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ABSTRACT

In this paper, a study of the novel technique based on Fuzzy Inference System
(FIS) for storm eye coordinate searching has been presented. The proposed system
consists of three main processes: wind characteristic search for Region Of Interest
(ROI), FIS based storm eye identification and Spiral Curve Model (SCM) based storm
eye location refinement. In the first process, searching is performed on a scope of
QuikSCAT wind information. The histograms of wind speed and wind direction from
the QuIkSCAT satellite are used to determine whether the ROl should be considered
as storm or non-storm situation using Fuzzy C-Means (FCM) clustering. In the second
process, we introduce a fuzzy based system specially designed for storm eye
identification to improve the storm center tracking. The FIS then translates the
domain knowledge into fuzzy rules and introduces into the expert system. It provides
ability to model the dynamic behavior of the storm and designates the best
candidate eye position in the ROIL Finally, the storm eye location refinement is
performed using the SCM curve fitting technique. For performance evaluation, the
experimental results of storm Morakot 2009 obtained from the five eye location
estimation algorithms: the QuikSCAT Method (QM) [7], the QuikSCAT and Spiral Cloud
Method (QSM), the best first search on QuikSCAT and Spiral Cloud Method (BQSM)
[8], the proposed FIS on QuikSCAT Method (FQM), and the proposed FIS on QuikSCAT
and Spiral Cloud Method (FQSM) are compared. In terms of the average distance
errors, the proposed FQSM outperforms the other techniques with the minimum
average distance error of 93.3 km. The proposed FQSM storm tracking can achieve
16.25% better performance over the BQSM. In terms of time efficiency, the
performance of the BQSM seems to be close to that of the FQSM. The processing
time of the proposed FQSM can achieve 0.19% better than that of the BQSM. This
result shows that the FQSM provides better performance in both minimum average

distance error and processing time.
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Joulalsivhmsienziamsuieniinseunquitufivsiauasiifoyaaimnnni 50 wWosidus
yoaiiuiiuden nduwhmsaisnnmes A war B mnnnmeiauiiisades foghadu
A=U+iv uazAmnaidaingdug ¢ ssninstoyasosyadsaunnsi (2.1)
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w3l

2.2 euFgnldnugrudayaanainie



11

o A

NMsNgINTalvgN1IAlNgINNWITeTNILI [4 13 14 15] Jeuthnindrgnniiiiey
snfudeyalumstiensietunanats  osmndeyauaidannsatmuanauasiiv
foyaldnsounquituiivulan  Tasanifleusazmasdaruiluniafunmdisniuiteud
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ABNEITIINSNeINTlUTEIMABULAY  (Indian geostationary satellite) uaz a1LBY
gnflenine1 Metesat-5 udioyanng 30 wit [6 15] feudeyavosmufiodsduegiv
Usravsamlumaiudeyaodwaidemomufonty  fiunnuide @ vaue
AU sEMIMTAef e I BULALA SYAUANLUTIVRMIEMEAT T-num  fiofnw
fauunnsvesmERuAIAuaUN T saaBi,

fhegemdeideganmaisnifisssniinsesideya Usznausme
iy [13] Wleyanmaieniifieuain JMA's  MTSAT-1R infrared images 371
uInendslad (Kochi University) Ussimadidu swide [14] Hdoyann the hurricane
satellite (HURSAT-B1-v03) data record from National Oceanic and Atmospheric
Administration (NOAA) USA 111338 [6] Iﬁi’fﬁﬁ@;gamﬂ the Indian Geostationary satellite
wazaW3dY [16] ldteyaannariiies Meteosat-5 USA

FridutoyavesaniiisntuegiuUsyansnmlumaifudeyasersoiiosasamifion
tu ifesnmgluaieuiinaninnisaeefveseiniaseutiuiuilnintoums uazfou
wadidnunruandsiueenly mslinzandnunzvesteumsdauiudiuddy ezt
AmmsULSILaEAnnIRAdeuiivesmgls viliinAdeduaumileisu@nwdeyaanam
el Ve AdeAlEsunssensutuagsunagesatu (4] thauseudiiudasving
nsnaftestBuILAYSEAUAMLLTwEIMIESEAT  T-num  WlaAnwiauinisvemig
Faud Fusuaunseitiaanein Fuandusui 25 ffunmasaridendumastoyandsd
tnidehiniessiiowdannuine  Tnedeyaddnluninaeniiioudednuaznsie
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FUMUIRINY LA

TYPES-OF TROPIGAL:DEVELOPMENT
S PICTURES TAKEN. ONCE PER DAY IN'GRDER FROM RIGHT TO LEFT n
: (60t CARBBEAN

" ';ggr

¥

£ 80/

CARSULE CAMILY

(n)
5UN 2.5 fegennvazvasiauailnuduiusiuamiuuwsavesnig (T1 81 T8)
(n) g medANNFIRUSAUANLTIVRINIY (4]

(v) SnwagNaennaeiu 8 JULUY (a-h) dwiuusag Tnum [17]
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dmduanAdefiunifiunsiumiuininnganaudnuugindeiusain
Amaringmaiansiadvenndese (spiral) gninauslag [15] fenislddeyaan
ALY Metesat-5

5Ul 2.6 wamsnsAumdeyamglunmdieaafendifivunn 400 x 400 Finwasot
asouAquituiinng  nuthamilldiddnssuiunseioudoyalagldinadianisuszanona
a1y msUsunmlsieudn (enhancement) nsuiudeyanmshomsiasudalnsunsa
ﬁuaq%’a;ﬂaLaﬂﬁﬁmiﬂizmammﬁmaamwé’uﬁmﬂ (histogram equalization) N1sandayg el
UMY (Gaussian smoothing) wasmaANIINTBIdU (filtering) Lﬁaiﬁﬂwwﬁ@mﬂﬂwmﬂﬁﬁu
AowilUUsznanadaly  dounumndelfatuvosiifouinuandstunanssunagnainedu
WeFeuiisuiuindemsluamaneaiiion Tnevnindeefuvesiidanumnzauazgn
dndulaseaunisnismanumnzan (fitness function) fauansluannisi (2.2)

ne? ABAITEAUENNNAINUIANTN §
o !

N ApduIUIATMINATDIANNLIVANALINNAUNDY

IR-image (400 x 400)
(Centered at initial guess)

v

Preprocessing of the Image

v

Generate spiral template:
r=ae®" 6=0to 3m;
by varying a & o
Retain spiral with max score

'=—?I\;2p{x,..y,}

L
f= threshold
|

Yr:s* *No

Cyclone Center=Spiral Cyclone Center=Center
Center (Cx,Cy) of cloud Mass

JUN 2.6 vdanlaezunILLaAINTANTUNISVENWINY [15]

AIAINNEAN  fr,  VBIWAREAINEIEATIAENTONASITU  UaEFIWUTAIIVIUA

[

ANAN B VBANALINULABTIITUIN fp, WINNTWTBWITUANNIN (threshold) siumils
Audnansvesuandefuvesasdusumisguinasuosng ui f,,, desndnnaginigly
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amazlinunderiunes  uszliguinarsvesnamailyfigadusunisgudnasves
g IngluanAdulamvuadinaeiviniy 0.1 uargui 2.7 LanmaansveIuanaeuud

Wagauiuteaan1gYaeiuil 28-4-2006

400

30 100 150 200 250 300 350 400

JUN 2.7 uansmaansuesuanaglnuveafidianuvagauiumegly 28-4-2006

vupfinidy (13 18] thdeyaamaieanaiien MTSAT-IR 91naminerdelad
(Kochi University) Ussinadiluandseneunsrumsumuaninng Tnenudde 18] tdhiaue
wAlANsTuen  (mountain-climbing)  wldlunsdumamg  winsziufnnuisnsd
Unawedipadulym Taglunsaiiamiusilssdiuuourilfeddnalumsdum
fnpuann  warueassortnrliannsamdweuld  uasdiediudluilamanauanvesnis
AU [13] 1{51’15’1Lauamﬁa%ﬁqL‘q"aulsumimmﬁumﬁflmaumﬂﬂmé’ﬂwmvmamﬁmLm (spiral
curve model: SCM) anldsaiunIsAumAmneumemaAtianIS AN dumgnanlay
un (Ant-Colony Optimization :ACO) am\‘ﬂ,iﬂmmWiusﬂmmamamamamwmeﬁﬂiw
flaiuiiuou sindamssuunaENUNEnELERNdsTLn FeiunuRguASoTedYY
Aeudipadulamdidalumsnensalidumang

Ay [14] daueTEN1TUTENINTEAUAINTULTIUINIEMENTT g uTayanw
weianua 2300 119 ANATIAENAIN HURSAT-B1-v03 (The Hurricane Satellite) e
BIANTUINTALNIMARST AT UTIIINIAUNIYIAENTTRLENT  (National  Oceanic  and
Atmospheric Administration: NOAA) 52%#319U A.A. 2000-2005 éfwmiﬁﬁammwmmm
avmwmamaaimLmimaﬁﬁmavumﬁﬂw 2.8 Imaiﬂm 2.8 (n) LLammamqmwmwu
QRERIN G FUTREATE ﬁumvmﬂ 2.8 (VM) wandalaunsuveiAiluaziy mummu mﬂuu
ihBalaunsufildiuiouiteuiudalaunsuvoangnisaiteundd auaumsi (2.342.9) e
X flanmdianménsds vaedl v Fonmilliveaeu nduiinzissiuauuLses
WgmMeA1P¥INISTUe (matching index) MmuauMs (2.5) lneninvedoyausazynazgn
Fugiunmdug Tugudeya uaznmgilssuasliddvdnsduggsgn
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N

DX () -Y, () "
C =1-12 :i,:%z X, () (2.3)
D (X )=X)? =
i=1
N
D (Xali)~Ya(i)? .
C, =11 :Z;%Z X, (i) (2.0)

N
D (Xal)-X,)? =
i=1

ledl C, way C, AoA1RRgvesdNYsEaNIN1sIUATalauNTuSANLATINMINA1Y
Y, Wz Y, - fegalaunsuvessmilveinmanliiussuiiey
A

X, 4dE X, Aogalaunsuvesuuesnmgnldiussuiiey
N AT uIuATRYR

LazLUINgNsEAUALITULTITRsgLTY 4 ngu Ae wigRsaduunieu (Tropical
Depression: TD) wiglgusau (Tropical Storm: TS) W1ekgaiiau (Hurricane: H) hagwig
\waesleesiay (Major Hurricane: - MH) WuliiludszRgdoyadmsvinseingly
au1AR $18U1911T [6] latiaueTsmIAuMmunaugnasuemngenludd srenisly
ToyaaNAMEuAANENBUNILTA (R image) ANAAALULAINIUN (Kalpana satellite)
vosUszinmduieuUszgndldiumgnsaing 4 Eunnafifaduszmined a.a. 2009-2010
NIRAUMTovRIMMAYNTAULAY A WIgWeIU (Phyan) Wigansa (Ward) wiglaan (Laila)
WAZWIENTS (Phet) dMSUNANTSNARBINIININTalmAN S g U uAUAUE SIS
woudeladu (Joint Typhoon Warning Center; JTWC) wuBSlAueaInREeY 42, 82, 58
way 42.5 AlawnsnLaey

"_:;eoo ¥ Wﬁm\wﬂ.j\rnd‘
£ w W, /ﬁjﬁj\f\f‘-'
S 150 'Wﬁ AN A
= Y VF\'\\/ W
100
0 10 20 30 40 50 60 70 80 90 100
Radial bin
(¥)
"L/'.“"»\ ~r-
Wttt L 9 N
ol YW N
30 60 90 120 150 180
Angular bin
(m)
(n)

UM 2.8 (n) fMeogranmmnguanansuussaliagyy
(v) Falaunsuvessedl () Falawnsuvesyy

MI =W.C, +W,C, (2.5)
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el W, waz W, A mtnvessal wagyuaiuasiu

dmiuIBnsfumewisgudnatsudded (6] lnnsmsaaeuseiuanuainees
AmBsuanafiasziugamgivesnimmgnsainng (BT: Brightness Temperature) fisiens
ﬁﬁgumaumiﬁfmmé’qgﬂﬁ 2.9 Eudushensihnmgeaiion 1400 x 1400 90 11rimun
flufiaulavuin 401 x 401 9a WaseuaquAudnatany dauandlusuil 2.10 (1) daluduan
AU umnianuashuiuiuiigndeyaifioud wlndiAes 3x3 90 dsaunisii
2.7) Iinadnsluzuil 2.10 @) seandnmuisszduauLUTUTINTeIgUMYRANATNg
Mntuaiaduruutussduaususuigndalitouniii dosvhnisaiaunin
dmsuiiugaiidusuuandaiu §i3U7 2.10 () TrswuiAnmsmuiamanamuLyuYes
wAsnignussgndnanimatiadiinsiunedu (Hough Transform) fetuntsszymumis
AuUSNAINERNTINIINAGEATE I A IIMLLY TunaugaTeTnsU TuLAR L
Audnarudntiossignisvadeudugiirvesgadeyagamglianuaingliinawulseuyn

Y U 9

AUENANWIEAIFUN 2.10 (1)

Y 9

Image (size 401x401)

!

Variance Image

!

Flux of the gradients

v

Density Matrix

}

Neighborhood Averaging

l

Center correction(filter)

[
Y v

SUN 2.9 Tunoun1IMAUENANNIgveIuIfed 6]

(2.7)

1
Vi :‘Ii,j _§Z|i—1:i+1j—l'j+1

lagfl 1 uag 1 fe AguMNANNEINARWILY (x,y)
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5Uii 2.10 (1) foganmivinnITalnngves 6 e, 2010
(v) wanIMAILLUTUTIUTR IR HAINEINY
(@) waAmsANLEE NG A I LTe iU lugugnanan m
(3) NANITTTUAMINANSNANINIEUDINUITE [6]

dWFUfBEINAN IMAABITTUMIWIAUE NA1INIY d1M1505 U T By AL lDAUMY
fifammeweusuandugui 2.1 TagwuindlewSsuiisufunanismaassiuniieay
JTWC Saufiewanaiadenaeaiduniswiad 42 Alawns suideduaniditudnnisiods
fisuemsiswidumengsedeyaannine sgslsianisimuamnnsaliFuduly
fupouusndmiuinsanluiunsuialussasiosssydemimdmyangifedon

244 —=— Presant Method

22 — JTWC

20 +

Latitude

144 !

12
10 j'

68 70 72 74 76 78 80
Longitude

JUT 2.11 wanmsAumiidanmgnenumesminaueluauide [6] wWisuieuiu JTWC

faudiingudeyannamwanziluifeunfiansandmsunisweinsainieginig
lunsalnamadisusishiuiueu Jeyanmeguinde N1sAUNIAIRBUABIaLEELIR10ES
11N wazunasienaglilamneundeinsdniie
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2.3 "uFeNTENugIutayaaNNATAEN QUIKSCAT UaznawLel

MniywiAeatunswensaimgienslideyaniiion QUKSCAT deduiing
wenalsifsamesonsieneidesainuieds ffeyasuniu (noise) wio Toyadianiulyl
auysalilesanszuumsiiudeyavesauiion ludndunismainmassnldlszneunis
srymmnsaingdinsdiian Tunsdifisuiefeusiiniueguiede Aadnvuzvesmmigll
Farau vieliannsouwenindonnslunmusld tundsmsldnaunulufumdumiongld
Feduaaterensinouniind (7 8 Fabauensldnuimfusenitdeyaanauiiey

QUIKSCAT WAZAMLLBIRIUARININTINYBITLUULIRIFUN 2.12

5%
|

Feature
Wind Speed
WS
Threshold=13m's

Region of Interest
(ROD Expand ROI
Typhoon
N Histo
/’ -
Wind Dirgction 3
i
el

kaa u"'

—

Wind Spesd

Heuristic search
Jor
hest candidate

eve locarion

JUN 2.12 UARININTINVBITTUUIINUIRY [8]

915U7 2.12 wananmsnvesszuuluanyide (8] Tasanuisautenisviauves
sevvoaniu 2 daufensfunmfiuiivesmyanndegaautesamifion QUKSCAT uagthiud
fldandumeuntdsmmnefeandnunmndsnusaann s dusumsfuniuiinigain
p1uften QUIKSCAT Bufufinnsandeyammniiauvosiuiiaula andudumituiiaulalag
finnsnanfiufidanuidiauieud 15 wasdedundl Afwiafiufiodeden 2x2  oean
fumeudnlunmadeviruiiaulaidoyanigviali dansinseideyadalaunsues
AIsIaNkaz A tngwgn1saimgezlinnuuiwiuvesdeyannusiangind 12.5
wnsednd wazideyafinnisnszarsvesauldnniiane Weldfufiaulafifingnisaing
wdvhmsiuamiudsresagideaiy femsulsiuiiaulaeenidudiudeny uas
Furnilsitugnsafnauaunisi (2.8) vesudazitui ﬁmimwLﬁaﬂmmq%ﬁuﬁﬁiaﬁﬁﬁ
AnilaidusnIaintios mﬂﬁ?uﬁ']miﬂ%’umﬁwLmu'qquéﬂmqmqﬁﬂlﬁﬂﬁaaéf’;am’ﬁﬁmqwﬁ
THsfuvies (Spiral  Curve Model:  SCM) umindeaiuafivanzaufunimeildinnig
FeuiRssiunanandoyaauananifios QUKSCAT Fifusundsamigldandiums
Audnansvedliafuvosiiaenadesiuindedius 1ne33 BQSM  (Best first search on
QUIKSCAT & Spiral cloud Method) Thiiaustl linaaeuszuufumegusnaiiindulul a.a.
2009 uazFouifiEunanIsaasfuesAng JTWC, HKO uay JMA nuirdanuaainiadey
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yesmIneInsalnnsalngadsnaonidunie 111.4 Alawns amisouanslddagui 2.13
winsetufnAsnshinausidssymigldgnieafisnsdufonefifienuguussseius
lUaufsseduuunans Wesanmgilanuseulmsdeanmmsgimans uazdeyaniiennia
WU AN TIFN1N8Y STUUAINAY 9T Uszanauiely Ay way FAIENSAIRNGR))
e Hudiy. Sedunindusinnanefinanandnedusilfnameinsalanmemadudesd
gasnnuazdudou Feududesnisdeulviifiauiaveuvesmssinaulasnnning

H - (W (X Y))+(Biows) + (1owp); W(X,y)<16.3m/s (2.8)
_{(%W(X. V) +(Ba0us) + (6,00p); W(Xy)>16.3m/s
TagAvunle

H ANTIINTUBITARNUR LIS (X, Y)

Dbk Db
o o©

Cws1 O AN BTALALNTUTDIAULEIAULAZAAVNENA AN

W(X,y)

oy, P01

©

ALafgaInhninsenINedes Nog ANV (x,Y)

Dk Db

ATUAUAUDI W(X, ), OinssOnp ANHEIAY

®

ASEN W(x, y) Uounnusewiiny 16.3 Unsaeiund
@y, frr Sy A ANIMUNVOL W(X,Y), Oy, Oyp ATHAIAU
ASEN W(x,y) 110N 16.3 LATHDIUIT

dwiuanuAded 8] thiauefladdusaiafin (heurstic wind  statistics  division:
HWSD) e Uszanudlantafiagnsianummigegnislugesdosiinsinaeu dmiunis
flnsanazuisenuSiaadmiumgluaunisd (28) sendu 2 nguseinasivesdoyaau
tufe nguil 1 manisalngiiunefuagngseunids wazngui 2 mnnisaingnimas
nndeyailowiutenidds 7 8] Ifihiauoadndeyaauiiol¥in iy o
Tusumislavesiiuiiaulavionun 121 dunds uagifioanugndesuesdouansiiusu
firsanitufiauladunsiideunuudusestoya 70 WeosBudtuly  aniudiadfnis
N391BVBITANINAN. N150TTIIBVBIAIMTIAN uazAIAIFIauaRs LAz uisveq
fudtaulaszgnaruan Tunsdifiausiamadeveanguinnii 16.3 wasdedund szuy
oonuuulfidumansalngninds amnsadunaviunnglédaauluiuiiauls Tefui
VI AzIldNwauzaNasy aailuse vinlenaasdisiminsewinsdosdes W(X,y) &
Atlen flAn3nsraNeveTimIANLAENSNTEABTBIANLT IANA

Tuvauzfinruniiauiedovemigtiesnitvienindu 16.3 wasAoTuIi ssuvsenuUY

[

T dumanisalngsunefiuazngsaufids U19n5inInige199zszdusiuiuneminig

]
1 o 1

ibildanunsodunaaimiglddaau anuiiaugsanltndaguinannnigazegfisduvangen

Y
) a o

ﬂ?iﬂi%‘ﬂ’]‘ﬂﬁﬂ@ﬂﬁﬂ‘ﬂ’]ﬂamLL@Sﬂ’]iﬂi%‘ﬂ?Uﬂ@ﬂﬂ’)’mL%’Jﬁﬂiﬁﬂﬂ’j’]ﬂﬁjm‘v‘l’]ﬂ%ﬂ’lﬂ’]ﬁﬂ A28

9

ANNELITUSANA1INT AT feesYe 3 AeAnasaNUIrinsyIneges W(X,Y) a1
N3N3218FalaLNINVIANULTIAULALRANIENAUEINU (0, Oy ) 39UNzENTOLE Y
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nsesursleniavesiiuvisninigludesdeslsd diduauduiusvesadvinues
wsdmedin 3 Seflnudday

ey ilunuidsldnaaevmeiinzan lnsusaznsfiveiiveuiuadail
@, a, ﬁamﬁmﬂﬂmaqmLaﬁaﬁaaﬁﬂwﬁﬂizwiﬂauﬁaﬂsjaaﬁagﬁ@ﬁummﬁwLmu'q (x,y) A1
0-0.5 A1 Sy, 3, AeAminvesmsnsyanesalaunsuvesaudaauilen 0-1 uazen 51,5,
Fotmiinuesnisnszanedalaunsuvesnufienisaudien 0-1 iitelwasuarilvanzas
dmuentiing 6 fauus fiselsvhnismaaeuyaiinzausiufuivanisaingusna
2009 531i193udl 3-9 Aamaw 2009 InsanunsaguanisnaaseniIsunfimesldly
AIARLAN U NITNAADUMIANINTNVOINISNTRDS oy ey, B oL d, builesidusasann
(heuristic wind statistics division: HWSD) uaganunsaagUaitminvaamsfinosiflian

Tamanisnunmgludesdesldivangauian failpe
ay = 0.1, &, = 0.0003 (1/ 2900), 4, = 0.025, 3, = 0.001, 5, =1, &, = 0.030

Latitude

175
118.0 1230 128.0 1330 1380

Longitude
- JTWC —#--HKO - 4 JMA . QM QSM ——BQSM (Propose)

SUT 2.13 sansAumiAasmgusnm 2009 she3s BQSM
WU guAUniagau JTWC, HKO wag JMA
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NN NUFIUNNITD

uniagnanisdoyanty  vauiuerdanesfiuiiindestussuumsdumiisnaimg
Solut@ Taowtadu 6 daw Ysznaude deyawedosy nouidmiuiandumansaing
NOUANTAUME ALY Vel iledBunesud  wasvguflAsureskuUaan1siy
(Logarithmic Spiral) Tnaustazdquiisioazdonsi

3.1 Yayanngiiasiu

g (Storms) [19] Rnduiilaifngudnasusasafulusimesiiasinnitluuiing
souq fuiinils nioufufiussiuaniaguiausou 4 Hufltu n1ssauveaussUsngsing 4
relviinay Sudawaliia nnsindeudiudsusuvesmgus  wignyundeuldy
Usngmsalsssunafiannsnyhanudemeldsunsuanduuinanididnvaziiu fAe i
Audnatsvidediiiendn mmng (eve) uuinamiana smalusdla lasenailuauazdy
thadntiesdeuseuseiuiivinuniiesaiivarssesflawng Fusnglunanuinuaswigan
W39 auusIialgwdIauinans

megdulsingmsainssisumaisiivddquesanmennia uaziinansznusiessuy
sgiakardenn nadalusidefikiuan [20 211 wegvsuaseuaioudinintuly
fufiuulaniifaruudsunuwesanweInefednmasfiganans (middle latitude: e
AranUABuUasnIuAERAIINEATIU - (nanagien) 44 Tamaduuinaitoumnil
Asfi Llasndiufnfifuiiufuuassansyaisagunn) (221 nmsAnengfinssuresmng
Tunddeiisnumnildsusaliluond - 2 Junsthaudnuazvemnglusnusieg  1gu
arundian Usinanidy fiemsau whasine Qquﬁmﬁaﬁuﬁmua muﬁq‘ﬁuﬁﬁwwqﬁﬂ
fefanaisssUuvdeBmsAnmumaiedeuivesngmemedeivainats 1o
UsgAvsnmnsnennsalivnmsaingag1wseillesunsenstetiagtuy

3.1.1 Msudsviinvasnng [24]

wmmsaigyilianwussemagnsunausasinansenuseiiuialan lasaniw
pIMATLANAIMNANIUNNTA] ausaeBuUNeEaTgasBenvesnul firmenisindeu
frveswy wazrnamunaeduingudnarswesiinig Wethluiesesidauinmi
azlasupnudenels aunsanuinuguLsay wgwunlu 3 Ussian fs
1. wgruthazues Ténvunduauindeuliin wiewandoumlulufimmafeitu 019
\Annmngiiseuiuazanamusuuswesaas viielinanvdeunnunaeniadl s
mNnRINAR 19 liiifimsiuiuey mnanwmsaledensine 9 YoensiAnay

[ a = v
WLNEEN NALLNAKUAN LANNA
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2. mgvyundousig o wu wessiau 16y uazlglaau Feduluniguyuualng
WulReIty wazaziinTuvselsuaunemlunga mniiawmilewduaudans aeiliiAnianis

vauynuiinfing - wasmnislidugudgnsasmyunauiining Tneidessiuny
anuiliAn nande
1. wigwesiien  (huricane)  WudeBenmgmuiiAnuinuinns funnves
WNALVSHORLAUAN 10U UShamaesan  ansgasnt 81adlindln vzia
wesuidou usu maufesmnaynsudiinuinumeissanadnln
2. wgldilu  (typhoon) HuBemgvsuiiiansiians unnvosuvnaymsuudiin
wile 1Wu vinameaduld 61lve snduis Ussmadiy
3. wglalaau (cyclone) WudewiguyuiliAaluumaymsduds wie wu vinm
g110Nea - Vgl@emsu  LJusu Lwifﬁ‘wwq‘f:l,ﬁmu%nmmaauaﬂt,azﬁﬂ
nziurensurilorasUsvinreaansiie 15831 WIgIada-3aa (willy-willy)
4. wgleuseu (tropical storm) iintuidiomernoumualugisouindsas vas
wdoudalunzia wazauSiienguinarianaaileiadeuidimila
5. wgAsady (depression) WistuiilanuiSanasinmiglsuiou dreliian
WgHUNIAZUBITITUNITONUAN VTN
3. wignesuila (tomado) \dudeifenmgmuiidslunivensn Swuindefiinuie
Wdusngudnansties winauseAiIge vioruSaTigaguEnanIgImINAIIETYY
au 9 nepandmeldsuusdluuinaiiai daldimuuun werlunga windely
yigia aiFondn wimauth (water spout) vnaeinaINNauBIE LT ae WUy
Huasnanifesiilaifsiudu fsuranieunie Sadendut aua

3.1.2 daulsznauvanig

lassasnmevyuensoulsznauluimey 3 diufie 1) USIAAINIY 2) UTINALNG
Mg wae 3) usnameuiasuesenuamdlatiuda (rainbands) laganunsaesune
Snvnuzvssdindsznaumng il

1) Usmg (eye) feusaailanaiswesg wwwmummaumaaﬂuLaiﬁumw
Tnsdaoglumgsedy 1-2 9NMILUImMINSIauraIWIETaun 5 S2fU AnuaasgIu
iwossinuuanies-guddu [C4,49] vTiammgdulngdilireedaauin Swaviia
fAyda (Cumulus) S8nwamfumaioumniivensunauadienennsyvd Wuveuuen
oy nedalunstinszdanszemieudd assuinmmwigthaduuisdn Jauie
gouq uslifstuasuinuszanas 13 uen (24 na/aa) uideldfuasasiniidasglu
sefU 3-0-5 Uinmmwgduduiiouiy weelinfydaficesnsydnnsyatsuinmum
wgfazmelunanedunasiuaula LﬂjﬁlmW'l8Lﬂ§€]U1UE]EJU%L’JﬂﬂﬂﬁENﬂW”LLR]IJJELEI

2) U3haufunn1nng (eye wall) ﬂamnmmaumww immaumwwﬂsumm 10-
25 Alawns Wuuinaiindunniigavesngmuivaieu 1Hosnusnamunmig
Usgnaulusmewafiylaliuda  (Cumulonimbus)  fidnvasiduwarieulngjuinndie
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guilvy Sleemsukoonidususradeisililunisingn @nvil) gruseiiiidddie
Juwemun fiadiv Sdhwau fh5es e1vegnszdnanszaeviesuiuey dnilunnadun
Sonumelinid wadhazues Uinadfifvonuegafignvesmigaumunveuassana
25 Alawns hlisnusousmngdugaiimgauussdn uazdunnmingsigalaoianiz
Tutsrimdeang  Tasue@sladudainanmsnedilulufiogisuisienien
pmadounaramauiulugidesueduusssmastenndnaodusmsiuih
AZUDY

3) Uinaumgruthazussnmadlaldnta (rainbands) 1uuiniiegseuuen
funemng UszneulufowsiylatutadunoliiAamenuiiazuesnndign waruii
prussiiaznafiulunnfsegsguuss Waonafeusazenmatuiulugidesuumes
Fuussemasgemngs antdunssuaauazinegissuusinidesuugidesdnsiiliin
auNIgY LLazwwﬁfﬂashﬁumw%nmﬁ?m Lﬁawws"fqmlﬁ%’umwu%’aumﬂmLﬁ@&i%ﬁﬂﬁ
Lﬂmaflmmau%uuayﬁ]vaﬂSﬂmua%wﬁmmﬁaﬂmmaumuLﬂmwwuumuu iﬂlﬁaaq
wiloudpsniiridmyuduindounigegiu

Usnmwwwuﬁﬂmuaqmﬂmeﬂaumﬁa (rainbands) - LagUTLIUALIAINE
(eyevvau) ummmqﬂumwmnquaﬂuﬂwwvuawavwﬂmﬂmmvLLaau hazUIune
hrluazguLss wanintuegwardonnnaiusauiunsmngsatsiv

3UM 3.1 uanslaseaiavesmevyy [23]

MN3UT 3.1 lansdaulseneutssmmngiidausIauAeuine1 uazlinuniaugs
TudaufiFondtdunanng msvgiefmesnszudeimeuarlodnizuanunmiiunn
g nsznaemAkaglotaggneniiniulugiosuugauazaselngjasouaquiiuuiion
nhssenguuandudiulvg

3.2 Nufdnsudanguimanisainag

fnuddevangaungidesiunmsssywanisalngniinaianisdwundeyayn
Uszendld datuandded [25 26] Wumsihweidansdwundeyauuy classification Ao
SVM (Support Vector Machines) #sansiuundayauuy clustering Ais FCM (fuzzy C-
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Means) Nilgleldog1aninewnedsuis Inedildegrsunsvargluauaiusigg wu nsunmne

6

Wenmans [25 27 28] lasiinsnaniaguivesnaliaisgeswuuluinten 3.2.1 uag

o w

3.2.2 $UAA

3.2.1 FWnWasALINABSUNTY (Support Vector Machine: SVM) [29-31]

svM Huwmafianisvesmadoudienuies (Machine Learning) Uuiiugueinis
Boudnquinadaflinadwsnmsduuneeniu 2 ngu lagldaunmsdunsafouavatoya
2 ngueonIINfu  uazwetg A duLUInTIRanaeTEMIanallvE  szeginaseming
vounvesaasnguIIniian e SYM agldilsiduududmiviredeyaann a1n Feature
Space T8 Output Space wavaswilsiduiannuadefieniteesiuailindy (Kemel
Function) Uu Output Space winglddwiudoyaiidiifvesdoyags wada SYM diunns
uunUsznniuuiiiaeu (Supervised Learning) mqwﬁﬁlﬁmmmm’m’smﬁmm Vapnik
[C20] fagUid 3.2

@ denotes +1

o denotes -1

X4

g‘dﬁ 3.2 luud1ae9 Support Vector Machines (SVM model)

[

dmiuwmella SYM fuunfnveanguiail
MYUALYAYDIRLR

(CRANCRY

logfix e R™, % Wudoyatnd waz y, e 11 , dw y, 1 0udeyathmuneves
x dAfigs 2 Arde -1 (Ueya Class -1) , 1 (Teya Class 0) dwmiulaymiBadu dndeya

gungalignuuadu 2 ngu laeszuudnduls y Jsdwinlddsaunis (3.1)

y=sign}_ g, () +b} 51)
j=1
$(3) = [4,00, 6, (s, 4,01 (3.2)
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MndegaNnsi (3.2) nguteya x Tsllaansoudaenlddheaunsidunsazgn
wat loedl () wnuilsitudwmiuwasieyailidudady Whiuteyaiegluguuuui
aumMaaduansaduunls, w, unuAnimn (Weighting) Midewlasann feature space
1Ud output space uagb wnueliides (Bias %o threshold ) el wasvilalaldaunns
i (3.3) dwfumsdwundeya

F(x) = i"Wi (X)+b (3.3)

f(x) Huiladfumsuisssamesdeyadadu  ddoyawniuaunsouenlngld
ANNTUUUIEUASY Lanshdimsidsuenyseamiiauysel nsdimsdaudsUssiandmiuen y
gniualiifiandu -1 uag +1 Fadu Tuawns (3.0) sunsounudisaunis (3.5) uaganuns
Weuuiulaluauns (3.6)

W x+b>+1 by =+1 (3.4)
w . x+b<-1 by =-1 (3.5)
Yy, (W' .X+b)-1>0 Vi (3.6)

WielinsaineseeesEninguniINgandl  ToyamansenindeInduasisendl  support
vectors AagUN 3.3

® denotes+1

y O denotes-1
Margin

I
5UN 3.3 uanstaya support vectors lukuudtass SVM

Aatuaun s dudady wazanunsaduwundayald Annnsiiuveuwndun Uil
v (Y 2 | ] 1 o [ i o & ) vy
anunaindu 2/w]” mnusdunsasaldanansaduundeyalagndesisnun ilidesiinig

vuadlUsiesausuAauRanatn Tagvinisiiiudiuds & (Slack Variable) fauwanlu

a

JUN 3.4 lngleunanisngazidenlanaunisi (3.7) wag (3.8)
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W x+b>+1-¢& y, =+1

H

WXx+b<-1-¢& ; y, =-1

Tedl & >0 ililalassadeues SYM Fausenause 2 d@wuman Aenisiiiusses

dmsudwunungs waznsuidmmenisanderanainliiniign deuansluaunisn (3.9)

® denotes+1

O denotes-1

sUTl 3.4 uansrnsauds & (Slack Variable).lutuushass SyM

o . . 1 N
Minimize Slaf +C§ A (3.9)

Toedt y, (W g(x)+b)+& -1>0; &20, i=12..,N

et € Wurdudsidldannsaimundnldoadieusumnuauga sewitenns
Twddguesszorduungsgn  vdelimudAfumanaiianaeifesnsliidnfige
ToeUnden C - szdmweldiieannndt - 1 aandwihmsudlamseiaiduansess
(Lagrangian) fenisinuaImuUskuueng (Dual Sets) Wil wdavhnisuddamann
maﬁmu@%’aaﬁ”ﬁmﬁﬁﬁ@ﬂ (Constrained Optimization) villéuadisasnisil (3.10)

Ny, e N N
Minimize 522 %Y@a K. x) -2 a (3.10)

i=l j=1 i=1

. N
lpei Yy, =0; 0<q <C, i=12..,N
i=1

e o 10u Lagrange multipliers Wiefiaglddmsumsuideymainfan o weoldlunis

q

uundoyanliladuileidu nsduundeyauuudaduisaunisi (3.11)

N
f() =D wa;K(x,x,)+b (3.11)
=1

SVM fvpesuuailaridu (Kemel Function) dwsuufivénadeyasin 91n Feature
Space g1 Output Space wieldlunisdwundeyaseniu 2 ngu dmsuiresiuailendu
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InuUey 4 wuumeiy Usznaunie Linear Kernel 1Jutpasuuaiugiufidiuiamidy
wianqulpgldaunisidadunianvauziiudunsddnisaiuwanaian dot product 813N
x U x, AeEun139 (3.12), Polynomial Kernel upasuuafidnuinmidundngulagld

aunsdaduiidnuazliidwdunss fsaunisil (3.13), Gaussian (Radial Basis Function:
RBF) Kemnel LunasiuailinsdummusuunvesdeyalagedeiBnisiuuu Radial Basis
(Jumeiingoslugiu Hidden layer uay Output layer wanALia neural network) L1117
Faelun1sAua faaunisd (3.14) way Sigmoid  Kernel tJuwnasuuadildnisiiuanm
VOULYAYDIVBLA Faaunsdi (3.15)

Linear Kernel:

-
K(Xi'xj):Xi X; (3.12)
Polynomial Kernel:
Ty \P
K(%, %)= (0+% X;) (3.13)
Gaussian (Radial Basis Function: RBF) Kernel:
2
K(x, %)= exp(—u) (3.14)
20
Sigmoid Kernel:
K (X, %;) = tanh(B,x" X, + /) (3.15)

3.2.2 mssmundeyaile@@iiu (Fuzzy C-Means: FCM)

FCM Wusaneifiuieslitoyaluwsiazadanes (nswurumsismandnvesteya
filtdnuagadieu viie wilutulilunguient) fmsdeuiiusudodfuld Fnsthiu
msdanguiiiildegaaunsuarelusuiumngg 1w msuwnd Inermans dmnssumans [25
32 331 Tewendenislimmaiduandnvestoyarengudeyarsg  nsléndernindu
andndrumienanmsinssesnessninddoya  uagqaudnansengumaniu 13t
sropmadsdiennudidydenstangy lneBinmsinszermetuiivansiiniserafunisin
JregnIUUgAalAgY  (Euclidean  distance)  wsensinszezmawuuimailula
(Mahalanobis ~ distance) ~ dwisumsinszazmenuugadifioutulimansfudeyaiiies
oty wosdmiunisinsssgmauuimaiiulaiusmngdmiunduieyaiiddoyalanesn
91nngal (outlier) wagngudoyaifideyavunuiy e

mi%’mﬂfjuLLUUW%%ﬁuLﬂuLmﬁﬂiumﬁmﬂﬁjmﬁLL%’TLﬁUﬁt’TaL?ﬂsJﬁuaam'ﬁé’mﬂejuLmu K-
mean 109910 K-mean Limnzdudeyaifanuduiudiu (correlation) ilesandeyadl
Tonaduandndfissnaulanguvdariniu msdanduuuuiiedduaninvesnduilenta vie
Ansiluaundnvestoyaszausieeluyngnay dwFumsuianguuuuiied (fuzzy
clustering ) Dunn [34] l#fin1susuusslae Bezdek [35] dumsumsvhanuvesiledtiy
(fuzzy C-Means) Usznoune
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1 Awuangudeyaidesnisdangy iefvundteultlunslideya ngans
Fangu(E) Tmuadilsdnnsiines (m) Fefesinnnivils uagimunga
AudnanaGuduvesdeya
Awuinsluaudnvestoyasengudoyasi
AMungagudnanangudeyalminaznsaaeuiioulalnensnasuding Wy
aundnivdavainmauaudnnauni

a  ffdouludusieinumnsiduamninueg objective function fiteuly
Juis dunainsduanndnaingagudnanaianuseu)

N13ATUI8L Objective Function @a1saAIWIMaNn aunisi (3.16)

J =iZn‘,(ui,~)md2(x,.,zi) (3.16)

i=1 j=1

o9l J Aounu Objective Function Y89UUnau oy

MVUALENTDITLR X ={ X, Xy, X,}
n AeduIuYeYa
C FRIIUIUNGUTBYA
m Aeflednsiimeifidesdamnnia 1

'
.

A ] a \ 1% L. '
4 oML duaNNTn (membership) vostoyai j lungui i
d*(X,,Z) Aesvogneniasaniseninadeya x juazgnaudnansves

Youa 2 nauil i Iy Z 1dulunuannisi (3.17)

n
Z(:uij)mxj
2 =—J:1n (3.17)
Z(/uij)m
j=1
nsmansiluandn g, wandldanaunnsd (3.18) fail
1/d?(X, —Z)]Um
Hy = ax, ~2)] (3.18)

SIWd(X, -z, )

i=1
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33 %ﬁmiﬁ’umﬂaga (Searching Algorithm) [36-371]

FBnsrummneuvesdoya awnsawudldidu 2 Ussiavndne fie n1sAumwuy
ludn (Blind Search) Fadumadiamsauvniilsifdaiglunisium wiegilsuuuunsdumi
LUBUMEE WaENSAUMLUUEISARN (Heuristic  Search) #eazldmnuisunuunied
Bomingsannuntslumsdumlviussansnmenndeiu

3.3.1 msAunmuuluan (Blind Search)
1% 3 3 1% A a = v =
nsAumnuuludaidunisaumnuuiildunisaininuanidsludednlnuanis Tng
afeiirniaduiiimuanisdun lidesiteyasslsudisiaiunisdndulainaziunig
ollagnals niend1ed1ad1e Aemsaznduteyatauitislunisaunmsely lidesende

(%
)=

Toyalag Mdu wenanitrn1adaduguuuumei msfrumsuuludnanunsawdgesling
Ag NFAUMLUUANNBY KAZNISAUMIKUUNINABY

3.3.1.1 MsAUMLUUannau (Depth First Search)
NMSAUMILUUANNY BUIINMsAmUAlNUALTIAUTog ULaRAuEIEnB A
sUN 3.5 aluuan UL LIRIanas19usansyateauviun avdsldlamineu Aagdeunduauin

Y
'
=

FuLY e dunIdunazdulule

e <

A
1]CB
2|ACB
A B
CB AC
3 5
B B
C AC
4 6
A
B
C
Goal

[y

JUT 3.5 AUNIAUMULIMUATDINITAUILUUANNBY

3.3.1.2 MsAUMILUUNIenaY (Breadth First Search)

n15AurILUUN IR dun1SAMUARANIINITAURILUUTIAL T2 AUV
Tnsaafradulsl TneSunsavaeuannlnuavuaniou udnsvaeuindlvunladuaniug
annevdoldl mnhdfdeiinmsdumauan Slaifaradslnungnuesaniugivandulneag
ifiseduil 1 wdvinisnsnaeuaniuzgnyniavesanusmEI S mudauggATens
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1% L 1% ! < Y & v A ! a o ! «
Aumnauan sldnufairalnungnuesaniuzmaitiulusedui 2 deludn viuduilluitesq
uninavnvanuggaveviodulianaaianuraniniledn duanslugui 3.6

w0

B Bl c c B

ac|lac]l as ]| a8 c
5 |6 7 8 9
c 2

B | B

A |l ¢

10 Goal

€

5Ufl 3.6 dadumsaumuulnuntesmsfumuuuniisnou

3.3.2 M3AUNILUUEIIARAN (Heuristic Search)

N13AUMIAIRBULAERABTENITNNEITARN AAULANFINIINNITAUNTOLARUY
ludn Tnedihinisruteyalsfemmadeudeyaiiazimniisuasy winsdumdeyauuy
513afnlie fudosmsnasudeyanns Finstisdendneuiinyaslitunisdum s
fifofifio annsariinsfumdnouanndayaifvuelng wiluuneadshaeudléidudies
Srmauiiaituliuinngifian nsfumuuusisainidmisiddgie Sa3afnileidy
(Heuristic Function) feflsdduiivmiidilunisiavunavesanudululalunsuddgmiaeg
ITuanIIEfIaY 3801 1narnseilalaenisinnsaundaiinisildlunnsudtam a
douzuiivinzamnsautamldauitgesnisuselyl Tnedmuadud wdnildfunis
uitlymueudagds FeulsAnsnmuasnisdumuuuiiiain Ssusgfunisesnuuuuas
nsasadasannilerdudinsulimmien dmsunmstumuuuianmsaudsldu

3.3.2.1 nsAumuudu (Hill Climbing Search)

mM3fumnuuduiuismsfumdeyaiiendeisnisvesinUuiaiite
Aunalufeseagien lnsdnduirasdessesdauitsoaaagiila andulinseiuas
ponuuudumMadmlvndsilasiifian fafutnTunazueduiivenuddang
Iiemslafislotundnsinlndveniun vaziRorfuasvanidssiimdunsiideluudasii
Iiesisnneenis dhiuanasfesinduiluFesy audswanandegud 3.7
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5UN 3.7 uansdnuaizn1sAunILUY Hill Climbing

3.3.2.2 nMsdummuuMsidandiiaiiganau (Best First Search)

MsAumLVYLAonaidianney WunszuIumsAumdeyailstiended
YovnsAumkuUANteuLagmMsfumuun steus ufnduisnsie Tneflusazdu
vosnsfunilulvusgniuandenlvuniiddign  uazdnduladoniilvualafdiaelng
o1duFTaRnflerdu Ssazshwinfiiadounasiioua waeliiavosnisiatesnunfuaziuy
Tpsuil 3.8 uansieganisduuuuRiigadeu Buduainaniug A feu Junoudl 2 as
lum B C wag D udansivasuluun B C uaz D saedisannileidu naaziuuoaniime 2
2.5 wag 1 auddy denlvua 0 luluuaiadlaidesainiidtosdianluaiudn @unsa
Fendunn viierntes Aletuogfusnunzassiym) Sumeudl 3 adsvungnliiuluun D
Folvun B uay F esnvdeuazuuuld 2 uay 6 miudidy sumend 4 shnsdsuiiisuen
Tnuaavhevemnlnunilmualadadfian lufitideninun £ fduluduneud 5 addlvun
anlsidulnun € 18lvua 1 uay J asrndevasiuuld 2 uay 6 mudidy iwuiiluFesq au
wuAmeunseltiansnaialnunsslulaen

[8]> [c]2s[p]

Sunowd 2

Sumond 1

Sumouils

JUN 3.8 LanlunouIINIIAUMILUUERNATIRgANDY

3.3.2.3 NIAUNIUUY A* (A* Search)
MsAUNILUY A% WunsAumuuudenaafiganou wilunsdues A% A1

Y]

Y9935 aRnNenTuUaLInaINAl 2 A1de ARTRantuuadatulugadnunsn wazainlnue

q
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Jagduludsvundnuny laga1usauanifdiagNueInIsAUMIAINUAIEMNATANITAUN
wuu A* ladsgun 3.9

Auaanii 1

YUADUA 4 TUABN 5

JUN 3.9 UARITUABUTBINITAUNIUUY A*

3.4 %qwﬁﬁ%%ﬁmﬂmiwﬁ (Fuzzy Inference System : FIS) [38-40]

fla@dumeisud e nssvrunsuvasdunalyinaiaidiedwandideanisiag
o1dbnguiilefion sULuuRiug e siledBuesudiiingninanussyndld Taud fuddy
WialsuFIUU Mamdani fsgniinauslag Mamdani wag Assilian Tutl 1975 [)83] Taguuuy
lefduseisudiinanazdsenoudie 4 funeundn nanfe nsmAvdoseduamdy
au13n (Fuzzification) n1sUszudanadiauduau1inaiungied (Rule Evaluation) n1s
sunadnsaldanngiladusiazde (Agerecation of Rule Output) waw n1skUasled
dnabiluda3vienanm (Defuzzification)

Hiieuandliiiuseasidonnisyhuluudazduneussendetie Jamuu 2
Bunm (x waw 1) 1 1sine () Avseneulufengnisfiansan 3 4o il

ngde 1 ng e 1
0 x PR A3 0 Ruativayulasansiiieane
V30 yfe Bl 3o nguawilasan1sdungudn
Wy zAe Cl WA AUFeEn
v k4

ngda 2 ngda 2
01 xAB A2 0 Quativayulasimisiieuline

A J o ) J 1

WAy y fie B2 wae  nguawvilasinsidunguivg
WAz AR C2 T P PR TR oK
v v

ngde 3 ngde 3
o0 xAe Al 0 Quativayulasinsldiisane

Y = v =
L7 z A C3 L) ﬂ'ﬂ']llLafNijQ
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Fuzzification
Crip Input Crip Input
x1 yl
1 1
Bl B2
Al A2 A3 0.7
0.
0.2
0.1
Y x1 X vl Y
u(x=Al) =05 u(ly=B) =01
u(x=A2) =02 u(ly=B2) =07
J \; Rule Evaluation
1 1 1
Bl
A3 C1 2 C3
) 0.0 0L _ OR Sﬁla
0 X X 2 o y |/ o 7z
Rule 1: IF xis 43 (0.0) OR yis B1 (0.1) ¥l THEN Zis C1(0.1)
1 1 1
Bl B2
A2 Admmle B SO\ T — C1 2 C3
| 0.7
0.2 | AND \ 0.2 1
AN / s S—Ay . ~C i)
x1 X vl 34 z
Rule 2 : IF xis 42 (0.2) AND yis B2 (0.7) THEN Zis C2(0.2)
1 1
Al o - C1 2 C3
¢ x1 X 2 zZ
Rule 3 : IF xis 41 (0.5) THEN Z1is C3(0.5)
J \; Aggregation of Rule Consequents
1 i 1 1
C1 €2 / C3
oy | e () 0
02— — / 02
0.1 0.1
V. * 2 z g
Zis C1(0.1) Zis C2(0.2) Zis C3(0.5)

J L Defuzzification

3U% 3.10 Medralassaaiugiuvesile@dumlaisuduuy Mamdani

o x y uer z (Ruatuayulansanis nquawiilasens wazeudes) Juda
wlsiled Al A2 uae A3 (Weane Heuiisane LiWieans) Wudvessiaulsile@nduly
Iavamualuenanduivg X Quatuayulasinis) B1 uaz B2 (nguidnuasngulng) iWuen
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Yossulsiledndululanmualuenanduivg ¥ (ngueauvillasesnis) C1 C2 waz C3 (91
a9 wazas) Wuavesulsitedndululanmusluenanduivg Z (anudea)

lassadsnuguvesilegdumlasuduuy Mamdani - d1msudiaegralgymila
na1ie ansauanalanagui 3.10 Fauwsaztunaulineazidenasieluil

3.4.1 MsmAwseszauAnuluauNTn (Fuzzification)
g [ a a o = a |ja . 1% I
TJunouksNdunsuUaBunawuunItevsensudune (Crisp Input) Tveglusy
Y9IAM3 0Tz AUAITuauInIduTuSTusas Hedign FeasuBunnluiinuiefs A
Fululgramunluenanduimsiaule freeratu e x1 waz yl 1‘143‘1]‘1/! 3.11 Faduasudu
Wmmaﬂmaﬂﬂwamwm X 18z Y AUaIsau musuaumeaamﬂauwmuuﬁuua&Jﬂumimaiﬂa
“UENE;JJLSUEJ’JGU’]EyﬁuUU 81 M3dnasIRuaiuayulasinig Auguinisenamvualvsiiay (lu
sUnuuesioud) 0 fia 100 wnudSunaRuyuredasins Judu

Fuzzification

Crip Input Crip Input
x1 yl
1 1
Bl B2
Al A2 A3 0.7
0.5
0.2
0.1
] xl X Y vl H
u(x=Al) =05 u(y=B1) =01
u(x=A2) =02 u(y=B2) =07

FUN 3.11 shegumsmiaAvieseaunnuluaudn (Fuzzfication)

NIV 3.11 A3UBUWA x1 (Ruatiuayulasinsiignivunlaedidoivaliien
Wiy 35 Wesigud) aglinmisesyavanuluann@nluiledien Al (fgawe) uaz A2 (fay
laiifleame) AU 0.5 waw 0.2 muddy druaiudumns y1 (hguauvinlassnnsfignaunals
fiawiriu 60 wWodigus) azliaemluauBnluile@ign B1 (nquién) uaz B2 (ngulue))
WindU 0.1 waz 0.7 anuddy dwsudienuduaundnildainnisaiudunnudaglu
fumeuilwgnihluvssinanalaengiedludunousely

Y

3.4.2 nsUszananadanaduaundnanungiled (Rule Evaluation)
Tuduneuiiass ararnuanuduaundnildanduneuneunii nd1nde
oy =05, tipp =02, iy gn =01 UdE s, g, =0.7 EgnUIUITUIANANIUNY YT
Y9955UU LlefuamAednvesngiladudazte dngiladuszneuseieulimansde
fasifiunsila® (AND vie OR) axgnimnuszyndliifleduanuemadniueany fogravu
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- nqla 1
0 x A9 A3(0.0)
Wiy A9 B1(0.1)
a3l zfAe C1(0.1)
ot
Hc1(2) = max (fps(X), g, (Y)) = max (0.0,0.1)= 0.1
~  ngie 2
0 xA A2(0.2)
waz vy A B2(0.7)
war -z Av C2(0.2)
srafu
Heo(Z) =min( g, (X), #e,(y)) =min(0.2,0.7) = 0.2
- nqte 3
01 xf9 Al (0.5
Wwan  z A9 C3(0.2)
oty

Hes(2) =05

NG9V #1150 NTLWMTULAUATNNITRIANBIANAVBINY
Halassgun 3.12

Rule Evaluation

Bl
A3 Cl 2 3
\ 0.0 L 0T _ (OR) %19
2l Y 0 ) Hma) /" )
Rule 1:TF xis 43 (0.0) OR yis B1(0.1) vl THEN Zis C1(0.1)

Bl B2
A2 A3 = Cl1 2 3
0.2 AND \ 0.2 |
0

|
I 77777
\k (min)

AN )
xl X ¥l Y z
Rule 2 : IF xisA42(0.2) AND yis B2(0.7) THEN Zis C2(0.2)
1
A1 9s 0_5__ _Cj__ _€2_ =
x1 X 0 z
Rule 3 : IF xis A7 (0.5) THEN Zis C3(0.5)

JUN 3.12 fegnmsuszananamanuduaundnaiung ed
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3.4.3 msmuﬂ'ﬁwaé’wéﬁlﬁmnngﬁw%da:ﬁa (Aggregation of Rule Output)
Fumeuihifunsguruamadniviedauduandnilldanngedustasdoly
funouiiuér Tnaneduamilediondnnvesssuuifissrifien dmsuisnmsguruaaudy
audnfilafuvardunisinnsanduaimsorinlévaisds iwu Bnismergean (Maximun
Method) faannsi (3.19) wierasiuiuilinsndegui 3.13

1 (2) = MaX ( 11, (2), 115 (2),-.. 1y (2)) (3.19)

lneN u(2) AoAauduamndnvesilediondng Z

Her (D), pigy (D)., iy (2) FRAIAMITWANINTINNYHETTR 1, 2,...0 asediy

C1 2 / c3
0.5

02— —
0.1 /
0 0 0

zZ zZ zZ

Zis C1(0.1) Zis C2(0.2) Zis C3(0.5)

Aggregation of Rule Consequents

ge S
oo

UM 3.13 freginssinamaansiaainng led

3.4.4 MsuvasArieordna i dudaivedne (Defuzzification)
nsulasaiisdiendnaliidudiaiuiondnn (Cip Output) vi¥erataviiegly
Taundneuiidesms sansovhlivatedsivu 8nsmangudnag (Center of Gravity: COG)
W/MAUeganedA1gean (Smallest of Maximum: SOM) 3FMIAININAAYDIAEIER
(Largest of Maximum: LOM) LLﬁﬁ%Wﬁ’lLﬂ%%Wﬁgﬂ@ﬂ (Mean of Maximum: MOM) lag
TuwiaeTsissandondel

3.4.4.1 33n15v3agudnas (Center of Gravity: COG) viunnsaoniy
FEnsmaaudnawesiiudl (Central of Area: COA) MavhATEBF TR LRSI ANAENS
flefduamndnilvdioatendnn (A) amisafinrsanlifsgy 3.14 uagduialdfeaunisi
(3.14)

> u(X)x
X =5 (3.20)
2 1(X)

lagfl x AeAmTemurivefisdioninn A
(%) AormauluaundnvesilaTondnafidiunia X
auay b Wuwveuinvesilediondnn A
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ux
A

[N

L &

. a *coG
UM 3.14 10dnniilannisvinafleduuy COG w3 COA

3.4.4.2 FAougnvaeAgega (Smallest of Maximum: SOM) 1Ju

mMImAnednalaenIsmAIRILALY x AdesfigandiairuduauBngign JRedm
AanamaEnTafinsanlanagy 3.15 wagAuindaainauns (3.21)

Xeop = Min{ x/ z£(x) = max (2 5 (X) } (3.21)

1089 11, (X) Aoarmuluanndnvesiladiodiunfiduns x
max(u (X)) Aen1siSeuiisumaiauduaindnasanved

Y 9

Hadamaring A nsunus X

Xsom

JUN 3.15 lanedlliannnisvinAfla@Luy SOM

3.4.4.3 FMAININGAVDIAGEIGA (Largest of Maximum: LOM) tTunis
i 3 A v o aa s i o I i = o [ a
meneMNAAR18iUIT SOM uiidunsmasiumis X funnfigandanuduauniingsge
FaunuAwnnsy 3.16 wazAInlaINaunIs (3.22)

X om = Mmax{x/ u(x) = max(z(x) } (3.22)

10eh 1, (X) AoarmuluasndnvesileBiodnafidunis x
max(u (X)) Aen1siseuiisumaranuduaundnasanves

Y 9

HaTnoding A nsumus X
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H(X)
4

1 i

/f\ﬂna)((m (x))
0 >

X

XLoM
a.'

3UN 3.16 Lodnniilaainnisvidfieduuy LOM

3.4.4.4 FBvANABYDIANgeEA (Mean of Maximum: MOM) U353
mAnenalagldisnsmenadeduvds X Aeglutismnuduaudnszfugaan Tne
annsafinnsanldangui 3.17 leedt a Aedrdunds X fifldanufuaudngsandiusn
annsaAnaldanauns (321) uaz b AeAmunis X AfAesnduandngiandn
gavneanusadwIlaanaunis (3.22) Seduan % annsoAmaldnaunsi (3.23)

a+b

P

7

A \Q

L IGAN
YA

a  xyom 0

JUN 3.17 inniildainnisviafla@wuy MOM

X

3.5 NuflAsiuviaauuuaani3iy (Logarithmic Spiral)

yuziinmanisaintg nmdieaidsuefinnuddnidesainanunsoliedue
ANTULIRINIgl WU WigAlUsatuaranunsadangnguuenniiuiduinay undalidl
wvndundeavienmgiaau vasiimgleudouazdudiundlfmesnduuntig fu
Tassadaveafous dnvauzindenue vioamigainawuniaduaadnvaeildvenay
JuusIwazfnaungly deuideunungldnuanuvasvaaualun1sssynig Wy JULsIuas
Anaunigle Jauddeuinunsldnuanvasvesuslunisssynig wu 91uide [6 14] 14
wellauszanaauuLskaginaunglagldmaianisidssuiievdalaunsuvesaiiuag
UUVDININULNDULNS [14] LATRTIVFDUTEAUAINATI0IN NN [6]  USeuiay
wgnssiteuntnd vnefienide 113 15] usnaadnuazvenndealddunmdieaniiiey
wafleszydumisgudnarsmgdmnuinaunisiadeuiing Fadumsafndnuasiiuues
inderenduisuisifauusiugdmiussyiumtanmg

Tefunesuuuaan13fiu (Logarithmic Spiral) [42] S3eBenldvaneuu wu Ty

(3

MouUDUBsUA (Bernoulli’s spiral) IAsiureeuatnanI1sng (Descartes’s spiral) lAsiumesy
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wuuiyainAY (equiangular spiral) dRaaudRntAyUsEn1svieRe Wusaluaviduduladu
wulpsagyiyuwiiuvsenasanInuudulas daanddusuin 3.18 lunadnamansszuy
fifinAsdeuredlAsiunaLuuaanIsinaunsaesulelansaunisi (3.17)

?,arllﬂ' 7 i
angle 7=
45 %
Formit B
:I»gafe -\.1"
S ¢
T
e A angpes snowm in)
Jf‘aﬂmm arg He same
Foint A e

A LocmgiTHnG. SPIRAL ﬁg"‘“‘f z

sUR 3.18 TAsAumesiuvanIsiy [C33]

U

X(€) =r(6)cos(@),

P IS (3.17)
ol 0°<O<360° ; r=1/X2+y?
arctan (i), x# 0,
20N (x,y) = (0,>0),
A\ (xy)=(0,<0),
undefined, (x,y) =(0,0).

'
aa v

duduszuuNAdsTveslAsnunRsLUUaMIALTNNS (r,0) awsaeduislass
aun139 (3.18)

r(0) =ae” (3.18)

Tne?l a Wumasiiuan (positive constant)
r Jumfdenauduiusiuaunisi (1)

FINY ANUITYUANNITAIUFUNUS TEUINTEUUND AR ST Y ULALTZUUNNRLTID?
Ya9lAanuUnBEkUUanN 1 RUlARIENN1ST (3.19)

x(0) = ae* coso,
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y(6) = ae” siné (3.19)
P3eevnees b uandduaunsi (3.18) Wunisusuliasiunesiudevseuyn

Y 1 [ ! Y Y < a v Y Y 1 [ ! Y Y
i1A1 bidumau lasnuvegaziumuduuniing luntmseiudiuiar bidudiuin Tasiy
WRHLIUIUINUIRN wazillor biandu 0 TAsiuresvslisusraduimnan



unil 4
v a o Y va Y =
ﬂ"l'iﬂ‘lJ‘VI’]WﬂﬂG\']W’]EJEWIIUSJGW]’JElizﬂUE]‘léﬁJ’M‘WsUGU

AT IS usdyfuanurivneg  Lileweiemssymumisingann
uwidsdayadlifiomenayliauysel fduielildsunanmeaesiifivssaniamaniy s
fnsthiausnariieneiunadeyainiy  lunuideifaihmalinneiaudnvasvoay
WazANIAYBAMENITAINTY TneRudnYuzYeIrIEIaNaINATiEn QuikSCAT gnldiduy
foyandniitensradumnuguussesmiy fiFunesiunnnza Wimd uavanszduay
sunssanumgnisaiund egslsimunmsiinnesisetoyaauetiafior veadsenadia
lalauysel  uasfawanald  Fedudeyamaden  Wunmimathandunagnsiinehlugnig
Fusniifamng sz ansamanniuld ilesandeyanimuslsiifissusazannsoan
nansznuiAnanealiauysnivesdoyaanainaaiion QuiksCAT - usganunsalrideya
iy wieldidudeyaimdudsslonifumsiumiidnamiglésng 1wu quinvazveanden
isilunimie

Tnehludugudnatsmgvionmegsngnisuthldlunisuansiumisng Beay

U
(%
% =

asnsndunglddauiiovgneusaty | deiudadinuidedmiainaglianuddalunis
Annesiiuninmgmeteyasuuasfirmsnsieasuivesauiildnnauiienszerlna
[Wupiin QUIKSCAT  fignesnuuuliinsiainanmeinialasionzaiuisiuasianisan
ndiufnumanms TurmiAfeveas (8] IdhavefladduiSainiioldlumsussziun
L5audMSUNTY (heuristic wind statistics division: HWSD) lagagyinnsaasievianatAves
foyaaufiarmndalaunsuvesnnuiuasfiansanainannfien QUKSCAT luitufiauls
NAded (8] nuimngutiniamuiiaulidu 2 Geuly Tnedeuluusndovaurwigisy
refn visemgseurnds varidniteuluAevarmonimas TusAdeveas [10] lhitaue
TBNITLUMRNNITAUNLMIEMNATANISWUINAUABNATATNNDSALINNBTHITY  wAZNIIA
nuileddiu . Tngerdedeyaauainanidion QUIKSCAT winsedufnminisfivuauaiiss
szymgligndodunangnisal  ilesanmegdesmsiteulaiifimdamgulunsinduls
wn dudielinssymglussiniamennty | ansthewiingBemn  (expert
knowledge) infudinswideiadudnmadennis  lewadulviszuuiaubaveunass
UseAvBnmanniy
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Cloud Image
Extraction
of :
Wind Speed (WS)
characteristics Eiteniiion E
of
Wind Direction (WD) .
/ i characteristics Intensity of cloud
= . e wind density
/~ Searchingfor '
Region of Interest Statistical ==VSC functiop
' (ROT) estimation —_—

piral Curve Model
SCM

Longitude

Latitude

JUN 4.1 2 susEUUNuIdeY

muATeihiaue st s ad e nsaimumlinngienislissuueyiny
ilod (Fuzzy Inference System: FIS) uazany1sauaninIsinauyesszuuldfisud 4.1 log
wsnsvinundneanidu 3 drufenisniuiifiniasiuniganaudnvueresnnu
a1 NITTUAIMAUIAINIEAILTBUVBUINUNST kavni1seudIuviinIneglaeazidennie
Mo ¥ lAenuvey (Spiral Curve Model: SCM)

4.1 nMsviunfinadiazilunig

MAFBSUIUAIENIINToYa 4 ANANYMEAINAATEL QUIKSCAT 113ATIEAD
Toyaruriazign Auntsmesign Anusan wazhienisau lneteyaunasiazivoun
U8IT0YaNUA5197 4.1

M13199 4.1 AdnualzUayaaNaNAEY QuikSCAT Miunldlunuidy

Wind Information Range
Latitude -90.00 - 90.00 Deg
Longitude 0.00 - 359.99 Deg E
Selected wind speed 0.00-50.00 m/s
Selected wind direction 0.00-359.99 Deg From N
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fauslatinnsnedemnaniiauGusuvesmadumig 17 wesdolundl [44] ud
wWielanunso@nwlfaseuaguiavnnisaiiewdamy uidedslfanszduadnedanmua
auvasmaLdumgasnie 15 wasdeiuit Tnsndoyamiuiauestuiiaulasdumiiudi
fiflmrdioudaud 15 wesdedund Aidoueiiufiesnedes 2x2 esm (222 x 222 a9
Alawwns) eldtufiaulaasyinismyequinansesiuiiiu 9nduiwensiuiiaulaaings
ﬂuaﬂmﬂﬂaﬂmuav 13.2 x 13.2 B3 (1400 x1400 mswﬂiamm) Lwaiwmamauww
g Luaqmﬂaammimwauawwmmum vAvesgutua natean Tned
yAduEIAUSNaIaud  100-2000 Alawms  deyarnutaunasfienisandlduan
pflen QUIKSCAT aggnuiulvimnzauifusumisuuiiulan esmsindeyaainaniiien
indaiulanfifidnvasunsenay Fafesdinisufudeyalvivanzan (nterpolation) Faens
Tngieutwilndfian  weziiermumanzadlumsiinneimmeadfvosiiuizainisus
fuifienlavondu 11 x 11 (121) Fesden Insuanstumeuntsmituiiaulalusuil 4.2

New ROI Expand
13.2°x132° B
from center

The area is partition into
11x11 sub-blocks

JUN 4.2 Fumounismiunaula (RO veumanisainngielas Tuduil 2 nanau 2009

dmsumaiasieiveyaauiiiossymansalnig 9u3deves [10]  Ynausisnis
a el = a A A & g A
IaTgvigalawnsuvennIsaNkasiiansan iededulawmanisalnngluiuitaula [ROI
Indumgnisainguiold dmsunanmsiugiunldlunisdadulamsnisalnigisudienisn
ANUSIANNNUTAAUIINALABL QUIKSCAT #TlA1 0-50 WAS/UN9 U1asie 4 Judalaunsy
v 1 = d' 1 %] 7 1 a & &
menswlwaulunvesdalawnsuilvindusslirveuuugavesazdupe fie 12.5, 25.0,
37.5, 50.0 WASABUIN [9] kazuniAN19au A1 0-360 89F1 UNFS9TALALATUNTVUINTY
winiu 24 Judalaunsy daluagaiunsodasizinuiiaulaladndumnegnisliniuun 4.3
ImﬂiuﬂimmmmsmwwavuaﬂmLmsummLs’aawmumﬂ,uuuw 2 mulﬂmwd‘w 4.3() @

4

LUUI‘UG‘I'HJLﬂ@ul‘twmﬂi”Ul’)ﬂauWUW')’]ﬂ’]ﬂ’ﬂMLLN‘UENW’]EJ?]”L?@JG‘IUV] 17 WARsADIUN Laziu

<

fitaggniinnsaninduiiuiiflonaduny Tuvasfmgniseilidumnggalawnsuninumss
anaziidoyavuuwiudiuingjodludui 1 Asun 4.3®) uenINAUANBULAIUIIANLE
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Aaudnvaziianay gnihnfiansananuilungandalawnsuvesiianiay Tnenuindinig
nsgennitanalaguandiiulalugun 4.3@) daunndsiumgnisalldidunigdalaunsy

fansauvglinseaemiiounsalveannisainegiansanlanagui 4.3(a)

Wind speed of Melor 5/10/2009 Histogram of wind speed Histogram of wind direction
15

100

10
a0
5

0

1 2 3 4 5 10 15
histogram bin histogram bin
(n) () (@)

Complete QUIkSCAT data

20

Cyclone

Wind speed of Melor 8/10/2009
' &0

Complete QUikSCAT data

2 S 4 & 10 15 20
histogram bin histogram bin
) (3) @)
Incomplete QUIkSCAT data
Wind speed of non-cylane
100 100
()
5 &0 50
g
5
(o o o
(®) 2 3 4 5 10 15 20
Z histograrn bin histograrn bin
() () ()

JUT 4.3 WisuidisuBalaunsuvesrnudiauuasfiansaussvinamanisainguazldidumg

TupuinluvnmMsdnnuiaiiveseyanuanvusNd Ay UsEnaume

Mkduvestays Anedunimidnseninegestesfeginiu (Wixy)) anAuluuiugu
puduiusvesng 8 wisutulnd enuaunisi (4.1) Hsddudisafnnisuusmnuiiay
dmsumng (hy,(n)) Anuideveast [8] lunauslinuaunisi (4.3) vaeiinisnszany
YoIANIvaNkaZAIITIAY (o) uanslafaunisi (4.2) uazAdennudunadtunin
vosunaulana 121 desgey lnganunsauansinegavasdayans 4 Audnyuyveuvanisal
s a a dy o A v A 1 1 1 d‘ IS 1

Wigwelas MAnTuluiun 2 naiau 2009 FagUR 4.4 WU Yedgeed 1 AAIANUNUILULYES
v s @ & 1 a S o i 1 ' A 1a w I a N

Toya 92 Wesiiud Anaduniniminseninedesdesfieginiu 6.2 WasdeIuIn A1 HWSD

8.4 warilARAYANULTULAIVDININNY 139 1Ay

AIAIY
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2 oct 2008

1 92 6.2 8.4 139
2 90 6.5 7.7 146
3 93 7.0 7.9 146
121 89 72 6.5 110

JUT 4.4 fegnnEnuaisng 4 veavansaimewelasiuiui 2 gaiau 2009

W(x,y) =n—12 33w, (x,) @.1)

X=-1ly=-1

lawil
W(x,y) fia Anadeaisiminsenitesdesiediniuvesiumia (X,y)
wW,(x,y) fis Atedsauiianvestostasiinmis (X, Y)
n A8 IWIANTRITRNA (window sizes)
n
> (5 =%)?
—a AL (4.2)
n-1
Toed
o fa ANINIENEBalALATUYBIASIALLAYAANI9aL
n As Iuaududalainsa
X Ao AgalaunsuYeITUN i
X f9 ALRduvedalaunsy
H={ (W(X,y) x0.2) + (o5 X 0.025) + 6y 5 W(X,y)<16.3m/s
~Y(2900/W(x, ) + (0 X 0.001) + (6,0 X 0.030); W(x, y)>16.3m/s @.3)
1aed

H Ao Arlsndusisainvosiiunis (X, Y)
Ops:Oyp 79 AINNINIEETAlALNTNYOIAUEIANLALAAVENANANU

awv o o sU a a _a 1 < o U d'
NuITe [8] dnaueilandudisadnnisuiinnusiaudmiumgluaunisy (4.3)
Tnawgnisainganansanuseandu 2 ngumenadivesdeyaay dufe nguil 1 wmanisal
WILSUADAILATNIYBOUNAT kasnNquil 2 wsnisalngninias andeyaileswuilauidy
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7 8] fhiaueadfteyaauiiieliliesgvimiumiswigiheglusumidavesiiuiiaula
favun 121 s uwasifleaugniesestoyaaiduduinnsaniuiiaulasumisifay
ynuuvestoya 70 Weddudtuly anduiadinisnseatevesiieay n1snszatsves
A8 war Arauiianedsluudaziunisesiiuiiaulassgnaiuia Tunsdd
MNSIRuRABYeIMNgINNNTN 163 WaskeTuni szuveenuuuliidungifiamugunse
ilesnnsdliimngiinrusuusanngudnansmngazianuiiautiosnnn anuisiaugeaning
guénarsmigazagiisunidluiiufiaulafifidinisnszanevesfiansauuaznisnszanses
mdraus Tuvagiiauiiauedsvesmnglosniiviewindu 16.3 wnsdoiuni szuu
sonuuuliifumgseuids anusiangeanlndgudnaramgazeg idunsiidainis
N3¥218YDITANIIANUAZNITNTEINBUBIAIINLTIANGINIINGUNIGTTAIILTULTS Fae
auduiusiinanund annseadraduiliiduitednfidunandmnafinedii 3 fo
ALaaga ST nInsYe ey W(X,y) A1n15nsea188alaunsuuesninusiauLay

NANI9UAUEINY (O, T )

Wind density
e R n e b
s L
LR DM L X\ M ML
i w0 VYo &0 100 120
Sub Block No.

w
=1

=

B S S fll - E :
20 40 60 a0 100 12

o
on:

HWSD (mis) Average WS (m/s) Density (%)

10k -
] S % H B ud CW e - 4 K
0 40 B0 a0 100 120
Sub Block No.
@ Intensity of cloud image
2. 200 ATV SR i VT T
7 H 3 R T
c L ey 4 #| :
% . 20 o Ve a0 100 120
= Sub Block No.

UM 4.5 nsmlaaudnuarveamgnisaingwelasiuiuil 2 aaiau 2009 Yesdosd 1-121

N3V 4.4 annseanaiensmlnudnvazseritesdenil 1-121 Iidaguil 4.5
iy Aravuuivesvesdeyalutiufiaulamunisiosdend 1-3 fid1 92,00, 90.00, 93.00
Wosiudmudiu  vusdfertulugulduansrigagauasiaavosusazaudnvay  Seudn
ANNMUNLLsgegauazANgaegtestesl 120 uay 10 Taeildwesumuiuiiy 97 wag 43
Wesdudmudiu dduiivlusuunusidumisestosvesmmglufiuiiaulassylng
e JTWC Tnglugui 4.5 eglutesdesil 50



a6

o 1 4 = aAa 1
4.2 N5TEYAMUININIEA BN B NITIUNWBLTUD

MnnTIEYlngiedoyaaifvesteyaauuaznmiunusaisenaaylal
aunsasindulamdineulataiau Inedeyadinauenaasiiniieneaniatnnguusewananiy
Mnadnlundy Wesndadfudrddsinmuauindenisdadule Fesuiufeniszuy
fla@BumeLsudindiofinnsannsdndula iesnnszuuileddumeisudidalenaliiteya
Ameuannsaeginunguld lnsfladdumeisudarendeussaunsainnuiaingideanapi
nsuUasteyadune (crisp  input)  Wieglusuuuuvesamieszauanuluauidin
(membership function) #iduiusfuudasiledion anduavedendnnisvomguiiied
aduneauliauysalvesioyauazisnisdndula wazulasdeyanduidudeyanadng (crisp
putput) sielanunsaluldldesnamngay ﬁm%’wu%%ﬁlﬁﬁwLauammifmﬂ@,%'gﬁmgy
Tumsssymunbanegmessuuiiedduwlarsuduuy Mandani [41] 1neTA51iifL N
mefludiudl 121 Yevdosvesiiuitaula (RON) Usgneudedeyaduma 4 i Ao arummiuy
vosiiuil AniSiamals A1 HWSD uay Asduuastasn e WagA Lo WA 1 Ade
G‘hme‘ﬁuﬁéaaﬁmmzammﬁummq FlanananmsanvessyuulifagUil 4.6

AvgWs

Typhoon Eye Location

(mamdani}

E

Intensity

Eye

|

Heuristic

JUN 4.6 msmduntsn gl seuuingauelsud

4.2.1 NM1SNIANSEAUANUTUANITN (Fuzzification)

o
=1

Tunauilazriinisulasdunnlieglugdassrmdessduninuiduaudnid

L% 6

AnuduRusAuLRasile@ian Taaszauauduaundn (Membership functions : MF) 989
UNAA 4 A1 @5aLaRdlaRITIN 4.2 waggu 4.7 muadu

Qe

A15199 4.2 519a2198ANSHUSEAUANUD uANNTNURIBUNmITe 4 A1 Tussuu FIS

Name Symbol | Range | Unit | Membership function(MF)
Wind Density o 1-100 % Low, High

Weight average of WS W 0-50 m/s | Min, Max, Extreme

HWSD function HWSD | 0-300 - Min, Average, Max

Intensity of cloud image | 0-255 level | Average, Max
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Low High Min  Max Extreme

L= n T 0 n n =

20 30 40 50 60 7o 80 S0 100 0 500 1000 1500 2000 2500 3

(1) Wind density (1) Average WS

in

Average Average Max

Max
50 0 150 200 250

(m) HWSC () Intensity of cloud image
JUN 4.7 uamenisuusszaumuluauBnvesduneiia 4 Aluszuu FIS

21113085V 8AZBENUDIBUNNTY 4 ATlaRassialuLl

n) ANUVUILLLYestayaas (Wind density)

°©O Y o v W A o

AavwiuveteyaluwnAndAgdmiviadsuud

o

WRIGHERHEL

= o o

wireiuil asduaunuwiuiInlunudnvuzuiangniwldlunsinsey

Y
L3

Anpsugnisaime tuewIduieInunNITTsYmanIsainTg [9-11] nutedniinty
sewastoyaviavigluvednifisn QUKSCAT tnailunaliinsiasgsiianain
AnuamdnvuzauiuIwiul Fndulunisnsisasuinfiuiinidsiansand
Toyarfieanasianisliasviviselal sagimsaudnuazaunuIkiugen 0-100 %
1 [ a [ LY A (3 v o o
WUIAILTUENYN DNLUY 2 52AU AD 91UIUBYAURY (Low MF) Laza1uau
Joyaun (High MF) lnganansauananiskusnauduaun@nvesanuvuiwiule
AU 4.7(n)

) ALadgtsimtnAEIan (Weigshted average of wind speed)

audnuns dlFienegisrduauusmosaumgluiiufivesdesiiaula Tng
AUTULTIVOINIBAATITENIN 0-50 LunsAadu uagluauidoaiunsauus
mfmesaadstiniminamuianeendu 3 sedu Usznouszduiiudiy
(Min MF) sosfumgiiusaduniou sefutunats (Max MF) sesiumglousou
WATIEAUTULSY (Extreme MF) 5835UMN858AY 1-5 MUNIRTFIULE0T3 AU
wed-guddunandusui 4.7(a)

A) MFIzARNMILUIAIEIENEmTUNE (HWSC)

[
[y =

AasdnwarlldunwiAalninldsuunannsuidgmnisfumidaainiglu

av a ax ° Yo = d' v aa
1UYN [8] ?ﬂll'ﬁﬂLLﬂﬂﬁ?ﬁﬂqﬁﬂqujm‘lﬂﬂﬁaNﬂ']ﬁVl 4.3 L‘W@ysmqﬂqi‘ﬂagﬂaﬂﬂ@

Y0IAULSIANRASAIANI9AN 1N9UTITEN [8] wudne HWSC 1udssnduwazdl

[

SnsnaramnudululaNnaziundiasiesinungesdesnaula a1 HWSC a1u1sa
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wusoanidu 3 s¥au Usenausie Ae seausi (Min MF) seauliunans (Average)
wazsEaugs (Max MF) lagseasumgnianinusiauseiuas seaudiunans wag
sEAUM MudRu Aananslugun 4.7(a) uagansauandlansaunisi (4.6)

3) ANLRAAMUTLLAEITOININLA (The intensity statistics of cloud image)

Yuziang dnwargUiavesiauugazuenisiianinsivadeuvesaule
TngUnfudamanuidufinosnimasogseving 0-255 sedu Felfuarunduuas
Amvesn s souentoussuaziuialanld iesanfoumensdiaudy
wadluluandvn (@anuidunasdinn=255) suzifuialanasdauduuadly
WA (ANANUTLLAIEIN=0) A1HNTORARIANBUEAILTURAIYBINNILIVRY
Aevngrnguielas ¥aaiui 6 maau 2009 liFssUT 4.8 Liesanauddudesns
Anwnudnungastous fiiuisvianuddgfuaiadessdudimssduiiy
nansflags Tasaninsautsnisinnsanls 2 sedu Aefiuiifidaiedsnnuduuasd
wnsEsUunaTe (Average MF) dmiusessudeyanmiifinimnegdniou Tuvasd
Pnuduuansdmisesugs (Max MF) dwsusesiudoyanmiidamyeauade
FagUil 4.7(3) wazannisi (4.7)

UM 4.8 ameuiiuasveannsluwsnsalngelas
Wodudl 6 namy 2009

4.2.2 M38YUINU (Inference)

ngnseyNuitedgnainadudmivdumedumisidululduommngainiiud
aulafiutseonduiiuitesvionan 121 903 lusud 4.9 wanslassadranisfinnsanaudnuasy
dmsumiumanmnguesnuide sedeyadumn ¢ A ielvldnadndidudeyaiondnm 1
A Aeshumisdesgesifanudululdieziideyanmng Tasanunsaasiangitefinnsanls 4
Fosasoluil

1 If (Wind density is Low) then (Eyeis No)

2. If (Wind density is High) and (AvgWS is Min) and (HWSC is Max)
and (Intensity of cloud image is Max) then (EyeisYes)

3. If (Wind density is High) and (AvgWS is Max) and (HWSC is Min)
and (Intensity of cloud image is Average) then (EyeisYes)

4. If (Wind density is High) and (AvgWSis Min) and (HWSC is Min)
and (Intensity of cloud image is Max) then (EyeisYes)



a9

Low (<70%)

No eye

High (270%)

Average Average

HOETR Yeseye HoER Yes eye

HWSD: Heuristic wind statistics division

SUN 4.9 2NUARINITINAMLIATNEMIEANENYULYDIDUNATS 4 A

4.2.3 MsaNe® (Defuzzification)

naviRfledidudunounsuasinadwstledduamndnonfwnarnnssung 1
agluguveAeMNAtRLIY (crisp output) NsyhaTledivasmeliaseiu 1y 35n1511qn
Fudnansvesiiuil (the Center of Area: COA) 33nsvnentiongavaargegn (the smallest
of maxima: SOM) 3n15MAUINAAYBIAEEA (the largest of maxima: LOM) wag3sn1s
YALRABIATGIAR (the mean of maxima :MOM) agndlsffmaiinnisiidiledfidesls
fusthsunsvasfoTsmamaaudnanswesituil (COA) annsauandldfannisil (a.0)

J.,u(x)xdx
u
SRy (4.4)
j u(X)dx
u
Tagmuunli
Z fg ANeaNSNISINATNYT
u(X) Am ATTRATUYD SN TNHASWE IR
JUN 4.10 uanin1sudasgiuanuduaundnveaednalusguu FIS
dwsutunaunisulamadnsliiduraenadosiun15vianuaswessyuy Tu

[y

a Nal Y (3 1 1 ) v A & A Aa ) 1o 1
NUIIYUNTBUALDIANA 1 ﬂ’]IG]EJQﬂLLUQ@@ﬂL‘Uu 2 3¢NUAB WUVIEJ@EJVIWQWim’]hﬂ”UWWLWMQ
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Y83071W1E (No MF) LLazﬁuﬁﬁiaaﬁﬁmimLi*;lw‘ifnmﬁwaqmwwq (Yes MF) laganansouans
Arilerduandnueadeyasenldaguil 4.10

fegemsiesgsiiwimmngiessuuiiaddumesuduesnuideiidumiates
goufl 50 910 121 Yesgenuansiagzuil 4.11 shemstleudeyadunpiemarumuiuiuues
foya Adasimdnserinadestosiiogiiatu fr HWSD uaziiriadoaudiuasosnina
fifn 75 Wosldud 19.6 wasroIunil 3.86 uay 206 aua1diu dwalulinadnsatlediiniu
0719 WHumsfiaruivhumistesgesit 50 wssiufiauladifieudululiasdmumis
gudnanamty egslsimielildmumimimguiugunntu suideldimauilisiues
[hantgiegisuiveandeiun  ieszysuntsmmglagazifen  Tseduneluvinde
dnld

Density = 75 AvgWs = 1.96e+03 Heuristic = 3.26 Intensity = 206

1
]
]
jda

Eye=071%

1

| |
™ Nz
| |

zN
ML

N [ N

s

5

S =l =l

=
=
=
[}
£
i}
=

255

=]
=

g

=)

‘W [75 1960 3.86 206] _HMW‘“‘S- 1101

JUT 4.11 fegamlasigimunimmiemeszuuiiaddueisud

4.3 M3szyirielagazideniiengel)lAsiunas saniun e

dorousiugTunisszuiuminmnganniy - iuildsiunes (Spiral  Curve
Model: SCM) umsuszendldsfunesiuuasnifinieatmndeldsannamasdmsum
suvisgudnaniwg . gninalddumedalutunougaievesiate Tasvnuildatuves
atheuwmimmngldnduseunquiileddumosud - vensranisdumsudmng
Tngazidunuunimius fonsfenaudnvusvesaitisuuuulfuandunder Tagede
wdnmsiansandnuvazvediatuesitiauslunudded [13] 1gadeyaiivszneutudy
THafunesagiidainlandudanuduwuniontu fuanddluguil 412 dafudssavsam
yoamamAuldundesetuogifumsdumendnuusvesddafunoglimngauiunm
weitug Tasfinsanananuaisdaauvesgadoyatsznaufududunddsiunes udis
finsanidonyaquinansmnganiaaudnanseddundesefivngauiunmuatug oy
ansoldandeamalsnnaunsi @.5)
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A spiral for filting

5UT 4.12 shegramsssulasiuveguunmindauaziden 400 x 400 finlea
AnmsnilinesvedlAundenunysenaume (c,,c,) = (201, 201), a=24.5,

b=-0.1309 (-7.5"), 0 €[610° 120°], g ~120",0 = 490 [13]

X(0) = ae® '’ cos(0 + 6,) +¢,,
D0+0,) (4.5)
y(0)=ae™ ' sin(6+6,)+c,
Toed
(c.Cc,) Ao nAudna1sveslALNGe LN

U
0, P9 3nsusuvedlAuNiE s
a,b A9 WislmeasansuUsuUSTATIAULAY WaTHANIIUBLLNAYLLAAUAIRU

©  FB FEULVNLTUYRILAWNALIURINYLITUAU 6,

mﬂguﬁ 4.7 Wm"]mia%ﬁﬂﬁamﬁmLmﬂizﬂaué’mé}’mmiﬁﬁﬁ@ 4 wisiwes Aeft a, b,
0, uay © Uazaumsi (@.5) wdewanglud b Fefimusficmweandeuaingg
FulUlufiememasenmuduunint  Tnensaiishuds b SAuduaunansundsius
waouilUTuidmudaundinn. Tunmemssiududiosuwls b danduunuansindsius
wasuilUTuiamuduundinn wasluvaeiifands biandu 0 TWandonusasidnvasdu
wnendidsed a uvenanilueAded 13) Wideyafufmisatungfifntunsdnlan
wilednngesdfanwenndsnuanuduning - Judunalildundenuedldianduay
fauansldluzuil 4.13 Tgainnmsuandldandenselusudl 4.13 wuie b fawindu -
0.175 Wuwavilvldundeuediianwmandininingagudnais (c,,c,) wazdlyuvos

lAuNfgNNETENING [0, + ©,0]
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-200 -100 0 100 200 300 400
b 4

SUT 4.13 uansinedalAundeaaiivsneusmemmiines
(c,.¢,) =(50100), a=180, b=-0.175-10'), 6 €[-320 507,
0, =~50",0 = —270°[18] .

Tutumeuiiasvhmsuuusisurdmemmgildsuandunouluide 4.2 fems
Auvnlfandeaivnzanfigadmiunmiiansan Tasnmsadsldundonuselviszozing
0.1 99 ATEUARNALT 1.3 x 1.3 Be MnAweNgAlEsUInnTade 4.2 dmiu
mm%mstﬁaﬂiﬁqLﬂﬁmLmﬁmmzawﬁuagﬁ’uﬂ'ﬂmiﬂizmamma’jﬂwaﬂﬁqLﬂﬁmLmJ (fi1)
(3] famnsadwaaddluaunisd @6)  Fdudwnsmmgivminzauiigafua e
flnsan - Aedumisguinansvesiiundeameiiliinnisnszatsminainaeddanieius
(f,1) anniigatiutes

_ Grayscale mean along spiral _m

" Grayscale SD along spiral s (4.6)

Tne?l muay sansarunlaaInaun1sn (4.7) uay (4.8) muaiey

[} 1), v@)do

J~€0+a 40 (4.7)

O

ml=

[“1 @), (o) -m[do |’
s =| = (4.8)

Toedi 1(x(6), y(0)) AoFULstayaTEAuENY o Fumde (X, Y)
x(6), y(6) AORALULY X LAz Y maﬂé’qmé‘mmmmyuﬁmﬁu 0
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4.4 A79819MTUTIUNIEUAMLINTWIEA85 QM FQM wag FQSM

A9E19NSUTHUEUUTEANSAINUBINITTEUMUNUIRINE NgIUdeya
QuIkSCAT (QuUIkSCAT Method: QM) [7] F8AuMAIeseuvayinuileglugiudoya QUIkSCAT
(FIS on QuIikSCAT Method: FQM) uagisAumeigszuvauinuile@lugiudoua QuUikSCAT
SUAUNIWLLL (FIS on QuikSCAT & Spiral cloud Method: FQSM) y33uil 4 Aanay 2009
Tumgnsaimgusng Insuansd@anaslumsssydumimmgsuiisuiudeisudu
3 89 uE1sBs Ae JTWC, HKO uaz JMA uansisguil 4.14

MN3UT 4.14 uansliiiiuinds FQSM fussansnmanniian Taglvidranuianain
Tumsssyiuntsnmedesiianfe 503 Alawas wgiis FOM uay OM lieiadnw
Anwanatierasnfie 205.4 way 347.0 Alawms mudifu nuamvaaesiansnlinTe
138 oM Aumdumding  Tneldgaaudnansvesiiufiaulaifisedunnuiiaugaes
ToyaauaINAiEn  QuikSCAT - wiiedagamedlaiiiusnaron1sAummLInImIg 39
IndusesiszuuiledBumaisud (FOM) wgiefiasannsanauls Mildnisseumunimi
wgdanuAanaintesas udiiledmauilAsiunessnveiesansruduvisg viili

fUszansnmlunisseudumimmglandu  Weswnidlensivan vausinfelAswanouws

=

MwUOU aU1509 9B MR LAwuE T

B Bt e — -- —- —
= .
T T Y, 7%
=]
= —
BL0G0|
3 .

/“-
S 1000 |’
z -
- 0.0 L=k

FOM FOSM
Method

Uil 4.14 maieuiiieuyszdvsnamuesis QM, FOM uay FQSM

AIENITITYTEEENRAURANAINUTEUIBUAU 3 NUI89U1989
VRANANITUNILUTNAID 4 Famiay 2009

Tuundl 5 azi3Ensihiiaueiinnaeunariinszisufumgidanusunsunneig
fuludn 5 wgmsal  leveaeuUsEAvinmvesszuuAumMAAamIgSal U e sEUY
ousuitediliinauslunuided WeAnwieruiululdvediinsseymmaihiaue uas
naaeumNEanguresisnslisesiudemnnisainigifiaumannmanesuluy



unii 5
ANSNAADILAZHNANITNARDY

Tuuniisiiaue seasiBenvasgrudoya Mavaass HaNTMATDY LAENTIATIZY
nansAgeUUsEANENMYRITTUUAU AR g SaluTRd e sru ey uiledTldtiiaue
TuaAted Wowdsuifoudunuided 7 8 Fadussuunsfumadammglaseide
wadiAnsAumMuUUURTign (Best first search) Saududeyaauainanafion QUIkSCAT way
A Tagvinisvaaeseiaisresfininesdiuyana (Personal Computer) ildwtiae
Uszaiananana (CPU) duwmanes be wiiu (Intel CORE i7) 2.00 GHz niiea31udn (RAM) 8
GB $amfuszuvayuittELUY Mamdani vieuuulUsunsy MATLAB et R2013a

dmudeyanmiunldlunsveaeulsyavsnmuesszuy Ifundeyaauainaniiies
QUIkSCAT waznmeanganILesavesaudsiunsieunslsdu (Joint Typhoon Warning
Center : JTWC) amnnsugniisaing1useinelng (Thai Meteorological Department :TMD)
Tnenfuvasyavesiiuiimans unnvosmmaunsuUaiinluiiufiasign 0-90 esmuwilo was
209530 110-160 a3mnziuaen uwazlaldonvsnisainediuiu 6 wnn1sal Usenausie
wwmjfm?i (Man-yi) Eliji/]' (Yutu) waz 81Ada (Hagibis) 1wl e.a. 2007 w1ggad (Jangmi) 1wl
A.A. 2008 Wigkualas (Melor) uas mgusna (Morakot) Twd aa. 2009 iethunlilunns
yagouUsyAvBnmatruy dnfunigis 6 wansaiifusumuromngfifienaauts
5 seau euanesguessiaukenes-guddu [2] lnumsssymuniiennigyesnuiduas
gnivuanynYIsITTae Tl fur g Iumﬂw 5.1 UaAAeUDYaUDIFIRE 19BN
6 WMIAiUsENOUMY T1szEEATIAAmMANTAING NITWIY WALAIBISIANINEZIER
AU 5.1 wanssTRUATMTULTITRIEUsAs N saliefieufuIAss RS TAuLYY
wos-guddu

M13199 5.1 Yoyanenldlunismeaes

Track e Storm | Duration Max speed
Name Lifetime
no. Scale days mph m/s
1 Melor 30 Sep-9 Oct 2009 5 10 165 | 73.8
2 Morakot | 2-10 Aug 2009 2 8 100 | 44.7
3 Man-yi 7-16 Jul 2007 3 8 114 | 50.1
4 Yutu 16-22 May 2007 2 7 104 | 46.5
5 Hagibis 20-27 Nov 2007 1 8 75 335
6 Jangimi | 24-30 Sep 2008 4 7 137 | 61.2

mph: mile per hour
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dnfummegeuUssansamuesssuulumsaumiiianmigsnludd  91u3delesin

= = U 1 = 6 1 & [ vV .
MISuiiunanisvaaesiv 3 wihenu fie audsiunisiieudslily (Joint Typhoon
Warning Center: JTWC) nsugnilusingngadns (Hong Kong Observatory: HKO) uazdniin
gailadnerdgilu  (Japan Meteoro-logical Administration: JMA) 18n3INNIsNAgRU
UsgdninmesssuuAumiiannigdnludmessuveyunuileduay Tuunildsladinng
afusefsvanaveInsifenurastayadmivinumeass  INUdUINITIATIZvayaLite

AnwiAuANYTLAY AUANYMLABEYBIUVAIRLANBUINUMARBITINTUNUITY

'é 5 T(//’-/-/ | T_*_TfT_j

& P

841 g _|_+ \ ‘ll 1. Melor
E 3 -|L/ er—fj_, . __Ii m 2 Morakot
&4 . h A NNy ® 3. Man-yi
& —— m4.vun
@ _ =5 Magibis
|

:.E 0 6.Jangmi
&

8 9

10

UM 5.1 fireeganng 6 mgnsaliTeuiieuiuamsgiueessiauuwanimas-guddu

5.1 91982L98ARALNITAATIENTIUTYA QUIKSCAT UazAINLIE

Jagtudnidedendiveyaaneaniiied  uiesendnangumuvanataiions1nsal
Wesenmsoimuaauaziutoyalinseuaquainyniavilan
5.1.1 g7udeya QuikSCAT

AnLfiey QUIKSCAT (Quick Scatterometer) [45] (Hunfiengafisuinelidoya
Wenfvanmngiemedadunnidisudisiausennnis - dgaUszasdiiiodousiedioianig
wazdtanunsafnmunsiadouiivesagledniie  anfisy  QUIkSCAT Hunruiisulaas
Usnatilanlddmiunudeyadidgferiuanusauuuiuiamayms  menisdedn

< do O X ¢ | I 1% 7 1y =~
ANUEIRY IInAUlagasdnsutlaeiNuTIUTINTaYaddl A.A 1999-2009 AnLfiey
QUIKSCAT anunsadanuiivuilanlaniisUszanas 1800 Alawms udeyadesniwedu
ATAUARUN UMM ansNivun

LALANLITOLANINITITMDSLATUBIANL T
QUIKSCAT la@am157199 5.2

A The SeaWinds Processing and Analysis Center (SeaPAC) fiasnnaes
JPL (Jet Propulsion Laboratory) 1Jugsufinseulunisiudeya uaziinsizi lneussuana
nnsesinszeglnaniglunidion whazgnaslufidansm Physical Ocean Distributed
Active Archive Center 1 (PO.DAAC) tiledmiieteyalnsutseenlsmanevatssedu Lou
380U 1B (time-ordered earth-located radar backscattering coefficient, O,) S¥au 2A
(surface flagged O, amd attenuations Tu 25 nu. wag 12.5 AU. MITNUED) TLAU 2B
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(mnurasilusmaynsfiannuning 25 i, wag 12.5 1. i1313407) uazszdudeyaigani
Pulu e inemans

uenninuirdenAfonnning [7-12 47-50] thiayavesaudivs QUIKSCAT a1
Usgneumsilangianumainugaiioniner fauansfensldunisseniuanniinidedndeya
MnAdiey  QukSCAT  SiUsdvBamilmnnindedewmmnzanfiazthundutoyadmiu
AUNNAUNINY

A15199 5.2 LAAINISIIA59LAR5V9AN TSN QUIKSCAT [45]

Recurrent period 4 days (57 orbits)
Orbital Period 101 minutes (14.25 orbits/day)
Local Sun time at Ascending node 6:00 A.M. + 30 minutes
Altitude above Equator 803 Km
Inclination 98.616°

dosnemidiss QuiksCAT fhslaastunuidalaniniionazdalanld uaslandiins
myuseuiues  Viliuserseuiinuflealeasriudy  emifiesanunsafudeyalufiudi
uandeduly dempivildaafosausolassuldmnituivedan wusenfuiided
uluFesasaulilauysaivesniafivieyaidesinliamsaiutoyadeioslsnniiud
iungilnirvaeuaysalvesteya MuanwegIN1snulayaTenn ey
QuikSCAT lugufl 5.2 Tasthieyasavannuniianvesaaiion QUIKSCAT 11dniFesm
duvislvdiusiumasigauaziansfigauaziiosnnlaniidnuazidunsananisdesi
nsUsznmAteya (interpolation) Tuvisgaliimmzaniusumisuuiiulanuandléfgud
5.2 (n) InewSguiisududeyaiufeaiuluguil 5.2 () [66] wazandeyaluguil 5.2 (n) way
5.2 (4) agdaingld i Tdeyaiinavgluluvnsiiug dduileanuansgnuvasdeyafiviamed
FuduiimAdefeaiunsiinsgimedesliteyaaingrutoyadusnfiansandaiield
ﬂizﬁw%mwmﬁzqumLﬂuwwquazmwwqqqéﬁu

90

50| www.TE :
13:42 1200 10:20 0842 0700 0516 0336 01:54 2348 2206 2025 1848 1706

60 90 120 150 180 210 240 270 300 330 360 30

Wind Speed: L A and
0 5 10 15 20 25 30 3 4 45+ 0 1000 2000+
(meters { second) (meters amsl)

(n) (¥)
U 5.2 uanammmsalmgmelas Tuiuil 6 nanau 2009 Medeyaannanifies QUIkSCAT
(n) wanensideyanusIaNIINATITEN QUIKSCAT
() wanansideyanusIanaInAaTien QuikSCAT 910 [46]



57

msfirsuwmniswgluiiuiiadadeiluunil 4 dade 41 dufuudenga
WRANISAINIEAIENTIATIZABALALNTNTDIANSIANRALTIAVIINANINATITBL  QUIKSCAT
dulsiadnsiiliiduniaavely iesnuisnsdimslinnzsislonassymamssing
Aemanals fograuislothdeyamnnisaialavesng 30 wmnisal uarliiduwg 30
winnsal neAded [10] wvhmiesg nusndudaifvesvnnisaiaie (ground
truth) vasloniamudunig TnsRiarsananamanunlsusiuresdalaunsunnusiauies
fimmaasmaangnisaiisaoinaduuansiasuil 5.3 Tasindomnennamdundumnnmsaing
suzfieioammnenfungumgnsaiflsidumy mnduimenisaingaelas e 2 fufo
Fuil 5 uaz 6 ganAn 2009 ludangumpnisaliazuandusuil 5.3 wuinvgnisainigiud 5

1Y

panAy 2009 (Lansdnydnwal 0) gndmeglumnnisaing Tuvazfivanisaing dniud 6
manAx 2009 (uansdydnual x ) gndneglundulaifumg vamdeatudethdeyaneuais
2 SusnFoudieusalaunsusagy 4.3(-a) luundl 4 wuideyaauiinaveluvesiud 6
paneN 2009 Tuavidliinisadulaseyvmnisaivesiudsnanfianainly fedumsiiesed
WA IAINERIeAILReN QUIKSCAT Liseg1ufgttagliiisanasiansthun e il
Uszavsamls  sndudesiansandeyadusnisznouiiieannansznunmiuianaindienaiin
Nndogausdwivamely

ey SR
Cyclong: ...

cyclone P B : poi \odg BRI
nion cyclong o : i N g7

Melor 5/10/2003 : 2
helor BA0/2003

% Degree of cyclone »>

XOM e,

Noncyclone . .o 00

o g 2500
1500

1000
0 00

Yariance histogram of WD Variance histogram of WS

JUN 5.3 mMsdanguing 30 winnsal wagliilumy 30 wsnisal
LAZHANTIANGLMNNITANIYVBITUT 5 WAz 6 faal 2009

5.1.2 grudayaniniu

TumaAfedigihnmienufeuusvesgusmnmadeusslily  UTWO)
nnsugaiiesineUszmealve (Thai Meteorological Department :TMD) Tng JTWC u
mhsanuneldnsquavesnesinansgensn  uasfumhsnuiisuiiaveunsinaeumg
nyuwnsoukaroenALisuliiulssmaniwme funnideaviovesumaynswddin - e
voaMARMIUUETN waravnagmsBuie dnfuFelleuidennue [4 5 6 12 17 47] fidey
Titoyavioisdedoyaieriumyesiieau JTWC sgreninewina
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ogdlsf Svanemhsnuiivhmstufindudoadunenet Wy guddaunis
Weuseldiu UTWC) nsueniesinergesns (HKO) driinenfesinerdiu UMA) usinseduf
AIUNANTTIATIZRLaZTUTINAWIaTa BduNINgesusazmhsnunliauuana iy 9
wanarszazaRdeiianaInserimhsnuvesiy 6 wanisalldun wgmiud wee?
v genida medsdl mnguelas uarmgusnn dauanslunsnsd 5.3

A15199 5.3 538N 19Laneeiy (Km) veaiduniemeainiiigay JTWC HKO wag JMA

Reference JTWC HKO JMA
JTWC 0.0 253 38.8
HKO 25.3 0.0 30.9
JMA 38.8 30.9 0.0

Tusuil 5.4 uansdivegunwsieniisuuuesiun 6 gatan 2009 laguussEau
MUAULDILES [0-255] symiafiuiiagign 0-45 aeAuvile UAzasdAga 105-105 89
meiueen laegy 5.4() Wunsuananin 3 SAvessy 5.4(n) Tedazdunalidndeusuisnis

& aa o IR o 2 v =
wananavesn Y 3 TAdeU 5.4() ssnudniidumgranludnvasniduieusiayd
anvazfindeladuinaulsdaaunndy

(n) @)

UM 5.4 feganmeen1LigNaveIun 6 Hatau 2009
(M) nEEAILTEN (1) AW 3 SR

] o/ 4

5.1.3 Anatadmiunsngnsalvesdayaauuazainiug

nMyiesengluiunaula (RoN) BUAUMENSANYINGANTINVIAMAN B ALLAY
AMNRvesUNgRe LA uesiufaula Tnevinsuusiunaulasenilu 121 o9
goy WolvfiansanteyanglinsounauuazAsuiiy lnganunsalansiiiiuedwiayyes

Ieiwsgudi 5.5
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UM 5.5 uansiumniaves 121 desgaglunuiaula (RON

TnsUnfudnsasvomyasiongeisegiissina 35 fu wihwedndulunsa
Uflmiqm%ﬂmnmmum 2-3 dnwi dwiuigananng (511 azusznause 3 szezde Wiy
Gudesh  wgnitdinuiswesalinndy  uazwigaegseufrdsaadunnmiiauund
muumuﬁaﬁjﬁaﬁmmé’wmwaqmmL%’JamLLazmmmqaumams’]waamiuwum (11x11)
121 tosdon InpAadafiasiaTiasgdliun Aeruseuailuiui senuseuais
sewheiufl  wagANsEIsYesBalALN TR NS IAULALTIAVION | LaYAINNIOLAR
Mo neaiatugliuy 3 ﬁaﬁuaa%’a;ﬂaauLLaszLumaqﬁuﬁ 121 Y9egp8unInny
wolaf ldeguil 5.6 uanafsdduimmmsaitimngdunod fofuil 30 Ausneu 2009
wandlulod? 1 wagdudl 1 faau 2009 wansluund?l 2 vazdivgnsingnifidsieud
2-3 panAu 2009 uansluuaiil 3-6 snudeiu) lnednsnszatevesBalaunsunsIauves
wiaziuoglunedind (n) AnsnszanevesBalaunsudicmeay () meAnuEaedesmiy
Wilautu (a) wazAeadLAweInLLsLan agluABdIn (3) 835U 5.6

Q) (@) (9)

re| W 7

11.VHisWD_D-30 13.VHisW5_D-30 14.AvgWS_D-30 18 Intensity_D-30

R, P

21.VHisWD D-1 23.VHisWs_D-1 24.AvgW5_D-1 28 Intensity_D-1

1
30/9/2009

2
1/10/2009
‘ =

, Linl
e N ok e~
o

© Q : ‘. . 1 - { ..
S I I ‘ I el
i
2 |

31.VHisWD_D-2 33.VHisWS_D-2 34 AvgW5_D-2 38.Intensity D-2
2 -, | wlr I I
S : 'I , .I : < ‘I ' ‘I
i |
o

41.VHisWD_D-3 43.VHisWs_D-3 44.AvgW5_D-3 48.Intensity_D-3
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(Lat, Lon) = (23.3134.7), b=—0.182, 6, = ~180°,® = 540’
a-= 20, a= 30, a-= 50, a= 52,
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NANSNAABIAS 9L AN UMD UL NN US U1 Twas b
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5.6 N153AS1ILHUTEANTAINVD9S FQSM  NuauarUSeuisununuaeeu
JTWC HKO 1ay JMA

ATUAMALABDUYDINTIES U 6 mmnnsaivemitisy JTWC HKO
uaz JMA ansnsauansléfisnssil 5.2 nuimnuaannasuiesfianuean sy ysiumien
wigegdl 253 Alawnsleedununainiedeussniimuisny JTWC uay HKO vmzd
ANAAALARDUINNTIANYBINNTTEYUTL I INgR YT 38.8 Alawnstaeiduniy
AANALARDUTEIM B JTWC way IMA desunaisaunanedeulumsszymumis
wgsEwhamhenuiiiwihiy 13.4 Alawns Ehumdseglutae 25.3 - 38.8 Alawms) dwmdu
Asvazmdlumsfumiidanmglumsvnasseds FQSM finaaiadeuluan 3 mihenu
§198552mA UMY 6 A IAIANLNTALANITINNTIT 5.5 wagguR 5.12 muddy

M1319% 5.5 5£ULN1RRLRANGIATDINE 6 LrANI5alnIe3s FQSM WSguLiiguiiu
W JTWE, HKO wag JMA

Track Distance error (DTE) (km.)
Name Year
no. JTWC HKO JMA | Average

1 Melor 2009 100.3 99.3 102.2 100.6
2 Morakot 2009 90.5 94.8 94.7 93.3
3 Man-yi 2007 139.2 114.9 131.4 128.5
4 Yutu 2007 106.5 94.5 19.7 93.6
® Hagibis 2007 91.0 90.7 96.0 92.8
6 Jangmi 2008 115.6 121.8 118.2 118.5

Average 107.2 102.7 103.7 104.5

MNUANINARBIAUMAARAAIMEIS 6 ANTAIAaETE FOSM Findmsndnssiu wut
MsFufiiang Nsvszmaadeinnaintiesiianfengenitatien 92.8 Alawns v
mMsfumidan g fszosmaadianaiaunniigadenigmiudiien 1285  Alawns
padwSUEIAuT nafumnfifaaimgieis FOSM annssesumgiifiennuiiausedt
ManusasgIuEesTAuLYles-Tuddy FovngenAda mgusnn uazmgedy 18R eeals
Aoumsdumiidanmngdieds  FQSM  fasisyAvsnmanaadewlunasedldtumg
welas wgmud uaz wiedsll TneussAvinmitanasionainainnamameresteyaau
wazamaulidnuvesnudnuurldsiuneslunmaslddumsfinesvanlunis
Anneiilefumiidaming dmiunsuivussussansamluomnandndudonihmiuiain
EEL%EJ’J“U’]EQ@T’MSH‘] W Aassiiuiy
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NNAUENYUEYRIATINgFLUL etanTins i Aiins g uLAmENEA1 Lo
W vinnsmaaesdumRitaamngusnaseninetuil 4 fs 9 Gavnan 2009 Fensszydin
1ABaNgIde aunsauansfannsned 5.6 lnsnanismnassszysuvtanmguUAINENY
pfleuamisanen (manual) vesisediuan 3 ads uasthiidavewmgiiadeluuday
fusnuanshafunmeeamifionsedsgui 5.13 filieiesmnennuimduasuansiiumi
g iszyliluusiag fu

M13799 5.6 FLUUINARA M98l umnNTalnngusnasEnIeiun 4-9 Famau 2009

osition AN 1 ASIN 2 ASIN 3 ANAAY

Date Latitude | Lontitude | Latitude | Lontitude | Latitude | Lontitude | Latitude | Lontitude

4/8/2009 | 21.7 136.8 22.0 136.6 ) 136.7 21.7 136.7

5/8/2009 | 22.7 131.5 22.8 131.2 22.8 G ] 22.8 131.3

6/8/2009 | 23.6 128.3 Vo 115} 128.6 25T 127.5 23.6 128.1

7/8/2009 | 23.0 122.8 24.0 123.2 269 123.1 23.6 123.0

8/8/2009 | 24.1 120.5 P30 ) 120.1 22.6 120.6 A% 120.4

9/8/2009 | 24.5 120.4 2555 120.9 2 B 120.6 25.1 120.6

(1) 7-8-2009 (3) 8-8-2009 (2) 9-8-2009
5UN 5.13 n1sdiiianngenedanuanssiniunmatgn e
Tuvgnisalngusng 2009 se13ne 4-9 dwnag 2009
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5.8 N15LUSHULIBUNAAATWIRURIIT FQSM $auAuniags1udneds JTWC HKO
IMA uazifinn1wga19de (Ground Truth:GT)

nsuFsuiisulsEavamienisuansiidanmgdedivaasdldaniade 5.7 fu
AAAAINIEAINNUIBNUSNB 3 undeUsenauig JTWC, HKO, JMA uagds FQSM lagyin
nsmaaaslumgnisalnigusne sewineduil 4 fs 9 Asmnay 2009 awnsauanslaagud
5.14 warau1IAAILINTEYENRANAINYR AN INIg 9B L USsuWs AU innI NIy 4
wds numsszyRdanmgieds FQsM fiszeznaadsiawainantesiigaleiiisui

WAANINIYE1989 IMA JTWC waz HKO e 86.0 101.5 126.4 134.9 Alawuns auany

£,

(§) 7-8-2009

HKO  »

(9) 8-8-2009

FLRSM

: I‘ 9 i
A AN

(M) 6-8-2009

(R) 9-8-2009

JUN 5.14 1Wiguliiguiiingmigyasds FQSM $aufuiiaanngd198e 4 unas

vuAMENgAIgie Tuvanisainigusne 2009 sening 4-9 e 2009

AN5199 5.7 SEULNRANAINVB9ID GT Wi ueuiuknado19de JTWC HKO JMA wag FQSM

Distance error (DTE) (km.)
Date

JTWC HKO JMA FQSM
4/8/2009 153.9 154.4 88.8 96.1
5/8/2009 96.3 99.6 2191 60.3
6/8/2009 172.2 150.9 73.9 61.5
7/8/2009 67.5 67.5 15.6 74.5
8/8/2009 143.4 192.2 136.1 101.8
9/8/2009 124.9 144.7 75.7 121.7

126.4 134.9 101.5 86.0
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Cyclone identification using Fuzzy C Mean clustering
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Abstract— In this paper, the performance of the cyclone
identification system using histogram of wind speed and wind
direction from the QuikSCAT satellite is demonstrated. The
detections based on support vector machines (SVM) classification
and Fuzzy C-Means (FCM) clustering are evaluated. SVM
technique makes use of a kernel function for classification, which
performs well with datasets having nonlinear boundaries.
However, it is difficult to determine the suitable kernel function
for each dataset and it is needed to be examined. On the other
hand, FCM technique is soft unsupervised clustering, which
allows each data element to be in more than one cluster with
different membership value. This makes it robust to ambiguity
datasets. A database of 90 events; 45 cyclone events and 435 non-
cyclone events; from the QuikSCAT satellite data is used for the
performance evaluation. The performance of the proposed
cyclone identification system is then compared to that of [7]. The
experimental results show that cyclone identification using Fuzzy
C-Mean clustering outperforms that using SVM technique since
the SVM is sensitive to the outliers or noises in the dataset thus
leads to a reduction in identification performance.

Keywords— cyclone identification, weather forecasting, SVM,
FCM

L. INTRODUCTION

Cyclone is one of the most natural disasters that damages
creatures on earth. When the storm starts, it is often followed
by a violent wind, heavy rain, storm surge, and sudden flood. If
we can successfully detect and track the movement of the
storm, the damages can he greatly reduced. Almost two
decades, several researchers have continued their researches on
storm forecast. The most widely accepted theory of tropical
cyclones was proposed by Dvorak [1], which the detection is
based on satellite infrared data. Lakshmanan et al [2] presented
a method to detect storms with Hierarchical K-Means
clustering technique based on the satellite GOES
(Geostationary Operational Environmental Satellite). Hiraoka
et al [3] presented a method based on infrared satellite images,
where the typhoon position is estimated by the fuzzy clustering
of continuous wind direction vectors and the circulation of
cloud images.

SVM algorithm is a technique used in data analysis
and classification. It is about a problem of optimization that
makes possible the separation of a field into two or several
classes. The advantage of SVM technique is its capability to
effectively separate data with nonlinear boundaries. Xu et al [8]
proposed a method to extract spiral cloud bands from Doppler
radar with the assistance of SVM. In 2008, the main focus of
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Ho [7] is the automatic cyclone identification using SVM of
features extracted from QuikSCAT wind sensor data. Even
though SVM is an efficient classification technique, it is
sensitive to the outliers or noises in the dataset thus leads to a
reduction in detection performance.

Clustering is another choice for data separation. The most
popular fuzzy clustering algorithm is the fuzzy c-means (FCM)
algorithm. Even though it is more effective than the hard k-
means algorithm since it can better avoid local minima, FCM
can still converge to local minima of the squared error
criterion. The design of membership functions is the most
important problem in fuzzy clustering; different choices
include those based on similarity decomposition and centroids
of clusters [4]. Clustering based on the FCM technique is
widely used in various fields such as medical science [5]-[6].

In this paper, the performance of the cyclone detection
system using histogram of wind speed and wind direction from
the QuikSCAT satellite is demonstrated. The proposed system
evaluations are based on support vector machines (SVM)
classification and Fuzzy C-Means (FCM) clustering. The
experimental results are then compared with those of [7].

The organizations of this paper are as followed. Section 2
and 3 present outlines on the classifier: Support Vector
Machines (SVM) and Fuzzy C Mean (FCM) respectively.
Section 4 details the proposed of identification cyclone
followed by experimental results in Section 5. Finally,
summarize and conclusion is presented in Section 6.

IL. SUPPORT VECTOR MACHINE (SVM)

The SVM [10] is a statistically robust learning method
based on the structural risk minimization [11]. It trains a
classifier by finding an optimal separating hyperplane which
maximizes the margin between two classes of data in the kernel
induced feature space. Equation (1) is a training set X.

{(Xlr y[)r---: (xil y:)} (1)

where X; € R", X, is the input data and, Y, is the output

data of X; (y; € {~11}) where -1 is referred to Class -1 and
1 is referred to Class 1.

A kernel function K(x,x) implicitly [10] maps the
input x and output y into some high dimensional space. Their




dot products are computed without actually mapping the data
[11] and then replaced with kernel functions. Equation (2) is
the kernelized dual form of the SVM’s optimization problem.

N

C .. 1& X X 2
Minimize 32,2 @ yyK(xx) =2

= ja i=1

N
where ZO‘:‘M‘ =0; 0<a, <C, i=12,.. N
i

where ¢; [9] is the Lagrange multipliers and a; is used

for classification of non functional data Equation (3) is linear
Classification function.

N
f(x)=2 wajK(x,x;)+b (3)
=

Kemel functions are used for mapping from feature space
to output space. The most widely used kernel functions.
Equation (4) is linear Kernel function.

K{x, x) #x] x; 4)
Equation (5) is Polynomial Kernel function.
K(x, & =@y xTxf* (5)

Equation (6) Gaussian or Radial Basis Kernel Function.

2
K(x,.,xj)=exp{~ﬂ%ig%uﬂ) (6)

Equation (7) Sigmoid Kernel Function.

K(x,x;) = tanh( Sox7 X, + ;) (7

III. Fuzzy CMEAN (FCM)

FCM algorithm [14] is one of the most widely used
methods in fuzzy clustering. This algorithm was first proposed
by Dunn [13] and later was extended by Bezdek [14]. It allows
the data in each cluster to be overlapped. It assigns a class
membership to a data point, depending on the similarity of the
data point to a particular class relative to all other classes. The
algorithm is an iterative clustering, which creates an optimal
partition of c clusters. Equation (8) is the algorithm that
minimizes the weights within group sum of squared error
objective function.

c n

3= ¥ Wl NE ) (8)

i=1 j=l
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where J [12] is the objective function of FCM algorithm.
Lok =4, X, X} with X € R%be a data set, which

consists of N dimensional samples, and n represents the
number of data items. ¢ is the number of clusters. m is a
weighting exponent on each fuzzy membership and m = 2 is

used in this study. £ is the membership of the jth data in

the ith cluster, and Z,is the fuzzy cluster centroid of the ith

cluster.
Using the Euclidean norm, Equation (9) is the distance

metric d that measures the similarity between a feature vector
X ; and a cluster centroid Z; in the feature space.

43X, 2)=|x, -z 9)

The objective function is minimized when data points are
close to the centroid of their clusters, which will be assigned
with high membership values. On the other hand, low
membership values are assigned to data points far from the
centroid. Equation (10) is membership functions.

2m-1 )7
Py b N (10)
\ k=1 d(levk)
Equation (11) is updated cluster centroids.
()" X,
7 - 2, bl X, (11)

> ()"
J=l

The FCM algorithm proceeds by iterating the two
necessary conditions until a solution is reached [12]. Each data
point will be associated with a membership value for each class
after FCM clustering. The data point will be assigned the class
label according to the highest membership value.

Iv. THE PROPOSED CYCLONE IDENTIFICATION

This paper proposes a cyclone identification system using
QuikSCAT satellite data. An overview of the proposed system
is presented in Fig. 1. The first step is to define bounding box
of interesting event, then creates histograms of three features
{wind speed, wind direction and the DSR). The next step is a
classification process, where histograms of the three features
are used to determine whether the event should be considered
as cyclone or non-cyclone situation. In this process, the
classifications based on support vector machines (SVM)
classification and Fuzzy C-Means (FCM) clustering are
evaluated.




Hjstogram Feature
WingDirection
30bin

WindSpeed
4bin

Decision
Result

Fig. 1. System to identify cyclone event.

A. Histogram Feature Extraction

In this process, histograms of the three features are
estimated. Wind speed (WS) data is in the range of 0-50 meters
per second, which can be used to construct a 4-bin wind speed
histogram. From reference information, the events are
considered as tropical depression or cyclones, if the maximum
wind speed in the area is greater than 17 m/s. As a result, the
event will be considered as a cyclone if the histogram of wind
speed is dense in the 2nd bin and above. Second feature is wind
direction (WD), which the value is in the range of 0-360 degree
and can be used to create 30-bin histogram. The event will be
considered as a cyclone if the WD histogram shows a nearly
uniform distribution. Finally, Equation (12) is histogram of
direction to speed ratio (DSR) that is proposed in [7]. in which
the maximum sustained wind speed is 38 mph.

WD (i, j)
WS (i, j)

DSR(i, j)= (12)

B. Classification Decision

In this step, all the three featured histograms of WS, WD,
and DSR are analyzed using SVM classification and FCM
clustering techniques. The analysis of those techniques have
been organized according to the structure of the three featured
histograms; separated features, SDDSR features (A combined
feature of WS, WD, and DSR), and SD features (A combined

feature of WS and WD).

s 1N
Wind Speed Wind Direction oSk
(a) Histogram Histogram Histogram
[l ! ]
T el el e
R e
\ /
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Fig. 2. Structures of classification analysis based on
(a) separated features, (b) SDDSR features,
and (c) SD features.

In the classification based on separated features, the three
featured histograms are evaluated separately. Each feature is
fed to each classifier module independently as shown in Fig. 2
(a). The classification results of all three classifiers are then
examined using voting technique. The results are considered to
be the cyclone events if at least two out of three classifiers win
the voting.

Fig. 2 (b) illustrates classification based on a combined
feature of WS, WD, and DSR called SDDSR features while the
classification based on a combined feature of WS and WD
called SD features is presented in Fig. 2 (c). In classification
with SDDSR and SD features, only a single classifier is
required and no voting algorithm is needed. The results of the
classifier will be finalized.

V. EXPERIMENTAL RESULTS

In the experiments, a database of 90 events; 45 cyclone
events and 45 non-cyclone events; from the QuikSCAT
satellite data during the year 2007-2009 is prepared for a
performance evaluation of the proposed cyclone identification
system. In addition, statistical holdout test validation is
adopted, where the events are randomly split into a training set
of 60 events (30 cyclone events and 30 non-cyclone events)
and a testing set of 30 events (15 cyclone events and 15 non-
cyclone events). Sample images and the three featured
histograms of cyclone and non-cyclone events are illustrated in
Fig. 3. The samples contain the cases of obvious and
ambiguous cyclone and non-cyclone events. SVM
classification and FCM clustering are implemented in order to
evaluate the performance of the proposed system. The results
are then compared with those of [7]. The SVM classification
algorithm used in this research is the study (LIBRARY) SVM
version 3.00 [15] while the implemented FCM clustering
algorithm is adopted from the FCM (LIBRARY) in the
MATLAB version R2009a.




clearly
non-cyclone

ambiguous
non-cyclone

cyclone

Fig. 3. For example the data used in the research,

Performance measurement is conducted in terms of
accuracy (AC), precision (P) and recall (R) as shown in (13) -
(15) respectively. The accuracy (13) is defined as the number
of correct classified events compared to the number of all
tested cyclone/non-cyclone events. In addition, precision (14)
introduces a comparison of the number of correct classified
cyclone events and the number of all cyclone classification
results while recall (15) determines the number of correct
cyclone events over the number of all ¢cyclone events.

AC - i ((Dl M GTCyc.!une (z))+1£er M GTNnn-Cyr.‘lane (i) )} (13)
i=1

(14)

P:i(@iﬁf@@ﬂ”

(15)

R:i(@ﬂﬁgﬁmﬂ%

GT

Cyclone (i)

where

D; =i " classification result

GT,yetoneqiy = 1 " ground truth of cyclone events
GT,, epelansp) =1 ™ ground truth of non-cyclone events

N = Number of tested cyclone/non-cyclone events

The classification performance of the proposed cyclone
identification system and that of [7] are presented in Table L.
For SVM classification, several kernel functions (Linear,
Polynomial, Sigmoid functions) are analyzed for several
structures of the featured histograms (separated, SDDSR, and
SD features). The suitable kernel functions for separated
features [7] of WS, WD, and DSR are linear, sigmoid, and
linear functions respectively. However, the linear kernel
function is appropriate for the structures of SDDSR and SD
features. From SVM classification performance, the proposed
system using SDDSR and SD structured features provides 90%
accuracy with 0.9 equal precision and recall, which is higher
than that of the reference system (7] using separated features.

82

In addition, for the FCM clustering performance, the proposed
system using SDDSR and SD features offers highest accuracy
0f 93% with 1.0 precision and 0.9 recall.

TABLE L The classification performance using different structures of
the featured histograms.
Classification ! : : ‘
1 Feature | Accuracy : Precision . Recall
Method | : v -
. ' 3 t H i .
P Hol7] | oym i 7% i 08 i 08
S | feer:Seed:lpad 1 _______ LY T Feaomepogs o
SVM | i SDDSR % gp 1 g9 i 09
i Proposed }----(-1115{15'5’{)--". ------ S e i
: :  (Linear) : are : 0.d :
: Separate FCM g7% 08 1.0
FCM : Proposed |  SDDSR 1 g3y 1.0 0.9
: : = P93% 1.0 0.9
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VI.  CONCLUSION

This paper presents a performance of the proposed cyclone
identification system using histograms of wind speed and wind
direction from the QuikSCAT satellite data. Performance is
evaluated based on support vector machines (SVM)
classification and Fuzzy C-Means (FCM) clustering using
different structures of featured histograms. The FCM clustering
using SDDSR and SD features offers highest accuracy of 93%,
which is higher than that of the reference system [7] using
SVM classification of the separated features approximately
17%. The experimental results have proven that the proposed
cyclone identification system using FCM clustering
outperforms that using SVM classification since the SVM is
sensitive to the outliers or noises in the dataset thus leads to a
reduction in detection performance.
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Abstract: This paper presents an automatic typhoon eye identification using combined features from QuikSCAT
satellite and spiral cloud image. Using only cloud information may lead to excessive time to achieve the search solution
if encountering ambiguous cloud shape. Therefore, QuikSCAT wind information is used to estimate the candidate
region of interest (ROI) and eye location in order to restrain searching range of spiral cloud. The candidate eye location
is further expanded to search for the best eye location using the spiral curve model (SCM). The experimental results
demonstrate significant improvement in the eye location identification with approximately 60.5% reduction in distance

error compared to the three references.

Keywords: spiral cloud, typhoon eye identification, storm search, QuikSCAT, heuristic search.

1. INTRODUCTION

Identifying and tracking of the storm are crucial. The
difficulty is that the definition of the storm is ill defined.
[f we are able to properly detect and track the storm, the
destruction caused to the economy and society would be
significantly reduced. There have been several
researches proposed to forecast storms over the last few
decades. The most widely accepted theory of tropical
cyclones was proposed by Dvorak [1], which the
detection is based on satellite infrared data. Lakshmanan
et. al. [2] presented a method to detect storms with
hierarchical K-Means clustering technique based on the
satellite GOES (Geostationary Operational
Environmental Satellite). Hiraoka et. al. [3] suggested a
method based on infrared satellite images, where the
Typhoon position is estimated by the fuzzy clustering of
continuous wind direction vectors and the circulation of
cloud images. Several researches [4-8] proposed
methods to identify the eye of the storms using cloud
images. Heuristic search on wind direction for storm
identification is proposed in [4,5]. In [6-8], researches
focused on locating eyes using spiral techniques and
cloud images. In the case that the eye of the storm is not
clear, the spiral technique [6] would not be appropriate.
In [7], mountain-climbing searching is proposed to
search for suitable spiral cloud parameters. However,
the main problem of this technique is that ending
process is difficult to be properly controlled if no
answer could be found in a particular iteration.
Therefore, spiral curve model (SCM) and spiral band
model (SBM) are used to study the storm characteristics,
which helps to improve the process of locating the
storm [8]. This method works only if the shapes of the
clouds are certain. In [9-11], automatic cyclone
detection was developed based on histogram of wind
speed and wind direction extracted from QuikSCAT
(Quick Scatterometer) satellite. Support vector machine
was used to automatically identify the cyclone in [9]
while Fuzzy-C mean clustering was proposed in [10] for
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the same objective. A circulation path search in a
predefined bounding box extracted from a QuikSCAT
image was proposed in [11]. The predefined area will be
identified as a potential typhoon if at least one
circulation path is found. This can help to overcome the
drawback caused by ambiguity removal errors
associated with rain-flagged data. However, due to the
non-overlapped orbit between latitude 45 North and
South, this causes blank swaths where the analysis of
wind information is less effective. This results in
ambiguity decision for cyclone identification. Therefore,
in [12], the rainfall information has been included as
additional indicator to ensure the accuracy of the
measured  wind  velocity information from the
QuikSCAT satellite.

Generally, the failure in achieving a closed
circulation of tropical cyclone was often caused by
insufficient information from the resources. QuikSCAT
wind information offers the greatest skill in tropical
cyclone intensity estimation, however, lacking in
sufficient data to be analyzed in the blank swaths area
due to its non-overlapped orbit. Cloud image is
alternative information used for detecting an eye of a
tropical cyclone. However, the algorithm works well
only the case of unambiguous cloud clusters. If the
shape of the cloud is uncertain, searching process may
be driven into difficulty in ending the process,
especially in the case that there is no answer found in a
particular iteration. An appropriate stopping criterion
for searching algorithm is the critical issue.

With the incomplete information from a single
resource, a combination of information from multiple
resources should be explored. In this paper, an
automatic Typhoon eye identification using QuikSCAT
data and spiral cloud image is proposed. Since the shape
of cloud is uncertain, it may require large amount of
time to achieve the solution. In order to restrain
searching range of spiral cloud, the candidate region of
interest (ROI) and eye location are predefined using
QuikSCAT wind information. Then, the SCM technique




is implemented on the cloud image in the extended area
around the candidate eye location. From experiments,
the results establish great improvement in the eye
location. This paper is organized as follows: The
proposed algorithm is detailed in section 2 while section
3 illustrates the experimental results compared to the
three references: Joint Typhoon Warning Center
(JTWC), Hong Kong Observatory (HKO), Japan
Meteoro-logical ~ Administration (JMA).  Finally,
summarize and conclusion is presented in Section 4.

2. THE PROPOSED TYPHOON EYE
IDENTIFICATION

This paper proposes an automatic typhoon eye
identification using QuikSCAT data and spiral cloud
image. Using only cloud information may lead to
excessive time to achieve the search solution if
encountering ambiguous cloud shape. Therefore,
QuikSCAT wind information is used to restrain
searching range of spiral cloud and estimate the
candidate region of interest (ROI) and eye location.
Then, the SCM technique is implemented on the cloud
image in the extended area around the candidate eye
location. An overview of the proposed system is
presented in Fig. 1.

Fig.l An overview of an automatic Typhoon eye
identification system.

2.1 QuikSCAT Region of Interest (ROI) detection

In this process, the predefined bounding box is
chosen at the area where the maximum wind speed (WS)
in that particular box is at least 15 m/s. The 4-bin
histogram of WS in the range of 0-50 m/s is generated
in order to verify whether the detected bounding box is
the appropriate candidate typhoon region of interest.
The bounding box with the WS histogram dense in the
2™ bin and above will be classified as the candidate ROI
and will be further explored to identify the candidate
eye’s location.

2.2 Investigation of the candidate eye location from
QuikSCAT
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The area of the candidate ROI obtained from
previous process is expanded 13.2x13.2 degree from its
center. This extended area is partitioned into 11x11
sub-blocks as shown in fig. 2.

Statistical information in terms of distribution of WD
and WS histograms as shown in Eq.(1) also the average
WS are then estimated from each sub-block. According
to [14], it has been indicated that the storm may be quiet
asymmetrically. Wind speeds are low at the center,
increasing rapidly outwards to the eyewall, where the
maximum wind speed occurs, and then decay more
gradually as the distance increases. In this paper,
searching criteria for the candidate eye location is to
find the position inside the candidate ROI where WD
distribution is considerably expansive but WS is
relatively low. The pseudo-code of searching for
candidate eye location is demonstrated in fig. 3.

Wind Spaad of Typhoon Morakat cn & August 2003 from QukSCAT data,

Lalitude

1305 1317 1331 1342 1354 1B5 1578 131 1403 1415 1427

Fig. 2 An example of the expanded candidate ROI
partitioned into 11x11 sub-blocks from QuikSCAT wind
speed data of Typhoon Morakot on 4-8-2009.

52 = Bl 0* )

(S

where ¢ is the distribution histograms of WS and WD.
nis number of histogram bin.
X; is histogram bin number i
X is average of histogram bin

Preprocessing QuikSCAT candidate eye location investigation
begin

stepl  Partition candidate ROTinto 11x11 sub-blocks
step2  I[deatify initial aye location
Searching for a location in candidate ROI with the highest distribution of
wind direction and information density greater than 70 percent.
step3  Searching for a new center of the candidate eye area
if average WS atinitial eye location < 16.3 m/s (Weak Storm)
new center = position with the highest wind speed distribution
among 1 of 3 minimum average WS
else
new center = position with the 2nd maximum of average WS

end
step4  Candidate eye identification
Candidate eye location = position with the minimum average WS
inside the eye area around aew center

end

Fig.3 The pseudo-code of QuikSCAT candidate eye’s
location investigation.

In this process, all three statistical parameters of each
sub-block in the candidate ROI are calculated. The
sub-block having the highest WD distribution and




information density greater than 70 percent will be
selected as the initial eye location. The information
density is taken into account to avoid incomplete
information in the blank swaths area. In the case
where the highest WD distribution [ocates in the
deficient information area, the next order of WD
distribution will be chosen instead. To further search for
appropriate candidate eye location, heuristic search is
performed by considering 3x3 sub-blocks center at the
initial search area. The search criterion depends on how
strong the typhoon is.

If the average WS in the initial eye area is equal or
greater than 16.3 m/s, it is designated as strong storm.
The search area is then expanded to look for the proper
candidate eye location. A new center is chosen at the
sub-block having the second maximum of average WS.
Then, the expanded window area of 3x3 sub-blocks
from the new center is brought into consideration. The
sub-block location with lowest average WS is finally
selected as the suitable candidate eye location.

On the other hand, if the initial eye area is defined as
weak storm. A new center is labeled at the sub-block
having the highest distribution of WS among one of the
three minimum average WS. From the new center, the
suitable candidate eye location is chosen at the lowest
average WS in the search window.

The candidate eye location obtained in this process
will be further searched in detail using spiral band
model.

2.3 Spiral band extraction from cloud image
2.3.1 Logarithmic Spiral [13]

A logarithm spiral can be called as Bernoulli’s
spiral, Descartes’ spiral, equiangular spiral, spiral
mirabilis, or growth spiral. The logarithmic spiral
‘properties have the angle between radial line and
tangent to the curve make equal at all points on the
curve. The Cartesian coordinate system of the
logarithmic spiral curve can be written by two
parametric Eq. (2).

x(8) = r(@)cos(8),

y(8) = r(0) sin(6) (2)
where 0°<60<360°; r=.x2+y2
arctan (i’-), x 0,
g =l 90, xy) =(0,>0),
270, (x,) =(0,<0),
undefined, (x,¥) = (0,0).

In the polar coordinates (r, 8) The curve is described
in Eq.(3).
r(0) = ae®® 3)
where a is positive constant, r is a relationship of
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Eq.2) . And r can be described the equation of the
relationship between Cartesian coordinates and polar
coordinates follows Eq.(4).

x(8) = ae®®cos8,

y(0) = ae?®sing 4)

The sign of bin Eq.(3) determines the direction the
spiral navigates. A negative value of b indicates that a
spiral will go in clock-wise direction. A spiral will
traverse in an opposite direction if the value of b is
positive However, when b is zero, the spiral
degenerates into a circle.

2.3.2 Spiral Curve Model (SCM) [8]

In satellite cloud image, pixels in spiral curve model
(SCM) of Typhoon are often outstandingly bright. It
makes intuitive sense to use a spiral curve to fit the crest
line of a SCM and describe the spiral pattern for
locating Typhoon, in terms of pattern matching. The
true Typhoon’s center is assumed to be the center of the
best-fitting spiral. As extended from Logarithmic Spiral
Eq.(4), the equation is written as Eq.(3).

x(8) = aeb@*)cos(6 + 6,) + c,,
¥(0) = ae?@t®lcos(@ + 6y) + ¢,  (5)

where (cy, ¢y) is a center of the spiral and the real
number @y is initial rotary angle.

~200 =100 a 100 200 300 400
x

Fig.4 Alogarithmic spiral for illustrating the spiral curve model.
(cxcy) = (50,100),a = 180,b = —~0.175 (-107),
8e[—320",—50"], 8, = ~50°,@" = ~270°[8]

The spiral curve model is depicted in Fig.4. In
this example, the spiral parameter b isequal to
—0175. This makes a spiral go clockwise from center
(cxicy). The polar angle & is between [, +©, 8],
where 6y, ® < 0. And O is the angular distance of
spiraling from 6,

Four spiral parameters; a , b, 6 and ©; are
important as they control the shape and eye’s location of
a spiral curve. Qiuchan et al. [8] proposed a criterion to
evaluate the fitting value between a candidate spiral and
the SCRB. The search decision is based on the
assumption that the pixels in the TC’s SCRB, especially
those along the crest line of the SCRB, are the brightest
parts of the image and that their grayscales are well
distributed homogeneously. This evaluation criterion
can be defined as Eq.(6).




Grayscale mean along spiral, mq

)_.

fir=( 6)

Grayscale SD along spiral vy

where m; and v, can be simply represented as Eqs.(7) ~ (8).
Ja2*C 1)y @)a0
my = ﬁ—fgnﬂgdﬂ (7)

1

8o+ X 2 2
|1(x(8),y(8))—m4|*db
21 ( - : ) (8)

-8p+0
Jag @9

2.4 Typhoon eye location refinement

This process is to refine the typhoon eye location
using the SCM technique implemented on the cloud
image. The full search with searching step of 0.1 degree
is performed on expanded area of 1.3x1.3 degree center
at the candidate eye location. The brightness along the
crest line of the SCRB in term of f,,; is used as searching
criteria. The final eye location result is the position
where its brightness parameter f,; is maximum.

3. EXPERIMENTAL RESULTS

This paper presents automatic Typhoon eye
identification using wind information from QuikSCAT
and cloud Tmage (JTWC) from Thai Meteorological
Department (TMD) of Typhoon Morakot (3-9 August
2009). Typhoon Morakot [15] was gender on August 4,
2009 at approximately 22.4° N and 133.8° E in the
North Pacific Ocean, near northeastern of Philippines. It
headed west at a speed of 18-41.2 m/s towards Taiwan,
landed on eastern of Taiwan on August 7, and then
moved across over northwestern of Taiwan on August §
with a wind speed up to 20.6 m/s. Examples of wind
speed and cloud images from Typhoon Morakot are
illustrated in Fig.5

(5a) (3b)

Fig.5 Examples of wind speed (5a) and cloud images
(5b) from Typhoon Morakot on 5-8-2009.

The results of the proposed typhoon eye location
estimation algorithm are then compared with the best
tracks from three references of IMA, HKO, and JMA.
Figure 3.1 presents a comparison of eye tracking results
from three references, that of the proposed QuikSCAT
Method (QSM) using only wind speed and direction
from QuikSCAT, and that of the proposed QuikSCAT
& Spiral Cloud Method (QSSCM), with eye location
refinement process.
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Table I The distance error (km) of QSM compared with the
best tracks from JMA, HKO, and JMA on Typhoon
Morakot (3-9 August 2009).

Distance error (DTE)
DATE JTWC HKO IMA Avg,
3/8/2009 3077 | 4273 | 2562 [ 3304
4/8/2009 3814 ] 3613 | 2999 [ 3475
5/8/2009 4186 [ 418.0 | 3003 | 379.0
6/8/2009 3747 | 3527 | 2420 | 323.1
7/82009 2913 [ 2913 ) 2162 | 266.3
8/8/2009 13509 Y22 3wl 169.7 | 192.9
9/8/2009 358.1 | 3794 | 3094 | 349.0
Average DTE | 331.1 | 350.4 | 256.2 | 312.6

Table 2 The distance error (km) of QSSCM compared with the
best tracks from JMA, HKO, and JMA on Typhoon
Morakot (3-9 August 2009).

Distance error (DTE)
DATE JTWC HKO IMA Avg.
3/8/2009 55.1 | 1285 | 1394 | 107.7
4/8/2009 1282 | 1352 | 2132 | 1589
5/8/2009 403 | 3371 1609 | 783
6/8/2009 182.9 161.1 49.6 131.2
7/8/2009 100.0 | 1000 46.2 82.1
8/8/2009 2203 | 2360 | 2450 | 233.8
9/8/2009 62.2 73.1 83.1 72.8
Average DTE L1257 123.9 133.9 123.5

The efficiency of the proposed algorithm is measured
in terms of distance errors compared to each of the
references. The distance errors obtained from candidate
eye identification using QSM are shown in table 3.1 and
those obtained after typhoon eye location refinement
using QSSCM are demonstrated in table 3.2. The
average distance error from candidate eye identification
is 312.6 kilometers while that of eye location refinement
is 123.5 kilometers. This shows that the QSSCM offers
greater performance than that of QSM approximately
60.5%.

4. CONCLUSION

In this paper, an automatic typhoon eye identification
using QuikSCAT data and spiral cloud image is




proposed. QuikSCAT wind information serves as a
prerequisite for detecting the candidate ROI and eye
location. The wind information offers great ability to
restrain searching range of spiral cloud detection. This
can significantly reduce search time for the SCM. The
candidate eye location is further expanded in order to
search for the best eye location using the SCM. The
experimental results show that the proposed QSSCM
provides excellent performance improvement with
approximately 60.5% less distance errors.
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Heuristic search on statistics of wind data
and cloud images for automatic
typhoon eye location
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Abstract— Identifying typhoon eye location is quite a challenging
task since several factors are needed to be evaluated. With
deficient information from a single resource, it mav lead to
disappointed results. The wind information from satellite
provides great ability in tropical cyclone intensity estimation,
however, lacking in sufficient data to be analyzed in the blank
swaths area due to its non-overlapped orbit. Moreover, it is
sometimes noisy, incomplete and indirect. In addition to satellite
information, the cloud image is an alternative choice. However,
the uncertain cloud shape can result in undesirable excessive
search time. In order to improve the detection efficiency, a novel
heuristic search is proposed to automatically detect the typhoon
eye location using the statistics of wind parameters from
QuikSCAT satellite and spiral cloud images. The heuristic search
is employed to find the best candidate eye location in the region
of interest (ROI) obtained from QuikSCAT wind information.
This offers great ability to restrain searching range of spiral
cloud detection. The candidate eye location is further expanded
in order to search for the best eye location using the SCM. The
proposed technique can achieve approximately 64.4 % decrease
in distance error compared to the three references. This ean
demonstrate significant enhancement in detecting the location of
the typhoon eye.

Keywords- spiral cloud, typhoon eye location, storm search,
QuikSCAT, heuristic search, best first search

L. INTRODUCTION

A typhoon is a tropical cyclone developing in the western
part of the North Pacific Ocean. The storm is characterized by
a large low-pressure center and numerous thunderstorms that
sometimes form strong winds and heavy rainfall. The forecast
of the storm is essential since it can prevent and relieve from
the severe destructions. One of the principal aspects in forecast
and analysis of typhoon is a tracking process of the eye of the
storm. In the past, it was difficult to determine just where
tropical cyclones formed. With the advances in satellite and
radar technologies, large amount of raw data has been
generated. This allows the meteorologists to better understand
tropical cyclones. However, in order to achieve the effective
prediction, it will require the efficient strategies to search for
the solution through such enormous information.

Numerical and images from satellites are generally used for
weather forecast. Dvorak [1] proposed the theory of tropical
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cyclones of which a storm was detected based on satellite data.
The theory has been commonly used since. Lakshmanan et al.
[2] propesed a method to locate storms using the Hierarchical
K-Means clustering technique together with the Geostationary
Operational Environmental Satellite (GOES) data. In [3], a
method using peripheral wind field of typhoon was suggested
to roughly determine the location of a typhoon using the fuzzy
clustering technique. The support vector machine technique
was used to automatically identify the cyclone in [4] while
Fuzzy-C mean clustering was proposed in [5] for the same
objective. A circulation path search in a predefined bounding
box extracted from QuikSCAT information was proposed in
[7]. The predefined arca would be identified as a potential
typhoon if at least one circulation path was found. With
QuikSCAT wind information, it allows efficient estimation of
the tropical cyclone intensity. However, the information is
insufficient in the blank swaths area due to its non-overlapped
orbit between latitudes 45 North and South. In addition, [8]
pinpointed that the presence of rainfall can influence the
accuracy of QuikSCAT wind speed data.

Cloud image can be used as alternative information for
detecting an eye of a tropical cyclone. In [9-11], the focuses
were on locating the storm center using the spiral features of
cloud images. Nevertheless, the technique in [9] was unsuitable
if the storm's eye was difficult to identify. In [10], the author
incorporated the mountain-climbing search technique in order
to improve the scarch in the ambiguous area. However, the
algorithm worked well only if the shape of the cloud is clear.
With uncertain shape, searching process may be driven into
difficulty in ending the process, especially in the case that there
is no answer found in a particular iteration. An appropriate
stopping criterion for searching algorithm is the critical issue.
Therefore, in [11], the spiral curve model (SCM) and the spiral
band model (SBM) were used to study the storm characteristics
and to improve the process of locating the storm center. This
method however still works best for certain cloud shapes. As a
result, the contour of non-clear typhoon eye is still one of the
most important aspects in the forecast and analysis of typhoon.

The drawback of the numerical data is sometimes noisy,
incomplete and unexpected. For example, the rainfall and non-
overlapping satellite orbit can affect the precision of
QuikSCAT information. In addition, the uncertain shape of the
cloud may introduce ambiguity in searching process and leads




to extensive searching time. Consequently, relying on a single
resource may lead to inefficient detection results. In [6], The
QuikSCAT wind information and cloud images are used to
estimate the candidate region of interest (ROI) and eye
location. However, the process of estimating the statistics of
each sub-block is quite complicated. The searching algorithm
sometimes does not provide accurate result. In this paper,
heuristic search on statistics of wind data and cloud images for
automatic typhoon eye identification is proposed. Heuristic
search [12] was viewed as "rule of thumb" that domain experts
could use to generate good solutions without exhaustive search.
However, the suitable search conditions are essential since it
indicates whether the problem can be solved successfully or
not. For effective detection, a novel heuristic function based on
statistics of wind data and cloud image is proposed. It is used
as searching criteria fo find the best candidate eye location
using QuikSCAT wind information. This offers great ability to
restrain searching range of spiral cloud detection.

Then, the SCM technique is implemented on the cloud
image in the extended area around the candidate eye location.
From experiments, the results establish great improvement in
the eve location. This paper is organized as follows: The
proposed algorithm is detailed in section IT while section III
presents the experimental results compared to the three
references: Joint Typhoon Warning Center (JTWC), Hong
Kong  Observatory (HKO), Japan  Meteoro-logical
Administration (JMA). Finally, summarize and conclusion is
presented in Section ['V.

II. THE PROPOSED TYPHOON EYE LOCATION

IDENTIFICATION

Heuristic search

for
best candidare
eye location

Figure 1. An overview of automatic typhoon eye location ystem.

The proposed typhoon eye location Typically, a
tropical cyclone (TC) is tracked via its center or the eye of the
storm. However, scientists have been facing with challenges in
their attempt to locate the storm eye due to unreliable
information from a single source. Therefore, this paper
proposes the automatic typhoon eye locating method using
statistics of the QuikSCAT data and cloud images. The Quick
Scatterometer (QuikSCAT) satellite is an active microwave
radar that measures wind information (i.e. speed, direction)
under all weather and cloud conditions from ocean surface.
This satellite provides a full swath width of 1800 km on the
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earth’s surface and the coverage geographic region results are
obtained twice per day. Recent research [4-7] reported the
usefulness of QuikSCAT data in identifying the areas
susceptible to tropical depressions or tropical cyclones. The
averview of the proposed typhoon eye location identification
is presented in Fig. [. '

The wind information is used to construct histograms of
wind speed (WS) and wind directions (WD) [4]. The wind
statistics are then analyzed to determine the region of interest
(ROI). The areas with wind speed not less than 15 m/s (the
tropical storm intensity is 18 m/s [1]. Therefore, to monitor the
early stage of the storm, the wind speed of 15 m/s is selected.),
which fall between the second and fourth bins, are selected as
initial ROIs. The result ROIs are expanded in order to extend
the coverage of the entire storm area. Heuristic search is
performed on the expanded ROIs to identify the best candidate
storm eve. Best first search, which is an informed heuristic
search = strategy, chosen since it exploits additional
knowledge of the problem, which can drive the search to more
promising solutions. The knowledge is usually incorporated in
the form of an evaluation or heuristic function. Designing a
heuristic function is crucial since it is a key component to
ensure a successful search result. In this paper, a novel
heuristic ~ function established from statistics of wind
information and cloud image is proposed. The spiral curve
model (SCM) technique is then applied to extract the features
of cloud images and identify the final location of the storm eye.

is

A. Searching for the best candidate eye location

I) Calculating statistical analysis of the wind data

In this process, the initial ROI is expanded 13.2x13.2
degree from its center since this predefined ROI can cover the
whole range of the storm area. This extended area is partitioned
into 11x11 sub-blocks as shown in Fig. 2. A 24-bin histogram
of WD with I3 degree equally space and a 4-bin histogram of
WS [4] with 12.5 m/s equally space are calculated for each
sub-block. Statistical information in terms of distribution of
WD and WS histograms as shown in eq.(1) also the average
WS are then estimated. In [13], it has been reported that a
storm could be relatively asymmetrical. Thus, wind speeds can
be low at the center, increase rapidly moving outward to the
radius of maximum winds, and then subside gradually with
radius to larger radii. Hence, the approximating of the storm
center should be focused at the area with high distribution of
WD histogram and low wind speeds.

According to [13], it has been indicated that the storm may
be quiet asymmetrically. Wind speeds are low at the center,
increasing rapidly outwards to the eyewall, where the
maximum wind speed occurs, and then decay more gradually
as the distance increases.

=2
2 L (x—%)
n-1

a

(D
where o is the distribution histograms of WS and WD.
n is number of histogram bins.

¥; is histogram bin number i.

X is average of histogram bin.




2) Heuristic search for the best candidate eye location

In this process, all three statistical parameters of each sub-
block in the candidate ROI are calculated. Due to the drawback
of QuikSCAT in lacking data in the blank swaths area, the sub-
block having the highest WD distribution and information
density greater than 70 percent will be selected as the initial
eve location in order to ensure the efficiency of the detection.
The information density is taken into account to avoid
incomplete information in the blank swaths area. In the case
where the highest WD distribution locates in the incomplete
information area, the next order of WD distribution will be
chosen instead. To further search for appropriate candidate eye
location, best first search algorithm is employed to search for
the best candidate eye location It is a simple informed search
algorithm, which incorporates prior knowledge of the problem
into an evaluation function called heuristic function. The
heuristic function is important since it is used to assign a score
to each candidate node and has influence on the possibility of
the successful solution. In this paper, a novel heuristic function
is proposed to integrate statistical information of WD and WS
histograms as shown in eq. (2). The search criterion depends on
wind speed of the typhoon. If the average WS in the initial eye
area is equal or greater than 16.3 m/s, it is designated as strong
storm. Otherwise, it is determined as weak storm.

o G [(Augmxo.].) + (Owsx0.025) + (owpxl); Avgue < 16.3 m/s) ( )
min (2900 /Augys) + (Gs¥0.001) + (0ypx0.030); Avg,. > 163 m/s;

where R, () is the heuristic function.
O ws, Owp is the distribution histograms of WS.
and WD respectively.

Avgys is the average of wind speed.

Wind Spaad of Typhoon Morakot on 512009 from QuikSCAT data.

Latitude
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105 1317 TL1 122 154 155 178 197 1403 1415 mr
Langitude

Figure 2. An example of the expanded candidate ROI partitioned into 11x11
sub-blocks from QuikSCAT wind speed data of
Typhoon Morakot on 4-8-2009.

An example of approximating a storm center using the best
first search is presented Fig. 3. The start node (node 13 at level
0) is expanded. The search is then making a decision based on
the least-cost solution of h(n). The left node (node 7 at level 1)
followed by the successor node (node 6 at level 2) with the
minimum cost are selected. The search usually traverses the
tree until there is no the descendent node in the next level
having the cost less than its ancestor. The search will be caused
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to finish, thus the current node is considered as a successor
node or the goal of this search. Although BFS algorithm does
not guarantee that the result is the best solution from all
possible candidate values [12], it generally gives accurate
results while requires less amount of searching time.

Level0

Levall

Leval2

Figure 3. Example of BFS for approximating a storm center
which are applied to typhoon Morakot (5-8-2009).

B. Typhoon eye location refinement from cloud image

In [L1], on the satellite cloud image, pixels in spiral curve
model (SCM) of Typhoon are often outstandingly bright. It
makes intuitive sense to use a spiral curve to fit the crest line of
a SCM and describe the spiral pattern for locating Typhoon, in
terms of pattern matching. The true Typhoon's center is
assumed to be the center of the best-fitting spiral. As extended
from Logarithmic Spiral method [14], the equation is written as

eq.(3).

x(0) = ae®©@*%)cos(0 + 6,) + c,,
¥(8) = ae?@+9)cos(6 +6,) + ¢, 3)

where (¢, ¢;) is a center of the spiral and the real number.
(s is an initial rotary angle.

In the SCM, The four spiral parameters, i.e.a, b, 6 and ©,
are important since they dictate the shape and eye location of a
spiral curve. The spiral curve model is depicted in Fig.4 in
which the spiral parameter b is equal to — 0.175. This makes
the spiral circulated clockwise from the center (c,, c,). The
polar angle 8 is in the range of [0, + @,0], where 84,0 <
0 and © is the angular distance of spiraling from 8.

Qiuchan et al. [11] proposed a criterion to evaluate the
fitting value between a candidate spiral and the spiral cloud-
rain bands (SCRB). The search decision is based on the
assumption that the pixels in the SCRB of tropical cyclones,
especially those along the crest line of the SCRB, are the
brightest parts of the image and that their grayscales are
homogeneously well distributed. This evaluation criterion (f})
can be defined as illustrated in eq. (4). The value of f}; is
estimated over an expanded area of 1.3x1.3 degree center at the
candidate eye location with the step of 0.1 degree. The final
eye location result is defined at the position where its
brightness parameter f|; is maximum.

il




Grayscale mean along spiral

= =1
fll - ( Grayscale SD alang spiral ) vy (4)
where m; and v, can be simply represented as
- o0 1(x(8).y(8)) ©
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where [(x(B}. y(8)) denotes the grayscale at position (x, y).
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Figure 4. In [11], a logarithmic spiral for illustrating the spiral curve
model.(c,, ¢, ) = (50,100), @ = 180,b = —0.175 (~107),
8e[—320",—50°], 8, = —50",0" = —270".

[I. EXPERIMENTAL RESULTS

This paper presents the automatic typhoon eye locating
method using the QuikSCAT wind data and cloud images of
Thailand’s Morakot typhoon (3-9 August 2009). The cloud
images are from the Thai Meteorological Department (TMD),
which is originally from JTWC. The typhoon engendered on
August 4, 2009, at approximately 22.4° N and 135.5° E in the
North Pacific Ocean, northeast of the Philippines. It then
moved westward at a speed of 18-41.2 m/s toward Taiwan,
landing on the eastern part of the Taiwan island on August 7
and moving across over northwestern of the island on August 8
with a wind speed up to 20.6 m/s. Examples of wind speed and
cloud images from Typhoon Morakot are illustrated in Fig.5.

(52)

(5b)

Figure 5. Examples of wind speed (5a) and cloud images(3b) from
Typheon Morakot on 5-8-2009.
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Fig. 6 shows the centers of the storm from the QuikSCAT
method (QM), the QuikSCAT & Spiral Cloud method (QSM),
the proposed best first search on QuikSCAT & Spiral Cloud
method (BQSM), and the three reference tracks of JMA, HKO
and JMA. To illustrate the efficiency of the proposed
algorithm, the distance errors compared to each of the
references are evaluated. The distance errors of the BQSM are
presented in Table 1. Additionally, the comparison of average
errors obtained from QM, QSM, and BQSM is illustrated in
Table 2.

Latitude

i P i
W5 St RS, "Wk, NSSBNEL LS -

|
ws |

173 3
1180

232 12820 R

Lengitude
4= JTWE ~<2--HKO -+ JMA QM - = QSM ——BQ3M (Propose)

Figure 6.The results of the QM, QSM and BQSM
compared with JMA, HKO and JMA.

The minimum average distance error obtained from the
proposed BQSM is 57.9 km on 4 August 2009 while the
average error over August 3-9 is 111.4 km. It can be seen that
the BQSM outperforms the QM and QSM with 201.2 (312.6-
111.4) kin or 64.4% reduction and 1537.7 (269.1-111.4) km or
58.6% reduction in the average distance error respectively.

TABLE 1. THE DISTANCE ERRORS (KM) OF BQSM VIS-A-VIS THE BEST TRACKS
FROM JMA, HKO AND JMA OF MORAKOT TYPHOON {3-9 AUGUST 2009)

Distance error (DTE)
DATE JIWC | HEQ | JMA Avg.
3/8/2009 b 1285 | 1394 | 107.7
4/8/2009 84.0 76.4 13.2 57.9
5/8/2009 40.3 33.7 160.9 78.3
6/8/2009 182.9 | 16l.1 49.6 | 131.2
7/8/2009 100.0 | 100.0 46.2 82.1
8/8/2009 254.6 | 2645 | 230.7 | 2499
9/8/2009 62.2 73.1 83.1 72.8
Average DTE| 1113 | 119.6 | 103.3 | 1114

TABLE 2. THE AVERAGE DISTANCE ERRORS (KM) FROM THREE REFERENCES
USING QM, QSM, AND BQSM FOR MORAKOT TYPHOON
3-9 AUGUST 2009)

Distance error (DTE)
DATE oM OSM BOSM
3/8/2009 3304 4772 107.7
4/8/2009 3475 258.2 57.9
5/8/2009 379.0 2438 78.3
6/8/2009 323.1 2111 131.2
7/8/2009 266.3 117.7 82.1
8/8/2009 192.9 233.8 2499
9/8/2009 349.0 341.8 72.8
Average DTE 312.6 269.1 111.4




IV. CONCLUSION

In this paper, we demonstrate that a heuristic search,
targeted to an automatic typhoon eye identification using
QuikSCAT data and spiral cloud image, yields superior results.
The accomplishment comes from the proposed heuristic
function, which incorporates statistics from multiple resources
in order to minimize the drawback caused by the deficient
information from each resource. The heuristic strategy serves
as a prerequisite for detecting the candidate ROI and eye
focation. This can greatly restrain searching range, thus can
significantly reduce the searching time for the SCM. The
experimental results show significant improvement in detecting
the location of the typhoon eye with approximately 64.4 %
decrease in distance error compared to the three references.
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ABSTRACT. In this paper, a study of the novel technigue based on Fuzzy Inference Sys-
tem (FIS) for storm eye identification has been presented. The ocean wind vectors are
provided by the NASA QuikSCAT satellite to predict the significance of tropical cycloge-
nesis. This database is slightly noisy, incomplete and indirect. For this reason, the cloud
satellite image can be an alternative option. However, the cloud shape may be ambiguous,
which can infroduce a long search time. As a result, utilizing combined information from
both resources can lead to a reduction in resource deficiency. The FIS is used to describe
the uncertain behavior of the complex system consisting of several factors. It provides
~ ability to model the dynamic behavior of the storm and designates the best candidate eye
position in the region of interest. Then, the spiral clovd model is adopted to enhance the
search results in order to achieve the accurate eye position. The experimental results are
conducted based on siz Teference storms. The proposed system offers higher flexibility in
analyzing the storm eye position with the minimum average distance error of 92.8 km
and approzimately 16.25% less average distance error compared to the reference. This
demonstrates the significant performance improvement in detecting the eye location of
the storm.
Keywords: Spiral cloud, Storm eye identification, Storm search, QuikSCAT, FIS

1. Introduction. A typhoon is a mature storm that develops in the western Pacific
Ocean, the most frequent storm formation in the world. The difficulty in storm forecast
depends on various geographical and climatological natures of each ocean. For that rea-
son, only a single forecasting technique would not be able to provide sufficient and reliable
performance. Furthermore, the storm consists of the various key characteristics such as
wind speed, wind direction [1-10,12-16,42-44], pressure system [1,2,5,11,16,43,44], temper-
ature [2,3,10,11,17,18,20,43,44], the amount of precipitation [2,11,44], humidity [11,44],
and cloud shape [1,12,14,15,17-19,20-24,45-48].  All these parameters have influence on
prediction accuracy and even make it more complicated to forecast.

A variety of the storm forecasting has been innovated by tracking characteristic of
prior information. In [25], the roles of storm trajectory tracking were created based on
the wind circulation path within a cluster and used to define patterns of tropical cyclones
(TCs) variability. [26] presented a multi-dimensional time-series similarity-calculation
method using modified A-LTK (Approximation with use of Local features at Thinned-
out Keypoints) for the prediction of a typhoon track. Modified A-LTK technique adopted
a time-series approximation method for the prediction of a typhoon track from the western
North Pacific during the period 2005-2013. The technique tried to reduce the number of
time points in time-series data and construct a feature vector at a thinned-out time point
using the time points near it. In [27], the relationship between peak intensity and the
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timing of lifetime maximum intensity could influence recurving of TCs. The storm analysis
was performed on wind information from the United States’ Joint Typhoon Warning
Center and the National Hurricane Center during the period 1980-2006, in the western
North Pacific, North Atlantic and Southern Hemisphere TC basins. Several research
discussed determination of eye location, extracted from the ocean surface wind vectors of
the SeaWinds instrument from the QuikSCAT (Quick Scatterometer) satellite [3,4,7,13-
15]. The QuikSCAT data has been proven to be the best capacity vector wind pattern
related with the early stages of TC. Fully automatic cyclone identification was approached
using the Support Vector Machines (SVM) technique on QuikSCAT wind data [4], while
the same objective cyclone identification based on the Fuzzy-C Means (FCM) clustering
was discussed in [13]. Histograms of QuikSCAT wind speed and direction were adopted to
identify the Morakot TC in [3]. The QuikSCAT database is sometimes noisy, incomplete
and unexpected due to lacking in sufficient data in the blank swaths area and its non-
overlapped orbit between latitude 45 North and South. Therefore, only information from
QuikSCAT is not sufficient to determine whether the event should be considered as cyclone
or non-cyclone situation.

Cloud images are introduced as alternative information for detecting pattern of stor-
ms [1,9,21,28-31] or identifying the eye of storm [14,15,17-19,23,32]. The automatic TC
pattern segmentation was involved with a neural network-based model and elastic pat-
tern matching from the predefined TC technique known as Dvorak analysis [1,21] while
similar idea was proposed in [9] using Neural Oscillatory Elastic Graph Matching Model
(NOEGM) for TC pattern identification. The TC pattern matching algorithms based on
the Dvorak technique were continued development by [28-30]. The algorithm determined
the axisymmetry of the shape and flexible cloud cluster in TCs. In addition, the gra-
dient and the Deviation-Angle Variance (DAV) of satellite infrared were calculated for
the development of TCs in terms of wind speed, storm trajectories and the expansion of
storm. However, with the pattern matching requirement, the database must be frequently
updated with newly adopted stormms in order to improve the forecasting performance. An
automatic detection for eye of storm using spiral cloud feature was proposed in [19]. The
logarithmic spiral pattern was fitted over the enhanced images and the center of spiral
is considered as the center of the TC. However, the results may be inaccurate in the
ambiguous areas. The mountain-climbing search technique was proposed by [17] in order
to alleviate this problem. The technique was still practically difficult for uncertain cloud
shape since it required excessive searching time and sometimes encountered in ending
trouble. To resolve this problem, a suitable termination condition for searching algo-
rithm should be in consideration. For this reason, [18] introduced significant criteria for
termination condition of searching algorithm. The Spiral Curve Model (SCM) was used
to learn from the storm feature and an ant colony optimization algorithm was used to
improve the development of storm locating. Nevertheless, the precise storm locating is
still difficult to predict especially for the unclear or multiple storm eyes.

With deficient information from a single resource, it may lead to disappointing results.
Our combined features of QuikSCAT wind information and cloud image were proposed
in [14,15]. The spiral cloud search was applied to discovering the finest candidate of eye
location in the Region of Interest (ROI), obtained from QuikSCAT wind data. With initial
QuikSCAT ROI selection, the search time for spiral cloud detection was greatly reduced.
In addition, the algorithm was able to handle incomplete information for less than 30%
missing data. The heuristic search algorithms used in these studies were trained only from
storm Morakot in 2009 with distinct characteristics. However, in general, the storm trends
to be sensitive to the geographical and climatological characteristics of the region. As a
result, the algorithms cannot handle well for more complicated storms having dynamic
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behaviors. Fuzzy based decision becomes a desirable selection since its idea is to sustain
the expert at the linguistic level and to evaluate the information to identify the statistical
characteristics of the linguistic terms or to improve the rules. Domain knowledge such as
wind information and cloud images of the storm is necessary for knowledge discovery in
order to improve the detection results. Case-based fuzzy multi-criteria decision support
was proposed for TC forecasting in [33]. Ten-year historical observation data was collected
to form fuzzy multi-criteria decision support for case-based reasoning. Obviously, the
advantage of FIS technique provides reduction of the large volume of data to the smaller
subset of the best cases, which allowed a forecaster to further evaluate and filter the result
cases for real time decision making. However, the performance of the algorithm was varied
since the forecast was still sensitive to location of the storm center in geographical region.
Therefore, in order to cope with such uncertain properties of the storm, we introduce a
fuzzy based system specially designed for storm eye identification to improve the storm
center tracking. Domain knowledge has been extracted from previous storm observations
and statistics obtained from QuikSCAT wind information and cloud images. The FIS then
translates the domain knowledge into fuzzy rules and introduces into the expert system.
It provides ability to model the dynamic behavior of the storm and designates the best
candidate eye position in the ROI. Then, SCM is adopted to enhance the search results
in order to achieve the accurate eye position. A comparison of the detection performance
has been conducted among SCM, heuristic search on combined wind information and
cloud image, and FIS based system. The results illustrate performance improvement
of the proposed FIS based system over the other techniques. This paper is organized
as follows. Section 2 describes the data analysis. The proposed algorithm is detailed
in Section 3, while Section 4 presents the experimental results compared to the three
references: Joint Typhoon Warning Center (JTWC), Hong Kong Observatory (HKO),
Japan Meteoro-logical Administration (JMA). Finally, summarization and conclusion is
presented in Section 5.

2. Data Analysis. Usually, for TC tracking, the eye of storm is the most significant key.
However, recent researchers are faced with challenges in their efforts to locate the storm
eye due to insufficient and incomplete sources of information. An analysis of different
sources of information should be examined. In this research, two types of sources, wind
characteristics and cloud image, are explored.

2.1. QuikSCAT satellite [34]. QuikSCAT (Quick Scatterometer) provides wind data
for weather forecasting agencies from the National Aeronautics and Space Administration
(NASA). The wind data products currently include global backscatter resolution data of
25 and 12.5 km. It provides essential high quality ocean wind data twice per day for
each given geographic region with measurement swaths 1,800 km wide on Earth surface.
This leads to incomplete data in some regions in the blank swaths area due to its non-
overlapped orbit. An example of QuikSCAT wind data interpolated on an equally gridded
flat surface is shown in Figure 1(a) and quantized color representation of wind speed is
illustrated in Figure 1(b) [35]. Several researchers have utilized the QuikSCAT informa-
tion, which is considered to be the prototype of the wind vector signal for early storm
identification [3-7,13-15,36,37]. A performance of the proposed cyclone identification sys-
tem using histograms of wind speed and direction from QuikSCAT was demonstrated in
(13]. The identification of the storm is carried out based on the wind speed in a range
of 0-50 m/s. The bounding boxes are then established to generate a 4-bin histogram of
Wind Speed (WS) [4]. The wind speed range of each histogram bin is equally quantized
as 12.5 m/s. In general, the tropical storm intensity is starting at 17 m/s [38].
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FIGURE 1. An example of QuikSCAT wind speed data from storm Melor
on October 6, 2009: (a) QuikSCAT wind data, (b) quantized color repre-
sentation of wind speed from [35]
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FIGURE 2. Classification results of storm and non-storm events

For example, a database of 30 storm and 30 non-storm events from [13] was prepared
for performance analysis of the storm identification system. In Figure 2, the classification
results of the storms (red circles) versus non-storm (green stars) events for all data in the
database were presented. It can be seen that the resulted histograms of the 6th of October
were distorted due to lacking information in the blank swaths. As a result, this storm
event was incorrectly classified into non-storm situation (blue ‘x’) as shown in Figure 2.
Consequently, using only QuikSCAT wind information is not sufficient for accurate storm
identification. In order to maximize the effectiveness of the results especially in the case
of incomplete data, the additional information should be taken into consideration.

2.2. Cloud image. In this research, cloud images obtained from the Thai Meteorological
Department (TMD), which is originally supported by JTWC, are used as one of the source
information. The JTWC [39] is jointly manned by the U.S. Navy and U.S. Air Force to
provide TC reconnaissance and forecast support to the U.S. Military and other U.S. The
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recorded cloud images are the cases of tropical storms and typhoons from the western
North Pacific Basin. JTWC cloud images are widely used in various studies for weather
forecasting [1,2,5,7,8,20]. In general, the best tracks of a storm are collected by several
agencies such as JTWC, HKO, and JMA. However, there is quite a difference of the
recorded best track data from each agency. These track errors will have a control on
the performance estimation. The summarizations of the maximum track errors between
agencies from six storm events, e.g., Melor and Morakotin 2009, Jangimi in 2008, Man-yi,
Yutu and Hagibis in 2007 are listed in Table 1.

TABLE 1. The maximum errors (km) of the best track data of JTWC, HKO, JMA

Reference | JTWC HEKO JMA
JTWC 0.0 25.4  9Gg
HKO 2.4 0.0 30.9
JMA 38.8 30.9 0.0

2.3. Statistical forecasting of wind data and cloud image. In order to improve the
storm forecasting, domain information of the storm is necessary. In this research, a study
on the behavior of wind characteristics and cloud images is conducted on the 11 x 11
sub-blocks of the ROI as shown in Figure 5. Generally, the storm life has been classified
into three phases, i.e., gestation stage, mature stage and dissipate stage [23]. Even though
the duration of the storm period on the main land is about 3-5 days, the storm period in
the sea may appear longer about 2-3 weeks. The statistical information of each sub-block
is analyzed including the weighted average of wind speed, the distributions of WS and
WD histograms and the intensity of cloud image.

Examples of three phases of storm life from storm Melor are demonstrated in Figure
3, which appears to be the intensity of cloud images in row 1 and the corresponding
statistical analysis of wind speed in row 2-3 for three phases of the storm (a)-(c). In the
experiments, it is observed that the storms can be categorized into two groups of low and
high wind speed as discussed in [14,15]. The low wind speed is about 15-18 m/s, which
falls into the case of the gestation stage in Figure 3(a) and the dissipate stage in Figure
3(c). On the other hand, the high wind speed is greater than 18 m/s in the case of the
mature stage in Figure 3(h).

3. The Proposed Storm Eye Location. Storm identification usually requires the ex-
traction of the characteristics of the storm. One of the most widely observed storm infor-
mation is wind characteristics especially from the QuikSCAT [3-7]. Our previous research
demonstrated a success on storm identification and storm eye specification [13,14]. A com-
parative study on storm identification using SVM and FCM techniques from QuikSCAT
wind data was illustrated in [13] while the Heuristic Wind Statistical Cost function
(HWSC) obtained from histograms and histogram statistics of QuikSCAT wind infor-
mation was proposed for storm eye identification in [15]. The proposed heuristic function
provided the differentiation between low wind speed in the case of the gestation and dissi-
pate stages and high wind speed in the case of the mature stage. Heuristic search was then
performed to achieve the storm eye location. However, the simple heuristic search could
not handle well for the case of severe storm, in which its characteristics are uncertain and
changed dynamically. Therefore, the expert knowledge-based system is introduced in this
research to improve the storm eye specification for a variety of storm characteristics. A
novel storm eye identification based on FIS is proposed and outlined in Figure 4. The
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TABLE 2. Searching scope of QuikSCAT wind information

Wind Information

Range

Latitude

~90.00-90.00 Deg

Longitude

0.00-350.99 Deg I

Selected wind speed

0.00-50.00 m/s

Selected wind direction

0.00-359.99 Deg From N

(c) Dissipate stage

FIGURE 3. The statistical analysis of wind speed from storm Melor in 2009:
(a) the gestation stage on October 1, 2009; (b) the mature stage on October
6, 2009; (c) the dissipate stage on October 9, 2009

proposed system consists of three main processes: wind characteristics search for ROI,

FIS based storm eye identification and SCM based storm eye location refinement.

3.1. Searching for Region of Interest (ROI). The search is performed on a scope of
QuikSCAT wind information such as Wind Speed (WS), Wind Direction (WD), and the
corresponding latitude and longitude as summarized in Table 2.

i
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Cloud Image

Wind Speed (WS)
characteristics

‘Wind Direction (WD)
characteristics

Searching for
\ RegionofInferest
(ROD

Statistical
estimation

ogitude

FIGURE 4. An overview of the proposed system

ROI

New ROI Expand
1B3.29x13 20
from center

Thearea is f}anitioncd into
11x11 sub-blocks

FIGURE 5. The acquired process of ROI

The starting wind speed of storm was suggested as 17 m/s in [38]. However, in order
to consider the gestation period, the lower wind speed should be taken into account. The
average wind speed of the 2 x 2 degree (222 x 222 km?) candidate area was introduced
in our previous work [14]. Then, the center of the ROI was defined as an initial of the
storm eye. The approximation of the diameter of storm is about 100-2000 km [40]. In
order to cover the whole storm area, the ROI is expanded 13.2 x 13.2 degree (1400 x 1400
km?) from its initial center. In this process, the wind information of QuikSCAT in ROI is
estimated based on the nearest interpolation on a uniformly gridded local map. The area
of the expanded ROI is partitioned into 121 (11 x 11) sub-blocks as presented in Figure
5:
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3.2. Fuzzy Inference System (FIS).

3.2.1. Fuzzification. In this research, the expert knowledge for the storm locating with
a standard mamdani FIS [41] was proposed. The Membership Functions (MF) are con-
structed from crisp inputs consisting of the density of wind information, the weighted
average of wind speed, the HWSC and the intensity statistics of cloud image as demon-
strated in Figure 6. The details of the meteorological inputs are illustrated in Table

3 sy v B o
4 : Low
5.':;

agl

Min  Mex  Exdreme

BT

= o e 07 0 paE oo TR SO B 0 0 0
(a) Wind density (b) Average WS

-

Average

Average S RN, e

(c) HWSC (d) Intensity of cloud image

FIGURE 6. Fuzzy input partitions of the proposed system

TABLE 3. The details of meteorological inputs

Name Symbol| Range | Unit | Membership Function (MF)
Density a 1-100 | % Low, High
Weight average of WS W 0-50 | m/s Min, Max, Extreme
HWSC function HWSC | 0-300 — Min, Average, Max
Intensity of cloud image I 0-255 | level Average Max

3.2.2. Inference. The fuzzy inference rules are generated for searching the feasible position
of the storm eye location within the 121 sub-blocks in the candidate ROI. Figure 7 presents
the decision tree of the proposed FIS system. Considering Multi-Input and Single-Output
(MISOQ) systems derived from the decision tree, four fuzzy IF-THEN rules are constructed
as followed:
1. If (Wind density is Low) then (Eye is No)
2. If (Wind density is High) and (AvgWS is Min) and (HWSC is Max)
and (Intensity of cloud image is Max) then (Eye is Yes)
3. If (Wind density is High) and (AvgWS$ is Max) and (HWSC is Min)
and (Intensity of cloud image is Average) then (Eye is Yes)
4. If (Wind density is High) and (AvgWS$ is Min) and (HWSC is Min)
and (Intensity of cloud image is Max) then (Eye is Yes)
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@w

High (270%)

HWSD: Heuristic wind statistics division

FIGURE 7. Fuzzy decision tree for storm eye location

FIGURE 8. The example of FIS based storm eye location

3.2.3. Defuzzification. Several defuzzification techniques are available such as the Center
of Area (COA), the Smallest of Maxima (SOM), the Largest of Maxima (LOM), and the
Mean of Maxima (MOM). However, the most general defuzzification method is the Center
of Area (COA) method. An example of our FIS storm eye location analysis for storm
Melor at the sub-block number 50 of 121 candidate sub-blocks is illustrated in Figure 8.
Its corresponding crisp input of the density of wind information, the weighted average of
wind speed, the HWSC and the intensity of cloud image are 75%, 19.6 m/s, 3.86, and 206
respectively. The COA defuzzification is performed and resulted in the crisp output value
of 0.719. This output value is then interpreted as Yes and the center of the identified
block can be designated as a feasible storm center. However, to achieve the accurate
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eye location, the spiral curve matching should be performed for eye location refinement,
detailed in the next section.

3.3. Storm eye location refinement using spiral curve model. Spiral curve model
was proposed to extract the Spiral Cloud-Rain Bands (SCRBs) of the TCs. In [18], it
has been shown that pixels in Spiral Curve Model (SCM) of TC are often outstandingly
bright. Therefore, the search is performed in order to find the fitted spiral curve with the
brightest pixels along the crest line of the SCRB and their grayscales are homogeneously
well distributed. The storm’s center is supposed to be the center of the best-fitting spiral.
The SCM is represented as following (1).

z(0) = ae’@+%) cos(0 + 6p) + czp y(0) = a® @ sin(0 + 6;) + ¢, (1)

where (c;, ¢,) is the center of the spiral and the values are the real number. 6 is an initial
rotary angle. a, b are arbitrary constants or constant parameters to adjust spiral radius
and circulating direction, respectively. © is the angular distance of spiraling from 6;.

In the SCM, the four spiral parameters a, b, 6y and ©, are important since they dictate
the shape and eye location of a spiral curve. In (1), the sign of b defines whether the spiral
is clock-wise or anti-clock wise. While b is zero, the spiral becomes a circle of radius a.
In addition, as suggested for the TCs in the Northern Hemisphere [18], most of the TCs
are spirally clock-wise, and this resulted in the negative value of b as shown in Figure 9.
The spiral curve model is depicted in Figure 9 in which the spiral parameter b is equal to
-0.175. This makes the spiral circulating clock-wise from the center (c,,c,). The polar
angle ¢ is in the range of [6y + 9, ©)].

500f

200 <100 0 100 200 300 400
X

FIGURE 9. A logarithmic spiral to illustrate the spiral curve model where
(cs,c,) = (50,100), a = 180, b = —0.175(—10°), € [—320°, =50°], 6 =
—50°, © = —270° [18]

This process is to refine the TC eye location obtained from the previous section using
the SCM curve fitting technique. The full search with searching step of 0.1 degree is
performed on expanded area of 1.3 x 1.3 degree center at the candidate eye location. The
spiral searching criteria depend on the brightness distribution of the spiral cloud image
(f11) [18] defined in'(2). As the result, the best SCM fitting position with the maximum
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brightness parameter is identified as the final TC eye location.
_ Grayscale mean along spiral  m;

= = 2
Ju Grayscale SD along spiral 51 @)

where my and s; can be represented as

Tt 1(2(8), y(6))de

’ Op+0
Jo, o df
I @(8),y(8)) — [ do\ ®
AL = 990+9 do
0

where [(z(8),y(f)) denotes the grayscale at position (z,y).

3)

m; =

(4)

4. Results. For performance evaluation, wind information from QuikSCAT and cloud
images from Joint Typhoon Warning Center (JTWC) are obtained from the west of the
Pacific Ocean between 0°-40° N and 110°-160° E of six storms; Man-yi, Yutu, and Hagibis
in 2007, Jangimi in 2008, and Melor and Morakot in 2009 are chosen as our data sets.
Table 4 illustrates lifetime, storm duration, and storm scale of all six storm examples.

TABLE 4. The storm information

Track A [\ Storm | Duration | Max speed
Name Lifetime

no. scale days | mph [ m/s
1 Melor | 30 Sep-9 Oct 2009 ) 10 165 | 73.8

2 | Morakot | 2-10 Aug 2009 2 8 100 | 44.7

| Man-yi 7-16 Jul 2007 3 8 114 | 50.1

4 Yutu 16-22 May 2007 2 7 1 104+ 46.5

5 Hagibis | 20-27 Nov 2007 1 8 LY ¥o53.5

6 Jangimi | 24-30 Sep 2008 4 7 ¥37 | 619

mph: mile per hour

The storm scale is categorized into 5 levels according to the Saffir-Simpson hurricane
scale [49]. In our experiments, the feasible ranges of four spiral parameters are determined
according to covering conditions of six storm examples with the storm scale of the Saffir-
Simpson hurricane from level 1 to 5. The storm eye is specified at the position containing
the maximum of f;; from all ranges of parameters.

Spiral curve fitting is quite sensitive to parameter changes. Therefore, all the parameters
(a, b, 8y and ©) should be carefully evaluated. In addition, the diameter of storm is about
100-2000 km [40]. Therefore, the possible range of parameter a is approximately 10 to
480. The feasible range of parameter b is —0.160 to +0.160 while the parameter range
of 0y and © is —270 to 540. Example results of SCM with several sample parameters for
Morakot are demonstrated together with the values of f;; and the ground truth center
positions in Figure 10. Each row represents the results of parameter a, b, 6y, and O,
respectively. The experiments are performed with the range of parameters as 10 < a < 50,
—0.190 < b < —0.170, —180° < 8y < 0°, and 180° < © < 540°.

A comparison of distance errors among difference defuzzification techniques (COA,
LOM, MOM, and SOM) with the best tracks from JTWC, HKO and JMA is evaluated.
The proposed system is implemented on a machine running Windows 7 with 2.00 GHz Intel
Core i7 processor with 8.0 GB RAM. The experiments are performed using Mamdani’s
fuzzy inference method in MATLAB R2013a for Melor between September 30 to October
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Evaluated SCM Results on Cloud Images
Parameter| (@) | () | (@ [ @ | (@

The examples of the SCM results with variation in parameter a.

7), b= —0.182, f, =

(Lat, Lon) = (23.3,134

—180°, © = 540°

a
a = 20, a-=30; a = 45, a = 50, a=02
fi1 =143 f11 = 1.58 JSu=1.70 fin =174 fu =172
The examples of the SCM results with variation in parameter b.
(LatyLon) = (23.3;134.Y), a =44, 8, = —180°,"© = 540°
b
¥Z -0.260) 1 Bt U To, 5 | W 0, b=0.175, 0.262,
fu=165 | fu=166 | fr=158 | fu=181 | fu =173
The examples of the SCM results with variation in parameter 6.
(Lat, Lon) = (23.3,134.7), a = 44, b = —0.182, © = 540°
to
By = —180° 0o = —90° by =0° s = 90° 0 = 180° 7
f11 N T¢ faa=1\72 fi1=1.65 S~ 1.58 fu = 1.67
The examples of the SCM results with variation in parameter ©.
(Lat, Lon) = (23.3,134.7), a =44, b = —0.182; f, = —180°
o ;

O = 180°,
fuu=211

9 = 270°,
f11=1.86

8 = 360°,
fi1=1.78

= 450°,
fuu=181

6 =51,
fll == ].77

F1GURE 10. The example of the SCM on cloud image resulting from dif-
ferent values of the parameter a, b, 8y and © from the storm Morakot on
August 3, 2009
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9, 2009. The average distance errors of COA, LOM, MOM and SOM are 130.3, 140.6,
139.9 and 153.2 km, respectively. This shows that the COA defuzzification technique
offers greater performance than the other techniques. It provides the best performance
with the minimum distance error of 9.4 km on October 6, 2009.

The distance errors obtained from the five eye location estimation algorithms: the
QuikSCAT Method (QM) [14], the QuikSCAT & Spiral Cloud Method (QSM), the best
first search on QuikSCAT & Spiral Cloud Method (BQSM) [15], the proposed FIS on
QuikSCAT Method (FQM), and the proposed FIS on QuikSCAT & Spiral Cloud Method
(FQSM) are compared to the three references and illustrated in Figure 11(a) to demon-
strate the efficiency of the proposed algorithm. The QM provides poor estimation perfor-
mance with the maximum average distance error of 312.6 km since the estimation results
rely only on the threshold of wind speed from QuikSCAT. The BQSM performs the search
for the optimum ROI's candidate. This can help to reduce the problem of deficient in-
formation from resourses. However, the BQSM is based on heuristic search strategy, in
which the searching algorithm sometimes does not provide accurate result. It can be seen
that the proposed FQSM outperforms the other techniques with the minimum average
distance error of 93.3 km. In terms of time efficiency, a comparison of processing time
from five algorithms estimated from Morakot is presented in Figure 11(b). The processing
performance of BQSM and FQSM are 19.362 and 15.859 seconds, respectively. This result
shows that the FQSM provides the better performance with minimum average distance
error and processing time compared to the BQSM.

B.)

3500 £ 20.000
£ 3000
-3: 250.0 i 15.000
£ 2000 g
§ 1500 2 10.000
=
31000 = 5000
x 500 g
= e
0.0 & 0000

Method

(b)

FIGURE 11. Performance comparison using QM, QSM, BQSM, FQM and
FQSM of storm Morakot, (a) the average distance errors (km) from three
references, (b) the processing time (seconds)

The performance comparison of the BQSM, FQM, and FQSM for six example storms
is demonstrated in Figure 12. The results illustrate the performance improvement of the
proposed FQSM over the other techniques for all storms. This indicates that the FQSM
offers greater flexibility in analyzing various storm patterns. The flexibility comes from
the key knowledge extracted from the observations and statistics from QuikSCAT wind
information and cloud images. Even though the performance of the BQSM seems to be
close to that of the FQSM for Morakot, it is quite difficult for the BQSM to cope with more
complicated storm having dynamic behaviors without integrating the expert knowledge
of the storm into the decision criteria. In addition, the linguistic parts of FQSM are
similar to human thinking. It can apply if-then rules and express knowledge to linguistic
statements. This can help to increase performance of the FQSM algorithm even the case
of deficient information. !

il
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FIGURE 12. Performance comparison in terms of the average distance er-
rors (km) from three references using BQSM, FQM and FQSM of six ex-
ample storms

TABLE 5. The average distance errors (km) obtained from the FQSM com-
pared with the best tracks from JTWC, HKO and JMA

Track Tie Year Distance error (DTE) (km)
no. JTWC | HKO | JMA | Average
1 Melor 2009 100.3 | 99.3 | 102.2 | 100.6

Morakot | 2009 90.5 | 948 | 79.7 | 93.3
Man-yi 2007 139.2 [114.9 (131.4| 1285
Yutu 2007 106.5 | 94.5 | 79.7 93.6
Hagibis 2007 91.0 | 90.7 | 96.0 92.8
Jangimi | 2008 FESpa sl ¥18.2 4" | L 18D

Average | 107.2 |102.7]103.7| 104.5

O O W[ G| O

According to the distortion examination of the storm centers reported from the three
references in Table 1, the minimum distortion of 25.4 km occurs for the case of a com-
parison between JTWC and HKO. The maximum distortion of 38.8 km is resulted from
a comparison between JTWC and JMA. The average disparity between analyses by dif-
ferent references is approximately 13.4 km. The average distance errors and the storm
tracks obtained from the FQSM technique compared to the three references are presented
in Table 5 and Figure 13, respectively. For Morakot, the average distance error reported
by the BQSM in [15] is 111.4 km while that of the proposed algorithm is 93.3 km. The
proposed storm tracking can achieve 16.25% better performance over the BQSM.

5. Conclusions. This research paper aims to develop a novel approach for locating the
eye of the storm using FIS based detection on wind information from QuikSCAT satellite
and cloud image. Both wind information and cloud intensity are utilized to compensate
deficiency from each resource. The proposed FIS identifies the storm eye location based
on expert knowledge derived from the statistics of the past storm data. Spiral curve

- fitting is then employed to enhancing the search accuracy. Analysis of parameters is
thoroughly conducted. The experimental results indicate that the FQSM demonstrates
higher flexibility in analyzing different storm trajectories and can achieve up to 16.25%
performance improvement. However, the performance reduction may occur in the case of
high level of storm scale and would be further improved in the future research.
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FIGURE 13. The storm tracks obtained from the FQSM compared with the
best tracks from JTMC, HKO, and JMA
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