
rostaailaiasnsandutiufinamwluiuidisatu ondaegaitu LANDSAT-TM fhgnm
luuiieafuuuiiulanyng 16 Yu us SPOTdwamluRURFEITURNY 28 Tu Faiu 19y
LANDSAT-TM agdistuagiduadaiaiuinnin SPOT

2.8.6 UTuuUetayanIw

amanafisaudaznw szdidoyauduaunnn msgnsdaivieya
Huwuusanes viunadeyavesnimmilaq dusaildenn sunnveanm (image size) x
$ruautAdy x Quantization Tasflvuavesnw fio SruauganmisazieluLLR X
SurugannisiazunalulusuI LTy Aedwaurnauiinfisuustasssuuld
67 19U LANDSAT- TM fesaes58uu 7 kuud Quantization (suuuudeyaiiundseud
Foléh) Arfiinldusiasrrazgniniivlugy binary 6 U, 8 T (1 byte) w3aganin dauand
aandululilunsusnendaiaalddot 0 - 127 u3e 0 - 255 viounnin

AR NINYBIATUALN SPOT-1 fluum 3000 x 3000 390N Qe
o , < g v a v & 2 w
METYUU 3929AdU waziiutayauuu 8 Un Aeemsilenlunisinudayagnnin x 3000
AN x 3 WU x (Ts/8) = 27

2.9 MTIATIYITaYANATNLY

NsAsERTeyaIINAITEN Wiindeq 10 2 38 Ae msudadmiumeaney
»1 (Visual interpretation) LLami"‘JmswﬁﬁagaﬁwLﬂ%mauﬁamﬁ (Image processing
and classification) IneluasAusenaunandifiey (Elements of interpretation) Tunns
#1501 Usenoauniy

2.9.1 anuduvasduazd (Tone / Color) SEAUAIULANANYDIAIMITY
vasdnilen Fusgiuinsazfoutasaiunmsvhuuiuuas nasnaunisiFesiaweeing Loy
Ulsifiuiinaelsiladvionudsnnmisingddy Unlussiidans ddndsngdsviaidy
it u3e thyuifdans Hudy

2.9.2 yun (Size) wavesingiiusnglunmdstufuanuaziBeavaann
wie ndwvesniung Tuguvesaiuens nia vienudl wu anuuanseszaing
withénaes fudthliisssund wazamun Wudy
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2.9.3 JUss (Shape) jUirevasingiifuiamwizd envaiane (Regular)
vioguinliiathiaue (rregular) wu aumdu fuflurdn auu with Aassvausenu uas
douduimi sy

2.9.4 \fionW (Texture) UM axdunuesiiaingiisuiueg vionw
seiilasuasdnisasdiou Wy nwarusnmisiifeniwasidenidesnnilvuinaiugs
TndiAgerudaunnsnanniielsuaraunay 1y

2.9.5 sUuuy (Pattern) aﬂwmvmiﬂmENmwawmnﬂswngmummvmw
Fl'l’mLLG]ﬂM’NGHlJﬁi'S&J‘U'W]LLﬁ“E’NWﬂJ‘U‘lﬂEJﬁ'iN‘UU wu AuAnAesEInausiin Aaesy
ARDIAUTENIL ALANANssEIIeUe asvinfudeu Wudy

2.9.6 AMNFIUALIT (Height and Shadow) twasingilmudrdglunis
RATUNIANINGS UazyNaInening 1wy uTaemiendiiun wivesss \usu

o8 . < o |l o ~ - | & &
2.9.7 ine (Site) VSAMUVUBNINGUNUANGTTNYIR LU Fuldvneiauny
USuvetlangiavinuna

ALY (Assodiation) Trquitagnafinanieaiufiudunadeudun wu
vinadifdulidunadun sniduiideeamtu I9doussssgluiuiiviliuue ufeg
Ushaumeilisuiudieiau Wudy

msuwanmiiosuuninglffuargniios Tuagiussdusznausneg fandn
thasuaglnogmilmionasagrandeny Auly aueginitguaziasidLiuaneig

: ) | - 9] ¢ o Pl o )

fulugsenaliduivewanely gusne d wwie 91aldesAvsznavlunisuvanmnuiisieaiu
o v b/t v - ¢ o | v =

o199z ldorusenaudufls viall nsldmaufiawesasunistietenigainisasyiou dalu

o e

AUAD ALY Wl

uenIINBsAUsENBLTind LD SafpsRiarsangudnuuzdoyaiildsuan

ANANANALIBN 3 SNwY AB

- dnwniznsavviouteauwimantiifiiuesing (Spectral Characteristic)
Feduiusiumnundrseaunadluuasiuud lneingineg asveunadluusastaenduld
Wi vilvidvesdingluniwusazuuunuanddluseauden - a1 wasvinliduansneiuly
EIEHI R

- Snunizguirevesingiiusinglunm (Spectral Characteristic) wansing
AIULIATIEN kazaNasiBennmaIna1dien Srdumeiudnvargusieing Nasvinld
nsisdnuagisasdlunmainaiien
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a A v 1 . - ¢

- dnwagnsiUdsuwUawesingaugiaie (Temporal Characteristic) @9
° v ) ) o < ) a )
m'luamus'uammqmm ;Jmatﬂaauu:tjaq'tuanwmsmsLUaEJuLLUadmu‘a’Nq@ma g

- P ) | W i o val | @
WasunUasset) Wudu dnvuenisidsundassananyilidanuuwnnsieveeseaudly
o = vy a ¥ o a | |
ATINYIAT BAYANAREN L'i’l‘ﬂd?!’l!.l’]iﬂ‘l'wauuﬁﬂﬂLﬁEJLWm’TEJ‘H’WlLFt&J'Lu‘ﬁ'NL'JE?'WI'N‘] U
a IJ v 1 o o 1 a 5 IJ’ d
famunisUasundasld wu aunsafaniunisyninyinaedn M5 AUTnUDINYAIUAN U
< v

waﬂqmuﬁqmnﬁumm s

2.10 ¥

= '0‘ iﬁ' d QU Q/ 1 v U I 5
we fo avesniumazindadiudiisudifulunguieuassiegludy
o o YN | 1 o Y a
U557IN1A Misraunsovaunulatonmunduduaresin Gneunfualazieuin 0.01
A & 4 % d  w | & o v v & | d & v v -
wa) vowduindendnds Aaguin 229 Fulaniegdiulunguazimuluioums fewwad
v | \ P | <l [ T ) v
vrazyvisurdulaluumarauennduludsfinuaauduls Tuseauiiving fu Jevialiis
vpatuf sty dude wafdaruisoosiuldudmivisdsidaviniusduiianiig
vwUugennauwaE Llle

- o @ -
o P 1 4 4l
1%). it ' 1 )nnum.w\;u
LY ‘ : 0.0002 Hadm
' Bnmﬁ'mgmln T
S 17 ilndims .

8 (¢ Q %)
'g;___unmfwmlnq ' e

.00 findat

o g g
JUM 2.29 avepniuazindamiuds [15]

en v oa o w H v - | < -
Asdrldinanisnduiveslednludouns Ao dunadng wie wnisly

L]
o Qe ’D‘ aaa a a ¥ ¢¥l y
usssaniiinuaudigauiluussenialad wisenudisenidatiuidt ayniandush

v - 4 QIJ a lel 1 a q!‘
(Condensation nuclei) Fsnsnausivadtatiluussenniragldifinfuvinusseaniadse
nusd widletagdudndafiny
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2.10.1 N5 UsUTELANLAE YHAYDILNE
2.10.1.1 U9 MugUs

wemuwuay 2 Ussiviluegq Ae wuududu (Layered) Tu

WWIUBU WAz Wuuanyeigatu (Convective) Tuwuasa lngasiiaisonin ansda (Stratus

= - W & a @ ' ) = [ o w
Fonunefednvauzilutu) uay Awda Cumulus  Favanefivivauduilunes) auddu
wonniludrdafidnfildlunsuendnwaruosuedneie

- dWSHA (Stratus) wunude dnwsiduty

= o

- fiaydd (Cumulus) maneis dnwazilunasay
o 4 =t (9] ]
- W3 (Cirrus) vunefly anvazluasuns

- Puvd (Nimbus) vune9e Wy

2.10.1.2 WU9RHTEAUAD UGN

wadionuwuniu 4 nqu auseiumgIveas lagsyey
AvuguenNadazinanguvesiouws Wlidaaingen ey Luke Howard iuginiaue
ABNITUUINGULUUT U Askesian Society Tl a.A. 1802

Fsmsutsnssiuaugeagldlunsnsitazutviaves
wem gafadnendmiuduinesgpuiefuionanansilasgianimaniiiennienis
weornsaflagldanugerosgrummdundnlunisudeiin Sednvusvosnaunasyialu
ansaftarvenlimsuisnidudnuasuas angoinaianiniuarminld wu dlu
viostiiarad lumawnduansihanmeamhdsaesiaty wnels anngraseinaneud
wiAnaumg vioduuslufesiusnuuauewdudug nanefs aninzeniafiasuuazes
finssuaaunauunsiadndos

vindnaluvisainedvisuisigelvg vanefadnuus
o a i a Y v 1 &
Yo wiginzues MFundt wadylaiuda duszaniinuaziiiuay ¥3es vead
e 1 L &J - v ﬂ" : a 1 d < at
anafifdasndeiuiiudme Fuuawgiasuesiiludunsiedemiosurunadniiudu
110
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® LuaszAuge (High Clouds)

feshilrnnugannndn 16,500 W (5,000 wns) Tuuinad
gamgidluduussenielvsinadior fanugesedutidulvgifuosuden fufuwess
Uszgnousendnihuds weluduidauingineeiidnuusdufoudng uar sfnasdouts
Tussla fagudt 30

- wengeda (Cirrus) fgmugaads 10,000 wins dfnvazd
degpdurnilouvuunuieg wiallunien uazensfiaue (Halo) fae

- wangslsfnyda (Cirocumulus) figiugaade 7,000 was
fEnwazlundauiey Fun visluazessrduidng sgiindu unesueRkENINULRE
agenTefiustedisuidou TUdeuas mwmLﬁumqmﬁméﬁamﬁuwﬂﬁ

- wenwelsansia (Cirrostratus) Sigruguads 8,500 wns 3
Srvnzuusudeunsy Wiasmiiousufasetuduwiluseiuge fdvnmiatidua
Uneguiiinvissfiwdeifeeunidu WusmiviliiAnsuasdvnvdethauas (Halo) seums
a1advionsdunsle

gﬂﬁ 2.30 weiszAugs (High Clouds) [16]

e Laseaunany (Medium Clouds)

ﬂam'mmmqasvwm 6500 W ey 16 500 ﬁm (5e97I9
2,000 wms way 5,000 Lw#g) Lm%“ﬂivﬂaumaa“amm hay auaaamwummm miﬂw
251
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- wedalaAdyda (Altocumulus) Tdnwgegilunguy
v al 5 -l v w [~ & [ & o 5 al =l
Adwgeung $dv17 veasadn dnasdadaluuang vialuedu Wudug Swie &
dnwauslundndutautihuiiennd 2 du vseunniniu o1aduaivsinan (Corona)
- Wwadalnansia (Altostratus) danwagiduaumul une
OI 5 -l = 1 ‘J
amaua’[,wuﬂaqwawismn1muaamwuﬁﬂwwsaﬂaaa LﬁﬂﬂkLNﬂﬂﬂLﬂUQﬂﬂﬁu Unpgu
Wusaadn fdmvderndudeu uay awumamummawummmmuaaqmuaqmm
uulFoeiiuamsanan (Corona)

sUM 2.31 wmsysfunans (Medium Clouds) [16]

® Lua5¥iusi (Low Clouds)

Aeffinnaeiinga 6,500 Wa (2,000 1uM3) uas PPN
wIAa (Stratus) Lwalmmawaaﬂmaqsvmuwuﬂutsaﬂ wuoN msﬂw 2.32

S weansia (Stratus) Snwaniduuiumung aduauely
Furmesussona indlanwilounen $8om sesliiumefindvieseduns livi
IAanauas (Halo) uwsidlefigumaiidunfenadald

- wmaaslafada (Stratocumulus) iifomn dnwazdouny
Wueunauidesing fu Mmauwiduasmuunuowiliesdiudusudeuindefuly
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- weafinluansda (Nimbostratus) Sdnwaziluwsuming
o & a | w | v |y ' ] ad o0 va = w o
w1 Wukngmasdaiuuinitesniy lidugusn Wuwemiliiaduandugeniud
o &’ ' v a ! ! 5
weirly weirdaiaghiifuavifesfnemsluuneuguviniu

g‘d'ﬁ 2.32 Lmisﬁw?'] (Low Clouds) [16]

® LaILuIng (Vertical Clouds)

o aal (L) & a R o
Wutanduuanadqlukuasa qm’lw.wmquwmgm
< - a = 'Y
Tﬂﬂmmgwmymwmaﬂ 1,600 ¥m %59 500 AT AINNGIUDILDALUNAELDITZAVEIUDY
o/ L2 ‘J
WeLYDTE AIFUN 2.33

=p

Ky

2.33 \auLIne (Vertical Clouds) [16]
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®  YUAVDILULLUING

- WaRydd (Cumulus) anvaziluuefounundvenuu
naumadienzuainen Wuvauuanlddaiay drugruidreudred dedlumsdinsedn
nsznemiloudd fuAntuiiundenq vieasseglanifeinaniieaninzoiniad drilvuin
fouwaingfonndiluannelitous dnuusiduruianizuis

- wefyladuta (Cumulonimbus) dnwuiuweiiaulng
] Y | | [ i v O o d ! o _a
sUsnedwguivg Temwauieeniduguinadroaililunsiman (Anvi) grumasindl

| o at| o - 17 ] [7] il W | @ =

dendle Wulwemun Jediu Ivhuau Whdes 019egnsednnsyarenieniuiiey dnlidunnas
= A"

11 Senwswiadin “waihnzusy”

2.10.2 Avaaug

ﬁﬂmmmuum‘uanmﬂsﬁngmmwmmmm&’[.mw eaauwmmmnlam
aouftugiige Buias uevmuuuiluazeenhoundn sresiundrddaumuiu
g9 vasanindllamnndemearniluiflnanislunduagasatird Saufnnisazviauveauas
vibis i duiauwsdyn

luvnusiiteusndusamnutiutu wavdleavessifinnismudvunn
'szywau’iuwammﬂaqmmwu 'I:u'ivm"mﬂsvuaumiuawamuﬂunaumwammsﬂ,‘wmu
wildoving swimeninnnty m'[,mmammmaawvamulﬂlﬂu'mwu FagAoumaniy
fimualngwe wazdoeitsewinmeatitusnnme Ltaqwmuwﬂﬂnmgﬂfdwﬁﬂﬁlunamml
wazazeundueeniiosuin San1sdudunasnisasouvesuasidaliisndiuiuedaus
fum dn luauis de fasuit 234

SUT 2.36 Bz [16]
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Tavdvaauaiuanunseltlunisuenaninainiele

- e EITE29199 T Lﬁm'mmsnsmﬁwaqLmeﬁméLﬁamﬂﬂiwuﬁnLL"E‘N RILT
Aaylafduda AdTerdudavendsnisiaives wigdu wiggniiu aufiguuss wie Wiy
vasulla

- weAndos Lidesldnuiiiutosnds wioradatuldludisUanegglulsinaly
wistreuresngluliing Sadudniifaludldine Tnsdmdesiuinonduaiulueinia

- weiduns Fdu vie Avuy dulnsunfiAnlutis wazo1@ndtu was wse
o1findan Tasiinannisnssidesuadluduussenmea lildiAnnuelaonse weifisadu
fhagiouuasiiviiu wilunsdifmgdumnalmylutaiesfuserihifume duduns
Wi willpudiden

2.11 gauunniANEIN (Th)

Tumsinnarganvisuininsisiuasyssinanalasldlusunsy MATLAB
Tumswumdrgaumgiiniuadne (Tb) Inefituneulunism 2 tupeu

2.11.1 nIs%IAT E

1A Digital number wasnaenaiien APT Tunisyan E laeld
aunsh 2.1 Ineuwdasdayanin 8 On (0-255) wiadlidu 10 99 (0-1023)

=151 (2.1)

Where E = Radiance in mW/m2-sr-cm-1

C = A1 Input DN (0-1023)

S = A" Slope (-0.160156 MW/m2-sr-cm-1)

| = A1 Intercept (159.088867 mW/m2-sr-cm-1)
(National Aeronautics and Space Administration, 1998)

2.11.2 MamArgaumgiiauadng (Tb) Taelden £ Tuaunisi 2.1

C. Y

n(1+SY)

Th= (2.2)
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Tb = Brightness temperature (K)

Cl = 1.1910659x10-5 mW/m2-sr-cm-1

C2 = 1.438833 cm-K

V = Central wave number for CH4 AVHRR in cm-1
Central wave number of NOAA1S = 925.4075 cm-1
Central wave number of NOAA18 = 926.2947 cm-1
Central wave number of NOAA19 = 928.1460 cm-1

2.12 giimans uae giainnraee vasuszmdlneg
2.12.1 aawmile

2.12.1.1 urnuazs iR
mewilefifuiiuszana 93,691 m3ilawns Anduies
av 18.26 vasiuiUssne Aemiloagfiaziign 20 asen 27 dunnile Anduuszimemin
uazans frliegiazdga 17 asm 10 dupnile Aafunianandidsmingluve fuwalan
wazan firmzusenegilasign 101 oeen 10 AUnnsIusen Aafuussimaan Aienefuan
oejfianaign 97 a4rn 22 AUmAzTunen Anfulszmamin

2.12.1.2 Yszwng
manflafswaudsseans 6 duniiau wiseenilungy
] vl oa @/ J | < a d’( | 1 od
Ingjq lafe nquivilsenduegluiunsude lnsees (vun) nedu Inede Inglng) nqui
<& d L 1 IJ ! A v
a0eAe MU aguLgs laun nTvivies i 161 fve Yo uardie

2.12.1.3 pilusuine
L = a v < g a 1
mamilefidnuarsssunfuazduanden Ao Aundnlng
uunudn Weniun wazuswuia wenin S0l Unagu [Wuunasiudidss

2.12.1.4 gilemA
aamiefianiweiniarsutrudulugguun esengl
Ustmeflgunannuazyinilnannnvzia geeusiniedeusudn qgruiidunnialuuazuns
wisillunnen iszldFuBvswanauusaung fusnidedliiienanumaymsdulde
2.12.1.5 dNuusLAsYgng
Uszrinsdnngusznaua@minuynsnssy iy vinul vin

o o <

a vils wenanfidalignaimnssudug an Wy gnavnIINwUTFUNaRERNINYAT
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2.12.2 N1ARLIUDNLRBGMUTLE

o Y
2.12.2.1 YUIARASAILALING
nangiusanidyuvialinunuseuin 169,854  ®1914

a s

a a 1 &l a a4 a a gy 1d a
Alawns fimvilosgfiaziyn 18 sam 27 Guaunile Aadulsvnaan Hrldegfiasfign 14

= o

- as - s |¢J o -
29 7 duanile Aadudtsimanuney ArnsTueonegiassiign 105 o9 37 dUan

s - 1 s - L IﬂJ - ‘J < s -
ayiusen fAnneiuUseiveany Arneiunnagiaesdgadl 100 aem 50 AUanziuesn fin
ffunianatsvadlne

212,22 Usyvns
Aanzusandudvianilaiinuiulsesing 21 auAu

Usgnaulumeausnninevainvaienagy

2.12.2.3 piiusuwe
nangiussnidesvilefdnuus givssimamduiisiu Tan
Tuu fiu Fefiannanduios é’ﬂwmzﬁqnéﬂﬂiamquﬁuﬁmaunma MUNLD LaENIY
¥IUReNYINinnA é’ﬂwmzqﬁﬂimmﬁ"’ﬁﬂLﬂuﬁifmqq

21224 .ﬂus‘]mmﬁ
AAREIUDBNLA YNNI AN IWDINIFLUU T DUTUAA ULILAY

J IH! ! 1 -
gorusilunnyniuidulngiduiunsie

2.12.2.5 anuaIeIATYga
UszwnsanlvglusznauaImnwnsnssy Wi imedgn v
-1 v & o ] uv d‘ [] d v a
w1 @esdnd vl uenanlidadignavinssuauq Bn wWu gramnssuingInuivuasnsy

2.12.3 n1Anang

o &
2.12.3.1 YUIALATANUIVIAY
d# P b= = 1
npnandiiunyuszanu 91,759 mieflaiuns ievilest
f 17 937 45 AUaunile Aunnumilegn fie duneridvunds Jamingluviy Aeld

a

avAgn 13 o9 15 dUaunile Auuauldgn Ae S1neduwin Jninaynsasns Iy fid

3
Y
8 ¢
7

s LY L3

g o IIJ = = o/ = L
WWMANYITYIN NANZIUANBYNABITYA 98 241 55 aummyIuDeN AULAURZIURNER AD

as o o

AWIANTLWILWY T

|
¢
U
[
o/



52

2.12.3.2 Useinng
= o ] | g o o
A1ANANHTIUIUYTEYINTAUUUADNUNNINNER Tne

Usznnsazegunnuinaisugy Wugudnaramauesegiauaduilad Ay

21233 Qﬁﬂizmﬂ
a A & a P oa 4 d v
nAnaaliAUsEmMAITUNIIUANNATOUARUAUNINI TN

wnfigalulseime

2.12.3.4 pilo1md
~ i v v < =
Manandaniweiniawuumgieniou iesaniidnwuy
QisemAns g Silenindeusauaumu

2.12.3.5 anwnuziATYENa
Usswansdiulngiusznauenininunsnssy 1y v Ugn
./ o o I VU d
9717 vinaau vils wenanildsiliungmanmnssuauy

2.12.4 ANARLIUDDN

2.12.6.1 yunauazsumtaing
aansussniitufivsvana 34,380 ansneplang Arwile
f 14 par7 30 dUannile Andunipngiuoenidsuvile Auuaumiiean Ae
Funau Smdnuniugs Ainldegiasfga 11 eewn 32 Ausunile firmeiueen
fiasian 102 o 52 Auaneiunen ﬁﬂms’fumnagjﬁaaﬁgm 100 991 48 AUAN
n

)
Juoen AnNUNIANaNkaLaNINY

2.12.4.2 UYszuans
AMARgiLaanddwIuUsEYINS 3 ATUNIIAY AIUNUILUY
Usznaulumeauvainvane fa ¥173U 317878 B1NS NSEIANTLANY

2.12.4.3 pilUseine
W a da a -
maayTurandgfivssinenguwuuiunanigivseined
Q‘:’ ] y dA U «l 3
vianviany dviansiueeils iy fdgengs

2.12.4.4 niienA
o ) =l w o = ' v
mMeangiueen dladunaseunqugiennie laun anulng
navzia \Huiwniusy |
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2.12.4.5 dNuLIATYENT
Usgansdiulngusenauorninunsnssy iy 1ieedn?d
v & Fo a 4 a | v o
Ugnimuazivedu uenanidallgnaivnssudus an wu geamnssuimumsuinig

2.12.5 ANARLIUAN

[

2.12.5.1 MuALaLAUILTAS

nangiunniiiudiuszann 56,956 mseAlans frmile

ogflaziign 13 eeen 45 Auaninile Antunawile Auunumilogn fie Suneviaesens

$a¥ann Aeldogflazfign 10 e 59 dUnvile AimmzTusonegfiaeiya 100 ver
06 AUnnzIusen AamzTunnegilassiygn 97 asm 04 Ausnziusen Aafuuseimansi

2AZ. 5. 2155 INT
AANETUANTITIUAUYSEAINS 3 B1UAN AT THAUIWUULYIIAY
| a a v = a = s
57 Ausenseilawng duszyinsdoaan wwseliianuigiasysfiunis

Jseine

2.12.5.3 ol
gilvszAaieniavile Ae diflaniuaduiuussyuian

n
U
i
I~ as i o = 17
Wudnwuginuwnluwunmiia-1

2.12.5.4 pilenne
mangTunnfian meiniawuuiagiuniou Tngddnuos
anaadendsiuniamile Wuwmandy wsrefitioniungainlviluantas waguiauds
fian
2.12.5.5 fnWMLLATEFND
Uszrnsaulngussnovondwinunsngsy Tuaunuls wu
§ou dulzan Aosdnt vanunildedignamnssudug 8n iy qmamnﬁuﬁﬁum%‘mﬁu
AT

2.12.6 aAld

o 1 A ﬂyJ

2.12.6.1 TUALLAZALLAUINAY
A) d - - =5 ld
AAlATNuNUSEUI 70,715 ans1enlawung irniloogn

v
a

- L Qs s a - ld - = 4 o s
avfigm 11 0een Andudaminussiudidus Veldegiasign 5 ose 45 AUaunile Anny

= . |‘J - a = o i = o !
Useinannaide Arnziuoensgfiasdgn 102 ssmnriusaninfiusiine Armgiupney

a

1209330 98 84A1 17 GUamzTueean Aanudssmaniuasnsiaduntiu

.
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2.12.6.2 Usgng
AMangiuaniduaudseeng 8 duAu vseTesas 13 ves
Usewe Ussnausienguaunatangy fis vnalvnewns enalvneyadu enaa 1meln

2.12.6.3 pilusuve
Malafigiussmeniianuaiany Asvneilausenuiiianian
d. ] ﬁl ! L =‘I 4 -l s
gefiagnsanany Juiisuuaus uwauwieilveia fldungenneuasdinssdanseane

2.12.6.4 pilone
nangTunnaninoiniawuulinsiu  JUsuiudunaant
Y e =Y s el ] =l 1 4’ -
Lazuanyn isslasudniwanaunsquaziusendeavile donmyuiunasnd

2.12.6.5 dnupeiATEgNg
Uszannsaiulngusznauarinnunsngsy waam'stwwﬂqn
wasdesedod Siuihoimeuususiu venanilBsigranvnssudug n 1wy gamnssudy
Auuaznse

2.13 #9@a0in (Fuzzy Logic)
2.13.1 szuuiled

[ v a el o o a ada v
\Jusyuudnuraufiamesinailago1fevet@aeinnanulag L. A
= ot a a e o d  a o
Zadeh 1ud A.¢. 1965 Falunaswineinusseaudiygen fedaedniunssnsioguu
4" - A J la' 1 < lal ﬂ' =l 1 § 5 U
Nugrumantuadeii yndsuulanwisanuiuaihilyfiawisddiauutueuwintu us
=l A' s’d' = .4’ 1 l-=| 1 1 . n‘ ‘4 =
fvaneFmarsmanisaliintusdslisanasldudueu (Uncertain) enadudsiinquiaie
(Fuzzy) llidaau (Exact) anfiotrntu wavasorgay a1suvadu Jenisn Jeinn Joqu
Junaneau wagdeest wimldinlunsasyasergaulianunsaseylawidainfemsniuie
Winuanandundagala Jamisneregniaudndueigsewdne 0 G 1 U unAuee
feuiniamisnegludaseny 0 fe 2 T Tumueafeaiu Todinuesiogu Aldawnsossyla
faiauingrwiovesengmsazeglugile onvfinnnuiivdndenyeglugae 1 fe 12 U wie
& = a & voa & w i Lo o d w a
ondu 2 fs 10 U Jusiv Favandusetvesnnuliuiveu Fududnyneniesssuei
da & o ¢ IO , F 1 -
fAnTumnlY WwavsammnsaliliwiveurutliFonin Hedien (Fuzzy set)
a | < Y [T val a
INUUIAMNANTDS Zadeh Aeafiuawliuiueuldlinisvenguuafa
- o 1Y I LY v Val v a v Ve v = = s a
e luyszynaldludusingg snueauiulitou lalinddelafnaunguiaiuiuiuin
a o £ A 1 - § =t v 4 o -l 1
Wi lile@ignlanivluiinisreuiamed Saudiflstinazidiausanausinuun
a @ M Vo [V a @ | v ] a g d .
Uszmaasnnlaliiluussyndldaeeadedslugieiug wivssmagUuidaiuauaives
v Qv v a & v o <
manseuillAdudyunidnilaBignnianisd laglddnludszgndliluinTeslalvviunnue



55

1 (3eauSusnA idesdind nifevein wagdun ugatigiulssmmanigowinilél
mmddryumansiuntu neldfimsusutssnalitumsidenniu uaziiedasingn
wiluuszgnaldausieg unuie fegradu ulasiniseinia NASA  uazlasenisaiu
MINus

a & o = a
2.13.2 uunAnwuguneiudedasin

nsInzuuuied (Fuzzy logic) \uedesilefidrglunisindulanteluls
anuliinusuvesdoyalngeenliiiniudavguld Timdnimananiadronsidouuuuis
rrwAniidudouresyed fedaodnfidnumeiifimsniinssnziuusiadte (Boolean logic)
Huuwdefiimsievesludiuvesnueds (Partial true) Tnsranusieazeglutig
3EN71719939 (Completely true) fiuwia (Completely false) @runssnaraniiiuaziiandy
sfuiawindy uanadegud 235

[ 3
Completely True Completely True
-
Partial True
Completely False
1 Completely False
yauanin Hadraoin

o - < = @ < | a
JUN 235 AssnzuuuIsuva (Yinaeidn) Mumssnswuuiled (edaeiin) [17]

aaduiled (Fuzziness) 3ai3ondn faRanaud (Multivalance) 34
Afmnaduan@nunnndd 2 A uazuanansiulunaud (Bivalance) Alanaunduasndn
Wi 2 A1 Hedien (Fuzzy - set)  (Huirdesfloniadinanansiideda “arulduiueu
(Uncertainty)” @amnfmunin auidrufeauiithwinunndy 75 Alanfu reufiamasas
Winadrauiiiiwnin 74.50 Alansu lidmduauiigruszaiiauazimunguuuy (Modeling)
yasdnwuzaaliwiuouiidumiunquiede arulinied sufemmendoyauisdiu
Tnonqufvosfledionvzlddnvurainunuiefiuus (Linguistic)  unndu3unm
(Quantitative) 183fus WU MIMANIMEIETaY “Auiisiy” wldanunsadetuaiaans
Sruiinsefunazseyidunilafien (dentical) amiuauiidau une n. azliinumneges
“auqu” wnefenuiitidgnunng 70 Alandu wie 2. aumunesnduauiiitmin
1NN 75 Alanfy FukdesausnaiansaumaneresiiauiisaulaeSeuiisunasly
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yunpvewpwvinasmy lunisvieuluguueswuugiudes (Binary sense) 9%
lowaidu 1o via uwiaeudnyaratidurududmdnifeuss 75 Alaniu uardawidymna

8
=

aviitwitn 75 Alansu wimnfnsannnguaudiiivhuineds 90 Alansu yanatiie
Lifnoglunduauiishu wandliifiuinnusrulildidnvazainhiviusuwuugy 910
msfntamiiig Wesuamadisguuuudnuuznsnsaneasiym

$U7 2.36 Wumsuandlsisiuiuumsdunsinaulavestyyiound
Wesduosiiiudeiuiue (Certainty)  findefodsiiliutueudasenaumeniulsl
wuauifdnuusuuudy waramwliiiueuiitdnuus Builed vienquieie Selunnnin
Sovay 40 wnedgdnannifedesiumsiadulavesnudfsrinaulonuiiugiy
anuAnvamulunan

U 2.36 Arilsiuaiuey (Uncertainty) [17]

nj 1% L= = t‘nj = ] I
NeFrzasaitniadamansivansfinnunguiais anuliduyuauves
A A L - Vet A = 1 1 1
syuu Meadesduaudnaiiuidnvesuywd WeRvnsandiuusenounieg Tuaanuly
' P o - @/ e . LY (-1
wuouiafmuaiaulalunisdaduls (Decision making) lewerdunvasmruliilu
au1%n (Set membership)

2.13.3 n1sUssend ey Fuzzy Logic

UsenousiY 4 TunaUnansail
i % =i | = v 2 . 4 o
1) Fuzzification A @aunuUaveyaan Crisp input IWBNIMUATUIA
) | | ) . e g

vasfeTan (Fuzzy set) vsemsenindusuusniw (Linguistic)

2) Rule evaluation A® druvesn1simuaisnisaiugu Felaanng
= v <
Fenwgluguiuuresgadeyaiidungueaniw (Linguistic rule)



57

3) Aggregation of the rule outputs Aa ATEUIUNTIUANTATIVEDU
v d - P = & - o v
UBINIAITIALNY LW@I‘muﬂWSMﬂ‘J’IﬁJWWLMQNa L1J'umuauﬂalnﬁm'mﬂ’mﬂumﬂ'ﬁmmﬂu
nsuilulegym
. " a | ni 9 - -
4) Defuzzification A9 d@unuuasveyaanladion (Fuzzy set) My
mwdsvens i Crisp input

m'smgmuéf'mzwﬁﬁ% (Fuzzy inference) fifeyld fio

> Mamdanistyle  Hussuuiiedfifianuieunnlunmelfos u
spuususnwniieglugiuuugningf1-faiu (F-THEN rule-based form) wiaguuuuils
8 (Deductive form) dmvenddeildidenldnseyuusessuuileduuy Mamdani-
style windu

> Sugeno-style (Most computational efficiency) Lﬁ‘ju‘swumi‘au

WINLUUTmANmTN (Weighted sum) 9anvanes ng wesauidudoasuanving

fting 2-inputs, 1 output problem with 3 rules

R e ].
if project funding is adequate
or project_staffing is small
then risk is low

R 2 ::.

if project funding is marginal
and project staffing is large
then risk is normal

if project funding is inadequate
then risk is high

V) : v o v v o
Tagly rules 7199 azgnaseluanasrnuivosideIvisy (Expert)
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Amualv
x — project funding
y — project staffing

z = risk

& ) W o a v W . B i
Taevia 3 dauusiusuusiiseniuamiiusmaniw (linguistic variables)
=> @3V universe of discourse X (project funding)

4, - inadequate

4,
A

3

marginal

adequate
Faia 3 @l linguistic  values  d1w3u project  funding  linguistic
variable‘ x’
=> @msU universe of discourse ¥ (project staffing)
B, = small
B, = large
Favie 2 sy linguistic  values  dwfu project  staffing  linguistic
variable‘ y’

=> @15V universe of discourse Z (risk)

C, =low
C, = normal
C, = high

Fasta 3 & Ju lneuistic values d@m3u risk linguistic variable “z’
msnzaztuani 3 rules Srafuismusludogne ansavnisideulnadlagly linguistic
Tl

Rule L:

if x is A
or yis B
then zis C
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Rule 2:
if x is 4,
and yis B,
then zis C,
Rule 3;
if x is 4
then zis C

2.13.4 msvinaveasiledandn (Fuzzy logic)

v
=

aunsaesuteudunoulasadl
2.13.4.1 Fuzzification

1ae ranges of the universe of discourse Avualag
expert judgments #slufiiauslyfilu 0 - 100% Fadmiu X (project funding) wae
Y (project staffing)

] A o I v

Crisp input x (Project funding) dAdu 35% wag crisp input y

(Project staffing) Ay 60% (Haaarin rated by expert)

Crisp inputs {x, y} ausiuanlugseriaiduaun@in (Membership function

younazin lngazlinadnseonundumisemuanuduaandn (Membership)
Faduiledien (Fuzzy sets) nszuaunsyausisnaniieni “Fuzzification”

)
H A

0.5 [ e c— m——
02 == o= e e e

A2 A3

|
10 20 30 40 50 60 70 80 90 100

gﬂﬁ 2.37 Membership function %84 input x (project funding)

H(x=4)=0.5 Hx=4,)=02
Fasusenneseiualuanndn (Membership)
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H M
A

B2

80 90 100
E‘Uﬁ 2.38 Membership function 984 input y (project staffing)
uy=25)=0.1 #y=B,)=07
2.4.4.2 Rule Evaluation
ludunauiiaefesld Fuzzy Operation %‘ammsnﬂqﬂ
anNwaYN15Yn Fuzzy Operations ane 1gai

Intersection: (AND, min)

H4np(X) = min [#A (%), Hp (x)]
= py(x) O g () ,xe X

Union: (OR, max)

g () = max [ 42, (%), ()]
= 14, ()9 4y () xe X

Complement:

Heog(¥) = 1= p1,(x)
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NAIINNIWENUENSTIHIU Fuzzy operations #149) W
P

1 [ = = -] a‘ v o b 4
tuneusplulunsiuiunisiontsvhnsanaeunguesiled (Fuzzy rules) Aldimunlils
&

U

pA

Rule 1:
f x is 4 = if 0
(fosanx liflaundumninly 4,)

or i’ B = or 0.1

then zis C = then max[0,0.1]=0.1
ﬂc,(z):o-l

Rule 2:

if “Yx, it N/ 5% ING

ana Py and 0.7

then zis C, = then min[0.2,0.7]=0.2
He, (2)=0.2

Bule 3:

KN\ o4 = if 0.5

them\ N Lo == then 0.5

(flosnnlalll fuzzy operations 1a7)

2.13.4.3 Aggregation of rule consequents

2 at I 4 A
nsEUIuNTs NSlNvesWinsINiusEnI Az Nedien
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Aggregation of rule conseqguents

1 1
Ci c2
0.1 0.2 |-
0 Z 0
zis C1(0.1) zis C2(0.2) = z is C3 (0.5)

g‘dﬁ 2.39 n15Y1 Aggregation of rule consequents [17]

2.13.4.4 Defuzzification

v v ; ey v @
govieazliiominnuasszuuileflaannisnuasious

manw (Linguistic) 1Uu Crisp output

aa v o o/ L)
Centroid Technique: ({Duiidien) Mdwiumgagudnag

(Center of Gravity: COG)

A b
[[azas 2

COG =2 = ==
Ia #‘4 (.X) dx z#A (x)
. x=a (23)
5 s 1 A o v
WIIEREUU QWﬂW"JEU"I\WN']Lﬂﬁ@Qg‘LW
H
A
1 pus—
' 1T PSR SIS ., SS— i,
o I /
5 T T l l I T l T T T
10 20 30 a0 50 60 70 80 90 100

SUT1 2.40 Msfuramn COG



63

100

Zﬂc(z)z
COG = £5—

1

Z He(2)
z=0 (24)

(OxO D+(10x0.1)+(20x0.1)+(30x0. 2)+(40><02)+(50x02)+(60x02)+(70><05)+(80><05)+(90x05)+(100x0 5)
(0.1+0.1+0.140.2+0.2+0.2+0.2+0.5+0.5+0.5+0. 5)

ATy
3.

. Crisp output
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N199BNUWUULALATINYINUTYUTINUS

= =l
AMwsImessruuTaeAne lugud 3.1

Satellite
Tracker

Plugin

Audio
Piping

| ) A -. e e )
3U7 3.1 Block diagram ¥@458uu3udaysy1un1iiiuy

. v &
Block Diagram %84n3sU2uN1% Image processing tanatl

R h g S o ot

Cas

Percent density of
- the cloud In section regions
Brightness
temperature
By Matlab

Geo referencing s b nes

in.jpg the data E
- — =

d f
Percent density o Rainfall by Fuzzy
nimbus in BKK and B
Humidity from TMD ¥

o : :
3U¥ 3.2 Block diagram 289n5¥UUNTT Image processing
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sruufudyuniiien NOAA Tuluua APT Buainnisnsivaeuiinniioy
NOAA  agiadouruUszmalng 91nduiinisidaszuy Busnfindadiainimuuy
Turnstile antenna sowirifuiASes¥udtyeyios SOR (Software Define Radio) wuu USB
Dongle Ju ezcap USB 2.0 DVB-T/FM/DAB Tnesleansuaf Orbitron ievhnisfinaunns
TPasvasnnfion NOAA iflenuifisslaassiusumisiissssnisdadyravesnndfioy
ansnsodeldl evuas SDR Sharp asvihmsdednyqrandeslugienduad Witoimg ey
nsaensanndyaadssiidunmdeaaiion Tnsameeaandieudisuldiu azimn
UssiawanAn Brightness temperature (Th) Tulusinsu MATLAB Wavhnsleseivn
AlUBSEuRmIMIILLLYR IS

3.1 APT image in.jpg

Tunszuaumsiunmanganidion NOAA asldineluladiniosiuingivue
muowamsiuaf Software Defined Radlio (SDR) Wy USB Dongle u ezcap USB 2.0 DVB-
T/FM/DAB Tnedlgonaas Orbitron Aamiunisiaasvesmaiiion NOAA uagldeanduag
SOR Sharp Tumsdsdygrandedludiweniuis Wxtoimg  levanisaonsasin
dygandsdidunwaieariiiey

3.1.1 1A3095Udiyu1nl SDR (Software Define Radio) Wuu USB

SDR - Software Defined Radio fuuurAslunisadraingunud
g13AWI§H199 19U Mixer, Detector, Filter 984 #ren1s¥iIuvastendLag Asseuwinni
lildvaslmioyls fununsnnud gaduiureaiunanaudesnsmenisumsitosnts
Ingifinnundesia asnsnUiuBsuierduliaudenisetunngs e lulddesely
Tuasineg #islagvannvansann sluuSygriwusiisiléidenld SOR wuuUSB Dongle u
ezcap USB 2.0 DVB-T/FM/DAB fiauamsluguil 3.3

5U 3.3 USB Dongle $u ezcap USB 2.0 DVB-T/FM/DAB
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DVB-T dongles lagld Chip Realtek RTL2832U ﬁ’mamﬁaaﬂwlugﬂﬁ 3.4
ansnsalfaufuedosiu SOR uwuuTIMgn 1iesn chip Mnanamisavhnisseanana
Fynuteya 1/Q wazdwinlugh Host computer I wazgnldauludinwaznisyseyndld
UMY FM  demodulation/DAB  (Digital Audio Broadcasting)/DVB (Digital Video
Broadcasting) RTL2832U ¥ outputs 8-bit I/Q samples A7Y sample rate gagauszunn
2.8 MS/s (Mega Samples aaiu?) dwmiu Frequency range V]E’i’llﬂ'ﬁﬂl‘mﬂﬂm‘uuﬂﬂﬂu
AA Tuner Mdau (n5dAld Elonics E4000 a¢ld Widest possible range Usgnmn 67-
1700 MHz) '

5Uf 3.4 M9 ezcap-stick DVB-T/DAB/FM USB Dongle #ildf chip RTL2832U

3.1.1.1 Yofivenaioefudyry1nuuy SOR (Software Define Radio)

_ guAuE 2MHz - 2GHz (RadelddeusiFesni
ATILAYL)

- sesfumiuynivueiiilldey Tngligesadouansauad
(AM, FM, SSB, LLasﬁuq)

- anunsoreuiiniidoanstrlvuals lusdues (du Sudu
FM finnuiivilsudndarioluiliy Use fisnanuiivia)

- shwifni :1engn

3,1.1.2 #aNA15YUYeY SDR wuu USB Dongle

v | ' a1 a o ¢ ¢
Usgnaumisaasdlulvng g Aediumlueiinuid uasy

¢ & & w &l o o ) a 1 dal v v
gavlAwIIaNIAwIITVanY foaasfivimminffudygiaivgluguanuifidesnts wawda
mnuilisiaseglugudss Tngl#35nns Direct Down Conversion udaterdeyg ming

d e v a ¢ ' v v a @ '

(rwden) inteutnlvlupaufiunes Weulusunsulvdnnisiudygyinsianans (gnudas



67

o v aa | [ ) o v v
\Dudeyafinen) iWunmsaendsysyra nsandygnsuniu wlddudygiuidesms um
Juvasnduludygyrandestdoudimavesiazdinioly

| el ° v ow oA W al v !
daunsaniuiinduiufesudyyandseiidieinisdean

% a o 1% aa ) ¢
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C:\Program Files(x86)\QOrhitron\Config Pnudelvg Setup.cfg M Notepad

3) Lﬁmﬁﬁﬁ"m‘lﬂﬁwqm'nm‘lwé Setup.cfg fi® [Drivers]
SDRSharp=SDRSharp.exe mugﬂﬁ 3.7

PeriodK=2 M
Satlllum=1 ‘&
| MaxSunX=1

MaSun=-5

MinSat=5

IiFlareMag=30

Brief=0

MinMagX=0

MinMagnitutde=30

IgnoreMaglfUnknown=0

Calculation=1

Mode=0

[Drivers}
SDRSharp=DASDRSharp\SDRSharp.exe
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E‘Uﬁ 3.7 Setup.cfg
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Rotor/Radio au3y 3.11

NOAA 15 8]
Agimuth nfink/MH2 Receive/ Dnirk mode
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Elevation /MHz Trantmit/deppler  Uplink mode Qb
-730 145,000 | [144,999733 v S alelfite - ﬂ
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3U% 3.11 M3isA1A27ud Donwlink Yaemafigs

8) \Wawensuas SDRSharp azwulaniiuauves Satellite

5 = = v d
Tracker (Plugin) 91ntufdan Tracking Software Ao Orbitron u&3nm Connect AU

212

Name NOAA1B[B]

Azimuth 3204  Elevation -3.8
Downiink

Frequency 137910047

Mode

Raw Response:
SN"NOAA 18 [B]" AZ320.4 EL-3.8
DN137910047 UP 145002579 DMFM-W
RA3878.333 RR5.332 LO75.3096
LA37,0210 ALB66,132
TU20131004100654 TL20131004170654

sUT 3.12 gUwuUvea Satellite Tracker (Plugin)
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#199)
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3.1.4.1 0151 Audio piping 5¥wIN¥eWAUIT SDRSharp fiu
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1) AANY29 Recording Devices AUl 3.14
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Open Volume Mixer

Playback devices
Recording devices
Sounds

Volume control options

E‘Uﬁ 3.14 Adn Recording Devices

b

2) Yianasiarn Stereo Mix Wiy Default Devices fagudt

315

Select a recording device below to modify its settings:

Microphone

" Realtek High Definticn Audio
Default Device
Stereo Mix
Realtek High Definitien Audio
Read;

Disable
Set as Defauit Device
Set a5 Default Communication Device

|V | Show Disabled Devices
v i Show Disconnected Devices

| Configure

U7 3.15 fiaph Stereo Mix

2) Uagenduas  Wxtolmg vi1n1589A1 Soundcard  Tu

Recording option 1¥u Stereo Mix F‘fegﬂﬁ 3.16

5Ul 3.16 n13arn Soundcard
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Normal #1 Enhancements L‘TJ‘u Contrast enhance (NOAA ch B only) wzulnuniild
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Felknmulunalasaunuiuinsgi Image => Crop Image vmgﬂw 3.18 f AWM
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3.2.7 NJUNNUNIUAT
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frwiloogiiazfign 13 a4 57 Gununile Maldeyiaziign 13 oeem
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3.3 gaunniA2udd1e Brightness temperature

Tunismegamgiiaamedag (Brightness temperature) 31NAHEEATITIEY
i a = ) i
luwdazyafinigarasnin lagerdeaunts 9 3.1 wey 3.2 Wedlumeaedidudaiy
! € & & 1 a ¥ a ¢
MUUUTDY (Cloud) wazasigudnumuuiugaseina sy (Nimbus)

E=C-S+I (3.1)

Where E = Radiance in mW/m2-sr-cm-1

C = f1 Input DN (0-1023)

S = A1 Slope (-0.160156 mW/m2-sr-cm-1)

| = A1 Intercept (159.088867 mW/m2-sr-cm-1)
(National Aeronautics and Space Administration, 1998)

U d 1 = 1
Tden E Twamns 3.1 Tunmsmegamgiinaiwedng (Th)
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T — (32)

in(1+ GV

Tb = Brightness temperature (K)

C1 = 1.1910659X10-5 mW/m2-sr-cm-1

C2 = 1.438833 cm-K

V = Central wave number for CH4 AVHRR in cm-1
Central wave number of NOAA15 = 925.4075 cm-1
Central wave number of NOAA18 = 926.2947 cm-1
Central wave number of NOAA19 = 928.1460 cm-1

3.4 YTUUAUNUNLUUYD LU

nseanwuulusungy MATLAB Tunismaesdudanumuimiuve wus loy
lﬁﬂaqmwﬂummam (Brightness temperature) ) filsuUseanana fmv'lﬁmamﬂnumm
ains daudl 10 smwadatuly wagannsauusldnmannast damnsned 3.1

nl f o v
A5 17 3.1 e suausluiaafin

UL Woidudiug (Cloud) ANUNLNY
viosuaula (Clear) 0 fle 5% Taifhas
VoI lUse (Few) > 5 89 < 25% viesrhilwsiandos
faunediu (Scattered) >25 19 < 50% vioerniiuansaeUIunang
fweinn (Broken) >50 84 < 87% viesihdwanaguludilng
fwafiuviaailn (Overcast) >87 {4 100% viossweunAguann

3.5 USUIIATNVUIBULY BN IiarY

o/ ! L2 ) U 5 d °
Tngnsmaruduiussewineugedugamgiluseiutuusseina ety
a o 4 o v oo o a v a
WnTzvigamiivesevilviiany Junaiinelviiau fio
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Cloud Height (meters) | Temperature (Celsius)
0 15
1,250 8
2,500 -1
3,750 iz %
5,000 -13
6,250 : . -24
7,500 -34
8,750 -41
10,000 | ‘ -50
11,250 -57

9NAGIlUYIS 600-3000 LinT vatugAdyladuda wazwaduluansia

o ay v ) ) 0 . o o ¢ ¢ =

singamglilaegludie 111 8 -4.5 Celsius uazirluduanmivesifudiuad
rielyiAimsiy (Nimbus) luTusunsu MATLAB saly
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v J = o o 1 ﬁy
MINYaYanIARUIINNINgnlluInen FaanansrhAmudusnansdiludu
o/ 4 - 1 - .0’
sawdsnidlunisieszimatyssunneunusiuSunanidu Tnensyuiuniimmg Fuzzy

Logic
d - oa
MMV 3.4 Uiuanwenia
Weather Calender
37. BANGNA[ 2013/09 ] o
| Sunday Monday | Tuesday | Wednesday | Thursday Friday Saturday
{ 1 2 3 4 5 6 7
‘Avg : 29.8  °ClAvg: 304  °ClAvg: 30.8 °ClAwg:’ 80.6 °ClAvg: 28.8 °‘ClAvg: 29.2 °CiAvg: 26,6 °C
‘Max: 347 °C|Mmax: 349 ‘C|{Max: 36 °Ci{Max: 364 °C{Max: 344  °C{Max: 34,6 °C|Max: 336 °C
Min : 258 °CiMin: 26,9 °C{Min: 27.6  °CiMin: 27 °Ci{Min: 25,2  *CiMin: 258 °CiMin: 236 °C
Humi : 74 %{Humi: 74 %|Humi: 69  %|Humi: 70 %{Humi: 75  %{Humi: 77 %|Humi: 89 %
\Prec: 0.2 mm|Prec: Q mm|Prec: 0 mm Prec:l 0.2 mmjPrec: 0 mmjPrec: 0.6 mm|Prec: 20.2 mm
iPres i 10079 hPajPres: 1008.5 hPa|Pres: 1008.4 hPa|Pres: 1007.2 hPa|Pres: 1007.6 hPa|Pres: 1008.6 hPa|Pres: 1009.4 hPa
Vis : 19931 m|Vis: 19346  mj\is: 19715 m|Vis: 19918  miVis: 19493  m|Vis: 18626 m{Vis: 13578 m
| ¥ i 8 9 10 11 12 13 14
;Avg: 26,5 °ClAvg: 28.4 °ClAvg: 28.1 °CiAvg: 28.2 °ClAvg: 27.1  °ClAwg: 27.4 ‘*CiAvg: 28:2 *C
;Max: 311 *C|Max: 34,1 °C/Max: 34 ‘C{Max: 342 °C{Max: 29.6 ‘C{Max: 29.5 ‘*C{Max: 324 °C
EMin: 24.4 'ClIVirl: 244 °CiMin: 241 °C|Min: 24,3 "CiMin: 24,6 °C{Min: 25.8  ‘CiMin: 256 °C
[Humi : 88  %|Humi: 80 %! Humi: 81 %|Humf: 80  %{Humi: 91  %|{Humi: 91  %|Humi: 84 %
|Prec: 1 mm|Prec: 0.2 mmjPrec: 3.4 mm|Prec: 86,6 mm|Prec: 28 mm|Prec: 1.8 mm)|Prec: 0 mm
iPres: 1009.7 hPa{Pres: 1008.2 hPa|Pres: 1006 hPajPres: 1005.8 hPaiPres: 1007.3 hPa|Pres: 1007.5 hPa|Pres: 1006.6 hPa
_}v‘is: 13566 m{Vis: 16990 m|Vis: 16489 miVis: 15161 mjVis: 12521 mjVis: 13892 mjVis: 19051 m
B 16 16 17 18 19 20 21
lAvg: 27,6 °ClAvg: 279 *ClAvg: 28,1 ‘CiAvg: 27.8  °CiAvg: 26,2 “‘ClAvg: 248 °CilAvg: 283 *C
?Max: 328 *C{Max: 332 ‘C{Max: 33 *CiMax: 324 °C{Max: 30.2 °CiMax: 25,7 *C{Max; 32 *C
‘Min: 24,7  *CiMin: 242 °C|Min: 25.2  ‘C{Min: 25.3 °C{Min: 236 “CiMin: 23.3 'CiMin: 254 *C
:Humi: 85  %|Humi: 85  %|Humi: 83  %|Humi: 84  %iHumi: 88  %{Humi: 96  %/Humi: 7%
|Prec: 12.6 mm|Prec: 4.6 mm{Prec: 2.8 mm|Prec: 1.6 mm|Prec: 64.2 mm|Prec: 13.6 mmjPrec: 0 mm
iPres: 1006.6 hPajPres: 1007.1 hPa/Pres: 1006.5 hPa|Pres: 10056 hPa|Pres: 1003.7 hPa|Pres: 1004.3 hPa/Pres: 10044 hPa
EV’ls 17040 m|Vis: 16521 miVis: 13760 m|Vis: 18114 mjVis: 13726 miVis 11685 mjVis: 18626 m
22 23 24 25 26 ._.._.EI_...‘_.- ) ______2§
;Avg 27.8  °ClAvg: 26,9 *ClAvg: 28,5 “°ClAvg: 28,6 °‘ClAvg: 29.3  ‘ClAvg: 29.1 °CiAvg: 287 °C
IMax: 34 ‘CiMax: 30,3 °CiMax: 33.7 ‘C{Max: 331 °C{Max; 33,2 *C{Max 34.2 °C{Max: 333 °C
jMIn 245 °C{Min: 24,5 *C{Min: 25.1 *CiMin: 253 °CiMin: 264 °C|Min: 25,3 °*CiMin: 249 °C
iHumi 83 % Humi: 88  %{Humi: 84 %/ Humi: 80  %iHumi: 73 %|Humi: 77 %|Humi: 77 %
iPrec: 8.4 mmiPrec: 6.4 mmjPrec: 40.8 mmjPrec: 1.4 mmj|Prec: 0 mmjPrec: 2.8 mmjPrec: 6.8 mm
%Pres: 1003.7 hPa|Pres: 10044 hPajPres: 1005.9 hPajPres: 1008.3 hPa|Pres: 10087 hPa|Pres: 1007.9 hPa|Pres: 1007 hPa
Vis 18649 m|Vis: 18872 m|Vis: 17800 mjVis: 18787 m{Vis: 19349 mjVis: 16546 m|Vis: 18029 m
s 29 30 S s s s e
263 °ClAvg: 278 *C
318 °CiMax: 326 °C !
244 °ClMin: 241 °C |
91 % Humi : 78 % g
27.8 mm!Prec: 0.2 mm ;
1005.6 hPa|Pres: 10054 hPa i
13938 mVis: 19597 m| .
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A15N9 3.5 YeyamnuduiarySinaWuaduseiu luiReunsngiau 2013

aduTuns Uy ald Y Unanirluiaiesiotu

2 69 0

5 77 0
9 88 25
10 85 9
11 81 2

- 12 74 0

13 67 0
14 68 0
15 77 3.4
26 77 0
28 85 3.6
. -, 86 22
30 89 10.8
31 78 0.2

3.7 mysanwuuiledasdn (Fuzzy Logic)

3.7.1 Myeanuuie@aain (Fuzzy Logic) lunsadrelamasiaasun
¥ ol ]
UIHUNAININTAN

He@aodn (Fuzzy Logic) ihuedasilefidaelunasdnaulanielienula
winouvesfeyalagavvenlidmubanguls Mivdnimanaindronindsuwuuisnisfed
Fudeurownywd Futhdeyaesidudwaiinelitindy (Nimbus) uvhnsfurneilag
141Usunsu MATLAB wazdeyamuduninnaugaiioniner uldlunisesnuuuiilonn
Usanauiely

Fuiudnimdnnsvesiedasinulilunsadrdlunadaoiinu
shruflaadiieanlungammumues audeyansiiUisuiivussuiennuty Uium
whetuiadesetu uaswediduie Uil 3.27-3.38 awiuldhdeyauiinaninuadedoty
wWasidudaumuiuduronue wazautu wstunuiy Tasfideyaniutudous
Uszana 77 wWedidud agwuiniaeiuan
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TagannsoizideyaveaesidudiuedneliAady (Nimbus) &
NN MATLAB wvimiseenuuulagldile@anin (Fuzzy Logic) Insavthaniilaly
fosanlaglilusunsu MATLAB ievinniseenuuuiledaodn (Fuzzy Logic) fansvieu
Y04 FIS (Fuzzy Inference System) Aogdnauerianiiafidu Automatic  Incident
Detection (AID)

aunian WesidudiwefidelfiAndu Nimbus = 229% wazA1mIudy |
humidity = 81% 94930 MATLAB _ fidudlunisaiuaiitadduaundn  (Membership
functions) uazngueaed (Fuzzy Rule) i1 8 ng Taeld Min-Max operation wayves1433
Centroid Tunng Defuzzification Haaxlr1ySnaniteu Rainfall = 5.18 mm Tngayfvun
1% fie drAruSunaniniy Rainfall 9g/lud79 0.1-10 mm vglvinadwdidu Light Rain (lu

v W o = ¢ ¥ a a
Lﬁﬂuaﬂ) QNEU'W 3.39 ‘ﬂ*ﬁ]gﬂLﬂu‘lﬂmquLﬂm%quu%qﬂﬂﬂch‘luUNTﬂﬁn

File=y:¥ byt View 5 O prbi o ns e i e S e e R s s S WS P S s o v

inputt =22 input2 = 81 Dol =543

i
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2

(L
=
D¢
E
[
Im
2
C

JUT 3.39 wilsine MATLAB Fis dwiudeyaraunisudasiaidadumie

1% a & . ]
Tunsmsesnwuulneldite@aein (Fuzzy Logic) fdunauniseaniuy
& ) -1
T4V 4 Junay fadl
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3.7.1.1 Fuzzification

MnAefidudafineliAndu Nimbus = 22% leiily
HUNTEUIUNISHnduaun®n (Membership function) vesen Nimbus input g lfiAnsesiu
aanduanndn (Degree of membership) vesiUasidusiug Fuluiledian (Fuzzy set)
wuseaniu ¢ dinsheiudisgy 3.40 Ao

1) Nimbus small fidnwaugguiaiediendugudmasunns
ny (Trapezoid) wazilrmagluye [0 0 8 10]

2) Nimbus medium Si&nwazguineilediendugudivaes
m1ay (Trapezoid) waglenaglugae [5 7 20 30]

3) Nimbus arge fifnunirgusreiladianduzufindounns
wy (Trapezoid) uagileagluga [25 35 60 70]

4) Nimbus verylarge ﬁé’nwngﬂ*ﬁwﬁ‘ﬁmmL‘i‘jugﬂﬁmﬁau
Ay (Trapezoid) uagilreglugag [60 75 100 100]

Tunsmmsgiuauuaui@n (Degree of membership)
vososifudiumiinelifasu (Nimbus) a¥lé

p(x)

»
small  Medium Large Verylarge

\

i i | I I I

10 20 30 40 S0 60 70 80 90 100

H(x = Nimbus medium) = 0.8

g‘dﬁ 3.40 Arszrualuani®n (Degree of membership)
voaefiduduaiineliiindu (Nimbus) (%)

wardaeAIAIuTY Humidity = 81% ifiaualunu
nsrUIUN1THeAtuaNn@n (Membership function) ¥esA1 Humidity input agldAnsediu
Anuluaundn (Degree of membership) gesm ity Fuduiledien (Fuzzy set) wus
pendu 2 wadhefiu fgui 3.14 fo
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1) Humidity low fifnwazgusiafiedionduguiivasua
wy (Trapezoid) wawiiraglugag [0 0 65 77]

2) Humidity high fidnwaurgusaiiediendugudivasuan
wy (Trapezoid) uarilAnaglugas [76 80 100 100]

Tunmsmarszauauusndn (Degree of membership)
yosprutuarls

1)
A .
Low ‘ High

I

I

I

4 I

0.5 :
i

1

[

v

o 7 (SRY 0 50 WEP0qb I75en) ©d Goo L\ Y

#(y = Humidity high) = 81

‘gﬂ'ﬁ 3.41 PsgRuatiuaudn (Degree of membership) U09ATY Humidity (%)

3.7.1.2 Rule evaluation

5 n'{ L3 P o -
Tutunoutlazsasld Fuzzy Operation lunisdnfiunns fe
aa &
N1IATINARUNYIARTY :

Rule 1: /
If x is Nimbus small = if 0
or y is  Humidity low = andO0
then z is rainl — then min[0,0]1 = 0
He, (z)=0
Rule 2:
If x is Nimbus medium = if 0.8
or y is Humidity low = and 0
then z is Norain = then min[0.8,0] = 0

He, (2)=0



Rule 3:
If x
or y
then
M (2)=0
Rule 4:
If x
ory
then
He, (2)=0
Rule 5:
If x
or vy
then
M (2)=0
Bule 6:
i &
ory
then
He (2)=08
Rule 7:
If x
ory
then
He (2)=0
Rule8:
if %
or y
then

He, (z)=0

is

is

Nimbus large
Humidity low

is No rain

Nimbus verylarge
Humidity low

is  No rain

Nimbus small
Humidity high
is Light rain

Nimbus medium
Humidity high
is Light rain

Nimbus large
Humidity high

is Moderate rain

Nimbus verylarge
Humidity high

is Heavy rain

U

U

U

U

U

U
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if 0
and 0
then min[0,0] = 0

if 0
and 0
then min[0,0] = 0

if 0
and 1
then min[0,1] = 0

if 0.8
and 1
then min[0.8,1] = 0.8

if 0
and 1
then min[0,1]1 = 0

if 0
and 1
then minf0,1] = 0
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3.7.1.3 Aggregation
U 1 ! A
Wunszvaunisunisevinmunsinfusswinudasdedian
TAefa15847A1 Max Tun15vin Ageregation aglaan

norain  lightrain rmiogderaterain heavyrain veryheavyrain lightrain

1 1] 1 - § e 1 1
08 - \ » 08
k‘ ',-"' ‘
0 o= . 0

0 0

gﬂﬁ 3.42 NT¥UIUNTT Aggregation

Aseiuauluann®n (Degree of membership) ves
miynuinenhiudauiedion (Fuzzy set) wsoaniy 5 Wndnui fie

1) Norain  fifnuaeguinilediendusudivauaimy
(Trapezoid) wagdlragluyag [0 0 0.0495 0.0855]

2) Light rain - fianwaizgusrafledimmdusudindonniamgy
(Trapezoid) uagilr1aglugas [0.1001 5.04 5.94 10]

3) Moderate rain fifnwazsusnailediendugudivdennis
wy (Trapezoid) wasiiAaglugas [10.1 21,31 23.8 35]

4) Heavy rain fdnwazguireilediamdugudvasuniomy
(Trapezoid) wawilrregluge [35.1 59.81 65.3 90]

5) Veryheavy rain ffnwazsUinfledendugudivaounis
wy (Trapezoid) uazilenoglugae [90.1 94.56 96.35 100]
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u(z)

No rain Moderate rain Veryheavy rain
1 Heavy rain
Light rain /7,

-
v

R P e ———— Sy g R E—
10 20 30 40 S0 60 70 80 90 100

u(z =rain3)=18.3

g'd'ﬁ 3.43 frsgAunuduaundn (Degree of membership) vaeU3unnuiwy
Rainfall (mm)

3.7.1.4 Defuzzification

1938 Centroid lun1s Defuzzification laen1311A Center
of Gravity (COG) fatl

(%)% dx D Hy(x)x

coc;_j itg = 20 2K 18
[ 1) ZﬂA(x)
x=a (33)

aeldAUSunaey A9 5.18 mm Tngazagluinusinu
iintae QNm'iaﬂuLﬂmmﬂ‘smmmNwmﬂiuqmuamwm

3.8 N1IDBNLLUY GUI (Graphic User Interface)

GUI (Graphical user Interface) \UuAgn1slinuasminuigldneufinmesin
ﬁmaﬁaminumiaaﬂaummaﬂmamumamw Wy 'meanmaanamiﬂ (Icon) wnuns
RunFdudnou mamstaanmaqmmwmsx.aanwLﬁamﬁvumuu
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3.8.1 N158579 GUI (Graphic User Interface)
Cloud & Nimbus Density Estimation Ju GUI (Graphic User

= [

d v v v
Interface) fignasistuanainlusunsy MATLAB Wedlanuisaldauladeuasasanuin

v
L/

&’ . o I 1 I
JudmIugld (Usen) Tunisfnaudndedfidudiaumuiwiduveane (Cloud) Tuusae
a ' ¢ d ¢ i a1 g va . & o
pilnAsnee vedlve warWedidudaumuwivvesuafinelmiany (Nimbus) Tuluniuf
=3 o : 1 T3 g - d v
VBINTUNHUMIUAT RaRnUlUTINTATUINAUTEIMUTIMUHY (Rainfall) fie1aants

& o & as =
luienitufivesnsavmaviuns Tasiilusunsutioviiguiuudss Ui 3.44

Projact : NOAA Saislles in AFT lode Recelver System Basad on SR ||
Tachnobgy snd Appicstion for Cloud Denaly Extimation i

Bhn i

5 Jeattvred 4|

of Nimbua Danalty.

NOAA Image Bangkok of Thaland

5Uf 3.44 gUuuuveslusuns Cloud & Nimbus Density Estimation

nsldaulusunsu Cloud & Nimbus Density Estimation
3811 Guanmadanihlusunsuduunieldiu dsasiiguuuy
TUsunsy fagui 3.45
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| om0t mmsstaem

Heavy Aaln
[ vowttomaty 1 1 | (5 e M S 1 e b

=l a o o =3
U 3.45 pluuildsunsundlailovinnslddunn

3812 sndurhinislddunaliiulusunsy Tnsaxfu
AweeaTIdley NOAA AildanTusunsy Witolmg Sesunissi Geo-Referencing el
Wnwdungamsiuiivesssmalvglunisldamsunnyidlalas nnils Browser & Run
snifuariinirsnedide File Selector Tusrileliidonamdunn faguil 3.46

+d
Description of sky
conditions.ipg

" Crternet
rainfail.ipg

5U# 3.46 3ULUUYRN File Selector

a e & v w o o
3.8.1.3 Wovhnisidennmiade Tselusunsudnin iiied
Wsunswhmsdnnumdumlefidudaumuniuseaus (Cloud) luusazgiiann
' ¢ & ¢ | a v oa " & o
a9 veslne uazilasiduimnunuiudurenuefineliiady (Nimbus) Tulaiuiives
- 13 Y <
ngammamuAs Welusunsuduiniaiasiisunu faguil 3.47
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<l o o ° [ 1 .
JUT 3.47 Juvedlusunsudlavinisdnasilesidudmaumuniiures Cloud wag Nimbus

= v i '
3.8.1.4 2NgUR 4 wuliinlugesves Percent of Cloud
i ) 1al o o & 1% ¢ v °
Density §alsifinwievinausingeenun ienvrliaweminnusingesnun dewinnis
a a o v o | a & '
\@angiinafinoin1msuesidudaumuwiuyeaus (Cloud) Tuginiadudenou Tag
= ) al s <

NINALEBNHANIATIYE Select area NFUTI 3.48

Projact ; NOAA Sateliat in APT Liode Receiver Sydiem Based en SO
Tuthnsngy snd Applcation for Caid Don bty Lotorsion

[~ Geacrpton of Sky Condtiony

= Poroent of Himbus Densly T ImmmTT - Cerie !

HOAA image Bangkok of Thasland

e

< v ' ¢ ' 0 a
gti‘w 3,48 gULL‘UU'lumsLﬁaﬂ'lmt,ammL‘tJa‘a‘L%‘umﬂmmeLuwaa Cloud 'LULLGIﬁSQ&Iﬂ’lﬂ
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3.8.1.5 vdwndenglinmmaudinmiszunngesnuiuantudes
Percent of Cloud Density iwuiilgnfufiulutetves Percent of Nimbus Density 4910
awazuansnmustsazgiaeiildideniy uaznsmuanaafiduduasinanumuuiu
vpawel (Cloud) wawinausfpaiefidudmumuuiuvesiussineg annsaguisuiieuld
InATIeuYN Fagui 3.49

— Percant of Cloud Density.
Project : NOAA Satelites in APT Mode Receiver System Based on SOR
[cmhl ,] Technology and Appiication for Cloud Density Estimation

— Description of Sky Conditions

NOAA Image Central of Thailand

Broken

d ! II; I
JUM 3.49 jUluuresdLuanIraesidudifinuuIkiuYesue (Cloud)

3.8.1.6 MintufiefvvinsFunsssnameimaniduiiens
an Buannistadmaduluussenevesiuiisafeanisfuassnaizinaey
Feemnsahimuduvesfudusntdannaluiits Find Humidity \leflagannsadadly
Faluled httpy//www.awsobservation.tmd.go.th/web/weather/weather calendar_

inner.asp ﬁ'«gﬂﬁ 3.50
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3.8.1.7 Woldmautiuvesiuilagynisulm tianauduiilaun

! v e o/ : 11 & o o o ° [
Tdlude Insert Humidity figuil 3,51 Fnguiildrnmmuailuiuinginefuuils
nnIYlediAe 81

F Percent of Nimbus Densily’

NOAA Image Bangkok of Thailand

[ 81 |
[»-‘. aceans EMERY L, ,x.r]

< : &
JUT 3.51 uamamsldrimnaiy

3.8.1.8 Weldimsduaialinal Uil Fuzzy Wilevinisduanm
Auszanaueslinanirufiosssanlunalndifsaiy warludiuvosuanisafiazwand
AUszanaveweIUSinai WA s iinaiu usmiide duns fianansa
$rldnmaeshurandle fgudl 352
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— Percent of Nimbus Density = Criteria of Rainfal

NOAA Image Bangkok of Thailand Light Rain 548227

=

IJ | U 1
JUN 3.52 gUluuresdLlanIavasAnUB i EURAI LY
P~ v oo : o ¥ o ¥
vaausnaliAnsu (Nimbus) Usmnaniwuuiasinusiusunmueu

3.8.1.9 w@drfunisAuiamandesidudaiuuiniuve s
' a i { ! a ) g va
(Cloud) Tuusazgiinimsineg veslve wazanvofidusaumnuiuvessefineliiadu
. dhl & o 1 = H 5
(Nimbus) Tuiwaiuiyasngammamiuas waznsiuruassanaUiunnahn (Rainfall)
= 4 [T-Y e (3 - a & d
ol LaguanunusiuIuaiiduntunasiainnsugadeninegy luluaiuiives
NFAUVHNMIUAT

A ]
3.9 asa9ianlylun1svanaay

® #1891n1A Cross dipole

® Bjas Tee '

® USB Dongle q’u ezcap USB 2.0 DVB-T/FM/DAB

o TUsunsufiammmadiey (Software Satellite Tracking: Orbitron)
® Tusunsusudayayrau (Software Reciever: SDRSharp)

o TUsunsuusvanananin (Software Decoder: Wxtolmg)

o TUsunsunsAIn (MATLAB)
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3.10 NSIMAUNANITNAADY

vmsdnszuulimdonlderuynetne Wedinmslasvesanuiuusiusuma
999 Ground  Station  sruviuAygIfvgimsTuiygiuuhedgaldiiunmdie
auiteslaednludRrumshouesgensuaiingg auildirly sndusmdroariiien
flfargmitlutudunslunisdunamivefidudmiumuuiuresuslunmeonufio
A3uln e luduaesidusaumuuiuvesuslunadiieg vesUsswmealne uay
njmuAs Ssaviwefludmmuiuiure e finsliAndulungymamuns way
foyannmaeufiuanmmernimvesnsugyioningt sussmamnuimaisunsnas
Ysnanhruvasnsugniesinelusdas sy



uni 4
NANISVNIARDY

MNNTINAFDU Tﬂﬂﬁm}’mmimwaauﬁmaLﬁsm NOAA %Lﬂ%‘aumuﬂ'imwﬂ
vy Inuvhnsdnseu Buanfiadaane newuy Tumnstile antenna 91ntusefy
\wiaaudnyy1ns SOR (Software Define Radio) Wuu USB Dongle §u ezcap USB 2.0
DVB-T/FM/DAB Tneiieenduas Orbitron iieviinisfinniunislaasvesntiiion NOAA s
3Uit 4.1 Tngaewuiiluusiasfunufiey uiagaseslmasimnilamundsiifeasussme
vy JuagUseanm 34 adyme dufivhivlusashusamnsafudyaraminanaies
NOAA 1#fuazyseana 10-12 asa

=l (YY) )
JUR 4.1 2lpasunizTudeysyinuesenduas Orbitron

- ol | o i & P | '
Weansulavsiiudwvdsnszensaedygineesnuiisuaiuisadsls
e [-] o/ s "‘
9@WALIT SDRSharp Agvinmssudayeyiamegun 4.2

T SDR# vL0O.1135 - numun-uzsnmnm T

—J{__anO 137 622.455

SNNOAA IS [B]" AZ155 2 ELIS.2

| DHI37622455 UP124597413 DMPMAY
|| RAI285.271 RR-6 340 LO104 0524

1 L.‘GD&!TALI 5?7’!

SU 4.2 awnmSimesdiygnsuugemsinag SDRSharp
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o

FedrygraudliaedimdaUszana 18-20 dBm wazAn SNR awsantlian
aunsfl 4.1

(¢.1)

noise,dB
naise

P
SNR, =10log,, [ﬁ"ﬁ"—} 5P L

dle P =20 dBm P

signal ~ noise

ranuNsavAUsEunld Ao 20 dBm - 5 dBm = 15 dB

= 5 dBm

9nugeNsiuaf SDRSharp vvdsdtyarondudludiwenduad Witoime e
vinnsneasiavindyyrandoslfidunmdionaiion figud 6.3 Tavshunssuiunis
Audio piping Bansrurunisidunisurunisdsdyayiandesaingewduad SDRSharp Ui
wxtolmg augaheldidunmareanifienuasitnmienafesiulviiseyisely

Al ¥t G e e
00 S S amesmmuan B g oot MM o et o e ot e M N VA

K|
[oiie18 aure oS Am 13 =38 171 "3H 1T a0 ]

[poae. ' I [ % [mcir

a ) ¢

3N 4.3 Juvnzudyguveswenduas Wxtolme
& o ! A a

Mnduthawgeafouilaluseuanalulusunsuy MATLAB iite3insiey

- [} n} 1 & « L2

wazUssananauIuuna e durssnadsuanadnduledidud Tnsauisada

1 - 1 (2 o s v 1 ¥ ot
wuUaTEunNg (Cloud) WinmueiuunaaflanIusesiu 5 Seau
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4.1 HANTVARDITURYIAANTEUUSURYQIN a8 LTIBN NOAA
fai

4.1.1 HAaNMINABRITUHYYIU ATIN 1

NMIveasfudygIunafien NOAA unUsvinanacduninane
s TUTUN TN WXtolmg vasaaudion NOAA 15 3 27 W fuil 28 Bsmnau 2556
Tuan 14:30 u. Tulvun Normal szudailiu Ch A uae Ch B fa3ufl 4.4 Tulnum Contrast
enhance (NOAA ch B only) {Wulnua#ild Sensor 4 (Thermal infrared) #aiulnund
uammqquu faguit 4.5 wazlulvum MCIR map color IR WHulnunnmdfiuandlifisty
we wagiuth Auiy sgedmiay Fagui 4.6

gﬂﬁ 4.5 NOAA 15 3ju 27 W lulvun Contrast enhance (NOAA ch B only)
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T -

SU 4.6 NOAA 15 yu 27 W Tuln MCIR map color R

Y 3 Y o
4.1.2 HANTVARRSSUR QIR AT 2

NN1IeaRIsUdY Y IMIINATIAEN NOAA  udszutanaliu
Awerganisarilusunan Wxtolmg veanaiilen NOAA 15 yu 67 € Sufl 16 fiugoy
2556 Tutaan 05.03 u. ulvum Normal szwdadu Ch A waz Ch B faguil 4.7 Tulnus
Contrast enhance (NOAA ch B only) Wulvuaiild Sensor 4 (Thermal infrared) &4
Dulwusiuansrrqamall faguil 4.8 wasluluua MCR map color IR Whilnumnndd
wansliiduie uaziuth fusu egrednau Fagun 4.9
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. “& Ay P, |
7U7 4.9 NOAA 15 3y 67 E Tulstum MCIR map color IR
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4.1.3 HANTIVINGDITUSYEYIM AN 3

NNINARDITUA YR IUINATIABY NOAA 11Usrananaliu
awengBRIuTUTUNTI WXtolmg vaeanaifien NOAA 19 3w 53 E Yufl 18 fueiou
2556 Tuaan 14.04 u. Tulvua Normal szutalu Ch A wae Ch B faguil 4.10 Tulvun
Contrast enhance (NOAA ch B only) 1lulnundilé Sensor 4 (Thermal infrared) #ady
Tnunituanergamnd fa3uil 4.11 uaglulvun MR map color IR Wiulnunnndfiuan
Widhuws waruth Auiu eghedniau Flaguil 4.12

3UT 4.11 NOAA 19 3 53 E Tulvim Contrast enhance (NOAA ch 8 only)
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SU 4.12 NOAA 19 311 53 £ Tulvisia MCIR map color R

4.1.4 WNANTTNASDITUEEY U ATIN 4

NNNINABBITUTYYIUIINAI AT NOAA urussmnanatlunmane
AT ulUTUATH WXtoimg vesnaifiun NOAA 18 yu 69 W 3ufl 26 fugeu 2556
luaan 15.45 u. Tulvwn Normal szudafu Ch A waz Ch B saguit 4.13 Tulnun
Contrast enhance (NOAA ch B only) Dulvuadld Sensor 4 (Thermal infrared) a1du
Tnumiluamerngaumgll daguit 4.14 waglulyum MCR map color IR (uluunnmafiuans

v
v S (P D v &
i uaeiuih Auf ogredpiousaguii 4.15

3UM 4.13 NOAA 18 131 69 W TuTaum Normal



E‘Uﬁ 4.14 NOAA 18 31 69 W lulvium Contrast enhance (NOAA ch B only)

3U7 4.15 NOAA 18 1331 69 W Tl MCIR map color IR
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o Y d
4.1.5 HAN1INARRSUH YT AT 5

nnnInaaesudygyruainanifion NOAA uUssananaiduningle
s ulUsLN TN WXtolmg voentaifiey NOAA 15 gy 85 W Yufl 19 fugnsu 2556
lunan 15.45 u. Tulyua Normal swwdadu Ch A waz Ch B Kagudl 4.16 Tulnue
Contrast enhance (NOAA ch B only) Hulnundlld Sensor 4 (Thermal infrared) aidu
Tnuniiuansengamadl Faguit 4.17 wazlulvun MCIR map color IR dlulvunnmdfiueans

v
& ¥ X a v v o
‘Lﬁl.ﬁul.uﬂ BETWUUT WUAU BEJ"]\?‘UWLSJUFNEU‘V] 4.18

- s W
e 1

JUT 4.17 NOAA 15 3y 85 W Tulvn Contrast enhance (NOAA ch B only)
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3UT 4.18 NOAA 15 31 85 W Tulvaim MCIR map color

4.2 NaNNTNAaBINIsUIEUaNa lLIUSHNSY MATLAB Wadtas1zvuazuseuna
NARIAURULLUYDILUY (Cloud)

TaglunsmeAdesidudammumnuiuvoas eldrgmaiiammadng
(Bnghtness temperature) ﬁlmmﬂsmaama 'Nﬁlv'l'umammummmw FAaLke 10 93A7

L‘Um‘?ﬁEJET‘UUlU WAL ENTORUSLAMINLN ST § mmmw 4.1

o ¢ o v
M7 4.1 LﬂmﬂﬂWU'JULlI?i'LuVI@Qﬁ']

I wWadidudiwa (Cloud) AUNUE
vioeiwaula (Clear) 0 59 5% Taiiiiaie
NIl UTs (Few) > 5 B4 < 25% Vioadwsdntioy

lsU9dy (Scattered)

>25 04 < 50%

yesrdweinsganeUiunans

fwsiunn (Broken)

>50 £19 < 87%

vieshilwsunagunlusulvg

Twenfuviaadin (Overcast)

>87 914 100%

vieaidimsunaguun
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4.2.1 uan1suszaunanalulusunsy MATLAB asafl 1

dlelasunmwanTusunsu Wxtoimg Taeidiunmildmanizussmelng
smffanleans nwedrenriflen NOAA 18 yu 89 E Jufl 27 Aamaw 2556 1ian 08:33
UTC Tulwun Contrast enhance (NOAA ch B only) 1ulnuafild Sensor 4 (Thermal
infrared)  Judulnuaiuansdrgangd faguil 4.19 waginsUsznanalulusunsy
MATLAB yaasidusiaumuuiuresiue (Cloud) Tuaadiey fagufl 4.20-4.25 yay
3RS Faguil 4.26 T

gﬂﬁ 4.19 NOAA 18 3ju 89 E lnediaawizuszvalng (1/P)

Tumewite denvesfifudrmumunurons (Cloud) 429% Fednegluinasifius
UE (Scattered) Ao vinsvflwsiuseaneUunans
NOAA Image North of Thailand

< P | '
UM 4.20 mamile fidarumunuiuusase 42 %
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ot =l = 1 (3 1 A L7
Tunenziusen@eanile dawesidusmumuiuiuvewe (Cloud) 71% Fadn
agluinausisisien (Broken) Ao voshwaunaguiludiulvg

NOAA Image East-North of Thailand
i YHE

o ) 1 |
JUN 4.21 MmangTussn@uavile famnumuiiduresss 71 %

lumanans idwedidudmumuuuuvesiue (Cloud) 63% Fsdnagluinnusiius
wn (Broken) fie vipardlweiunaguidudiulng

NOAA image Central of Thailand

= 1 B
JUN 4.22 MAnaN SAANuIvUILLUIa N 63 %
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lumengduan fewesidudmmumnuiurenus (Cloud) 45% Fednagluinmsid
\WIU9EIU (Scattered) fip vipafhfwausereuiunans

NOAA Image “West of Thailand

4 U J |
UM 4.23 mAngTumn demnamuiuiuresue 45 %

w i ¢ | &4 w ¢
Tunmeayiueen fdndeiidudmmmuiniuvesus (Cloud) 92% Fadnagluinae
<l g v & £ a
fiwsnhuiesii (Overcast) fle vipafhilwenaguunn

NOAA Image East of Thailand

8%

2%

= Y J i
UM 4.24 mengiuen drAnuvuiuduvesue 92 %



117

v 1 1 GJ L =l
lumald faedidudmnumiuiuvenus (Cloud) 62% Fadneglusnasitius
1 (Broken) fie Yioswaunaguidudaulne

NOAA Image South of Thailand

2%

=l i !
JUT 4.25 analdt Tranuvuiwiuvetie 62 %

! & ] o @
Tungumamuas Sdwdefidudaumnuiurese (Cloud) 43% dedneglu
wnausiilsieiunedau (Scattered) fio Wosiilwesyangwnans

NOAA Bangkok of Thailand

o | ]
JUM 4.26 ngavmavuas dinrsvuiwduyosius 43 %
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¥
4.2.2 nansuszaanaluTusunsy MATLAB asefl 2

deldsunmanivsunsy Wxtoimg Taewdunmilimamizussmelng
maiingfimans nwewmiaflen NOAA 18 yu 51 W Sufl 25 &aviay 2556 1381 08:55
UTC Tulnum Contrast enhance (NOAA ch B only) Wuluuaiild Sensor 4 (Thermal
infrared)  Suulnunfiuansangang fgufl 427 wagsinisuszsnaralulusunsy
MATLAB yneasidudmamumiuvasue (Cloud) lumasiag faguil 4.28-4.33 uay
ngIMIAIMILAT FesUTl 4.34

NOAA Image

JUT 4.27 NOAA 18 11 51 W Tnedmawzusyinalne (/P)

[ o 1 & '3 1 J L
luniangiueen JAnUssidunauuIluLYaLLsUSENN (Cloud) 99.5% #99m
oglunasiiusiiuyiosia (Overcast) A Vioshilanagumin

NOAA Image North of Thailand

= i 1
JUN 4.28 mamile flAAnumvuiuiuvess 100 %
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o =l 1 (3 1) & o
Tunangiusanideunie fifwesidudmumnuduvosuy (Cloud) 619% Fadn
agluinausiienn (Broken) fis fiosifiwaunpaududiulvg

¥ AR
i

=l i |
JUM 4.29 manyTupeniluuwnile dAiannumuiuiuvediue 61 %

Tunanans feesidudmmumuuniuve s (Cloud) 54% dedmagluinasisiss
1N (Broken) Aa vieshilweunaguudaiulng

NOAA Image Certral of Thailand

v

a 1 |
UM 4.30 mAnans fieaumunuuvesus 54 9%
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) a ¢ « ' a4 o ¢
lunanziunn Janvesidusimnunuiiuasaus (Cloud) 46% Fednag/luinonil
\Ie1Uau (Scattered) Ae YioadTwausea1euunans

NOAA Image -West of Thailand

d L7 U 1
JUN 4.31 anangTuan HANAMNVIUINLILYBINS 46 %

o 1 1 d L2 L4
Tunmesziusen drwvesidurrmamuiuiuves (Cloud) 40% Fsdnagluinas
flamunsdau (Scattered) fie viosihflwaussaedmnans

NOAA Image East of Thailand

d o 1 1
JUT 4.32 mangTueen dAAnumuinyuyedwe 40 %
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voa | o4 W ¢
Tunmeld SAndesidudaununiiuresus (Cloud) 62% Fadnagluinasifius
11N (Broken) A viwihdweunaguidudulg

NOAA Image South of Thailand

§ o

‘J vV oal ) 1
U7 4.33 meld deanavuiiiureaun 62 %

Tungammsvuas fidwefidudmmumuniumssi (Cloud) 4% Fednogluinast
vieafudula (Clear) Ap viosihlaifiai

NOAA Bangkok of Thailand

< al ol [}
FUN 4.34 njammuvnuas denanumuiuuurediue 4 %
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4.2.3 namsuszananalulusunsy MATLAB el 3

dolFsunmanniusunsy Wxtolme TneillunmitiaamieUszindlne
mudingiienans aweneanaifion NOAA 15 yu 63 W Yufl 15 fugneu 2556 Lan 22:27
UTC Tulvum Contrast enhance (NOAA ch B only) Wulvuafild Sensor 4 (Thermal
infrared) udulvunfuanirgumgd feguil 435 waginisuszinanalulusunsy
MATLAB manedidudmumuuiuveas (Cloud) Tuniasinag faguil 4.36-4.41 uaz
NIIINUMUAS FAgUT 4.42

NOAA, Image

SUT 4.35 NOAA 15 3 63 W TnesfaianigUszwmeilne (/)

Y
| ) ) ¢al
Tunmamile ddwofidudenamiuiuvonus (Cloud) 84% Fednaglunusidin
11n Broken) fg vipsifwaunaguiludiulg

NOAA Image North of Thailand

-"“J‘

d | ]
U 4.36 mawmile dAmnuvuiwiuvesue 84 %

o ft
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TunmangTueenideanile Srndefidudaunuiuduvesusiseun (Cloud)
) v
97% Fednogluinasitiediuvioa (Overcast) fle esifiweunaguann

NOAA Image East-North of Thailand

3%,

al Y al | '
JUT 4.37 mangiupenideamile SfArnamuiuiureiss 97 %

al | (3 1 d U
lumanans frwediduirumuiuresusszan (Cloud) 97% Jednegly
o 23 L9 =S v =
wnausiflsinviosita (Overcast) fie vieslhflwaunaguann

NOAA Image Central of Thailand
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) a1 ¢ ¢ | o w ¢
Tunmenziuan dAwdesiduinnumniiueus (Cloud) 85% Fednegluinmsiil
\wein (Broken) fie vipeihSmsunaguiludulvg
NOAA Image -West of Thailaad

* '
:A‘

)
A v e DA !
Y 4.39 AMAREIUAN HAIAINUNUILUUYDIUY 85 %

L U & 1 4 a
lunmangueen dandesidudanumnururesius (Cloud) 50% adnaglunasi
flunadau (Scattered) fle Hosihflwauszanedunans

NOAA Image East of Thailand

A o al | 1
JUN 4.40 mpngiusen fArmnunuiwuuveus 50 %
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lumald Fenvedidudemmuiiuvesiue (Cloud) 70% Fadmeglunusitiue
310 (Broken) Ao vipsiliwsunaquifudiulng

NOAA Image South of Thailand

0%

| Y oa ) 1
JUN 4.41 mald TAnAumuniluYeus 70 %

1 (2 1 ‘J L
lunquymamnues Sewedidudmmumuuivvenss (Cloud) 27% Fidnaglu
inaasitliusuau (Scattered) flo viosiflwasyaneunans

NOAA Bangkok of Thailand

o ' m ;
JUN 4.42 ngavmamvuns fenanumuiuduvesis 27 %
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¥
4.2.4 wan1sUszuranaluTusunsy MATLAB sl 4

delddunmanniusunsy Wtolmeg Taesfiunimitdaamizdsemelng
muRingfimans aween1aiien NOAA 15 yu 49 € Yufl 2 Bameu 2556 19a1 09:34
UTC Tulwum Contrast enhance (NOAA ch B only) \ulnuafild Sensor 4 (Thermal
infrared)  Safulnunfiuanirngumgl fgud 443 uaginsUsznanalulusunsy
MATLAB miAofidusirnumunuiuvesiuy (Cloud) luniasineg fagud 4.44-4.49 uay
NIaVIMIILAT FaguTl 4.50

SUT 4.43 NOAA 15 yu 49 E lnedinawizUsemeing (/P)

! (2 ) ; 4 s &
lumawile e fidudmmmuuiuroaus Cloud) 57% Fadnogluinasiius
17N (Broken) g vinsidlwnunagandudiulvg

NOAA Image North of Thailand

< ' |
3U% 4.44 mamile deanumuiuduveus 57 %
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o 1 ‘ 1 A o/ )
lunangfusnidsamile fdwvesifudrumnunuvsaius (Cloud) 32% Fednog)
Tunasifliwsundiu (Scattered) Ao Yoaffissyatsuunans

NOAA Image East-North of Thailand

UM 4.45 many Tusani@eamiie fimmmuiiniuzesis 32 %

lumanans Senefiduinmumuivve s (Cloud) 30% Fadnelluinmusitius
VN (Scattered) Ao vinsihdwsidssaneuunang

NOAA Imagce Centrel of Thai and
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lumenzfuan Seudeiidusiammumnmiuresius (Cloud) 57% Fednaglunmsis
waun (Broken) fe vissihdwsunmauiBudwlng

NOAA Image -Wast of Thailand
P

7%

4 a O !
UM 4.47 menzuan dAnuvuiwiuvewe 57 %

lumenyiusen dddefidusiamamuiureas (Cloud) 70% dednagluinast
flwsnn (Broken) fle viswhilwsneguidudlve)

NOAA Image East of Thailand

0%

d s = | s |
U 4.48 N1ANEIUDON JAIAUNUILL LYY 70 %

<€af}
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Tunmeld frwedidudamnumiuiuweamsssina (Cloud) 89% Sidnetlu
¢ al 8 v < v =l
inausfiefinyiosfi (Overcast) fis vissffwaunaguuin

NOAA Image South of Thailand

' 2

1%

al v oal i |
JUT 4.9 aaldl Tenmnumuiuiuvesus 89 %

lungammamuns dandefdudmumuiusae (Cloud) 6% Feimegluinasi
vieafnluse (Few) fio vissihilwsidntos

NOAA Bangkok of Thailand

P 5 |
EU'VI 4.50 NTRNWUMIUAT ﬁﬂ’lmmwmuuwauw 6 %
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4.2.5 wan13Uszaranalulusunsy MATLAB ail 5

loldFunmainTusunsu Wtolme Tneidlunmildiaensusemelng
auRingiaans nwerenaflon NOAA 19 yu 78 E Yufl 13 fugisy 2556 1ian 18:54
UTC Tulvum Contrast enhance (NOAA ch B only) Wulnuaiild Sensor 4 (Thermal
infrared)  Faulnuailuansdgomgil fagudl 451 wagvhnsuszananalulusunss
MATLAB mafidudiamumuutugese (Cloud) luniasnag faguil 4.52-4.57 uay
NUMWIMUAS FagUT 4.58

v

3R 4.51 NOAA 19 311 78 E Tnesfaianeussinelng (/P)

lumpmide ddwUadidudmumuuiumaaus (Cloud) 56% Fsdnagluinausiflias
11N (Broken) Ag vissihdweunaguiludiing

%

o a | i
UM 4.52 mawmile TrAnuvuiiiuvesus 56 %
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L 1 5 ] A a
TunangTusendeanile Ialasidudmnunuinuuessie (Cloud) 58% Fedn
agluinusiiliugsnn (Broken) flo viosihilweunequiludaulng

NOAA Image East-North of Thailand

A,

=l 1 i
JUN 4.53 manyTusenidsawmile JAANUMUIULLYDNLY 58 %

1 & 2 ] é o
Tunanane Sredidudarumuwivvesus (Cloud) 58% Fedneglunasidie
1A (Broken) g Vigwhilwaunaguiludiulvg

NOAA Imag2 Ceniral of Thailand

= o |
EUVI 4.54 MANAN UAIAIUNUILUUYDINS 58 %



o/ 1 1 é at
TumangTupn Janvefidurainumuiuduasaws (Cloud) 67% Fadnoglunasid
\eiLn (Broken) fie Viesihdwsunaquiludilng

NOAA Image -West of Thailand

7%

; A L 1 1
JUN 4.55 nangdunn SMAmnuvunliuuesag 67 %

U a0 3 1 4 LY
Tunmengiusen faudefidudarumuiuiuyouss (Cloud) 63% Fednagluinoue
= < v al I [l [}
Lwgnn (Broken) A vissiwsiunaguiludiulvg

NOAA Image East of Thailand




Tumeldl fendefidudmnumuuiuresuaussinn (Cloud) 92% didnagly
L] =] v P v =
inauniiuaauviosiy (Overcast) fie viesHidlwaunaguuin

NOAA Image South of Thailand

8%,

%

P Yooy 1
JUN 4.57 melld denannsmuiuduvesiue 92 9%

i ¢ ¢ | = w
Tunguvmamuas Srdediduimumnuiueesus (Cloud) 529% Fvinaglu
wnausisiisisnn (Broken) Ae Yiesihdwaunaguiliuaulng

NOAA Bangkok of Thailand

| 1 ]
3UM 4.58 nqumwamuas feanumuiuiurosus 52 %
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4.3 Nan1INAaRUIEUgUTENINUIUS UL HULIRRaRa URINNTY
o - o a i

galsudnen wazn1suszulanavin Nedasdn (Fuzzy logic) Tulusunsu

MATLAB

delFfunmanvesidudamumunuiuveswedidelsiAndy (Nimbus) Tu
nysmnamuas ufiuideyadendniuasdeyaruioninnsugaieninen Tuvhnag
Usvananaan Hedaedn (Fuzzy logic) Tulusunsy MATLAB ievusunaniehy waviily
oSS wnFeuifisuiunasiviinairiunnaugnienive fguil 4.59
Faazhdoyauihnimadeuionun 12 ey famns1edl 4.3 - 4.14

Percent density of

nimbus in Bangkok

Compare between

Fuzzy Logic

T it A p=p| Rainfall t=d Criteria rainfall by

TMD and Fuzzy Logic

Humidity in

Bangkok (TMD)

UM 4.59 nszuaumsUsznanasiniledanin (Fuzzy logic) Wulusunsu MATLAB

€ o ’: a o ] o o/ 3
Taginauivnaiduvensugalesineazuiseendy 5 sedy @i

4 - o
A399 4.2 inquiuTinauruveansuggeniven

inauaUSunnely Usuruuiely (mm)

lumiln (Heavy Rain) 35.1-90.0
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ar ' = ! g A ! o
4.3.1 fMepgrnmimaaslisuiisussnitunasivinnadidundede iy
nnsugndeninen uaznnsuszaanasn Hedaedn (Fuzzy logic) Tulusunsu
MATLAB

o | | ¢ o - <
4.3.1.1 AMBENNIINAADNUSEUIBUT LI NU US L H U ALY
1 s - =3 5 A
Ao luNNTUgYlELINeATIN 1

Fuzzification

nnAdesidudiuefinelyifay Nimbus = 109% ey
runszuaunsilafduandn (Membership function) vefn Nimbus input segluiled
WRUea Nimbus Medium kazagliaseauanuduaundn (Degree of membership) ¥4
Weddudumiine iR (Nimbus) iewindu 1 fagudt 4.60
1(x) '

4
Small  Medium Large Verylarge

05 =

N

I I i I | { 1 | I
10 20 30 40 50 60. 70 80 9 100

v

g"dﬁ 4.60 ArszauALduaNndn (Degree of membership)
vouafidudieiineliAndy (Nimbus) (%)

wazsArANTY Humidity = 85% lasrluniunszuaunis
Wanduaun@in (Membership function) ¥e4An Humidity input ‘éﬁagﬂmw Humidity High

a

v o1 - " A‘ i 1 et s
wagvglarseauauluauln (Degree of membership) Ya4AINaTY SAwviadu 1 &
al
UM 4.61



u()

Low

136

High

0.5 —

76

v

I |

0 20

| I I | I
30 40 @0 70

77!

20 80

1
I
1
I
1
I
I
i
g5 |

90 100 Y

g’dﬁ 4.61 Arszsiumduaudn (Degree of membership) 4BIRNNTY Humidity (%)

A =) -ﬂu
N1INTIVABUNYMNAYU
Bule 1:

If x
or vy
then
g, (2)= 0
Bule 2:
%
ory
then
He, (z2)=0
Bule 3:
if x
ory
then
He (2)=0
Rule 4:
If x
ory
then

He, (z2)=0

Rule evaluation

k) & v o 3 o a
Tutunouilazdasld Fuzzy Operation Tunissfiunis fe -

is  Nimbus small =
is  Humidity low =
Zz is rainl ==
is  Nimbus medium =
is  Humidity low -
z is No rain =7
is  Nimbus large =
is  Humidity low =
z is No rain ==
is  Nimbus verylarge =5
is  Humidity low —
z is No rain =

if O
and 0
then min[0,0] = 0

if 1
and 0
then min[1,0] = 0

if 0
and 0
then min[0,0] = 0

if 0
and 0
then min[0,0] = 0



He, (2)=0

s, (2)=1

Hc, (z)=0

Juq(z)=0

norain  lightrain

or vy

then

or vy

then

ory
then

or vy
then

moderaterain

is

is

is

Nimbus small
Humidity high
is Light rain

Nimbus medium
Humidity high
is Light rain

Nimbus'targe
Humidity high

is  Moderate rain

Nimbus verylarge
Humidity high

is Heavy rain

Aggregation
3 o 1 1 nJ

Wunszuaunislunsienyiymunsaususeninausias Hedgn

Inefia1sana Max Tunisvih Ageregation agléin

heawyrain

U

U

U

U

if 0
and 1

then min[0,1] = 0

if 1
and 1

then min[1,1]1 = 1

if 0
and 1

then min[0,1]1 = 0

if 0
and 1

then min[0,1] = 0

veryheavyrain

1

|

UL

40

g‘tlﬁ 4.62 NSEUIUNIT Aggregation

0

=
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1

lightrain

1



138

Defuzzification
1448 Centroid Tun1s Defuzzification Taen1sv1AY Center
of Gravity (COG) i

I:#A(x)xdx ;#A(x)x

a3

x=a

COG = =352 (4.2)

v < g il 3 L]
wlad Uiy fie 5.2 mm Ingazegluinasicy
% v [ < < ¢ al o e £ e % a o o =
\anusy sgui 4.63 Seegluinasiieriuiuinaeiuiunaimuveinsugadoaing fagud
4.64

— Percent of Nimbus Denalty r— Criteria of Rainfall

NOAA Image Bangkok of Thailand Light Rain 5,20008

" "'H 5. At atats

-l | | 1 o vV oa 3
JUT 4.63 dulanamavesraiidudinuvuiurssusfine iy (Nimbus) Ussna
¥ = v o o
druuaginusiuTananeh Juil 25 dana 2556

3 25 |
|

i Avg . 282 'C
I Max 4.2 *C
| Min: 254 *C|
I Humi : 85 %f
| Prec: 24mm|
| Pres:  1004.8 hPa
i Vis : 37 m

< v & a A a w o
UM 4.64 dayanaiuiuannaugaienine Tuiun 25 fanan 2556
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Mnmsvnaeisuifisussnihanasiuinaniduieiede
Funnnsugnfionine) waznisUssinanasin fledaedn (Fuzzy logio) Tulusunsu
MATLAB wuin eglunmusiiieaiu Ae dudnties (Light rain) Ssfldagsewing 0.1 mm -
10.0 mm

a y ) % o
4,3.1.2 ﬂ?aﬂqﬂﬂqiﬂﬂaﬂﬂlﬁﬂuLﬁUUsgﬂquLﬂmﬁlﬁuqmuqNutﬂaﬂ
o o a ¥ d
ABIUINNNTUYAUBUINYIATIN 2

Fuzzification

PnAefidudiweiineliAndy Nimbus = 34% etnly
HUNTZUIUNISHIATUENITN (Membership function) vesA1 Nimbus input @lﬂag"luﬁ%"ﬁl
Wwaved Nimbus Large wavazlaasemumnuduauidn (Degree of membership) vadil
osuiuduadinoliAany (Nimbus) Sty 0.9 fgud 4.65

p(x)
¢
Small Medium Large Verylarge
1 s
0-9 - - - -

A

05 — %4

S

Al

‘ >
i I | 24 I | | I

10 20 30 40 S0 60 70 80 90 100

5Ut 4.65 Asesummaniiumnan (Degree of membership)
voulafusiadinel¥iAniu (Nimbus) (%)

wazFIuAIA Nty Humidity = 81% ilaunlusu
narvIumsilariduaniln (Membership function) wesen Humidity input Feagluian
Humidity High wagagldenseduanaunduas@n (Degree of membership) vasnudy &
AU 1 ﬁqgﬂﬁ 4.66
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Low

140

High

1 it

0.5 -

76

v

[N N A R I S
10 20 330 40 50 @ 70 8

90 Y

100

gﬂﬁ 4.66 Arszdumnduaundn (Degree of membership) ¥asAwdy Humidity (%)

Rule evaluation

Tutuneutiaznesld Fuzzy Operation lunisaniilunis fe

A «@ ‘5’
NIATIVABUNHVIINAYU

Rule 1:
If x is Nimbus small =
or y is Humidity low =t
then z is rainl =
He, (z2)=0
Rule 2:
If x is Nimbus medium =
or y is Humidity low =
then z is No rain =
Hc, (2)=0
Bule 3:
If x is Nimbus large =
or y is Humidity low S
then z is No rain e
e, (2)=0
Rule 4 ‘
If x is Nimbus verylarge =]
or y is Humidity low =
then z is No rain =

Hc, (2)=0

if 0
and 0
then min[0,0] = 0

if 0
and 0
then min[0,0] = 0

if 0.9
and 0
then min[0,0] = 0

if 0
and 0
then min[0,0] = 0



Rule 5:
IF =
ory
then
He, (2)=0
Rule &:
IF =
ory
then
He, (2)=0
Rule 7:
iR %
or y
then
M (2)=0.9
Rule8:
If x
or y
then
He (2)=0

norain
1

0

lightrain

moderaterain

is
is

Z

is

Nimbus small
Humidity high
is Light rain

Nimbus medium
Humidity high
is  Light rain

Nimbus, large
Humidity high

is  Moderate rain

Nimbus ‘verylarge
Humidity high

is Heavy rain

Aggregation
) | i =l

Wunszuwnislunisieninmusauiussvinausas edion

Inefia1sanAn Max lun1svh Aggreqation agléian

heavyrain

= if 0

U

and 1
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= then min[0,1]1 = 0

= ifo

U

and 1

= then min[0,1] = 0

= if 0.9
and 1

U

a then min[0.9,11 = 0.9

ZCi:

= and 1

d then min[0,1] = 0

veryheavyrain

;N\

1

3

Udl

0

4.67 NF¥UIUNTT Aggregation

moderaterain
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Defuzzification
19798 Centroid Tunns Defuzzification Tmen1s11An Center
of Gravity (COG) diail

[ mrds LA
[ 3,0

X=q

COG = =22.54 (4.3)

wlarUinnaniey A 2254 mm Tavazegluinusiny
2 v @ < <t ¢ o v W ¢ a 5 a a w <
wintiey Aagui 4.68 Ssaglunanideafufunasiviinaniruensugnlonine fesud
4.69

(~ Percent of Nimbus Densy. — Criteria of Rainfal

NOAA Image Bangkok of Thailand Moderate Rain 22.54870

Criterla of Rainfall

nJ 1 1 ] 4 1 Y e % <
U7 4.68 duuanswavesrlesidudmuvuuiuvessfineliiadu (Nimbus) U3
] S v &
UsuuazinausiUTananitei Tuil 31 Bavnau 2556

31
Avg 289 *C
Max : 35,0 “*C
| Min.: 249 *C
{ Humi : 81 %
| Prec: 13.4 mm
Pres: 1008.2hPa
Vis : 18283 m

< v J‘ = . o a |
JUN 4.69 voyanmanuRuInnIugyuniven luiui 31 Fwnau 2556

; 1 a ¥ d
MNMsnaRelisuiisussninasiUSunadrueiune
o/ - a . < a i
WANNTURYAHENINGT wagn1susradanadn Wedaeldn (Fuzzy logic) Tulusunsy
MATLAB wui1 agluinaueiifentu fie dudiunats (Modulate rain)
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I .U’ d 1
4.3.2 {HaN1SNAaRNUSEUBUTEVI1LNMNUS NN H UL AE A IUIINNT Y
anfleudnen uazn1sUszananasin Aedaodn (Fuzzy logic) Tulusunsu MATLAB Tu

=
DU

P o -l ' ¢ ia ¥ ad 0w
M1T N 4.3 NANITNAADIUTYUMBUTENINN N USUINUHULREAERDIUINNNTY
g9 fleainen uazannmsussaanaly MATLAB luidau 07/2012

Suit | wWeddus | Ay | v | inessiusinn Uinanely | @onug
werhd 990 | a0 | duedesietu | dueBsdety | wdsdetu 9n
MATLAB IMD 10 TMD 97N Fuzzy Fuzzy (mm)

1 44 79 dudnifey | suuiunans 22.5 0
4 24 85 Audnion Hudntioy 5.14 1
5 11 75 laidiply Taifiu 0 1
7 0 72 Taiginly Taiflnly 0 1
8 13 73 Taifirly laifiny 0 1
12 a5 87 Hudndos | euyiunans 22.5 0
13 0 87 lutunan | dwdndes 5.2 0
15 37 76 Taifieluy Taidlelu 1
16 0 71 ol Taifiy 1
17 15 82 dudiunans | swanies 5.2 0
19 22 81 rluLdntiae udniioy 5.18 1
20 79 Taifiely udniloy 5.18 0
21 72 ladtiely Taiflelu 0 1
23 69 Taigiely Taidielu 0 1
24 70 Taidielu Taiflely 0 1
25 ¥ 84 Hudiunan | dwdndes 5.2 0
27 0 83 rluidniiee tluidntoy 5.2 1
28 37 87 AuUIunang APSTRIVa T 22.5 1
29 4 84 dudiunany | Wudnves 5.2 0
30 0 80 luidnios ludntioy 5.2 1
31 0 70 Audnios Taiflely 0 0

“anug 1 = sgluinasiifsatuinasivinaduainn g Teyive

0 = ldlAagluinausiiderfuinmueiviinanirunnnstgniening,
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n’ -l =l l 1 £ & l; 4=] 1 s
ATNN 4.4 HANITNAADAUTIUNBUTEMINUNUIUIUUIHURAEADIUINNATY
g lleninen waganmsUseaianalu MATLAB lulaeu 08/2012

Suit | wWesdud | mnutu | nesiiine | nasiUina | Ywnanddu | deue
weru 90 | 9 | duefesety | duedesetu | wisdetu aan
MATLAB TMD N TMD N Fuzzy Fuzzy (mm)

1 0 69 il laiflely 0 1
2 0 74 ol Taigiely 0 1
3 20 77 Tailely Hludniioy 5.12 0
4 1 75 Tadiinly - Taiflelu 0 1
5 13 73 tuldniioe Taifinly 0 0
8 27 76 dudnios lalfislu 0 0
9 12 83 Huldnioe Huidnilos 5.2 1
10 0 74 Huldntoe Tadilely 0
11 59 72 Taiglelu laigilu 1
12 3 82 plumiin dudntioy 5.2 0
13 7 86 Humidn Rumin 62.6 1
14 29 88 AuUunany | Huuiunas 20.8 1
15 0 85 duthunan | Wudnides 5.2 0
16 39 84 audiunae | dudiunany il 1
17 0.4 74 Taiflely Taidlsly 0 1
18 12 85 Huidnion Hudntes 5.2 1
19 3.9 85 Huldniae Fluidntia 5.2 1
22 35 72 Taigielu laiflnly 0 1
23 18 T Hulantioy tludntioy 5.12 1
25 2 77 duidntioy tudntiey 5.12 1
26 4 86 luidntoy Hudntioy 5.2 1
27 0 86 Hutiunans | Wuldntes 5.2 0
29 0 76 Talfinly Taifinu 0 1
30 0 82 ruldntiey tluidniies 5.2 ]
31 13 82 HuLdnyoe tudntioy 5.2 1

*a0nue 1 = sglunasidaiuinanivinaisuannsugndenine,

0 = ldldeglunusiFeriuinasiuinadruainnsugnieuive
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o p ol | P Y ad 1w
A1TNN 4.5 HANITNABDUUSUNEUTEWIMNUNUS LU UIRaEADIUINNNTH
9o fleninen uazanmsuszaianalu MATLAB lulieu 09/2012

il | Weddus | iy | nasiUsinns | et | Usmanddu | danue
weeli 910 | 9 | duwdedety | dwefedety | wdssetu 9n
MATLAB TMD 970 TMD 91N Fuzzy Fuzzy (mm)
| 0 72 Tuidlely Taifiely 0 1
) 18 74 Huldney Tadiin 0 0
3 4 71 laifiely Tl 0 1
4 36 85 dudnides | euyiunans 22.5 0

*aonus 1 = sglunanideanuinasiviinaniiuannsugaienine

0 = lildegluinasiifgniuinasivuninusinnsugailunive

o < = | ¢ o 3 d o
A15NN 4.6 nan1InaalIBUfiBUTEN N UTInaiHuRG A TUIINNSY
anfgainet wagannsuszaaanaly MATLAB Tuiiau 01/2013

$ufl | wWeddud | mvwdu | inaiviinns | inesiina | Usinesheu | aenue
warlu 910 | 910 | duededety | duafedety | wiesetu 9n
MATLAB T™MD 371 TMD N Fuzzy Fuzzy (mm)

1 6 61 Taifisly laifinly 0 1
0 62 Tadglelu laifinly 0 1
6 0 54 Talfisly Taidinu 0 1
10 2 73 Tufinly Taiginlv 0 1
13 0 64 laidiply Taifinly 0 L
14 0 60 Taifiely Taifinu 0 1
19 0 61 Bt laidiely 0 1
21 0 61 Taiflelu Taiflelu 0 1
22 0 66 Taidinu laidielu 0 1
26 9 81 dudnioy Hudniion 5.2 1
o7 49 81 duviinann | sdutiunans 225 0
29 26 71 ol Taidiau 0 1
30 23 78 Hulaniiay Taifinu 0 0

*a0ug 1 = sglunuideaiunasiuinaiiuainnsugsdenineg

0 = lildegluinausiifieafuinasivsunanimuainnsugnliesiven
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< = a ] ¢ o g d 0w
A5 4.7 Han1snaapdUTEUIB U UTIN R i Bs Uy
anfleadven wavannsuseaianaluy MATLAB Tuiiew 02/2013

Wi | Wesdud | mnudu | eS| inaseiusin Vinanhely | ane
LeEY 910 | duedsrety | dudesety | wlssotu 9n
MATLAB TMD 370 TMD 7N Fuzzy Fuzzy (mm)

12 0 70 laiflplu Taiflelu 0 1
14 0 64 aidiely Taifiely 0 1
17 0 74 Taidirlu Taidiely 0 i
18 22 72 Taiflelu laidielu 0 1
19 0 71 Taistely Taisiely 0 1
20 0 72 Taidiplu laldlely 0 1
1 9 78 Talfinly Huidntoy 5.15 0
22 3 53 Taifinlu Taifinu 0 1
26 0 70 Tadflely Taiflelu 0 1
27 0 74 idlelu {aiflelu 0 1
28 0 72 Taifiplu Taifiely 0 1

*annue 1= aglunarideaiuinasiuiinaniiiuainnsugaiienine

0 = lildegluinnsiAeriuinamuiunaninuainnsugnlusing,

a‘ =t = U LT g 4 1w
A1TNN 4.8 HamsaaetUIsulfigusEniunaeivIndrueinaiuannsy
anfleningn waganmsussaianaly MATLAB luiiou 03/2013

Juil | wWeddud | ey | nasiusina | nasiusin Usinehlu | d@onuz
waNy 910 |91 | duedesedy | dumdesety | wisseu 91n
MATLAB TMD 370 TMD N Fuzzy Fuzzy (mm)
1 0 74 Taiflely Taifinly 0 1
14 0 69 Taifinu Taidlelu 0 1
15 7 76 Huidntiay aiflely 0 0
16 0.4 76 Hudniey adlely 0 0
17 72 Tailelu Tadfisly 0 1
18 74 tludntioy Taiflelu 0 0
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v o«

g
AINUTU

Jsupuungy

un | wWesidus US| ineusiuSunn anug
Wiy 970 M| duiededety | duededety | wdssetu 99n
MATLAB TMD 970 TMD N Fuzzy Fuzzy (mm)
19 0.6 78 tludntion Hudntiae 5.15 1
20 2 75 laifisly Taidielu 0 1
23 0 67 laifiny Taifinu 0 1
24 7 73 Taidlelu laifinu 0 1
27 0 70 Tallel laiflely 0 1
28 0 72 Taifiny Taifieu 0 1
29 0 71 Taifiely Taidie 0 1
30 27 72 Taifiny oy 0 1
31 0 67 Taiflel Taifielu 0 1

*anug 1 = sgluinmsideanuinasiunaniiusinnsugaeniven

v ¢ al L [Ty :’ - -
0 = luildaglunasidienduinasiusnaniruainnsuggdusine

pu | = al | . H oS W
MITMN 4.9 HANTITNAADIUTHUMEUTEINULNUNUTUIUHURAE M DIUIINNSY
gileniven wazainmsusvananaly MATLAB Tuifiou 04/2013

(4
Ysuningu

Juit | wWefdus | anudu | nasiusine | nasiusunn anuy
Wwalry 70 N | eluadssiety | dueddoty | wdsdodu 9n
MATLAB T™MD 970 TMD 1N Fuzzy Fuzzy (mm)
1 0 68 Taifiny Taiflely 0 1
2 10 70 Taigllu Taiflely 0 1
3 19 73 laifilu Taiginy 0 1
4 0 7 Taidiely Taifiely 0 1
5 0 65 Taifinly Taifily 0 1
6 3 62 Taidlely Taidiely 0 1
7 i 56 Taidielu Taidinu 0 1
8 4 64 Taiflelu Taifielu 0 1
9 0 62 laifiely Taifielu 0 1
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Usunauinalunge

ful | weddud | il | inasiuiine | nasiuing A0y
WAy 970 mn | duededolu | duedssoiu Ao U N
MATLAB TMD 910 TMD N Fuzzy Fuzzy (mm)
10 19 69 Taifinly Taifinlu 0 1
11 21 84 ludnunans | Hudntle 5.19 0
12 8 84 luluna | Hudntien 5.2 0
13 14 66 laidielu Taifislu 0 1
14 31 79 duviunay | euviunans %5} ik
15 28 84 plumiln luUIuNang 18.8 0
16 3.6 80 Tadflelu rluldnia 5.2 0
17 6 85 Wudnios | Wwdndes 5.2 1
18 0 66 Taifiny Taidirly 0 1
19 0 66 Taifiely Taifiely 0 1
20 0 70 Taiglely laifiny 0 1
21 0 70 Taiglely Taiglalu 0 1
22 6 65 Taiflelu Taifielu 0 1
23 0 ya Taifiny laifielu 0 1
24 0 75 Taidiely Taidlely 0 1
25 18 70 Lyidiely laidiu 0 1
26 6 71 Taidiny Taidiply 0 1
2 9 72 Talgiely Taiflely 0 1
28 4 78 dulnunans | Hudniley 5.15 0
29 3 68 Taifiu Taiflelu 0 1
30 0 68 Taiielu laifielu 0 1

*gnuy 1 = egluinmeilddiuinmsiuTnuiruennsugationine
0 = Lildeglunaeidieaiunaeiviinaniuannsugalieuing
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= = =l ' € a H < P
ANT199 4.10 HansnaaeaUIsuiisusEnIanaeiUsinainuadere Tuannsy
anfleadven uaganmsusvaianaluy MATLAB Tuiau 05/2013

- 1 -
UFuniusulRgy

Wit | wWesidud | mudiy | nasiviinu | nausiuiane anug
weru 910 | 90 | duededetu | dwededetu | detu 91nFuzzy
MATLAB T™MD 970 TMD N Fuzzy (mm)
1 0 67 lalfiny lalfiny 0 1
2 0 62 Taifleluy Taidinlu 0 1
3 0 65 ol Taiflelu 0 1
4 9 67 Taiflely Taifinlu 0 1
7 3 68 Taidlely Taifiely 0 1
9 32 68 Tlaifinu Taidielu 0 1
10 12 7. Taddlely Hudnios 5.12 0
11 67 laifiely laifiely 0 1
12 3 69 Taifielu Taifiely 0 {
13 | o902 70 Laifielu Lailely 0 1
14 0 63 laiglnlu Taiginy 0 1
15 30 63 Taiginly laiglely 0 1
16 0.1 62 Taidlu laidielu 0 1
17 19 65 et A Taidlelu 0 1
18 80 | #uthunane | dudnies 5.2 0
19 78 dudndoy | dudniles 5.15 1
20 1 68 Talflslu laiflelu 0 1
21 72 77 AuUIuNa9 APRTRIRN 21.04 1
22 78 tudntiae Hudntioy 5.15 1
23 72 rudntioy Tailelu 0 0
24 30 T NuUIuNad NuUIUNang 225 1
25 17 72 Taiflly Taidly 0 1
26 17 76 Huyuna aidiely 0 0
27 68 72 rluldntios Taifielu 0 0
28 3 63 Ty Taisikly 0 1

*annug 1 = agluinaiifeatuinasiviinaniiuainnsugnenine
0 = ilAegluinmsidenfuinmueiviinaniwunnniugriening,
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4 =l =l I LT ln’ nl Ioas
MIA 4.11 Han1svaaaUIeuBusEIIRnueUSInanHuRaeRaTuIINNTY
gailendngn wagannsussananalu MATLAB Tuiiau 06/2013

il | Wesidud | mudu | noseiviina | nasiUSina | Usinanieuaede | @
wary N | | dwededety | dundedety fOIU 97N
MATLAB | TMD 97A TMD 9N Fuzzy Fuzzy (mm)
1 0 69 Huidntioe Taiflely 0 0
2 2 76 Taifirly Taliily 0 1
3 1.01 82 Hudntiee dudnioy 5.2 1
4 7.6 90 udnioy tudntioy 5.2 1
5 C* 4 89 Audunang NUUIUNANY % 1
6 215 81 | duthunan | dudnies 5.18 0
7 0 78 Taifleln Huidntiae 5.15 0
8 0 70 Taiginlu Taifiely 0 1
9 3 68 Taiflsly laiglely 0 1
10 0 76 pluwtin aidlely 0 0
11 9 81 HluLdntiae tluidniae 5.2 1
12 32 86 Audiunans HuUunang 92(5 1
13 6.4 93 Huldniies ruldntion 5.2 1
14 18 81 dutunane | dudndes 5.2 0
15 8 76 Taiflely Taifinlu 0 1
16 75 Taifislu Ladfielu 0 1
17 9 71 laifielu Taidielu 0 1
20 12 78 tuldniioy ludntie 5.15 1
Zi 79 Hudntioy tudniioy 5.18 1
22 81 Huldnioy Hudnifoy 5.2 1
23 12 82 Huldntiey ruldntioe 5.2 1
24 0.2 76 Taiglly Taifisly 0 1
25 16 81 tuidntioe ludniias 5.2 1
26 2 90 Hudniioy dudntlee 5.2 1

& =l . ¢ = :‘ - -
*anuy 1 = sglunusiidertuinueivianaisuainnsugylosine
0 = lilsaglunasiAertuinmeiviunnniruannsugliesine
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< = = i ¢ 1a S a0 W
MW 4.12 nansvaasalIsuiisuseninanamiuiinaniiueiede uainnsuy
gnfledingn wazannisuseaianaly MATLAB luidiou 07/2013

Suit | wWesiud | ewdu | nowiviina | nasivsina | Usunasiwuade | daue
Wy a1 | 9n | duedesety | duedudetu #0210
MATLAB TMD 91N TMD 9N Fuzzy Fuzzy (mm)
7 69 Taifielu Taifielu 0 1
10 7L Taiflelu Hudntioy 5.12 0
9 33 88 fiUiunany HuUNaNg 225 1
10 0 85 udniion Hudniioy 5.2 1
11 0.5 81 luldntioy udntion 5.2 1
12 26 74 Taidlielu Taifilu 0 1
13 12 67 Taifinu Taifiely 0 1
14 8 68 Taidiplu - Taifin 0 1
15 14 77 rudntiay tuldntiae 5.12 1
26 10 77 Taiflelu HuLdntiay 5.12 0
28 1 85 Hudntion tluidntiae 5.2 1
29 0 25 86 | sluthunane | Wudnide 5.15 0
30 38 89 puUunans | euyiunang 2.5 1
31 28.7 78 uidntios | tutunan 183 0

“anug 1 = agluinaideaiunusivinuhnuannnsuanisuine

0 = WildeglunasiFeaiunueiviunaniiuannsugaluyine
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& =i = ' ¢ a S Y
ANT197 4.13 wan1snaaeulIsuiiBusEnIINNUTINHURASAD TUIINNTY
g ileniven wavainnisuszunanalu MATLAB ludiau 08/2013

WnUNUSuNe

JsuuuHuRay

Suil | wWoddus | anwiu RRILAVETTREY annuy
Wy a0 | 9 | duedesetu | duiedesedu AoiU 2N
MATLAB TMD 31N TMD 9N Fuzzy Fuzzy (mm)
0 68 Taifin - Taifinu 0 1
2 34 69 Butunans laiflelu 0 0
24 0 79 tludniioy Hudniloy 5.18 1
25 10 85 dudntioy tuldniiay 5.2 1
26 0 73 Taidiely laisinlu 1
27 13 73 Hudntioe Taifis 0
28 18 85 tlumiin Huldniio 5.2 0
29 0 77 | dwdwnan | suidnties 5.12 0
30 22 81 rudniey elutdntios 5.18 1
31 34 81 Auliunany | euduna 22.54 1

*aonuy 1 = agluinausideanuinusiuiunadiduainnsuggdeninen

0 = lulsiagluinasifsanunasiviinaninuginnsugyenine
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= = i s e H S 0w
A15NN 4.14 nan1snmasaUTeuiisuTsnIanusiUinuhduleduiaTuaNny
gallendven waznnsuseaianaly MATLAB luiiou 09/2013

Su | Weddud | mnudu | inausiusine | inasiviine | Uinanieluade | annus

WY 990 | 70 duadere | duedesotu foIU 900

MATLAB TMD |44 9N TMD | 970 Fuzzy Fuzzy (mm)
1 3 74 udntioy Taifielu 0 0
g 0 74 Taifinly Taidlplu 0 1
3 0.08 69 Taifinly laidlelu 0 1
4 21 70 Hudntios laidiely 0 0
5 0 75 Taidielu Taidiely 0 1
6 0.9 77 Huldnifes tuidnties 5.12 1
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