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ABSTRACT

This paper presents water level estimation using a fuzzy logic technique. Fuzzy
logic modeling was used to estimate water levels at Ban Bang Sala telemetry station (X.90) U-
Tapao canal, Songkhla province. By studying the relationship of water levels at Ban Maung Kong
telemetry stations (X.173A), rainfall in Ban Bang Sala telemetry station (X.90) area, and water
released from Khlong Cham Rai reservoir and Khlong La reservoir, the information obtained was
used to create 2 fuzzy logic models which forecast the water levels of flood situation occurred in
Hat Yai area in 2011. Moreover, root mean square error (RMSE) and Mean Absolute Percentage
Error (MAPE) were used to qualify the models. The results show that the first fuzzy logic model
gives 0.34 RMSE and 12.44 MAPE while the second fuzzy logic model gives 0.38 RMSE and
13.18 MAPE.

Keywords: flood, fuzzy logic, water level estimation
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x A AUFNVDIYA (Set Membership)

1 (%) de ManFuanuilueau¥n (Membership Function)
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3. ADUWAIUA (Complement)
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[(c—x)/(c—=b) c<x<d
0 x=>d
1
1
a=0 b=2 c=8 d=1b"

nmilszneu 2-10 ﬂaﬁ%uﬁmaﬂumwg (Trapezoidal membership function)

J v J . . .
3. Weansumddeu (Gaussian membership function)
DT
A J d'
m 19 ARNQY
O Ao andouuuinasgiy

o2

(x —m)2>

guassian(x : m,0) = exp (—
H

0.9
0B

0T
06 -
05
04+
03
02
o1k

o 1 1 1 1 X
1 2 3 4 5 & 7 B 9 10

Y d A . . .
Alszneu 2-11 HenFumdiseu (Gaussian membership function)




4. fladduszaianh (Bell-shaped membership function)
1
x — C|2b

a

bell — shaped(x : a,b,c) =
1+

1u||||||

05 -
0B _

07k _
06 -
0.5 -
04k -
0.3 .
02 -
0.1f -

0 I Y Y B X
1 2 3 4 5 6 7 B 9% 10

mnsenow 2-12 Headdusyaianh (Bell-shaped membership function)

5. Handudnea (Smooth membership function)

(0 x<a
x — b\? a+b

2 ( ) asx<
b—a

x — b\? a+b
1—2( ) <x<b

\1 Xx=b

S(x:a,b) =X

IA

v

H
0sf
0.8}

07+
0e-
05
0.4
03
0.2
o1

o

—
3 4 5 & 7 B 9 10

1 2
mlsznev 2-13 Handud e (Smooth membership function)
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6. TanFudna (Z-membership function)

(1 x<a
x — b\? a+b
1_2(b—a) a<x< >
20z ab) = x — b\? 0L+b< -
2 (b - a) 2 x=
\0 >
P T T T T
09t -
0B} -
0.7 .
[ -
05 -]
0.4 -
03k -
02k -
0.1k -
ﬂ 1 1 1 1 | 1 1 | x
1 2 3 4 5 6 7 8B 5% 10
Mwseneu 2-14 HanFu@Esa (Z-membership function)
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Fuzzy Output

anJ ~ Ya a s A o A 4
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a [ oy d' =1 Y a Y] :l
Hamsssmuszaimeanil X.90 areszuvlsziiuszamigduuuszuy
AxFuuun 1 1da191nNaeavsIAInUAaIAAABUAIGIaDURAS (RMSE) 11191 0.34
1 { a [ 4 LY 1 a [ 3’
AundennuAanaIndooazduysal (MAPE) 10U 12.44 dauszunlszdusgauiigduuy
d' d' Y d' 1 A' o W d' [ Y
szruudssuuun 2 19a1snNassvesninnuaaIanaeufIaIaounas (RMSE) (1171 0.38

AnndoauAanaInsooazduysal (MAPE) 1AL 13.18

[ v
~ ~

9 1
wamsUsziluszauihinaniil X.90 nsdifszavihigendn 3 was areszuu
9 [ [ H )
Usziivszauihgiuuuszunilaguoun 1 dasinidesvssainunaianaouiiaides
a0 (RMSE) 1511111 0.20 Anndoanuianaiadoayduysal (MAPE) Wiy 3.35 @auszuy
9 [ [ H )
Usziivszauihziuuuszuniladuoun 2 arsinidesussainunaianaouiiaides

a0 (RMSE) 511111 0.62 Anndoanuianaiadovay duysal (MAPE) i 13.80

] A

9
a 4 a @ o v
nmsasangalszunlszduszauii I9doyasae deu Auereu 2555 o

U
F ]

A o o o a o o ~ A Y
@RUTUNAN 2555 91U 122 31 szvvlsziiiuszanihgdunussvuilessuuun 1 1varn

Na0avoIAIANUAAIANADUMGIaBURAY (RMSE) 111111 0.53 Aundsnnuianainissas

Y

@ 4 (Y 1 a [ o | A Y
duysal (MAPE) iy 17.35 aauszuudseiiusgamihgduuussuuilessuuun 2 Tnaisin
NaoavoImANuAAIANAdUMGIasURas (RMSE) 11111 0.44 Aundsnuianalndssas

duysal (MAPE) i1 16.66

Y Y
o A =

NnramIdsziuszauiianil X.90 dre5zuvdsziiuseauii uas Ka

[ ] 1

a 4 a @ oy LY o 9 I~ v X A T

M3asNgIlszvulssuszauin wundlsiunvesszuuiuilededelinanents
o d! o LY gl ] dl g} c; os.z} [l e’d' d' A 9 =\
Ae Fawamstiuieszaviih lugniszavidnivedlunuainungsedo 18 udvgdl

9 4
v

anuAanaagalug sz aihgady

5.2 Us i laanauide

Yy 9
v o

av a o [ 1
namsAnyITeasal awsesi 1 1s1dnedse Tonilu 4 dundn o Taun

v " g Y v ?,1 o o o v ' A4 g P
dumsaa 1y mumathszdadoimiy fMumsnuruvestlsanunngItes a1y

0 FY Ao 9 I a4 o = VoA
msihauinnmsive llszgndldnuanuinou assvazideansil



45

9 1 Y
1. umsaan lgae

o o Yy = &

o a J [y o a
lLUUﬂTﬁ@Q%TQﬂﬂJ@ﬁWﬁ@iiuﬂi}i}ﬂﬂﬂTlﬂuﬂgﬁ@QN%@Hal%ﬁﬁﬂ G]f\iulf:]jinﬂﬂ’li

o a3 9y A a & 1 A o I a A
741999 !Lﬁ%LﬂUﬂJ@MﬂﬁﬂWﬂﬁﬂ?Hﬂ%i\‘] %Qﬂﬁ@\i@@]glﬂ'mﬁﬂklm&ﬂuﬂﬁ'f]\?‘ﬁiillalf'l@] UNI13

= o Y] a R Ao ] A g Y
Lﬂaﬂuuﬂawmmﬂamma@nm ﬂ1§ﬂl®3J“ﬁlﬁlNﬁﬂ‘V]‘Vl'lblﬂ81ﬂ Llﬁgﬂﬂ11"]ﬁ]1ﬁlq\1 I¢UY

a Y 3’ a A a dy 1o o 9 Y9 a =2 9 A 19 Y g}
Usziliuszai laamatailsgaodinil ludududedlddoyasedn ldiowadoya szauii

U

9 :’ &~ ~ [ T 9 ) Y 1 Y Y
uazdeymidy Falianniinsiaineguda ldrreanszeznm wazaldieacli1a

Y
v o o

9 [
2. umathseNaseimau

Yy 9 Y
o A

sepvlszmussduintansoiinessduiimanit Insuastuuieaal
% I [ : [ 1 : [ [ M) o 4 [
(x.90) Fuilugathszinimwneouwihegdmaumealug dszanm 12 92 Tue slvidesglu
~ [ a 3‘ [ k4 I 9 9 d‘ = F
NIZABINOMINANINANTOMANTAUADIUNTAAIHIN TG 1NONITIATIUAUNS DU
HazanMsgade
Y] [ A A 9
3. AUMIINUNUYBINUIGNUNNIVDA

Y

Y Y '
seuvlszmussduintansoiinessduiimanit Insuasthuuieaal
P o g} 1 1 :I Y 1 M) ] A
x.90) FudugathsgTuimuneuthnzdivaumalvg dszua 12 $27u9 vireun
= 9 ﬁ' v A o P a d? Qaj Y A @
MEIUDI ANITDINUHUNDT UNOAUADIUMTANILIAATY TINTUIVABUAY NITAIVAY
ANUFINIY LAZAITUTIININ IUNINAY
o awv L [ H
4. swmsihanuinnmsite hszgnaldduanmnon
a [ g’ a H a Y ) o 4
syuvlseiinszamirlaomataflegaeini awsoirlilszgndldive
a ] 09; [ d’d’ 9 qul A g a 1 d‘
Usziivszaurinuaauinoug 1a nanilunaeesssvma waze1mssalszmu 1wy Weou
9 a ] oy a ~ a dy 4 ] g} d' d'
ansalgszuvlszdivszauii lasmataledaoantl lumsaanisaiszauin e e

Y
dadulatdosirld

5.3 dgyrimazgilassalumsaniiumsise

< ) o @ qu aw 3 o 2 v
L Tumsinusavsanveyadmiuldluauldetiu erdenisinudeya
9 o 3 s o 1o o A o 0o g VY Y
dounasnninledareg dimswenns Wanaaden uazsuansauiu ilddesldnalu
<3 = 3 Jaw an gy 1 ] Ay o o 9 aw o Y 9 a
M3NUTIVT Bnnedadell Ided lunirsnunideyadmsuldlunuite ilddoyana

msviameluniediu uazanwazideavesdoyall luwniin



46

v

v A \ o v o Ay a [ {
2. lumsafrngmsdaduluieineszaui §3sed il udizermnag

e B

J @ a 4
NATUGNAMAAS 01FuINEINIANET OV INIINAS LagNITAATIEHIINTOYA 019 1dng

miaadulanliasudiu

5.4 YarauAUUZAHSUMDIVAT IR0 1)

= Y = Y o 9 Y = = 42} ' a
1. msumsdamsoutayaa s InasuoIu uazinuazdeavy 1wy U
a@lanne $2Tu9
= o v A ' IS a @ A
2. asumsdsulpsngmadadule sazmanuiluainsnvesdanls e
a5 asuulaadnBULN NI NUBIZIAA0ININ IFUNITYAADNAADI NITITINAY
o <3| 9
Aavd MIVeIIAINand Hludu

= =

S A a o A o
3. aasumsanwaznuaalsyadluiladelumslasunlasuesszavuiin

9

£ awv a9 [ o w o Y L Y o o Ao Y Y g‘ = =
Falunuitetiideyasgodsdiine Mlvdwsyailuilidenildscauihimsn/asumlas

=
i
v 9
vumgnaa 11 wu msdle-Ta dszqszmeiamiilszgszvisinassgazin



[6]

47

1PNA1391999

a a v Aa A a A 4 3 {
NIVIFINIT ﬂiZ‘Vli’Nﬁﬂ‘HTﬁﬂ1i. 2539. DYNUANINDTITUEIA. ‘WiJ‘W!Li]ﬂﬂi\iﬁ I.
AFIUNNA : DIRNITAIVDIAT AN,

sastan] Asaiug. 2543, Sufin..annde..malvg 3 2543 d1imsdanden
Mald. 11(12):2-6.

$1ATA 121504, m@“lmjgﬁauﬁm%mnﬁ";ﬂsﬂum. Tasemsinsoaeiiosluome
L‘ﬁ@iwuﬁ’ﬂﬁUﬂ1iLﬂ§8uLLﬂaﬂZ‘TﬂTWQﬁEHﬂWﬁ. http://hatyaicityclimate.org/paper/8 8
@uduiiie 24 funaw 2554).

Thai PBS NEWS. 2553. é’amaamqmmﬁfwhm "mialvig)" U 2531 uag 2543, Thai
PBS. http://www.http://news.thaipbs.or.th/content/t’fauiaﬂmss;mmﬁfwi’m-"mﬂ“lw@"-
7253 1-1182-2543 (Fufile 20 un3 A 2555)

ASTVEFanseenlail. 2553. 31U Teariiaumalna) yaddnnssudn. ASTV.
http://www.manager.co.th/Home/ViewNews.aspx?NewsID=9530000155891 (ﬁ VAU Lﬁ'ﬂ
20 UNIINW 2555).

Svie 1531, 2534, nszilszend 1913 sraeaan msssund laemendiamans iite
msnennuiiulldvesszuudeusvarmihdmiugnasoaiiosnalva). -
1. AIVAUATUNS. 14(2) : 163-173.

g1 Fanea uaz 13 ANIIAAL. 2550. MIRAUMLLIa8 Hybrid iilon1swensal
ﬂami’rw(ﬂmiﬁﬂm mqmmfﬁywhm%ﬂmjﬂ 2548). 1ONAITTINUNANNIVING
M3szguInnaIfINT sy TosInamIa adsit 12, WOHAIAY 2550, H1I1 WRE 403-
409.B.

P.C. Nayak. 2005. Short-term flood forecasting with a neurofuzzy model. Water
Resources Research 41 (4):1-16.

S. Phuphong and C. Surussavadee. 2013. An Artificial Neural Network Based Runoff
Forecasting Model in the Absence of Precipitation Data: A Case Study of Khlong U-
Tapao River Basin, Songkhla Province, Thailand. Proceedings of International
Conference on Intelligent Systems Modelling and Simulation 2013. Bangkok, Thailand,

% o

Y
doyanugiunialvg. d1iinsrudunonialva. hip/www.hatyai-

Yy A

sk.go.th/index.php?cmd=history (@uAUD UNFIAN 2556).



48

a 4 4 A 1 3} 1
sTUUAITAUINAQUAIAAT. guiAnuIdIuIndonguiiinasIgazInl.
. A9 A A
http://www.careutapao.com/gis/ (¥ UAUND HUIAN 2556).
o ] va I o 1 [ @ o w
dunovIa vy - Usziaaumidumvesduneais q lusaniadavar. d1inau
EJOTLﬂEJ‘IfiMGl‘I’iﬂJ. http://www.songkhlahealth.org/paper/1182 (ﬁuﬁ'ugﬁa UNIINY 2556).
a a o a @ @ d J
¥IATA 1NYLIT uaz mnnaa? sudalnsiae. 2553. 18U Tasamsdunsiziesn
[ Y
A3 NeatoInugUAMZUTNAGUIInaDIgazIn
4 1 g} 1 o
sereami Insuas luguihigaznl. nsuyalszmu nsznsiunyasuazarnyal.
. . y oA
http://203.185.128.74/utapao/info-detail.php (FUAUIID UATIAV 2556).
a 4 14 4 v A @ v Yo
Ayad daruned. gorumssignnde 1 2553 nunisnwwnuilestunazudilym.
NIATAITITIVIYNIN. 10(37) : 1-6.
[ 4 9 4 a 4 a [ ]
as.neutlad nesduns, g doelnlsol. msmsizimainagnnneluialvg.
J 9 ) @ A
auditseug d1dnvadseniuin 16 nsurvalseniu.
http://kmcenter.rid.go.th/kmc16/research/research _54.html (ﬁuﬁ'ugﬁa UNIINY 2556).
Ao iy = o v Ao Yy A o >
o a1, 2533, madnwanuiu 'l 1dvesszvudeudsarsndunenugnnae
o 3 ] a rd
dnsutye azial -vialvag. VA : AUSAAINTIUAIAAS
UMINNGAVANUATUNS.
AInNUANLNITUMIMINAUINSIATHID WAL FIAUIKITIA. 2544, unuiloariu
9 [ Y
gnnneiunguinaoigazin duneviialvg daniadvan,
A o ' = A a o
Wy W0, 2553, Taseviedseamfon tazszuudla®, nqunna: ¥KIINGIaY
= Y A
ma TuTagnsouNAINTZUATINUD.
[ 091 J 1 4 a a oy o % a
m3fousmimuiies malug. quignninewazusmsiimald dninuinis
Y
%’ﬂmiﬁmazqwﬂmm nsusalseniu. http://hydro-8.com/main/day/basinutapow.html
(@uduite Tu1ny 2556).

[ [ 4 [ Y oy 4 @ g’ '
slnaasnNuFuRuTveTzADNT — 5282 Nanadeud1veilunaoIgazin.
TasamaaievroiiosleFoivosulonunisiddounilasaningiionia.

C . . y
http://hatyaicityclimate.org/upload/pics/water-level-chart-2.jpg (ﬁ UAUINe TU1AY

2556).



HNARNHIN

49



MANUIN N : BHUAILTAITOHE1TIVGNNING gNIIAZIN

UHUF A e HE13I9gNNING

Qnnanzm

2 A

‘
7 ?éqasﬁumnxtﬁ':

I.IMA

9.

A8
19.

2K

LRE] &
24.5

AR
17.0

fdnsinfier x173 o)

A.szn

17.0
R

175

@ %1l prastaelds
p R
4 shafiuineaeaiilug

7.5 WIMD9dEn

= o G
o DIUALUIARBIUAT

14.

AT . 5

23.5
X.174 2

30.7
B ;T @ X44  x 71
ﬂrﬁ?%lﬂ‘:u'?ﬂ y ﬂ_.'l i [=Hal O

A.977 X.240

O x181 dharaeins

AL

éﬁﬁ]ﬁmw
= :

D oleatenine
o9 rm\:aﬁm:”

R G RERTRELES

HZLAAILAIAAD

WHUTEIARDD

ATUENIEIN - DlARS

o
=i
=}

AmidITIRs=AL
amiidsaszainuasSunani
amiidsaszaninuasBnanhuazaznau
Anniidrsaaan-ann

Annidsradsananindu

rEeQO;

9
MNsznou n-1 unuRLEaIaa1id139gNnIMe quigazi




Y d' av

MANUIN ¥ : VayanlFluanIde
¥ =q Y ~ A o 3
MARUIN V1 : uaasteyanlylumsaeuimsnssuulszdiuszdnii

v
@ o ] <
MTNMANUIN V1-1 naasdoyaszaviiani Insinasthuuenes (X.1734)

9
[ o

sEAUA0N X 173A (1.501.)

Suiiidou n.8. a.9. n.g. 5.9. A,
2554 2554 2554 2554 2555

1 11.37 13.05 10.41 11.90 15.46
2 10.60 12.51 10.32 11.42 16.31
3 10.30 12.05 10.22 11.16 15.40
4 10.20 11.97 10.18 11.17 14.74
5 10.15 11.89 10.23 12.50 14.22
6 10.15 11.78 10.44 13.55 13.81
7 10.17 11.75 11.11 13.20 13.24
8 10.21 11.76 11.19 12.85 12.46
9 10.36 11.67 11.21 12.04 11.94
10 10.55 11.55 11.22 11.26 12.09
11 11.41 11.37 10.73 11.02 12.43
12 14.34 11.15 10.50 10.89 13.38
13 14.65 11.03 10.47 10.93 15.63
14 14.42 10.86 10.34 10.87 15.17
15 14.01 10.81 10.23 10.78 14.58
16 13.48 11.25 10.18 11.77 14.20
17 12.71 10.75 10.34 13.23 13.79
18 11.96 10.79 10.35 13.16 13.46
19 11.41 10.96 10.20 12.40 13.64
20 11.35 10.94 10.20 11.76 14.91
21 11.38 10.82 11.60 11.38 14.74
22 11.39 10.78 13.18 11.57 14.31

23 11.38 11.07 13.48 11.63 13.98
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J

seauthgoItl X.173A (W.501.)

Suiiidou n.8. a.9. n.g. 5.9. A,
2554 2554 2554 2554 2555

25 10.80 10.67 14.63 10.98 13.66

26 10.40 10.68 14.37 10.80 13.11

27 10.60 10.61 14.24 10.68 12.36

28 11.83 10.70 14.14 10.57 11.82

29 13.40 10.44 13.53 10.49 11.56

30 13.59 10.23 12.67 10.43 11.37

31 10.29 10.96 11.29

N @ rms Tasansralsemuaaval a.nude 9.11alvg) 9.49va
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MINMARLIN 31-2 naasdoyadsmanihduiaianii Tnsunasthunieman (X.90)

syaniduaniil X.90 (ww.)

Suiiidou n.8. a.9. n.g. 5.9. u.A.
2554 2554 2554 2554 2555
1 6.00 1.70 2.30 0.00 46.70
2 0.00 0.00 1.10 0.00 88.00
3 0.00 0.00 0.00 1.50 0.00
4 0.00 0.00 0.00 57.50 0.00
5 0.00 2.00 2.20 0.00 0.00
6 0.00 0.00 32.10 0.00 0.00
7 0.00 1.50 35.10 0.00 0.00
8 23.20 2.50 0.20 0.00 18.30
9 0.00 0.00 2.30 0.00 29.30
10 79.70 0.00 0.00 16.20 29.00
11 53.60 0.00 0.00 23.70 18.40
12 0.00 0.00 0.00 26.50 146.90
13 25.60 0.00 0.00 0.00 23.30
14 * 0.00 15.20 0.00 0.00
15 * 36.20 4.30 50.30 0.00
16 0.00 0.00 8.20 53.10 9.80
17 0.00 7.70 0.00 8.40 0.00
18 0.00 6.30 1.00 12.10 5.60
19 18.30 0.00 16.10 0.00 12.40
20 * 24.10 108.30 7.80 3.90
21 * 0.00 59.50 17.70 10.00
22 * 0.00 59.10 0.00 0.00
23 0.00 2.70 59.80 8.90 0.00
24 0.00 1.90 28.50 1.60 0.00

25 24.00 2.30 14.30 0.00 0.00
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syaniduaniil X.90 (ww.)

o A A
AUN/ADU

n.4g. #1.9. N.8. B.9. u.a.

2554 2554 2554 2554 2555
26 0.00 26.40 6.40 0.00 0.00
27 7.30 0.00 1.20 0.00 0.00
28 1.70 0.00 1.70 0.00 0.00
29 1.70 20.20 0.00 8.00 3.70
30 0.30 28.40 0.00 26.40 2.00
31 7.20 143.10 3.20

M @ rms Tasansralsemuaaval a.nude 9.1alve) 9.89van
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o A A
IUN/ADU

a 3’ ~ [ 1 < :l o Y
USuanimiassaneranuiinassdr v @ av.w.)

n.4g. #.9. N.8. B.9. u.a.

2554 2554 2554 2554 2555

1 0.028 0.000 0.000 0.000 0.000

2 0.028 0.000 0.000 0.000 0.000
3 0.037 0.000 0.000 0.000 0.000
4 0.036 0.000 0.000 0.000 0.000
5 0.036 0.000 0.000 0.000 0.000
6 0.036 0.000 0.000 0.000 0.000

7 0.036 0.000 0.000 0.000 0.000

8 0.035 0.000 0.000 0.000 0.000

9 0.044 0.000 0.000 0.000 0.000

10 0.044 0.000 0.000 0.000 0.000
11 0.044 0.000 0.000 0.000 0.000
12 0.044 0.000 0.000 0.000 0.044
13 0.044 0.000 0.000 0.000 0.122
14 0.000 0.000 0.000 0.000 0.089
15 0.000 0.000 0.000 0.000 0.119
16 0.000 0.000 0.000 0.000 0.118
17 0.000 0.000 0.000 0.000 0.054
18 0.000 0.000 0.000 0.000 0.054
19 0.000 0.000 0.000 0.000 0.054
20 0.000 0.000 0.000 0.000 0.054
21 0.000 0.000 0.000 0.000 0.054
22 0.000 0.000 0.000 0.000 0.054
23 0.000 0.000 0.000 0.000 0.054
24 0.000 0.000 0.000 0.000 0.054
25 0.000 0.000 0.000 0.000 0.054



AT NNARUIN V1-3 (AD)

a 3’ ~ [ 1 I 3’ o Y
USuanimiassaneranuiinassdr s @ av.w.)

Suiiidou n.8. a.9. n.o. 5.9. A,
2554 2554 2554 2554 2555

26 0.000 0.000 0.000 0.000 0.022

27 0.000 0.000 0.000 0.000 0.004

28 0.000 0.000 0.000 0.000 0.004

29 0.000 0.000 0.000 0.000 0.004

30 0.000 0.000 0.000 0.000 0.004

31 0.000 0.004

M @ rms Tasansralsemuaaval a.nude 9.1alve) 9.49va
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o A A
IUN/ADU

a 091 ~ [ 1 I g’ FY
suaninilasginorunuiiinassrial (@1u aw.y.)

n.4g. #.9. N.8g. B.9. u.a.

2554 2554 2554 2554 2555
1 0.039 0.018 0.010 0.008 0.009
2 0.039 0.018 0.010 0.008 0.068
3 0.039 0.018 0.010 0.008 0.068
4 0.039 0.018 0.010 0.008 0.182
5 0.039 0.018 0.010 0.008 0.204
6 0.077 0.018 0.010 0.008 0.194
7 0.077 0.018 0.010 0.008 0.203
8 0.076 0.018 0.010 0.008 0.203
9 0.076 0.018 0.010 0.008 0.202
10 0.076 0.018 0.010 0.008 0.203
11 0.076 0.018 0.010 0.008 0.271
12 0.079 0.018 0.010 0.008 0.359
13 0.079 0.018 0.010 0.008 0.414
14 0.079 0.018 0.010 0.009 0.529
15 0.180 0.018 0.007 0.009 0.648
16 0.180 0.018 0.007 0.009 0.647
17 0.195 0.018 0.007 0.009 0.449
18 0.194 0.018 0.007 0.009 0.448
19 0.194 0.035 0.007 0.009 0.270
20 0.192 0.035 0.007 0.009 1.476
21 0.191 0.035 0.007 0.009 0.648
22 0.190 0.035 0.007 0.009 0.496
23 0.189 0.035 0.007 0.009 0.449
24 0.188 0.035 0.008 0.009 0.448
25 0.187 0.035 0.008 0.009 0.401



AT WAANUIN V-4 (A1D)

a 091 ~ [ 1 < 3’ Y
suaninilasginorunuiiinassrial (@1 av.y.)

Suiiidou n.8. a.9. n.g. 5.9. u.A.
2554 2554 2554 2554 2555

26 0.187 0.010 0.008 0.009 0.399

27 0.184 0.010 0.008 0.009 0.226

28 0.018 0.010 0.008 0.009 0.035

29 0.018 0.010 0.008 0.009 0.035

30 0.018 0.010 0.008 0.009 0.035

31 0.010 0.035
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MINNMARUIN 3 1-5 naasdoyaszauiieanil Insuasthuuema (X.90)
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[

9
o

seautignIt X.90 (1.510.)

Suiiidou n.8. a.9. n.g. 5.9. u.A.
2554 2554 2554 2554 2555

1 3.08 3.37 2.72 3.38 6.96
2 2.93 3.42 2.59 3.22 9.74
3 2.87 2.80 2.68 3.12 8.50
4 2.85 2.77 2.55 3.21 7.22
5 2.64 2.88 2.70 3.73 5.73
6 2.92 2.87 2.69 3.69 4.38
7 3.07 2.87 2.60 3.61 3.71
8 3.01 2.88 2.99 3.34 3.36
9 2.86 2.82 2.69 3.12 3.21
10 2.95 2.81 3.39 2.94 3.58
11 3.26 2.72 2.59 2.76 3.92
12 4.66 2.62 2.67 2.92 4.34
13 5.32 2.65 2.46 3.23 8.54
14 5.02 2.95 2.63 3.09 8.17
15 4.17 2.85 2.59 2.86 7.13
16 3.60 3.16 2.65 3.47 5.90
17 3.28 2.90 2.77 491 4.80
18 3.11 2.73 2.72 4.82 4.08
19 2.73 2.82 2.84 4.08 4.00
20 2.77 2.66 2.76 3.53 5.58
21 2.89 2.76 3.77 3.19 6.55
22 2.76 2.69 5.31 3.33 5.74
23 3.06 2.69 5.45 3.46 4.63
24 2.68 2.70 6.60 3.19 4.01
25 2.84 2.63 6.74 2.96 3.86



AT NNARUIN V1-5 (AD)
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J

seautignIt X.90 (1.510.)

Suiiidou n.8. a.9. n.g. 5.9. A,
2554 2554 2554 2554 2555

26 2.85 2.67 6.08 2.87 3.57

27 2.58 2.59 5.55 2.79 3.24

28 2.82 2.65 5.09 2.76 3.04

29 3.18 2.68 4.46 2.65 3.05

30 3.44 2.59 3.75 2.64 2.83

31 2.67 2.97 2.86
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=

9
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MTNMANUIN V2-1 naastoyaszavihani Insunastuuenes (X.1734)

2
[ o

sEAUTa0N X 173A (1.501.)

Suiiidou n.8. a.9. n.g. 5.9.
2555 2555 2555 2555

1 9.90 11.05 10.20 14.68
2 9.85 10.49 10.22 14.69
3 9.82 10.25 10.20 15.10
4 9.81 10.20 10.19 14.58
5 9.80 10.18 10.24 13.96
6 9.77 10.17 10.14 13.11
7 9.88 10.23 10.12 12.01
8 9.95 10.15 10.00 11.25
9 10.38 10.09 9.96 10.95
10 11.35 10.13 9.99 11.42
11 11.00 10.51 10.05 13.28
12 10.61 11.45 10.04 12.82
13 10.22 11.73 10.47 12.36
14 10.19 11.83 11.58 11.81
15 10.86 11.45 10.89 11.72
16 11.00 11.49 10.29 13.61
17 10.96 11.35 10.01 13.91
18 10.52 11.35 10.00 13.02
19 10.27 11.92 10.17 12.07
20 10.06 11.71 10.74 11.99
21 10.10 11.39 11.00 11.68
22 10.14 11.18 10.94 12.40
23 10.05 11.25 10.40 12.92

24 10.08 10.86 10.48 13.22



AT MMANUIN V2-1 (AD)

2
[

sEAUA0N X 173A (1.501.)

Suiiidou n.8. a.9. n.g. 5.9.
2555 2555 2555 2555

25 10.11 10.75 11.67 12.93

26 10.49 10.67 13.22 12.10

27 12.12 11.09 13.51 11.62

28 13.02 10.75 14.28 11.26

29 12.45 10.71 14.10 10.94

30 11.70 10.43 14.20 10.86

31 10.21 10.77
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9 a 3’ o A ~ 9/
MINMARLIN 2-2 naasdoyadsmanihduiaianii Tnsinasthunieman (X.90)

Fyaniuanil X.90 (W)

Suiiidou n.8. a.9. n.o. 5.9.
2555 2555 2555 2555

1 0.00 1.70 0.00 42.10
2 0.00 0.00 0.00 0.00
3 0.00 0.00 8.10 0.00
4 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00
6 17.10 0.00 0.00 0.00
7 0.00 13.30 0.00 0.00
8 31.90 0.00 0.00 0.00
9 2.30 0.00 0.00 0.00
10 2.70 0.00 4.30 1.90
11 0.00 0.00 0.00 9.70
12 1.20 0.00 0.00 0.00
13 1.40 0.00 0.00 7.10
14 14.80 3.60 0.00 39.50
15 5.30 10.50 0.00 23.80
16 0.00 8.60 0.00 4.50
17 0.00 8.50 0.00 0.00
18 0.00 2.80 18.70 26.10
19 0.00 4.60 0.00 1.70
20 1.60 10.50 13.70 27.90
21 0.00 6.30 6.10 22.80
22 3.40 4.00 3.00 9.30
23 0.00 7.60 1.70 8.20
24 0.00 13.80 14.60 0.00

25 13.30 0.00 3.30 19.20



AT NNIANUIN V2-2 (A1)

Fyaniuanil X.90 (W)

Suiiidou n.8. a.9. n.g. 5.9.
2555 2555 2555 2555

26 10.70 0.00 1.60 0.00

27 1.90 0.00 0.00 0.00

28 8.60 0.00 11.40 0.00

29 0.00 0.00 2.10 26.60

30 0.00 0.00 13.80 11.00

31 33.20 11.40
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o A A
IUN/ADU

a 3’ ~ [ 1 I :l o FY
USuanimiassaneranuiinassdr v @ w av.y)

n.4g. #.9. N.8. B.9.

2555 2555 2555 2555

1 0.006 0.005 0.005 0.005

2 0.006 0.005 0.005 0.005
3 0.006 0.005 0.005 0.005
4 0.006 0.005 0.005 0.000
5 0.006 0.005 0.005 0.000

6 0.006 0.005 0.005 0.000

7 0.006 0.005 0.005 0.000

8 0.006 0.005 0.005 0.000

9 0.006 0.005 0.005 0.000

10 0.005 0.005 0.005 0.000
11 0.005 0.005 0.005 0.000
12 0.005 0.005 0.005 0.000
13 0.005 0.005 0.005 0.000
14 0.005 0.005 0.005 0.000
15 0.005 0.005 0.005 0.000
16 0.005 0.005 0.005 0.000
17 0.005 0.005 0.005 0.000
18 0.005 0.005 0.005 0.000
19 0.005 0.005 0.005 0.000
20 0.005 0.005 0.005 0.000
21 0.005 0.005 0.005 0.000
22 0.005 0.005 0.005 0.000
23 0.005 0.005 0.005 0.000
24 0.005 0.005 0.005 0.000
25 0.005 0.005 0.005 0.000



AT NNIANUIN V2-3 (AD)

66

o A A
IUN/ADU

a 3’ ~ [ 1 I 3’ o Y
Svanimiassaneranuiinassdrvs @ w av.y)

n.4g. #.9. N.8. B.9.

2555 2555 2555 2555
26 0.005 0.005 0.005 0.000
27 0.005 0.005 0.005 0.000
28 0.005 0.005 0.005 0.000
29 0.005 0.005 0.005 0.000
30 0.005 0.005 0.005 0.000
31 0.005 0.000
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o A A
IUN/ADU

a 091 ~ [ 1 I 3’ Y
suaninilasginorunuiiinassrial (@1 av.y.)

n.4g. #.9. N.8. B.9.

2555 2555 2555 2555

1 0.056 0.008 0.007 0.008

2 0.056 0.008 0.007 0.008
3 0.056 0.008 0.035 0.008
4 0.056 0.008 0.035 0.008
5 0.056 0.008 0.035 0.008
6 0.055 0.008 0.035 0.008

7 0.055 0.008 0.035 0.008

8 0.055 0.008 0.035 0.008

9 0.055 0.008 0.035 0.008

10 0.055 0.007 0.035 0.008
11 0.055 0.007 0.035 0.008
12 0.055 0.007 0.035 0.056
13 0.055 0.007 0.035 0.056
14 0.055 0.007 0.035 0.056
15 0.055 0.007 0.035 0.057
16 0.055 0.007 0.035 0.057
17 0.054 0.007 0.035 0.057
18 0.007 0.007 0.035 0.057
19 0.007 0.007 0.035 0.057
20 0.007 0.007 0.035 0.058
21 0.007 0.007 0.035 0.058
22 0.007 0.007 0.035 0.058
23 0.007 0.007 0.035 0.058
24 0.007 0.007 0.035 0.060
25 0.007 0.007 0.035 0.060



AT WMANUIN V2-4 (AD)

68

o A A
AUN/ADU

a 091 ~ [ 1 < 3’ FY
suaninilasginorunuiiinassrial (@1 av.y.)

n.4g. #.9. N.8. B.9.

2555 2555 2555 2555
26 0.007 0.007 0.035 0.060
27 0.007 0.007 0.035 0.060
28 0.007 0.007 0.035 0.060
29 0.007 0.007 0.036 0.060
30 0.007 0.007 0.007 0.008
31 0.007 0.008
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AMITNNARUIN 12-5 naasdoyaszauiieani Insuastuuema (X.90)

9
[ o

sEaUan X.90 (31.5N0.)

Suiiidou n.8. a.9. n.o. 5.9.
2555 2555 2555 2555

1 3.06 3.05 2.59 3.82
2 3.03 2.87 2.51 427
3 2.9 3.08 2.51 4.84
4 2.96 3.17 2.45 4.82
5 2.92 3.11 2.51 3.88
6 2.90 3.04 2.46 3.24
7 2.88 3.13 2.50 2.88
8 291 3.12 2.50 2.69
9 3.05 2.94 2.48 2.60
10 3.49 3.05 2.48 2.62
11 3.46 3.05 2.56 3.17
12 3.27 3.11 2.55 3.07
13 3.20 2.75 2.59 2.90
14 3.10 271 2.80 2.76
15 2.93 271 2.73 2.69
16 3.48 2.70 2.57 334
17 3.12 2.68 2.56 3.67
18 3.25 2.59 2.56 3.35
19 3.17 2.79 2.65 3.02
20 3.16 2.70 2.77 2.9
21 321 2.62 2.61 2.88
22 3.22 2.56 2.58 3.11
23 3.14 2.58 2.57 3.33
24 3.08 2.53 2.54 3.40

25 3.09 2.55 2.66 3.25



AT NNARUIN V2-5 (AD)

70

J

seautignIt X.90 (1.510.)

Suiiidou n.8. a.9. n.o. 5.9,
2555 2555 2555 2555

26 3.10 2.53 2.90 3.05

27 3.28 2.55 3.16 2.90

28 3.44 2.51 3.58 2.75

29 342 2.49 3.70 2.68

30 3.17 2.53 3.42 2.61

31 2.48 2.61
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Training Data aduaadlu mnilsznou a-1 uag awdaslu nmmilsznou a-2

XIT3E) | XAT3[-24) | XAT3(-48) | XE0 XAT3() | XAT3(-24) | XATI4E]) | X
1137 1194 1182 308 103 11.15 137 265
1060 1137 1184 283 1056 103 1115 245
1030 1050 1137 a7 1051 1056 103 285
1020 1030 1060 a5 1125 1051 1056 316
1015 1020 1030 284 1075 11.25 1051 2490
1015 1015 1020 pel=rl 1079 1075 1125 273
1017 1015 1015 307 1096 1079 1075 2
1021 1017 1015 am 1024 1095 1079 2
1036 1021 1017 286 1082 1024 1096 27
1055 1035 1021 295 1078 1082 1024 2
1141 1055 1036 ke 107 10.78 1052 2
1434 1141 1055 465 1034 1.7 1078 270
1465 1434 1141 532 1067 1034 107 263
1343 1401 1442 360 1053 1067 1034 267
1271 1345 1401 328 1061 1063 1067 25
1156 127 1345 311 1070 1061 1058 265
1141 1196 127 273 1044 10.70 1051 2
11.38 1.3 11.38 306 1023 1044 1070 23
11.20 1.3 1138 2z 1029 1023 1044 267
1080 1120 11.38 234 1041 1029 1023 272
1040 1030 1120 235 1032 1041 1029 258
1060 1040 1080 258 1022 1032 1041 265
1183 1080 1040 Zz 1013 1022 1032 255
1340 1183 1060 318 1023 10.18 1022 270
1358 1340 1183 44 1044 1023 1013 2682
1305 1354 1340 337 1111 1042 1023 260
1251 1305 1359 342 11.18 11 1044 293
1205 1251 1305 280 1121 11.19 1111 2688
1187 1205 1251 277 1122 12 11.18 33
1128 11487 1205 25 1073 11.22 1121 258
11.78 1138 1187 287 1050 1073 1122 267
11.75 11.78 1128 257 1047 1050 1073 245
1176 1175 11.78 25 1034 1047 1050 263
1167 1176 11.75 282 1023 1034 1047 258
1135 1167 11.76 2481 10.18 1023 1034 2685
1137 1155 1167 272 1034 10.13 1023 277
1115 137 1135 282 1035 1034 10.18 72

N5 A-1 Training Data



WIT3Y) | XITER) (WiTEpaE) | o
1020 1033 1034 284
1020 1020 033 78
1160 1020 1020 EXEl
1313 1160 1020 B
1343 1318 1160 BE
1446 1343 1313 560
1163 1146 1343 E7d
1457 1463 1446 503
1424 1437 1163 B
TR 424 1437 im
1353 1414 1424 L15
1267 1253 1414 i73
1180 1267 1353 333
1142 S 1267 iz
1118 1142 1180 31z
1117 1118 1142 an
FES A7 EEG 173
1352 1250 1117 IE
1320 1553 1250 iE1
128 1320 1355 B
1204 S 1320 31z
1128 1204 128 FXT]
e S 1204 78
1080 i 1126 709
1053 e e 313
10ar 1053 1080 i
1078 0ar 1093 2
177 1078 10ar 34T
1323 kG 1078 1o
1318 1323 KD =]
1240 1318 1323 4108
1176 1240 1318 153
1133 1178 1240 ]
1157 1133 1176 133
1163 1157 1133 S
1123 163 Tia7 319
1058 1123 1163 18

HIT3Y) AT3(-24) POITEM-48) | om0
= = a7
053 108  10%8 7
1057  10es| 1040 78
048 i0&r|  i0ea e
043 1048 057 T84
096 1043 1049 za7
1548 0@ 043 S
1531 1548|108 a7d
150 E31| 1548 a0
= I =
147 1474 1540 573
1381 x| 14w e
B I = 3T
S EEE 13
1104 1248 1524 ]
1z 1184 1288 S
1243 2m|  1iad R
1333 1243 1209 13l
1563 iash| 1243 a5l
EH I R
1253 1517|1563 713
I 5a0
1378 iiz0| 148 180
1348 1ata| 140 108
1364 1348|1379 00
1401 1384 1348 123
1474 im1|  1aed 25
1431 1474 U 574
1383 ie31| 1474 LE
I L0
1366|  ia@1| 1398 15
1341]  iags|  iae 3a7
1238 1311 1368 3
Tiaz] 12|  iani 304
I 0
37| nEs|  ia za3
Tize| | 118 S

11520 A-2 Training Data

72

v W o .. o I
TumseonuuuseUHeFOUAULTN A511 Training Data 111MINADALVLY

4 a L& [
N3291Y (Scatter Plot) NDIATIEHANH UL YD Training Data aavaaaly ammnilsznou a-3



N173(1,1-24) X173(1,1-48)
=00 1O
1800 1800 T
13.00 = 300
12.00 12.00 =
¥ & L]
£ oo £ oo F.i
5 aoo 5. aoo
= aco ™ m.oo
3.00 oo
2.00 200
oD o.oo
ooo =.00 Lo 1500 oo o.oo oo 10 5.00 FiT
xn7adkeda) xu7idead)
X173(t-24,1) ¥173(t-24,1-48)
oo 1O
=00 > ik ¥ 2.0
3.0 y 13.00 F
o 12.00 T 12.00 =
g_ 10,00 E 1ooE *
7 zoo I e
00 = eco
.00 .00
.00 .00
0.0 O.0D
oo .00 HT 1300 000 oLoD o0 0L 2.0o 2000
w17al x7iaE)
X173(t-48,1) X173(t-48,1-24)
IO 1800
1800 e 18.00 B —
15.00 bt * 14.00 -~ L
& 2D00 o 12.00 ﬁ*ﬁ—
I wmes 1 1woo
o oaoo 8 aoo
Y- =N
400 400
2.00 .00
1.} O.0D
oo .00 L3 = oo 000 = 2.00 1000 2.00 o0
X173 EL73M24)

<
AMMNIZNOU A-3 MINADALVUNTZY (Scatter Plot)
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NI NIITUINU I Attribute 1 (X173(1) Ad5usi0ily 3 Aadira {Lowl,

Mediuml, Highl} Attribute 2 (X173(t-24)) arsutiauilu 3 Aadme {Low2, Medium2, High2}

1ag Attribute 3 (X173(t-48)) arsuaiiy 3 AaFe {Low3, Medium3, High3}

) 9
TunmssmuailaFimaveunaz Atribute iiomisdrudoyativ awisodild

' 9 v
Tagmsfummimganazagegavesdoyaninua luuaazila uazdammaigaas

1 9 1 1 dl 9 ) a 4 LY =
mqaqm@wagaiuLmazﬂqmwe“lﬂf“luﬂ15ﬂmuﬂmimmaimmwc}mw

o T 9 =< 9 I [ ] Ty I
NMNTUIINUUDYA Iﬂﬁlﬁlﬂ“llﬂi;llﬂ X.90 1Wuvian LL']NﬂQlI"UElin.ﬁE]E]ﬂLTJH 4

9
[GEY llﬂ'liﬁ'lﬁuﬂﬁlf’Nfgf'mgﬂﬂ'liLLUQ"IgJ}@%‘l,anllWli'l\‘lﬂ'lﬂN‘Lli]ﬂ A-1 Aall
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MTWMANUIN A-1 SMUATNHMTIMIIIToya

S RRRGRATI Fonqu ANNHNIBYDINGY
)
0-3 0 UIUDY
J
3-7 1 1111n@
7-8 2 Wz d
J
8-10 3 1INV
d' [ 1 9 Y 1 o' 1 9 3 1 Aaa 1
edanguiayaualnmiamdiganazagagaveddoyaninualundazia taza

Yy

fMgAazAIGIgAUDIUDYQ

11 pwilsznou a-4

) H ] al - o ] -
AEAR FidAe wazAlafruatdayavanya luneaasia

min max mean

K173(t48) | 10.15 16.31 1181
H1T3-24) | 10.15 16.31 1191
KAT3L) 10.15 16.31 11.91
XONE) 246 574 3.59

AIENAR FIAR WASAT

al - . . . I
LaangEayauaasnay gy 0 Wdlas

min max mean

KT3I 10.15 12.05 10,81
KAT3(-24) | 10.15 1251 10.89
HA1T3(t48) | 1017 13.05 11.02
XK90(t) 248 299 2.76

FIENER GIER waTAT

al v ] ' ' -
Laarumtayausazngy gy 2 hasla

min max mean

XKAT3{) 1458 1474 14 66
H173(t-24) | 15.17 15.40 15.29
KF3t48) | 15.63 16.31 15.97
XK90() 7.13 7.22 7.18

1 1 4 o a J oy [
Tungaznguie 14 lunsdimuamsiimesvesilaFisa duaas

. B . al - . . . H -
AENAR PR wazAaaruadayaudaznagy Ay 1ddnd

min max mean

KT3I 10,17 15.46 1277
KAT3(t-24) | 1015 1481 12.70
HAT3(t48) | 10.15 15.40 12.66
KOt) 3.01 6.96 4.06

) H ] al v ] ' ' I
AENAR FdE LatraarumdiayauEasngy Agu 3 viay

min max mean

KT3I 15.17 16.31 15.63
HAT3-24) | 13.38 16.31 15.2
KAT3(t-48) 10.96 15.46 13.06

KONE) B.17 574 B4

v 9 ]
ailszney a-4 Adigauazagegavestoyanirualuudaziia uagadigeas

Mgagavestoyalundazngu

]
~

Y
a =

a J v I a
siavesilandunuduaundniledll 2 ¥iiadati Triangular Membership

Function tta¢ Trapezoidal

Membership Function
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x<a
(x—a)/((b—a) a<x<b

riangular (b A=) (_ope-b) bex=c

0 xX>c
(0 x<a
l(x—a)/(b—a) a<x<b
trapezoidal (x : a,b,c,d) = 4 1 b<x<c
[(c—x)/(c—b) c<x<d
kO x=>d

MseenuUUHaIwe LAaz Attribute
Attribute 1 (X173(t) ity 3 s {Lowl, Medium1, Highl}
Alnames = {'Low1', 'Medium1', 'High1'};

Almf = {"trapmf,'trimf','trapmf'};

x= 10151631 % mdigadsmgegavesdoyaludai 1

aLowl = 1015 % mmgavesteyaluiiad |

bLowl = 1015 % mmgavesteyaluiiad |

cLowl = 1081 % mdgavesaundsvesdoyalunsaznguluiad
dLowl = 1347 % Aundvvesnunasvesdoyaluusaznguluiai 12

Lowl = trapmf(x,[alow],blow],clow]1,dlow1])

aMediuml =  10.81 % mmaﬂmmmmaﬂmawamimmawﬂan“luQ N1
bMediuml =  13.47 % mmaﬂﬂlmmmaﬂmawamimmawﬂmfl,u“ 1
cMediuml =  15.63 % ﬂrcNammmmaﬂmawamimma“ﬂmfl,umﬁ 1

Medium?2 = trimf(x,[aMedium2,bMedium2,cMedium?2])

aHighl = 13.47 %mmaﬂmmmmaﬂmawauaimma gngululian 1
bHighl = 1563 % mgegavesnimdsvesdoyaluudazngulufiad 1
cHighl = 1631 % fn mammeﬁ’amiugad‘ 1

dHighl = 1631 % 1 gegavestoyaluila il

Highl = trapmf(x,[aHigh1,bHigh1,cHigh1,dHigh1])

plot(x,[Low1” Medium1’ High1’]*)
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Lot Mediund Higghrl

05+ —

o D| | | | = |
1 12 13 14 1

o
—
o

a

amlsenou a-5 319 Low, Medium tae High 1ulian 1

[ aa

o A 3 o @ 2 Y A o o = aa
ﬁ'lﬁiﬂ‘lun@@u@]ﬂ‘V]'l‘luaﬂ‘nglﬂﬂ'Jﬂu lN@%TﬂTiﬂTWUﬂ‘WGﬁGﬁLGﬁ@ﬂiUVJﬂll@]

9
~

Y v A Y a o Y 9y a = Y o dy Y
udn Tihmsdamevteyagadvavlitudoyaraflsdyn lnelddd dq

—9

LA 1 “I” HU18D9 “Low1” “m” HNI0AN “Medium1” 11aL “h” U189 “Highl”

—9

LA 2 “I” M8 “Low2” “m” WU “Medium?2” 118 “h” U189 “High2”
TuTAN 3 “I” HaeD9 “Low3” “m” HN8DN “Medium3” 18 “h” W89 “High3”
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) MATLAB 7.7.0 (R200Bb)

File Edit Debug Parallel Desktop Window Help
NMgl s B2 oc &3 171 .|C:'|,D0cuments and SettingsiPeariy Documents\MATLAE ViE] =)
© Shartcuts [#] Howto Add (2] What's New
Current Directory oz x|
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dav.fis 10/5/25586, 15:52 u. A
day2MF fis 13/10{25586, 0:31 .
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<} FIS Editor; Untitled Q@

File Edit Yiew
Unititlec
(marmckani)
inpLt1 outputl

FIS Mame: Lntitled FIS Type: mamdani
And method b o | || Current Wariable
Or method T T (][ inputt

@ | e input
Implication T ||| P

| |Range 1]
Aggregation [ |
Defuzzification centraid _v Help | Close
Syatem "Urtitled": 1 input, 1 output, and O rules

aMniszney -3 ninatadesonl¥au fuzzy toolbox

M5l uazaulsiiiesn
Edit > Add Variable > input 130 output
mIaudadmlsinu vsedulsiioen
1AoN@NADIN13aL > Edit > Remove Selected Variable #30 Ctrl+X
MINANT Membership Function
A @ Ay . . . A
onaulNaean1s > Edit > Membership Function #1590 Ctrl+2
N1599015 Rules

Edit > Rules %39 Ctrl+3



} Membership Function Editor: Untitled
Fille Edit Wiew

IS Satiahlas Membership function plats  PIot points: | 181 .
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o VO
R
inpLt1 outputl
05+ B
0 i 7 7 = n 7 7 n n
0 0.1 0z B 0.4 05 0B Q7 0 04 1
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Mame inpLt1 Mame
Type inpast e
: | | Params "
Range 01] |[-0.400.4]
Displary Range |£01] | Help |
Ready

AsEney 9-3 HEANEIMTUIANT Membership Function

<} Rule Editor: Untitled

File Edit “iew Options
{ A
bt}
It Then
inputl is oltput] i
(TR ~ P
miz2 —1 miz2
mf3 mf3
none none
|
i |
[ net [ rat
~ Connection Wieight:
Clor
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Mo rules for system "Untitled" ‘ | Help | Close ‘ ‘
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<} FIS Editor; Floodmodel]

File  Edit ‘Wiew
FAT3E-45 S,
H1T30E-24
| > | e
*1730
FIS Mame: Floodmociel FIS Type: mamdani
And method i o | || Current Varisble
Or methad s T || | K17 3t-48)
2 s ||l e
Implication i | e i
— || Range [917]
Agcregation | max |
Defuzzification centroid v Help Close
Opening Membership Function Editor
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<} Membership Function Editor: Floodmodel1 E”E]Fg|
File Edit  Wiew

ElS Sariahlos Membership function plots  Plot points: . 181
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1
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RI73-48) X901
XX o
w1730-24
w730 0

1 1 1 i 1 1 1
& ) 10 11 2 i) 14 5 16 17

input vatiskle "H1730t-48)"

B0
Currert W ariable Currert Memberzhip Function (click on MF to select)
Matme 1T 3(t-48) Marme L
Type input lyie trapmf v
Reros 217 PETEEIE 13911.021318] '
Display Ranoe 1917] | Help Closs
Ready

mMnilseneu 9-6 Membership Function Low voIals X173(t-48)



} Membership Function Editor: Floodmodel1

File  Edit  Wigw
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WATAL-AE) a0

2
[
()
ir‘u
=

Metmbership function plots
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Loy

Medium High
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input varisble "1 738"

1T 3(t-48)

inpaut

Current Membership Function (click on MF ta select)

Mame

Type

Params

E_Medium |

trimf |

i[11.l3213.'1815.9?] |

Closg

Help |

File  Edit ‘Wiew
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¥1T3(-48) X90(H)

i
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ait-24

Membership function plots  PIot points: | a1
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TE
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I 1
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input variable "H1730t-487"

=KV uu]

Current Yarizkle
Mame

Type

Range

Display Range
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input

[1317]

Current
Mame
Type

Params

Membership Function (click on MF to select)

|[13.1815.9?1?1?] |

Cloze

Helg |

Ready

N MN52NOU 9-8 Membership Function High U03@21113 X173(t-48)
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J Membership Function Editer: Floodmodeld E@

File  Edit ‘Wiew

FIS Variables Membership function plots  PIot points: | 181|
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1
e
){@ ¥90(t)
05 g
RA7TSH-24
WA730
EI 1 1 1 1 L) 1 1 1
) 10 11 12 13 14 15 16 1T
= input variable K1 730t-240"

Current Yarizkle
Mame

Type

Range

Display Range

H17308-24)

input

Current Membership Function (click on MF to select)

Mame

e | trapmf v

Params | [8910.8913.52] |

[1317]

Helg |

Selected varishle K1 7301-247"

nnilsenon 9-9 Membership Function Low VoIaus X173(t-24)

J Membership Function Editer: Floodmodeld

File  Edit ‘Wiew

Display Range

FIZ “ariables Membership function plots  PIot points: | 181|
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1
/X
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05 5
HAT3-24
A3
o n = T N N .= n
) 10 11 12 13 14 15 16 17
S input variable "H173t-247"
Current Yariable Current Membership Function (click on MF to select)
Mame *1730-24) RElis E_r-nedium _J
Type input TS trimt _V,
Params
[10.8913.52 15.29] |
Range 1@17] | | |

[1317]

Cloze

Helg |

Selected varishle K1 7301-247"

nwilsenou 9-10 Membership Function Medium voIauls X173(t-24)
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<) Membership Function Editor: Floodmodel1
File Edit  Wiew

Dizplay Range E-[9 17]

S ratiablos Membership function plots  PICt points: | 181 |
Loy Medium High
1
/X
xi EESET a0t
0.5
HA730-24
X730
0 T T T ro— — 7 , g
a9 10 11 i 13 14 15 16 17
= input variable "H1731-24)"
Current Yariable Current Membership Function (click on MF ta select)
Mame X173(t-24) MR High |
Type input W= | trapmt
Parains :
. 135215291717
Range : [817] i | [ ]

Helg | Close

Selected variable "1 T3-24)"

AMN52NOV 3-11 Membership Function High ¥94au1l5 X173(t-24)

J Membership Function Editor: Floodmodel1

File Edit View

FIS Wariables

Low Medium High
1
P
H173t-48) W90t
W73
D 1 1 1 1 = 1 1 1
Xx 9 10 11 12 13 14 15 16 17
owvan input wariable "1 300"

Current YWariahle

Mame X173
Type inpLt
Ranoe i [317]
Dizplay Range -[QTT]

Currert Membership Function (click on MF to select)

Mame
Type E.trapmf vl
Params |[9910.51 13.47] |

Help | Cloze

Selected varighle "1 73t

mnilsenen 9-12 Membership Function Low VoI5 X173(t)
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<) Membership Function Editor: Floodmodell
File Edit ‘Wiew

FIS Yariahles Membership function plats  PIot points: :_ 181
Lo Medium High
1
XX
HA730-48)  H90t)
}-{i Sg E-Ejl
X o 7 =i N 7 7 =y
XX 2l 10 11 12 S 14 15 16 17
s input variable "1 730"
Current “ariahble Current Membership Function (click on MF to select)
hame X173 Mame Medium _'
Type iripoat ke | trimt
Params i .
s :[91?] [[10.81 1347 15.63] y
Display Range 1917] Help Close

Selected variahle "¥17 30"

mnilseneu 913 Membership Function Medium VoI ls X173(t)

 Membership Function Editor: Floodmodell
File Edit Yiew

FIS “ariables Membership function piots  PIEt points: 181 :
Lowy feclivm High
1
J
K173-48) H90(t)
Kﬁ- 1
173t 0 : . . R , I |
] 10 11 12 13 14 15 16 17
Ewan input variable "H1 730"
Current Wariable Current Membership Function (click on MF to select)
Matne *173h Mame
Type input Type trapmf ~
. Farams E m
Range ;[9 17] [_[13.4? 158317 17]
Dizplay Range i[9 17] Help —

Selected variable "x1 73"

AMN52NOU 3-14 Membership Function High ¥99@2111)5 X173(t)
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<) Membership Function Editor: Floodmodel1

File Edit Wiew

FIS YWariables

hembership function plots

plot pairts: 1 81

=

035

w hedium

High

S0 o0
input wariable "RX90"

120

Currert Variakle
Mame

Type

Range

Display Range

RX90
input

|

| [0150]

[0150]

Current Membership Function (click on MF to select)

Mame
Type

Params | o012

| Loy

| trimf

Hel

Cloge

Selected variable "RX90"

amilseneu 15 Membership Function Low VoI5 RX90

<} Membership Function Editor: Floodmodell
File Edit Wiew

FIS “Wariables

Membership function plots

plot poirt=: | 181

R
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orvfiledium

High

a0 100
input wariskle "RX90"

150

Current Varizkle
Mame

Type

Range:

Display Bange

RXE0
input
| [0 150]

D150]

Current Metmbership Function (click on MF to select)

Mame

Type

l edium

| trimf |

RS 03897 13.3 28.2]

Help

Cloze

Selected variable "RX90"

ailsenou §-16 Membership Function Medium VoI5 RX90
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<) Membership Function Editor; Floodmodel1
File Edit  Wiew

FIS YWariables

Membership function plats P10t points: | 181 |

s

ecium

High

a0 100 150
input wariskle "RE90"

Currert Variakle
Mame

Type

Range

Display Range

RKS0
inpLt

|

| [0 150]

[0 150]

Current Membership Function (click on MF to select)

Mame | High

Type | trapmf

PRGN [12.9 27 8 150 150]

Helg Cloge

Selected variabls "RX90"

ailsgnou 3-17 Membership Function High YoIA15 RX90

<} Membership Function Editor: Floodmodel1
File  Edit ‘Wiew

FIZ “ariables Membership function plots  PIot points: 181 .
Dy Mormal Alert Flood
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LAYAY
HATE-48) X900t
HAT3-24
X173
0 n n N £ N n n n n
&} 1 2 ) 4 5 B i g ] 10
e output variakble "A900"
Current Yariable Current Membership Function (click on MF to select)
Mame Xa0i) RElis Dry
Type autput pe trapmf i
Params a i
r o024
Range [[o10] [[ 1
Bihiay BaE [0 Help Close

Selected variable "K900"

NMN52NOV 3-18 Membership Function Dry 499621415 X90(t)
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<} Membership Function Editor: Floodmodel1
File  Edit ‘Wiew

FIS YWariables

U

Membership function plots  PIot points: 181

a5t

Dy

Hormal Alert Flood

=g 1 L L T |

) 4 5 B i g ] 10
output variakble "A900"

Current Yarizkle

Dizplay Range | '[D 10]

el KAt
Type output
Range [010]

Current Membership Function (click on MF to select)

MName Marmal
Tooe trimi v
Paraiz [[2.5 4067 5]

Helg Close

Selected variable "K900"

mMnilsenen 9-19 Membership Function Normal VoI uls X90(t)

<) Membership Function Editor: Floodmodel1
File Edit  Wiew

FIS “ariables

05

Membership function plots  Plot poirts: 181

Dy

Mormal Alent Flood

3 4 3 5] i g B 10
output varizakle 900"

Mame X900ty
Type autpLt
Range I [010]
Display Range [D 1D]

Currert Membership Function (click on MF to select)

B | Alert
Type | trim
Params |[B57585]

Help Close

Selected variakle "L9001)"

mMnilsenen 9-20 Membership Function Alert VoI uls X90(t)
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<) Membership Function Editor: Floodmodel1

File Edit Wiew

FIS YWariables

05t

Membership function plats

plot points: | BT

Dy Mormal

Alert Flood

1 2 3 4 5 &
output variakle "H90"

Current Yariakle

Mame X900ty
Type output
Range [D 10]
Display Range [D1D] |

Mame
Type

Paraitis [7591010]

Current Membership Function (click on MF to select)

| Fiood

| trapmf |

Hel

Cloze

Selected variable "K900)"

mnilszneu 9-21 Membership Function Flood VoI uls X90(t)

: Floodmodell

Fil= Edit VYiew Options

1.0 (1730848 iz Lo and (417 300-24) is Lo and (01 730) is Lowd) and (RX90 is Lowe) then (X900 iz D1
2.1 (01730848 iz Lo and (017300-24) is Lo and (41 730 is Low) and (RX90 is High) then (9008 is Or
3.0 (01730-498) iz Medium) and (017304247 is Low) and (017300 iz Low) and (RX30 is Medium) then (X900
4. If (173t-48) iz Low) and (417 301-24) is Lowd) and (41730 iz Low) and (R¥30 is Medium) then (X900 i
5. 0f (017 30-48) i Medium) and (217 30-24) iz Medium) and (X1 730 iz Low) and (R¥90is Low) then (X300
6. If (17 30t-48) is Medium) and (017304240 is Low) and (01730 iz Low) and (R}30 is Low) then (X900t i
71 (1T 30t-48) b= Medium) and (01 730-247 i Low) and 001 730) is Low) and (RXS0 iz High then (X900 is
3.0 (0173098 iz Lo and (41730024 iz Lowd) and (417308 iz Lowe) and (RX90 is Lowe) then (X900 is M
9. If (1730t-98) iz Lo and (41730124 iz Lowd) and (4017308 iz Lowe) and (RX90 is High) then (X900 is Mo
10, I (X1 73(4-481 is Low) and (61 73t-247 is Low) and (617301 is Medium) and (RX90 is Low) then (X900 ¥

< >
It and and and Then

H1T3(1-48) is HAT3t-24) is WAT3) i RXE0 = H90(t) is
Lc il Al | | DTN
Medium T Medium | IMedium — | |Medium \Flood |
High High High |High
none Inone none Inone
- — bl | A | : vi
[ nat [ nat [ nat [ nat [ nat

Connection Wigight:

(or

() and 1 Delete rule Add rule | Change rule |
FIS Name: Flaadmadeft ‘ ‘ Hep | oss | ‘

aMwilsenay 922 nguesssuuiadzluuui 1
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<} Rule Viewer: Floodmodeld

File Edit Yiew Options
RITER-48) =13 RITa-24) =13 RT3 =13 R¥90 =75 a0t =4.14
1 T el |
2
4
a2
g =
8 #
9 %
1
12
13
i
i — i
18 i == o
19
% =
22
23
24
25
26
27
28 [ ] [ ] [ ] [ | [ ]
29 [ ] [ ] [ ] L ] [ ]
0T 1 [ 1 [ 1 I 1 [ 1
NP (431313 75] Pldt poirts: [y MOvE et | vight | S | up |
Opened system Floodmads!, 40 rules Help | Closs |
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=) 'FIS Editor: Floodmodel
File Edit Wiew

Floodmaocel

(mamcani)

@/ xang)

FIS Mame: Floodmodel FIS Type: matmdani
£ method i | | | Current Varishie
Or method = e ||| B | 1730t-48)
— || =

Implication min - he 5

: " | | Range [917]
Agoregstion s w
Defuzzification centroid v Help Close

System "Floodimodel" B inputs, 1 output, and 59 rules
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<) Membership Function Editor: Floodmodel

File Edit ‘Wiew

FIS Wariables

Membership function plats  PIot points: | 181

I3

o

>

Xa0ct)

k.

05

e dium High

=<3 [~
S

N
0.05 01 015
input wariakle "RJ"

Current Yariable

Mame R
Type iripoat
R |
sl |[0045] |

Display Range |[0015]

Current Miemberzhip Function (click on MF to select])

Mame Loy
Params | [000.004 0.03]

Help ‘ Close

Selected variahle "RJ"

ailseneu 9-25 Membership Function Low oAy RJ

J Membership Function Editor: Floodmodel

File Edit Wiew

FIS YWariables

Membership function plats  Plot points: | a1

AN e

XX
0.5+

L Medium High

= |

I
0.05 04 015
it wariable "R

Mame RJ

Type inpaut

Display Range i [0015]

Current Membership Function (click on MF to select)

Marme . Medivm J

Type

Params | [0.004 0,03 0.08] |

Hel | Cloze

Selected variabls "R

awilsenou 9-26 Membership Function Medium Vo33 RJ
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<) Membership Function Editor; Floodmodel

File Edit  Wiew
ISy atiahloe Membership function plats P10t points: | 181 |

L Medium High

i5

o

AN T

2

Rl i g
SRR

s

0 1% i .
o 0.05 o1 015
input warizkle "RJ"

Current ariahle Current Membership Function (click on MF ta select)

Marme Rl Marme High |
Type input Tipe trapmf i

Paraitis | [0.03 006015 015]

B
Range |0 013] |
e e o015 Help | Clase

Selected variabls "RJ"

awilsgneu 9-27 Membership Function High VoI5 RJ

J Membership Function Editor: Floodmodel

File Edit  Wiew

FIZ Yariables Membership function plots  PIot points: | 181 :
Low Medium High
XX i
Ly
XX ®30¢t)
=<
e &
S
XX
S
XX ; \ . .

@ 0 0s 1 15
input warishle "RL"

Current Membership Function (click on MF to select)

Matme RL Matte : Low |

Type inpLt IR | trapmt ¥
Params

— (000031 0215] |

Range [1015] | | |

Pl BT 013 Help | Close

Selected variabls "RL"

awilsenou 9-28 Membership Function Low oI5 RL



<) Membership Function Editor: Floodmodel
Filz Edit ‘Wiew

FIS Yariables

Membership function plots  PIot points: [ 181

¥90(t)

XX
XX
K@] 05
[XX]
X

Low  Medium

High

= | 1

05 1 15
input variable "RL"

Current Yariskle

Marme RL

Type input

A [[01.8] |
Display Rarge _[D 1.8

current Membership Function (click on MF to select)
1
Mame | Medium

Type timt v

Params |[u.031 0.2150.415]

Help | Cloze

Selected variakls "RL"

anilsgnou 9-29 Membership Function MediumU03d2115 RL

J Membership Function Editor: Floodmodel

Fille Edit Wiew

FIS Variables

Membershin function pigts P10t points: | 181 |

L2 | Hang

XX
05

SV Ly hedium
i

Highl

05 1 1.5
inpLt wariable "RL"

Mame RL
Type input
Range |[01.5]
Dizplay Range 1 5]

Current Membership Function (click on bF to select)

ame | High
Type I trapmf
Params 02150415151 5]

Help Close

Selected variable "RL"

awilsenou 9-30 Membership Function High woIa 13 RL
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<} Rule Editor: Floodmodel

File Edit View Options

Q7 ER-45) iz Low) and (01 7301247 iz Low) and (01 730t is Low) and (RX90 is Low) and (R is Mediu A
I 01 TIE-48) s Lowd and (01 73024 is Low and (01 730E) iz Low) and (RX90 is High) and (R is Mediur
I (01 T34 iz Medium) and (017 30t-24) = Low) and (017300 i Low) snd (RXE0§s Medium) and (RJ s |
7 30-45) iz Low) and (01 730124 is Low) and (017300 is Low) and (RX90 iz Low) and (R is Low)

I 01 T3R8 is Lowe) and (01 730247 is Low and (01 730E) i Low) and (RX90 is High) and (R is Low?) @
0 T 30-48) is Low) and (017 301-240 is Low) and (01 730t is Low) and (RX}90 iz Medium) and (Rd is Loy
0 T30-48) is Low) and (017 301-240 is Low) and (01 730t iz Low) and (R0 i= Low) and (RJ is Low)

M G T3E-48) is Medium) and (017 30-24) s Medium) and (07300 is Low) and (RX90 iz Low) and (R is |

il
2
3
|4
5
6
7
5
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MANUIN -1 : S18azeaveIngMIdadulavesguuussuuiledunui 1

1.

10.

11.

12.

13.

14.

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)
then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is High)
then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
Low) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Low) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
High) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)
then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is High)
then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is
Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is

Low) then (X90(t) is Normal)
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is
High) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is High) and (X173(t) is Medium) and (RX90 is
Low) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is High) and (RX90 is High)
then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is Medium) and (RX90 is

Low) then (X90(t) is Normal)
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is High) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is Medium) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is
Medium) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is Low)
then (X90(t) is Alert)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is Low)
then (X90(t) is Flood)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
High) then (X90(t) is Flood)

If (X173(t-48) is Medium) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is
Low) then (X90(t) is Flood)

If (X173(t-48) is Low) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is High)

then (X90(t) is Flood)
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1.

10.

11.

12.

13.

14.

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)
and (RJ is Medium) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is High)
and (RJ is Medium) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) and (RJ is Low) and (RL is Medium) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)
and (RJ is Low) and (RL is Medium) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is High)
and (RJ is Low) and (RL is Medium) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) and (RJ is Low) and (RL is Medium) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)
and (RJ is Low) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is High)
and (RJ is Low) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
High) and (RJ is Low) and (RL is Low) then (X90(t) is Dry)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)

and (RJ is Medium) and (RL is Low) then (X90(t) is Normal)
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is High)
and (RJ is Medium) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is Medium) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
High) and (RJ is Medium) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Low) and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
Low) and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)
and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Low) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is Low)

and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

25. If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is High)

26.

27.

28.

and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is
High) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
High) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90

is High) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is High) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Medium) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is High) and (RX90 is High)
and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Medium) and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
High) and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
High) and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Low) and (X173(t-24) is Low) and (X173(t) is Medium) and (RX90 is

Medium) and (RJ is Low) and (RL is Medium) then (X90(t) is Normal)



101

MANUIN -2 (AD)

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is High) and (RJ is Medium) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is Medium) and (RX90 is
Medium) and (RJ is High) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Low) and (RJ is High) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Medium) and (RJ is High) and (RL is Medium) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
Low) and (RJ is High) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is
Medium) and (RJ is High) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is High) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90 is
Low) and (RJ is High) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Medium) and (RX90
is Low) and (RJ is Medium) and (RL is High) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is Low) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is Medium) and (X173(t-24) is Low) and (X173(t) is Low) and (RX90 is
Low) and (RJ is Low) and (RL is Low) then (X90(t) is Normal)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is Low)
and (RJ is Low) and (RL is Medium) then (X90(t) is Alert)

If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is Low)
and (RJ is High) and (RL is High) then (X90(t) is Alert)

If (X173(t-48) is Low) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is High)

and (RJ is Low) and (RL is Low) then (X90(t) is Flood)
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57. If (X173(t-48) is Medium) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is
Low) and (RJ is High) and (RL is High) then (X90(t) is Flood)

58. If (X173(t-48) is Medium) and (X173(t-24) is Medium) and (X173(t) is High) and (RX90 is
High) and (RJ is High) and (RL is High) then (X90(t) is Flood)

59. If (X173(t-48) is High) and (X173(t-24) is High) and (X173(t) is High) and (RX90 is Low)

and (RJ is Low) and (RL is Low) then (X90(t) is Flood)
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