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Ratchanegorn Boonruang 2007: Evaluation of Forcasting Models for Forced Outages
under Specific Factors of PEA Overhead Distribution Feeders. Master of Engineering
(Electrical Engineering), Major Field: Electrical Engineering, Department of Electrical
Engineering. Thesis Advisor: Assistant Professor Dulpichet Rerkpreedapong, Ph.D.

110 pages.

This thesis develops forecasting models for forced outages under specific factors
including trees, length and type of lines of 22 kV overhead distribution systems. The historical
outage data and information of specific factors are obtained from Saraburi, Bangpakong and
Rangsit offices of the Provincial Electrical Electricity Authority (PEA), Thailand. The
forecasting models are developed from three techniques: linear multivariable regression,

artificial neural network (ANN), and fuzzy logic.

In this research, analyses between specific factors and forced outages of PEA overhead
distribution feeders are studied. The resulting models can forecast the expected forced outages
of line feeders and sections. Results of the three models are compared and the features of each
model are discussed. The artificial neural network based model has the forecasting performance
better than the other models. However, a weakness of the artificial neural network model is that

it does not explicitly express relationship between specific factors and forced outages.

The result of the model can be used to calculate the failure rate and system average
interruption frequency index (SAIFI), which are used for planning and maintenance

improvement to maintain good reliability of power distribution systems.

Student’s signature Thesis Advisor’s signature
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f(x;a,b)= (29)
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Highly comprehensible membership functions
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msllvh aonitlvlihiimshlihwmsdise swaanilvlvh

aofl Irlfhunelznaes BGR

mMs ihduneunaeng ao#l Ilihuseadiass BSM

aodl Ilihuneda BWA

aoil dhaszay5i SRA

aonil lvhaseayss SRE

m3 i Saaszys anii Wi Innud KYE

aodl Ilfhvueailas NPL

aoii Trldhmun PKE

aodl Ilihuouast NVA

aodl Ifhuauas2 NVB

aofl Irlfhuauass NVC

M3 Ilh$eda

aoii lihsssuenans TMS

aoil lihunedus BKA

aotl IS ada RSA

msait 2 Feyannuuudisnildunmensdilaned
5 AN 3282MA (PA.)
i - e , Hanos yHame U3
Wanos

(ML) nlaes PIC SAC auldl
1 NVAO1 2.20 0.00 0.00 2.20 2.20
2 NVAO02 3.80 0.00 0.00 3.80 3.80
3 NVA04 0.90 0.00 0.00 0.90 0.90
4 NVAO5 6.30 2.80 0.00 3.50 6.30
5 NVA06 1.70 0.00 0.00 1.70 1.70
6 NVA07 2.00 0.00 0.00 2.00 2.00
7 NVA09 2.00 0.00 0.00 2.00 2.00
8 NVAIO0 5.20 0.00 0.00 5.20 5.20
9 NVBO01 1.60 0.00 0.00 1.60 1.50
10 NVBO03 1.90 0.30 0.00 1.60 1.90
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. AN SZEZMY (DA,
o - e , amos FiaaE W3
Naaoes

(M) 1nlaos PIC SAC Audlad
11 NVB04 3.40 0.00 0.00 3.40 3.40
12 NVB05 2.50 0.00 0.00 2.50 2.50
13 NVB06 1.90 0.00 0.00 1.90 1.90
14 NVB07 5.30 0.00 3.50 1.80 0.30
15 NVBO0S 1.50 0.00 0.00 1.50 1.50
16 NVB09 2.50 0.00 0.00 2.50 2.50
17 NVB10 2.20 0.10 0.50 1.60 2.20
18 NVCO01 1.20 0.00 0.00 1.20 1.10
19 NVC02 4.10 0.00 0.00 4.10 0.00
20 NVC03 1.30 0.00 0.00 1.30 1.20
21 NVC04 2.70 0.00 0.00 2.70 2.30
22 NVCO05 4.60 0.00 0.00 4.60 4.10
23 NVC06 1.30 0.00 0.00 1.30 1.30
24 NVCO08 1.20 0.00 0.00 1.20 0.80
25 NVC09 2.50 0.00 0.00 2.50 2.50
26 NVCI10 1.70 0.00 0.00 1.70 0.00
27 TMS12 8.30 0.00 0.00 8.30 8.30
28 BKA02 2.00 0.20 0.00 1.80 2.00
29 BKA03 9.40 5.20 2.80 1.40 7.80
30 BKA04 15.50 10.80 3.60 1.10 10.00
31 BKA06 9.20 0.00 2.50 6.70 7.90
32 BKAOQ07 6.00 0.80 0.00 5.20 6.00
33 BKAI1 14.60 1.90 6.70 6.00 11.40
34 BKA13 13.90 3.30 1.90 8.70 12.50
35 BKA14 8.50 1.30 0.00 7.20 1.70
36 RSAO01 3.90 2.00 0.40 1.50 0.00
37 RSA02 3.80 0.70 0.00 3.10 3.10
38 RSAO03 1.70 0.00 0.00 1.70 1.40
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o - e , amos FiaaE W3
Wamos
(M) 1nlaos PIC SAC Al
39 RSAO05 2.70 2.70 0.00 0.00 2.70
40 SRE02 7.80 0.00 0.00 7.80 1.80
41 KYEO06 9.50 9.00 0.00 0.50 2.50
42 KYEO7 2.00 0.00 0.00 2.00 0.00
43 KYE09 4.00 4.00 0.00 0.00 0.00
44 KYE10 3.60 3.60 0.00 0.00 0.00
45 NPLO7 3.60 3.00 0.00 0.60 0.00
46 NPL08 3.00 3.00 0.00 0.00 0.00
47 NPL09 2.70 2.70 0.00 0.00 0.00
48 NPL10 3.40 3.40 0.00 0.00 0.00
49 BGRO02 1.70 1.00 0.00 0.70 0.00
50 BGRO04 7.60 6.50 0.40 0.70 0.00
51 BGRO7 0.10 0.00 0.00 0.10 0.00
52 BGROS 0.10 0.00 0.00 0.10 0.00
53 BGR09 0.12 0.00 0.00 0.12 0.00
54 BGR10 0.12 0.00 0.00 0.12 0.00
55 BSMO02 6.50 0.00 1.45 5.05 6.50
56 BSMO03 2.00 0.00 0.00 2.00 2.00
57 BSMO05 1.25 0.00 0.00 1.25 1.25
58 BSMO06 4.15 0.00 0.00 4.15 4.15
59 BSM10 1.40 0.00 0.10 1.30 1.30
60 BSM12 1.90 0.00 0.00 1.90 1.90
61 BSM13 5.60 0.00 0.00 5.60 5.60
62 BSM 14 5.70 0.00 0.00 5.70 5.70
GRIIVE) - melden Winede awegiiifion uayawegiifionunuman
- @18 PIC ERIGN ﬁmﬁ’mmuquau (Partial Insulated Cable)
- @9 SAC W80 A1ORURUI (Space Aerial Cable)
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sHa sHia ZUZMY (PN.)

f ginsal qunsal yiiame Vi
Auma daema nlaes PIC SAC Al
1 BGR03S-01 BGRO05S-04 1.10 0.00 0.50 0.00
2 BGRO05S-04 BGR03S-03 1.00 0.50 0.00 1.50
3 BGRO3F-01 End 2.20 0.00 0.00 0.00
4 BGRO3F-04 End 0.90 0.00 0.00 0.20
5 BGRO3F-06 End 0.70 0.00 0.00 0.40
6 BGRO3F-06/1 End 1.70 0.00 0.00 0.00
7 BGRO3F-09 End 0.00 3.00 0.00 0.00
8 BGRO3F-10 End 1.00 0.00 0.00 0.00
9 BGRO3F-11 End 1.40 0.00 0.00 1.40
10 BWA06S-01 BWA06S-01/1 0.00 0.00 2.80 0.00
11 BWA06S-01/1 BWA06S-02 0.00 0.00 2.20 0.20
12 BWA06S-03/1 BWA06S-04 1.20 0.00 1.30 0.20
13 BWAO6F-01 End 0.80 0.00 0.00 0.00
14 BWAO6F-02 End 0.50 0.20 1.20 0.10
15 BWAO6F-03 End 0.70 0.00 0.00 0.70
16 BWAOGF-04 End 1.15 0.00 0.70 0.00
17 BWAOGF-05 End 1.30 0.00 0.00 0.00
18 SRA08S-01 SRA08S-09 442 0.00 0.00 0.10
19 SRA08S-10 SRAOSR-01 0.70 0.00 0.00 0.00
20 SRAOSF-01 End 1.90 0.00 0.00 0.90
21 SRAOSF-02 End 0.80 0.00 0.00 0.00
22 SRAOSF-07 End 2.40 0.00 0.00 2.40
23 SRAOSF-09 End 1.20 0.00 0.00 0.30
24 SRE05S-01 SRE058-02 0.00 0.00 2.10 1.00
25 SRE06S-02/2 SRE06S-02 0.00 0.40 0.00 0.00
26 SRE02F-02 End 1.80 0.00 0.00 1.10
27 SRE02F-04/01 End 0.60 0.00 0.00 0.00
28 SRE02F-06 End 4.00 0.00 0.00 0.80
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f ginsal qunsal yiiame Vi

Auma daema nlaes PIC SAC Al
29 SRE02F-07 End 3.20 0.00 0.00 3.10
30 SRE06F-02 End 1.50 0.90 0.00 0.10
31 SRE06F-04 End 1.80 0.00 0.00 0.00
32 SRA05S-05 SRA05S-04 2.10 0.00 0.00 0.00
33 SRA05S-04 SRA05S-08 0.84 0.00 0.00 0.00
34 SRA05S-08 SRA10S-06 2.50 0.00 0.00 0.10
35 SRA10S-06/01 SRA10R-01 1.40 0.00 0.00 0.00
36 SRA10S-10/1 SRA10S-10 3.60 0.00 0.00 0.10
37 SRA10S-10 PKE05S-06 4.20 0.00 0.00 0.00
38 SRA10F-06 End 0.60 0.00 0.00 0.00
39 SRA10F-07 End 2.10 0.00 0.00 0.70
40 SRA10F-09 End 4.90 0.30 0.00 0.30
41 SRA10F-10 End 0.00 0.30 0.00 0.00
42 SRA10F-12 End 0.00 1.36 0.00 0.00
43 PKEOSF-12 End 14.26 0.00 0.00 2.90
44 SRE07S-02 SRE07S-03/1 0.00 0.00 2.60 1.30
45 SRE07S-03/1 SRE07S-04 0.00 4.00 0.00 0.00
46 SRE07S-04 PKE10S-04 1.50 4.64 0.00 1.92
47 PKE10S-04 PKE10S-03 0.00 5.00 0.00 0.00
48 PKE10S-03 PKE10S-02 0.00 3.50 0.00 0.00
49 SRE09F-02 End 1.30 0.00 0.00 0.40
50 SRE09F-03 End 0.20 0.00 0.00 0.00
51 SREO7F-01 End 3.00 0.00 0.00 0.00
52 PKE10F-11 End 0.80 0.00 0.00 0.80
53 PKE10F-12 End 1.90 0.00 0.00 0.70
54 BWAO07S-01 BWA07S-02 0.00 0.00 245 0.00
55 BWA07S-02 BWA07S-03 0.00 0.00 3.30 0.20
56 BWAO07S-04/1 BWA07S-06 3.10 0.00 0.00 0.00
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f ginsal qunsal yiiame Vi

Auma daema nlaes PIC SAC Al
57 BWAO7R-01 End 0.00 0.00 2.40 0.00
58 BWAO7F-01 End 1.50 0.00 0.00 0.00
59 BWAO7F-03 End 0.50 0.00 0.00 0.10
60 BWAO7F-04 End 0.56 0.00 0.00 0.00
61 BWAO7F-05 End 0.50 0.00 0.70 0.70
62 BKA04S-01 BKA04S-02 1.57 0.00 0.10 0.00
63 BKA04S-02 BKA04S-05 2.84 0.00 0.00 0.00
64 BKA04S-05 BKA04S-06 1.10 0.00 0.00 0.00
65 BKA04S-06 BKA04S-08 1.31 0.00 0.00 0.00
66 BKA04S-08 BKA04S-09 1.03 0.00 0.81 0.00
67 BKA04S-04 End 0.00 0.00 1.20 0.00
68 BKAO4F-02 BKAO4F-03 0.00 0.70 0.00 0.12
69 BKAO4F-03 End 0.00 1.85 0.08 1.78
70 BKAO4F-06 End 0.00 0.00 0.98 0.00
71 BKAO4F-07 End 0.03 0.00 0.70 0.00
72 BKAO4F-08 End 0.08 0.00 0.79 0.00
73 BKAO4F-10 End 0.79 0.00 0.00 0.00
74 BKAO4F-11 End 1.18 0.00 0.06 0.00
75 BKAO4F-12 End 1.35 0.25 0.28 0.00
76 BKA06S-04 BKA06S-07 0.00 0.00 2.44 0.00
77 BKA06S-06 End 0.30 1.30 0.00 0.30
78 BKA07S-01 BKA07S-02 0.00 0.00 3.82 0.00
79 BKA07S-02 BKA07S-03 0.00 0.00 0.93 0.00
80 BKA07S-03 BKA07S-04 0.50 0.00 2.60 0.00
81 NVB01S-01 NVB01S-02 0.00 0.00 0.20 0.00
82 NVBO01S-02 NVB01S-03 0.00 0.00 0.15 0.00
83 NVBO01S-01 NVB01S-05 0.00 0.00 0.90 0.40
84 NVB02S-01 NVB02S-02 0.00 0.00 0.90 0.40




48

M3199 3 (Av)

sHa sHia ZUZMY (PN.)
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Auma Y nlaes PIC SAC aulal
85 NVB07S-01 NVB07S-02 0.00 0.00 0.40 0.00
86 NVB07S-03 NVB05S-16 0.00 0.00 1.64 0.00
87 NVBO08S-01 NVBO08S-03 0.00 0.00 1.35 1.35
88 NVB09S-01 NVB09S-02 0.00 0.00 0.90 0.90
RIAE) - ol Winei aeegiiiiion uazaeegiifionunuman
- e PIC W A8RURUIUD A (Partial Insulated Cable)
- @8 SAC UGN mﬂﬁ;’mmu (Space Aerial Cable)
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v A 1 a 4 1 o [
- wamsiuAaveuvesms lihaauginin (Zone) elvinsruiunamsal lrlay
k4 [
aenarinaluiiuivouvamssuraren T
@ { A o 4 1 o [ a [
- Aunai IWisudn (Dou) e ldnswiunamsal ladunalu Susdeu/dl uag
a1 la
o s 4 ' N o A 7
- sWdilanes (FeederID) 1o 1¥nsiungmsal llauna luilames la
@ A o A Y d @ I @ o A a
- saginsaininiau (ComiD2) e ldnstuginsalswalailudriinuiena
o o
mamsal e
v o N o A 99 "3 v o
- sWaanvazignsal ey (v/s) e ldmswandunnumams laugins
(Momentary : M) w30 lWdua1ds (Sustain : S)

Microsoft Access - [thesisdl @ Select Query]

_:,j Elle Edit iew Insert Format Records  Tools  Window  Help

RN BN B4 2l &LIG ¥ 7 | 44 v s | A
EventD | Zone | Dout | FeederD | comiD2 [ M5

| |010120042200RSA0GHO0B000 | ©1 | 1/1/2547 22:00:00 RSADG RSADGF-008 S
| |010125470625ATAJ4E001000 | C1 17172547 6:25:00 ATADY ATADVED! S
|| 0101254707 15PAAI0HOO2000 | C1 11172547 7:15:00 PAAID PAMOF-002 |5
| |010125470830PAADSHD12000 | C1 11172547 5:30:00 PAADS PAAISF-012 |5
|| 010125470936 0KA05B001000 | C1 17172547 938:00 OWADS  OKADSYE-D1 M
| |010125471000PAADTHON2000 | ©1 | 1/1/2547 10:00:00 PABO2 PAAITF-012/001 |5
| |010125471020PQABO01000 | ©1 | 1/1/2547 10:20:00 PRAD1T PQADTVE-Dl | M
| |010125471050SREOSHO04000 | ©1 | 1/1/2547 10:50:00 SREOY SREDOF-004 |5
|| 01012547 1122ATBOCWO01000 | ©1 | 1/1/2547 11:22:00 ATBO2 ATBOOBWE-O1 | S
| |010125471310ATEO0ZHO04000 | C1 | B/1/2547 15:10:00 ATEOG ATBOGF-003 s
| |0101254713430KABO01000 | ©1 | 1/1/2547 13:43:00 OKAD1 OKAODTVE-D1 M
| |010125471630BPHOBHON2000 | ©1 | 1/1/2547 16:30:00 BPHOS EPHOEF-012 |5
| |010125471635BIA07HO0E000 | C1 | 1/1/2547 16:35:00 BIAKY Bl407 F-005 s
| |010125471650TDAQ7HOO7000 | C1 | 1/1/2547 16:50:00 TDAO? TDADPF-007 s
| |010125471730WYADAHO2000 1| 1/1/2547 17:30:00 WY AD4  WYAD4F-012 S
| |010125471800ATEO7HO02000 |C1 | 1/1/2547 18:00:00 ATEO? ATBOPF-002 s
|| 01012547 1930WNADF HOOZ000 ©1 | 1/1/2547 19:30:00 WNADF  WNADFF-OO7 (S
| |010125472040SRA0BHOOS000 | ©1 | 14142547 20:40:00 SRADS SRADBFO05 S
| |010125472100NSI03HO02000 | ©1 | 1/1/2547 21:00:00 NSIO3 NSIO3F-002 s
| |0101254721000KAD4HO02000 | ©1 | 17172547 21:00:00 OKAD4  OKAD4FO02 (S
|| 01012547 2100WAADBHOOZ000 ©1 | 1/1/2547 21:00:00 WAADE  WAADEF-OD7 S
| |010125480134TY ADSE001000 | C1 17172548 1:34:00/ TYAT3 TYADSWBO1 (M
| |010125480200TY AJSHOO2000 | C1 17172548 2:00:00] TYAT3 T AD3F-002 s
| » |010125480626BPH10B001000 | C1 17172548 5:28:00 BPH10 BPHIOVE-Dl M
Record: EE |—24 E]
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aonil Inliaiue

v 4
v A a K

2.3 agdimuasiidaviinedulunaagil (2546-2549)

agUswauasyldaunnetulunaazillaun 112546, 31 2547, 7 2548 uazil 2549

A I
Tasuensiansanilu 2 nsal aatl

A A =1 4
2.3.1 nsansaIanes

9
wldnngudoyamgnmsal lihdadosoinTilsunsy a3 Aweidon
1 9
UNTIAN 2546 DUABUNTNYIAN 2549 FeansaaglwansIdIuaT IlAuLena e

= P Y o [ ~
azilawosn ladrsrom dwaaslumsiei 4
2.3.2 NTANITU section
wldnngudeyamgmisal lWihdadesanTusunsu a3 vazayasaud
% Y oa.l} 1A =2 A = o qaj v
Tifhda dodauaiAouunsIy 2546 DuROUNTNYIAN 2549 FIeaNTOMIT LIRS Ty

HENMULAAE section T lad132917 aauaaalua1sned 5

A Y o z Y A J
M1519N 4 maga%maumﬂﬂmmmﬂmma

. Snuaslnay @3l . Suasilnay @5l
. sHar D N D D
= A A K a = IS} A a K a =
no , nnavuasaluil no , nnavuasalull
Hamos Hamos
2546 2547 2548 2549 2546 2547 2548 2549

1 NVAO1 7 0 5 3 7 NVAO09 1 1 3 3
2 NVAO02 5 5 1 3 8 NVAI10 4 10 4 0
3 NVAO4 0 2 1 2 9 NVBO01 1 5 2 3
4 NVAO5 6 4 7 3 10 NVBO03 3 0 1 5
5 NVAO06 2 2 3 2 11 NVB04 2 0 0 0

6 NVAO7 0 0 0 3 12 NVBO05 0 1 0 0
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M3197 4 (AD)

. snounsalidy @3l . snoundalildu @)

o - e , fidavua3hill i e fipavua3hil
Waaoes Hanes
2546 2547 2548 2549 2546 2547 2548 2549

13 NVB06 5 2 0 0 38 RSA03 1 0 0 2
14 NVBO07 6 1 5 0 39  RSAO05 7 2 3 2
15 NVBO0S8 1 0 0 0 40  SRE02 21 2 2 2
16 NVB09 1 3 0 0 41 KYE06 2 9 12 3
17  NVBI10 0 0 1 0 42  KYEO07 8 7 4 3
18 NVCOol  * 1 0 0 43 KYE09 1 1 1 0
19 NVCo2  * 0 0 0 44 KYEI0 0 0 0 0
20 NVCO3  * 0 0 0 45 NPLO7 1 7 1 0
21 NVC0O4  * 0 0 2 46 NPLOS 1 3 0 2
22 NVCO5  * 0 0 0 47 NPLO9 1 1 1 0
23 NVC06 * 0 0 0 48  NPLI10 1 0 1 0
24 NVCO08 * 0 1 2 49  BGRO02 4 0 0 0
25  NVC09 * 1 0 2 50 BGRO04 0 2 0 3
26 NVCl0  * 0 0 0 51 BGRO7 2 1 4 2
27 TMSI2 5 2 2 0 52 BGROS 4 0 2 0
28 BKA02 1 0 0 2 53 BGR09 1 0 0 2
29 BKA0O3 23 21 18 9 54 BGRIO 1 1 3 0
30 BKAO4 35 29 29 10 55 BSM02 1 1 1 0
31 BKAO06 2 1 2 0 56 BSMO03 1 0 0 2
32  BKAO07 0 0 0 0 57 BSMO5 3 0 1 0
33 BKAIl 45 11 12 0 58  BSM06 1 2 1 0
34 BKAI3 16 21 13 2 59 BSMI0 2 2 1 0
35 BKAI4 1 0 2 0 60 BSMI2 0 2 1 0
36 RSAOL 3 1 3 2 61 BSMI3 0 0 0 0
37 RSA02 0 0 0 0 62 BSMl4 3 1 3 0
WA  fuflamosnidaildims e T luihiy

o

Y ' ¥4
Suasalddunneaulugl 2549 Tdannmsmevtiuaa losenss udrinilaes iy

oo

o =3

o <3 4 A = v @
faudy ifesnndoyai lasulimamaal lnlduiuiin 1354 n.a. 2549
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M319h 5 JoyadauasaWdunTal section

& gL s SnaundTlin ¥ Ribatues il
ginsaiduma ginsaiarema 2546 2547 2548 2549
1 BGRO3S-01 BGRO5S-04 * 1 1 0
2 BGR05S-04 BGR03S-03 * 0 0 0
3 BGRO3F-01 End 0 0 0 0
4 BGRO3F-04 End 1 1 1 0
5 BGRO3F-06 End 1 0 2 0
6 BGRO3F-06/1 End 3 1 0 0
7 BGRO3F-09 End 7 1 0 0
8 BGRO3F-10 End 5 1 0 0
9 BGRO3F-11 End 1 3 0 2
10 BWA06S-01 BWAO06S-01/1 * 0 1 0
11 BWA06S-01/1 BWA06S-02 * 0 0 0
12 BWA06S-03/1 BWA06S-04 * 0 0 0
13 BWAO6F-01 End 1 1 0 2
14 BWAO6F-02 End * 3 0 2
15 BWAO6F-03 End 2 1 0 0
16 BWAO6F-04 End 0 0 0 0
17 BWAOG6F-05 End * 1 0 2
18 SRA08S-01 SRA08S-09 0 0 0 *
19 SRA08S-10 SRAOSR-01 0 0 0 *
20 SRAOSF-01 End 9 0 0 0
21 SRAOS8F-02 End 2 0 1 3
22 SRAOSF-07 End 2 5 3 0
23 SRAO8F-09 End 4 2 0 2
24 SRE05S-01 SRE05S-02 * 3 0 2
25 SRE06S-02/2 SRE06S-02 * 0 0 0
26 SRE02F-02 End 7 3 5 0
27 SRE02F-04/01 End 0 0 0 0
28 SRE02F-06 End 1 3 0 0

29 SREO02F-07 End 1 2 6 0
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& gL s SnaundTlin ¥ Ribatues il
ginsaiduma ginsaiarema 2546 2547 2548 2549
30 SREO6F-02 End 2 0 1 7
31 SREO6F-04 End 1 1 3 0
32 SRA05S8-05 SRA05S-04 * 0 1 0
33 SRA05S-04 SRA05S-08 * 0 0 0
34 SRA05S-08 SRA10S-06 * 0 1 0
35 SRA10S-06/01 SRA10R-01 * 0 0 0
36 SRA10S-10/1 SRA10S-10 * 0 0 0
37 SRA10S-10 PKEO05S-06 * 0 0 0
38 SRA10F-06 End 1 1 1 0
39 SRA10F-07 End 1 3 4 7
40 SRA10F-09 End 0 2 2 3
41 SRAT0F-10 End 1 0 4 0
42 SRA10F-12 End 0 4 1 0
43 PKEOSF-12 End 0 5 7 3
44 SRE07S-02 SRE07S-03/1 * 0 0 3
45 SRE07S-03/1 SRE07S-04 * 0 0 0
46 SRE07S-04 PKE10S-04 * 0 1 0
47 PKE10S-04 PKE10S-03 * 0 0 0
48 PKE10S-03 PKE108-02 * 0 0 0
49 SRE09F-02 End 4 3 1 5
50 SREO9F-03 End 1 3 0 0
51 SRE07F-01 End 0 2 1 2
52 PKE10F-11 End 1 4 1 0
53 PKE10F-12 End * 2 1 0
54 BWAO07S-01 BWAO07S-02 0 0 0 *
55 BWAO07S-02 BWAO07S-03 0 0 0 *
56 BWAO07S-04/1 BWA07S-06 0 0 0 *
57 BWAO7R-01 End 1 0 0 0
58 BWAO7F-01 End 1 0 1 2
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4 i i Snnunss iy (el FiRaduase il
gilnsaldun gilnsailaieng 2546 5547 5548 5549
59 BWAO7F-03 End 0 0 2 10
60 BWAO7F-04 End 0 0 0 5
61 BWAO7F-05 End 0 0 0 2
62 BKA04S-01 BKA04S-02 * 0 2 *
63 BKA04S-02 BKA04S-05 * 3 1 *
64 BKA04S-05 BKA04S-06 * 0 3 *
65 BKA04S-06 BKA04S-08 * 0 0 *
66 BKA04S-08 BKA04S-09 * 0 0 *
67 BKA04S-04 End * 0 1 *
68 BKAO4F-02 BKAO4F-03 1 4 3 2
69 BKAO4F-03 End 4 1 3 2
70 BKAO04F-06 End 3 0 0 0
71 BKAO4F-07 End 1 1 1 2
72 BKAO4F-08 End 1 1 1 3
73 BKAO4F-10 End 2 1 1 2
74 BKAO4F-11 End 2 2 3 2
75 BKAO4F-12 End 0 0 0 0
76 BKA06S-04 BKA06S-07 0 1 0 0
77 BKA06S-06 End 0 0 0 0
78 BKA07S-01 BKA07S-02 * 0 0 0
79 BKA07S-02 BKA07S-03 * 0 0 0
80 BKA07S-03 BKA07S-04 * 0 0 0
81 NVB01S-01 NVB01S-02 * 0 0 *
82 NVBO01S-02 NVBO01S-03 * 0 0 *
83 NVBO01S-01 NVBO01S-05 * 0 0 *
84 NVB02S-01 NVB02S-02 0 0 0 2
85 NVB07S-01 NVB07S-02 0 0 0 0
86 NVB07S-03 NVBO05S-16 2 1 0 0
87 NVB08S-01 NVB08S-03 * 0 0 0
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N13UAIITHUDdIA
oA o a 4
(Duane et al., 2002) MITAUUUMITHIULUUIIADINNAUAAITNT (Tuma) ANNIT
a 4 ] = = . a Iy
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N =k, +k*A +k*P +k*S + k*}T (30)
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k,, k, ki, k, 1lag k= f1 Coefficient V94 intercept, N, A, P, Stiag T ANE1AL

2% MINITAB - MINIF.MPJ - [Worksheet 1 =**]

@Eile Edit Data Calc | Stat Graph Editor Tools Window Help

Biasic Statistics

MOYA

1= NN !
i1

DOE

Control Charts
Quality Tools
Reliability f5urvival
Iultivariate

Tirne Seties
Tables
Monparametrics
EDA

Power and Sample Size

Fe sl s |

£

ENEN

s

N

p Best Subssts,.

Ei
# Fitted Line Plat. ..

Partial Least Squares. ..

p Binary Logistic Regression. ..
o Qrdinal Logistic Regression. ..
4 Mominal Logistic Regression. ..

= = A )
< o' did
+ C1 c2
A P
1 0.0 0.C
2 0.0 0c
3 0.0 0.
4 2.8 0.C
5 0.0 0.
6 0.0 0.C
7 0.0 0.C
8 0.0 0.
9 0.0 0.C
10 0.3 n.oo

2 : £
MW 41 duvitaveesunsy MINITAB

1.60 1.90

ARBEOE 8 %

c9

1 @ ] I [ a o " @ I o
muosauils N dnsonuuiluduaunaiion vinsudasadauls N ddluda

o <
MUIURANUIN

2. maasznlaglfassnalszammes

idoyaouna tazauthvue (Target) luvTuma Tagld11sunsu MATLAB Tuns

@euT1sunsy m file tNornaou Tassnelsz oy dan1wn 42

Y
Tuaneniinusi ladenlsmsin Iassinelssammeonuuy

Feed-forward  Neural

Y o a R . 9 1Y Yo d’d 1Y
Network Tagl¥oanasnuuy Back-propagation (ﬂﬁz’]_l’luﬂﬁﬂﬂuﬂﬁﬂﬂlﬂ\iﬂﬁgﬁn) NnuanyuUs

[ [ 4 F4 1
voeluaa aenmn 43 luitiee]d 1 Fuagou (Hidden layer) ¥adi 5 Has0a lasl¥dasims

Ldiﬂuilﬁ1ﬁﬂ 0.05 3BMsWnaou (Train) 111U Levenberg-Marquardt Backpropagation Training
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Function Lmﬂ‘ffﬁ%ﬂﬁGﬂuilmﬂ Gradient Descent Weight/Bias Learning Function Tumsi
= Y VYo a A Y, 1A ° v A Y}
Msrndeudayalizdmuuimsaon e lnIasaieumsnsdnmney tazliudoune 14
Yo Aaa
Tafmmounanaa

q

& Editor - E:\Thesis\#avasiswaaimodel01.m

File Ecit Text Cell Toolz Debug Desktop Window Help

Dl {RRo o | S df 888 EE D8 | stecx
1 (5Range of input data

2 - PR=mimmax(input):

3

4 (No. of nades in each layer

5 - 81=5: %layerl

6 - SZ=1: %layer:

-

g

=l FActivation function

i0

11 - TFi='tansig'; %layerl

12 - TF2='poslin';: %layerz

13

14 (Levenberg-Margquardt backpropagation training function
15 - BTF='trainlm';

ie

17 zGradient descent weight/bias learning function
18 = BLF='learngd':

18
Z0 sPerformance function
21 - PF='mse':
ZZ
23 $Create the feedforward network
24 - net=newff(PR,[51 32],{TF1 TFZ},ETF,ELF,FF);:

5

MW 42 arunilaveanidalunmiiieans Editor voaT1/5un53 MATLAB

Input  Hidden Layer Output

M 43 Tuealassielszanmey
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N = poslin (W2*(tansig (W1*input + B1)) + B2) (31)
e N Ao 1uuasavdy @saal)
A
. A a o Y] 4 A - P
input A UATAT 41D 1 ABANY  fAB input = S
T

A A A
We A fe sTezneailany (nw.)
P A® 528211988 PIC (Y.
S Ao 5282N19818 SAC (PY.)
A A a 9 9
T Ao szazmanmuusnadu 1l ()
1 1 ;g
W1 Ao M Weight 5211719 Input Layer (t81¢ Hidden Layer Failu
AT 5 1197 4 ADAIAT
A 1 . 1 . £ g
W2 D A1 Weight 3714 Hidden Layer L& Output Layer il
AN 14087 5 ADAN
A o . < a o @
Bl 10 A1 Bias 1U%U Hidden Layer 1JUua5ns 5 1197 1 noauyl
A o < a < o o
B2 9 A1 Bias 1U%U Output Layer (TUNATAS 1 1107 1 ADGNI

Tansig A0 Transfer Function 3 Yuuunie §a1191n Hyperbolic Tanget
e"—e™"

- - ;nﬁ’e)?h
e +¢€

Sigmoid Tasligiluuuaumsne a=
element T3 el

poslin A9 Transfer Function gﬂuuuwﬁa 8911910 Positive Linear
Tavfigtuuuaumsdio a=01ife n<0 uaz a=n 1o 0<n

A 1 a 4
;n A9 A1 element T3 nes

1 @ @ IS @ a o 1w PR @
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A g v = a v o A

Tunilgszvungled (Type) uDUULAIH (Mamdani) l5iuaoumsagiivigrailed

. . . = 9 9y ' o |
(Defuzzification Method) 11U Centroid Tﬂﬂﬂg%“ﬁ“ﬁmlmi (If Then) Tasuaazanalsazns
o ] ' 1 o . . k2 1o 9 =
MAUATI HAZUAAZFIDZAHUA Membership Function HAMAGNHULYDITOYA F31uiAa

yoansnguuuiladag lueglugluuuvesauns

=} FI5 Editor: reliablaf4
Fil=  Edt ‘“i=w

(X ] e
Eed e

FIZ Nsme refsbiald FIS Tipes e
Ared method in j Current Wariable
Cr methiod e ,;J M A
a— . il Type et
Range 012
Agyyregmin e B
Danuzzificaton ceriroid =L Hek I Chze |
Syelem Telisbleli® 4 inpubs, 1 culped, and 27 rulss
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HaNIIAIAINTHAIINDADOE
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1. nsanasaniames

a J a @ v o 1 o
NaﬁnﬂﬂTi'JLﬂiW%‘HﬂQTNﬂﬂﬂﬂﬂL%QLguﬁﬁ”ﬁJ@nuﬂi HEAIANNFUNUTTEHI19Ta0e

Y v
mwzdusIuas iy deaunsn 32

N=-0.198 + 1.05*A + 0.871*P - 0.444*S + 0.922*T (32)

2% MINITAB - WINIE.MP.J - [Session]

Elle Edit Data Calc Stak Graph Editor Tools wWindow Help

== @B HEti1 s Q2F | OCBE
72

Regression Analysis: Nversus A, P. 5. T

The regression equation is

H=-8.198 + 1.05 A + B.871 P - B.444 S + B. 922 T
Predictor Coef SE Coef T P
Constant -8.1977 B.4265 -8.46 B.644
3] 1.08526 B.1488 ¥.52 0.888
P B.8715 8.2984 3.80 B0.883
3 —-8.4448 B.1885 -2.36 B.828
T 8.9218 B.1659 5.56 8.0688

S = 2.77497 R-Sq = 72.6% R-Sq(adj) = 71.0%

fAnalysis of Variance

Source DF 83 HS F P
Regression 4 2352.83 588.21 76.39 0.000
Residual Error 119 916.35 7.7

Total 123 3269.19

d‘ Y . a 4 A 4
MNN 45 UMY Session "’U’fNI‘lISLLﬂﬁJ MINITAB Ua@aanan1snsizinsanames

d! a 4 d' 1 [ [ =

FINAINMIAATIHAWN NN 45 WuN Aanuiuulsvesdwlsmy (N) Neaume
d' o o a 9 a A
iosnnanuAunlsvesdmlsdasz (A, P, S uaz T) 72.0% laeg lanindsz@niniwns

o A ' 1o Ay Y Y ' [ =
191U 130 A1 R-sq WUIIAT R-sq 118104 100% woaua1s uaaad @unls A, P, S uag T il
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v o Jdo J 3 1 1 [ o '
ANUTUNUINDY N ﬂ@u"’fl}'l\‘lﬂﬂﬂ GIVSGE R-sq oz R-sq(adj) thﬂNﬂLllﬂﬂ UEANTUNIT

anuoaneen gty Tmaantiunldwensal 16a

a S A .. A 1 I v Aada 9
WANIIIUATICHAUVSUUUNINTI T (Standard Deviation) H39fA1 S L‘]Juﬂ%uvmaﬂ%

Yy A

Jamsnsznwvesdoyada ldawnny 2.7750 nueanuinlumsldaumsoanegudunlq

e

9

Y 1 v v Y Y
ez ldaaaamaouvesdulsay FaluntaoduassvauTaslszua 2.7750 a5/l

NnauMIANUDanouFudu luaNmsh 32 9218

#1 Coefficient Y94 A Al 1,05 MnsanudszunimioAaddasaon dooiuiu
|, szl v g umaulszana 1.05 aseil

#1 Coefficient Y04 P #0 0.871 MIN8ANUMEZUUSIMIAAGId 08 PIC LAY
| o, szl nuass g umuaulszua 0.871 a3a/il

f1 Coefficient Y94 S A9 -0444 WNEANUTIITLULIM6RARIEIITIE SAC
Fi 1. sz liRasauase duanaslszina 0444 Al

#1 Coefficient 104 T A0 0.922 ¥u1onuEszII heRasaruS naRTigu 19
Fin 1. s liRas aua s F Uil szana 0922 aseAl

A1 Coefficient V04 Interception A9 0.198 wineanuidalsapui il A, p, S

Y [ Y v
waz T sz ldinadmuase Ilaumuaulszuna 0.198 asaAl

v
1 o o 1w a o v o Jdo o
ANUUIIMINAgaUNAILsoase AP, Suag T Wﬂﬂﬁﬂ?'ﬂlﬁuwu‘ﬁﬂﬂﬂ’lllﬂﬁ
Y Aaan 2 A o 0 Y 1 . 1 ~ o 9
Ay N Tﬂﬂi%ﬁﬂ@‘l’lﬂﬁﬂ‘ﬂ t FANUANDUMNIT DI1AT Sig. t (A1 P NNINN 46) vosaulsion
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{ 1 @ v o Jdou o [ ]
0.05 %Tﬂﬂﬁ/‘lﬁ 46 W‘]J’Nnﬂ@]’ll!‘ﬂi AP, Suas T ﬁmmauwu‘ﬁﬂumuﬂi N 1§11 Constant ulll
v o dJdou o @ U 1
lanuduwusnuals N 151a1150AAA1 Constant 1130 A1 Coefficient YD Interception 981
1naums la
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o [
- Normal Probability Plot of the Residuals 013 Gﬂqmmammﬂuuum&'umq
woauA23 do landoyai Iduasemuiton’ly Normal distribution M5uaA 1A
{ & o ¢ ¢
naagUn launsuaamnsoi 1) dwensal w3e mamsaidsznnsla
. . ' . A a dy 1 T ' qa./} ~
- Histogram of the Residuals A1 Residuals Mnayuaulvajegluegia £ 2 a5/l
- Residuals Versus the Fitted Values (16iZ Residuals Versus the Order of the Data

1 . d‘ a dgj 1 1 ra QSJI ~
UEAIAN Residuals Minaduoglusae iy 10 a5/l

Residual Plots for N

Normal Probability Plot of the Residuals Residuals Yersus the Fitted vaues
g 10
9-9 . . .
-
L ]
-5 = Tg 5 . .Q.: M
P " o
e 0 = ; . - .
1 3 » =
ot °
-1 i 3 0 15 o
Residual Fitted Yalue
Histogram of the Residuals Residuals Versus the Order of the Data

10

24
18 B H
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4
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1 10 20 30 4 50 @ 70 8 40 100 110 ix
Residual Observation Order

(=1

Frequency
i
Residual

d' Y . A = 4
NNN 46 1IUIM1N Residual Plots sllfNI‘iJil,LﬂiiJ MINITAB WaauaaIamnaounsaiames

P 1 @ Y @ o 3
ﬁ'ﬁqﬂﬂa‘u@ﬁiﬂ!ﬂaﬂﬁ’]ﬂﬂﬂﬂ@ﬂ Wemmsudasaivesaiuds N lniluduavdwuan
Y o a s Y = o= Y1 v A [ o 4 9
UIN LLa'JunJTJLﬂiTSWGUf’J%Iaﬂ'i'[lW‘IﬂLﬂ@ﬁﬂ 2547-2548 ﬂgiﬁﬂTQWHﬂQTNﬁNWH‘ﬁsllf’]\isllﬂﬂslja (r)
1 A 3/} = A ) 9 3 1=
0.8595 azMaNuAaIAnNadY (RMSE) 2.6351 A5 Lllf’)UTINLﬂaNTﬂﬂﬁﬂUT@Hﬁ@NLMﬂ
1 oo 3 [ 09/1 J o {
2546 — 2549 Tammennsaisuaunialiaune 62 aaes daaasluaisiei 15 vaz lanaaga)

ANUARIAAABUAIAIT 1N 6

d' ' A A J
M1319N 6 ﬁqﬂmmwmmﬂmaaummTumammam@ammﬂm@m

Bl 2546 2547 2548 2549 ARy 49

RMSE (n39/1)) 6.1614 2.9072 2.3314 3.8500 3.8125




64

2. NIAUNITAN section

a 4 a @ v o d 1 [
Nﬁ“’l]Tﬂﬂ15’Jl,ﬂ‘J13‘”ﬂ’JﬁJﬂﬂOE]EJLG]NLZ‘gf}uWaWG]’JLLﬂi HEAIANNFUNUTTEHI1NTaTe

Y v
mwziusuIuas iady deaumsn 33

N=0.570+0.148*A - 0.147*P - 0.250*S + 0.836*T (33)

= WINITAB - R_SEC.MP - [Se:

[Ef e Edt Dga gake Stat Graph Egitor ool Windew Help

== = t 1L OTH CCHE
o

Regression Analysis: M wversus A P. 5. T

The regression equation is
H= D.570 « A 148 A - @147 P - D.250 5 + A.836 T

Predictor Coef SE Goef T P
Constank 85783 8. 1347 L. 24 @.000
1] B.INFTE D, B548R3 2.60 @.818
P B ANTHS B BP2RE  -1.59  B.113
5 -0 2495 B.1854 -2.37 0.849
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. [ ] = 1 ~ Y A
Ilae Bias NAIINAIUNTEUIMIHNFoUYD Iaseelseanninenua Um

[-0.0250 2.8620 -0.2728 2.8863 |
-0.0504 -0.7347 0.7559 0.6242
W1=|-0.0527 0.4237 -1.4678 1.0976
0.2783 -2.1206 -0.6676 -0.1884
| -0.1594 -0.2271 0.4574 -1.5982

W2=[2.4187 1.7751 1.6692 2.1021 3.1311]

[-0.9474]
24711

Bl=|-1.7347
-0.1407
0.4140 |

B2=[1.3692]
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agUnavesluaa lnssnodszamion Wovimsutlasswesdunls N Wiluay

<3 Y o a J Y =~ . = L = | v o
THIUAY HAIWINTIUATIEVIINUBYANTAU section 1 2547-2548 TnmarHaNUTURUTVDY

Do

aya (r) 0.6788 HazAIANUAAIAMABY (RMSE) 1.0028 n59/) o Tumammagondoya

e

Ce

1= Y 7o 3 [ 09/’ . 1Y d'
el 2546 — 2549 UlﬂmwmmmmuaumﬂWﬂum 88 section autaasluasen 16 uag

3

Y A @ ~
"lﬂNaﬁ’;ﬂmmﬂmmﬂaﬂummm% 10

a ' A ' ~ = .
MAIN9N 10 ﬁ?ﬂﬂ’]ﬂj’luﬂa']ﬂlﬂaf]um@QINlﬂaIﬂiqm’mﬂigﬁ’]ﬂlﬂﬂuﬂﬁm section

Bl 2546 2547 2548 2549 ARy 49

2

RMSE (ﬂ%’QﬁJ) 2.1387 0.9886 1.0169 2.0101 1.5386

DA o = d .
3. psannsannInamesuas section

o 1 . . A J < a o {
ANN %115 generate A1 Weight 12 Bias i5ududemiitumasnd aaaaslunaini
o . 3 :? =® T 9 (] A 3 Y =i=?3 1
59 1Az 60 1AENINIg train NIAY 15 50U QUGN Performance g1y luntidaa Mean
yzi :? FI [ Y [V A
Square Error (MSE) 139 2.5 (Tuaa#ilda1 MSE 51111 2.4785) Aamni 61 LagHaInms
. o 1 ' 4 ~ I o I Y @ ~
train Wnuthmne vazaneminaiulauiludnwdunnTumand 11 plot uaasdanIni
[ [V 4 =] 1 [ [V 4 [ 4 =2
62 Tasdadnuainanay (0) wwede authmne wagdydanusiaoniung (*) Wuiedea

s Ayy .
1WA 189103 train ANN

Command Window 7 ox
wl = ey
0.1a650 -0.2z19 -0.2596 -0.1439
0.0546 -0.3180 0.2914 -0.1509
-0.1954 -0.4016 -0.1078 -0.094%
0.0405 -0.4255 0.1478 -0.2179
-0.0542 0.3120 0.3898 -0.0825
> WE
wa =
-0.9456 0.5873 0.9985 -0.7795 0.2452

~ ! A g o A s .
NINN 59 A1 W1 ag W2 Liu@umﬂﬂiﬂma ANN 'I/Nﬂim%lﬂm’i]i LAY section



Command Window &

¥ bl

bl =
-0.3587
-0.7220
3.821%
Z.90z22
-3.9322

»x hi

bz =
-0.7349

q' [ A 9 Qs}l A o .
MUN 60 A1 BI1 LLag B2 Lillﬂu‘lJfNT?JLﬂﬁ ANN 71952 WAA0T 1ag section

Training-Blue Goal-Black
>

Performance is 2.47846, Goal is 2.5

76

10° ‘ :

0 5 10 15

[t ] 15 Epachs

d' .9 oa/’ G J .
HNAN 61 N7 Train magamaﬂmﬂa ANN 7195 AIADT 1A section

30
o o
* *
25 q
@
20+ q
o
* *
15} * o
0
]}
¢
10 o * +
¢
* *
@ o o
o
00 o + oo B
® @ s} 00
o +0 0D amo © @ O
O OLO OCk +H @+ CF O QO G-

d’ 1 1 [ 1 4 3 A 4
HMNN 62 N7 Plot 5314’)']\1?]1&191'114%']8 ﬂ'lJﬂ'IL’E]'I‘VW‘!G]"’lIE]\‘IIiJLﬂa ANN Minsavlamos tag

section
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~ 9 a 4 [ o 4 [l =) 9
Wa‘VIhlﬂﬁ)WﬂﬂWﬁ'JlﬂﬁWgﬁﬂ'ﬂilﬁiqu‘ﬁjﬂﬂjﬂi\iﬂIWEJﬂﬁ%ﬁﬁ’llﬂﬂﬂﬂgllﬂﬁuﬂ'lﬁ

v o J Y o H f L .
ANuFuiusvesluaall aeaumsi 31 Tasunua Wi, W2, Bl uaz B2 %4nAe A1 Weight

9
1 v A

. [ 1 = 1 = Yy
1ag Bias HASINHIUNTZUIUMIANTOUYD AT elseamnenud) Ui

[-0.0070 0.1195 0.1800 -0.2255|
-5.6163 0.3632 -3.4669 0.7330
W1=-0.7395 0.5089 -1.8184 1.5270
0.4579 0.5520 -0.0263 0.2430
| 0.8251 0.2777 0.3136 -0.0970 |

W2=[-5.9993 0.6473 7.6347 3.8571 8.6444]

1.2038 ]
0.4334
Bl=|3.5185
3.0618
| -4.5970 |

B2=[3.6115]

A o ' o Y g o 3
ajiwavedTumaniuaanes weihmsulasmvesdls N Iidluavimudy

o

Y o a 4 9 qej Ay 4 . = Y1 v A @ o
Lla’J‘L!13J1’JLﬂﬂg‘ﬂmﬂ‘uﬁ]y‘aﬂﬂﬂimwmﬂai LAY section 1 2547-2548 “lwmmmmmauwm

1 9 ¥ '
Youdoya () 0.8997 wazannuAaIAAADY (RMSE) 1.6104 a5e/Al e Tuaai ldam

A 9) qaj = Y o 3 [ 3 )
aumsi 34 wnaaeudoyaduail 2546 — 2549 lasmensaisiuauaselilduins 150 doya

v

14 = Y A [ ~
ﬂﬂuﬁﬂﬂu@niﬁ‘ﬂ 17 LmzhlﬂwaﬁqﬂmmamﬂmaaummiN‘w 11

4‘ U d‘ 09/' = 4 .
M1319N0 11 ﬁ;‘ﬂmmwmmﬂmaaumaﬂuma ANN Minsadanosiag section

3 2546 2547 2548 2549 ARy 49

2

RMSE (ﬂ%ﬁ/?]) 4.6804 1.8239 1.3784 2.8466 2.6823
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a d =
NaNSANIIZHATINZUU WY
A A = d
1. nsaiiasananes

Tumavesassnzuuuilsdudasdesn i 63 Fldszuungiaduuunuueni

a J a @ 14 % @
(Mamdani) 343121010 Membership Function ¥039une 4 @ls uazomune 1 dwls A
d' o w 1 4 d' Y a =
ueredlun i 64 waz 65 MWy AN MwAN larunIzuIUMINMITANINNg Y

9 9 9 9
21-A91iU (If -Then) M9@u 27 ng Taeduaoumsagiiigrailaduiuy Centriod

=

&14)
: i ’i i outage
F(3)
[mamdani)
S35 M)

TS

System outace: 4 inputs, 1 autputs, 27 rules

d' ~ A J
MNN 63 IﬂJLﬂﬁ"U@x‘iﬁ‘iﬁﬂzllﬂﬂﬁ%cﬁﬂimwmﬂﬂﬁ
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o o
@ £ -

o
=

Degree of membership
Degree of membership

02

08

o
o

o
=

Degree of membership
Degree of membership

02f

‘ql . . = == 4
MW 64 Membership function Y04 A, P, S uag T Ju Tuaavesassnzuuuilsdnsailanes

m mfz m m# mi omfi mi7 i m#
1
s
o=
=
gIJI3
&0
o
E
~::'_IJfl-
a
g 0
=2
&
0.z
1]
1 1 L 1 1
1] 5 10 15 20 25 30

Y 7
MWA 65 Membership function ¥04 N TuTuaavesassnzuuuilasnsaiilamos

QBJ’ =~ d‘da' 9 9 [ QBJ} & A = % dy

ne 27 nuoanssngiled Tuntilsgduuugiungi-aaiu $aiseazosaaall
1. If (A is mfl) and (P is mf1) then (N is mfl)
2. If (A is mfl) and (P is mf2) then (N is mfl)

3. If (A is mfl) and (P is mf3) and (S is mfl) then (N is mf2)
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4. If (A is mf1) and (P is mf3) and (S is not mf1) and (T is mfl) then (N is mf2)

5. If (A is mfl) and (P is mf3) and (S is not mf1) and (T is mf2) then (N is mf2)

6. If (A is mfl) and (P is mf3) and (S is not mf1) and (T is mf3) then (N is mf3)

7. If (A is mfl) and (P is mf3) and (S is not mfl) and (T is mf4) then (N is mf4)

8. If (A is mf1) and (P is mf3) and (S is not mf1) and (T is mf5) then (N is mf5)

9. If (A is mf2) and (T is mfl) then (N is mf1)

10. If (A is mf2) and (T is mf2) then (N is mf3)

11. If (A is mf2) and (T is mf3) then (N is mf6)

12. If (A is mf2) and (T is mf4) then (N is mf6)

13. If (A is mf2) and (T is mf5) then (N is mf6)

14. If (A is mf3) and (T is mf1) then (N is mf1)

15. If (A is mf3) and (T is mf2) then (N is mf4)

16. If (A is mf3) and (T is mf3) then (N is mf6)

17. If (A is mf3) and (T is mf4) then (N is mf6)

18. If (A is mf3) and (T is mf5) then (N is mf6)

19. If (A is mf4) and (T is mfl) then (N is mf4)

20. If (A is mf4) and (P is not mf1) and (T is mf2) then (N is mf6)

21. If (A is mf4) and (P is not mf1) and (T is mf3) then (N is mf8)

22. If (A is mf4) and (P is not mf1) and (T is mf4) then (N is mf9)

23. If (A is mf4) and (P is not mf1) and (T is mf5) then (N is mf9)

24. If (A is mf4) and (P is mfl) and (T is mf2) then (N is mf5)

25.If (A is mf4) and (P is mfl) and (T is mf3) then (N is mf6)

26. If (A is mf4) and (P is mfl) and (T is mf4) then (N is mf7)

27.If (A is mf4) and (P is mfl) and (T is mf5) then (N is mf8)
nmstszinananmuavesTma wlinauiudazdunaiinnuduiusiu

inaludnyazla fannd 66 Fanuduna A ez T dwadeeinaludnsazifeaiy

fo Srimualisunasundiiedlumnas uduitui1 A wie T wwdwalidin N iuTudae

dwduma P uaz s 1 msulaounlas p vde s unuelidsmaded N me Simuali

BunAdUAIN TuAINE1 TaN15818IMs Plot 3 UA 531I19A1 A, T 1ag N A4 Wi 67
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17 a0

q' an = A J
MNN 67 D13 Plot 3 UA 5EHINATA, T Llag N GluTiJLﬂﬁﬂlﬂﬂﬁiiﬂzu‘U‘UWG]f“lfﬂiﬂ!“l/\lﬂmﬂi

4 o ' o Y g o

aytwavesTumaassnzuuuila® wehimsutasmvesdauls N Iddlueuiou

<3 Y o a 4 9 Ay o Y1 v A v o d 9
@y uanhninnzinnveyansdilamestl 2547-2548 Timastianuduiusvesvoya ()
' A Joa A o Sy b g
0.9254 uazAIANAAIANADY (RMSE) 2.0340 A53/l 1ot Tuean 14 smaasudoyana

1 oo oa/} o 09/‘ J o {

1) 2546 — 2549 lasmensaisiuauasalnauns 62 Henes auaasluasen 15 vazldwa

4 o =
ﬁiﬂﬂ??ﬂﬂﬁTﬂlﬂﬁﬂﬂﬂﬂﬁWiﬁﬂ 12
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d' v A = A 4
MmN 12 agdmanuamamasuved luaanssngilassnsailaneos

1l 2546 2547 2548 2549 ARy 41

RMSE (ﬂ%'ﬂ/“ﬂ) 6.4662 2.3929 1.5964 3.3312 3.4466

2 A .
2. NTIUNIITIU section

Tumavesassnzuuuilsduaasnesn i 68 ldszuungiaduuunuueni

a J a @ 14 % @
(Mamdani) 343121910 Membership Function ¥039une 4 @ls uazomue 1 dwnls A
~ o w 1 4 ~ Y a =~
uaadlunmi 69 waz 70 awdwy  Anewina IdkunszuIumMINIsANINng e

Y Y Y 9
21-991U (If -Then) N9dU 17 ng) Tagdunoumsaglmarailaduuy Centriod

ﬂgﬁyq 17 NQUeIn3 3Nl “luﬁf“l%’gﬂgmugmﬂgﬁ’w—ﬁqifu FafiswaziBoadail
1. If (A is mf2) and (T is mf1) then (N is mf1) (1)
2. If (A is mf3) and (T is mf1) then (N is mf2) (1)
3. If (A is mf4) and (T is mf1) then (N is mf3) (1)
4. If (A is mf5) and (T is mf1) then (N is mf4) (1)
5. If (A is mf1) and (T is mf2) then (N is mf1) (1)
6. If (A is mf2) and (T is mf2) then (N is mf2) (1)
7. If (A is mf3) and (T is mf2) then (N is mf3) (1)

8. If (A is mf4) and (T is mf2) then (N is mf3) (1)

\O

.If (A is mf5) and (T is mf2) then (N is mf4) (1)

10. If (A is mf3) and (T is mf1) then (N is mf1) (1)

11. If (A is mf4) and (T is mf2) then (N is mf2) (1)

12. If (A is mf3) and (T is mf2) then (N is mf2) (1)

13. If (A is mf4) and (T is mf1) then (N is mf2) (1)

14. If (A is mf1l) and (P is mfl) and (S is mf2) and (T is mf1) then (N is mf1) (1)
15. If (A is mfl) and (P is mf2) and (S is mf2) and (T is mf1) then (N is mf1) (1)
16. If (A is mf1l) and (P is mf2) and (S is mfl) and (T is mf1) then (N is mf1) (1)

17. If (A is mf1) and (P is mf1) and (S is mf1) and (T is mfl) then (N is mf5) (1)
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17 rules
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Ti2)

System =26 4 inputs, 1 outats, 17 rules

a = = .
MNN 68 Tumammmsﬂmunﬂw«mim section

Degree of membership

Degree of membership
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Degree of membership

AMNN 69

83

Membership function Y04 A, P, S t1az T Ju lunaveinssnzuuuilsdnsal section
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mft mE miz i3 rfd

08

06

04r

Degree of rembership

02

WA 70 Membership function ¥94 N TuTunavesassnzuuufls®nsal section

o Jdo

4
namsdszananiuaved Tuna wlinsuiudazdunainnuduiusiu
J [ [ A 4 1 Aa ' 1 4 [ = [
e ludnyauzla Aanni 71 FWuNoUNR A tay T dawadoe i luanyazfelniu

A Y o Yya d‘l ~ 1 1 9 A 1 A [l Y A d‘y 9
Ap MmmualiounndunInedlumnay uduium A u3e T dwdawalini N muudIe

4
a v

1 { ' v 1 J Y o Y
TIUBDUNA P UL S UU m‘mﬁﬂuuﬂmm A W%!’fl T mezhluﬁwaﬁam N (ag ﬂ’lﬂ’lﬁu@iﬁ

A

sunaounsnluaina1s JanaIwiins Plot 3 4@ 5ena1eA1 A, T uaz N a9 i 72

P
5 45
45 4
4 35

= =
35 3
3 25
a5 . . . . . . . 3
0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
3 T

4 v o d 1 a 4
MW 71 ANUAURUTIENIBUNA tazio M lu Tuaavenssnzuuuilsdnsal section
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MNA 72 M3 Plot 3 UA 58171901 A, T uaz N TuTunaveanssnzuuuiladnsal section

4 o 1 o [ o
agUnavesTumanssnzuuuiled Werkimsulasmvesdunls N Ididuaudou
] Y o a J Y ] . = Y1 v A v o Y

11 1ANWNIAATIZHIINTDYANIA section 1) 2547-2548 TnarasiinNuduUTVRIdToYa (1)
' A ;f A A o Ay v Y qul '
0.5580 tazAIANAAIANADY (RMSE) 1.5930 A59/) o1 Tueahn 1a sinaaeudoyada

= Y1 do 3 [ Qall . (% A P4
1) 2546 — 2549 lasmensaisuase g 88 section Awaaslumsn 16 vazlana

d‘ o d‘
ﬁéﬂﬂﬂWHﬂﬁWﬂLﬂﬁﬂUﬂﬂﬁﬁNﬂ 13

4‘ ! d‘ IR IS .
19197 13 ﬁiﬂﬂ?ﬂ’ﬂﬂﬂﬁWﬂmﬁ?Juslli’)\ﬂllma@iiﬂ$LL‘1J‘]J°W‘ﬂ$“]5ﬂ§m section

Bl 2546 2547 2548 2549 Aunae 41

RMSE (ﬂ%ﬁ/?]) 2.1602 1.1726 1.0871 1.9521 1.5930

v

DA o = d .
3. nimwmsmmwmﬂmam: section

@ { 4 Y a
Tumavesassnzuuuiladudasdesnmin 73 dldszuungiaduuunuuai
a 4 a @ 4 % @
(Mamdani) 31A312191N Membership Function ¥848unNa 4 au1ls taziomue 1 dwals da
A 1 4 ~ 9 a = 9 [ Qﬁ}l
uaadlunnd 74 uaz 75 anewinad Iddunszuaumsinsannnngiled  dr-aaiu af

9 Y v
~Then) N4aY 27 ng) Tasdunoumsagimguaila®iun Centriod
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FS01

(mamdani)

27 rules

— ) T >
G © ® s

System FSO01: 4 inputs, 1 outputs, 27 rules

d' = oazl A J .
NN 73 Tuaavenssnzuuuilasninsanamosuas section

Degree of membership

Degree of membership
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MNN 74

. . ~ ] J .
Membership function U893 A Tumavenssnzuuuilsdiinsalamesias section
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d‘ . . =S o’z} A 4 .
NN 75 Membership function UDI N Tupavenssneuuuiasgnansalamosuas section

8.
9.
10
11

12.
13.
14.
15.
16.
17.
18.
19.

QBJ’ = d‘da' 9 9 [ QBJ’ & A = [ dy
ne 27 nuonssngiled Tuntilsgdunugiung-aaiu $aiseazdeaaall

.If (A is mf1) and (P is mfl) then (N is mfl)

.If (A is mf1) and (P is mf2) then (N is mfl)

.If (A is mf1) and (P is mf3) and (S is mfl) then (N is mf2)

.If (A is mf1) and (P is mf3) and (S is not mf1) and (T is mf1) then (N is mf2)
.If (A is mfl) and (P is mf3) and (S is not mfl) and (T is mf2) then (N is mf2)
.If (A is mf1) and (P is mf3) and (S is not mf1) and (T is mf3) then (N is mf3)

.If (A is mfl) and (P is mf3) and (S is not mfl) and (T is mf4) then (N is mf4)

If (A is mfl) and (P is mf3) and (S is not mfl) and (T is mf5) then (N is mf5)
If (A is mf2) and (T is mf1) then (N is mf1)
.If (A is mf2) and (T is mf2) then (N is mf3)
. If (A is mf2) and (T is mf3) then (N is mf6)
If (A is mf2) and (T is mf4) then (N is mf6)
If (A is mf2) and (T is mf5) then (N is mf6)
If (A is mf3) and (T is mf1) then (N is mf1)
If (A is mf3) and (T is mf2) then (N is mf4)
If (A is mf3) and (T is mf3) then (N is mf6)
If (A is mf3) and (T is mf4) then (N is mf6)
If (A is mf3) and (T is mf5) then (N is mf6)
If (A is mf4) and (T is mf1) then (N is mf4)



20.
21.
22.
23.
24,
25.
26.
27.

88

If (A is mf4) and (P is not mf1) and (T is mf2) then (N is mf6)
If (A is mf4) and (P is not mf1) and (T is mf3) then (N is mf8)
If (A is mf4) and (P is not mf1) and (T is mf4) then (N is mf9)
If (A is mf4) and (P is not mf1) and (T is mf5) then (N is mf9)
If (A is mf4) and (P is mf1) and (T is mf2) then (N is mf5)
If (A is mf4) and (P is mf1) and (T is mf3) then (N is mf6)
If (A is mf4) and (P is mf1) and (T is mf4) then (N is mf7)

If (A is mf4) and (P is mf1) and (T is mf5) then (N is mf8)

9
@ o v ' a v o Jdo
nnMsszananivuaved Tuaa wlinsuiudazdunainnuduiusiu

4 Y @ { % 1 Aa | v d [
e ludnvazla @90 Imi 76 Fanunduwa A, P uaz T dewanow1ine luanyue

= o A Y o Yya A ~ ] 1 9 A 1 A 1 Y
@efufe simvualnounaduasnegluaInals uauiua A w3 T azdwalia N

A 4? (] A 1 (] Y A 421 < 9 a 3 ~ 1
INNUY FIUNMTINUAT P i]$ﬁ\1wﬁ611fiﬂ1 N IWUVULANUBDY LASDUNA S UU ﬂﬁlﬂﬁﬁll&tlﬂﬁﬂﬂ? S

[} [l 1 Y o Yya 4 { 1 a o Aaa
Llﬂﬂﬂghlilﬁ\iﬂﬁﬂ@ﬂW N (a8 mmwuwiwauwwﬁumﬂuamaN %QW%WiﬂH‘Vﬂﬂﬁ' Plot 3 UA

FEHINA A, T 14ag N 44011 77

iE 164
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15 166
= = 165
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163
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175
15
17
= = 10
165
5
186
155 ]
0 2 4 & g 10 ) 5 10 15
s T

d' v o d ' a J IS A J
MUAN 76 ANUTUNUTTECHINDOUNA LLﬁ%LﬂT%WﬁiuINmﬁﬂJ@dﬁﬁiﬂ%LL‘]J‘]J“WCB“]fﬂimV\IﬂLﬂ@i

LAY section
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4’ aa 1 1 = Ay 4
MNN 77 D13 Plot 3 UA 5EHINATA, T Uag N Gl,uTNL@a"ll@Qﬁiiﬂgllﬂﬂﬂcﬁcﬁﬂimwﬂm@ﬁ Lag

section

4 o 1 @ I o
agUnavesTumanssnzuuuiled Wekimsulasmvesdunls N Ididhuauduou
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2546 2547 2548 2549 Regression ANN Fuzzy

1 NVAO1 7 0 5 3 1 1 1
2 NVA02 5 5 1 3 2 1 1
3 NVA04 0 2 1 2 0 1 1
4 NVAO5 6 4 7 3 7 5 8
5 NVA06 2 2 3 2 1 1 1
6 NVAO07 0 0 0 3 1 1 1
7 NVA09 1 1 3 3 1 1 1
8 NVAL0 4 10 4 0 2 1 1
9 NVBO1 1 5 2 3 0 1 1
10 NVB03 3 0 1 5 1 1 1
11 NVB04 2 0 0 0 1 1 1
12 NVBO05 0 1 0 0 1 1 1
13 NVB06 5 2 0 0 1 1 1
14 NVBO07 6 1 5 0 2 1 1
15 NVBO08 1 0 0 0 1 1 1
16 NVB09 1 3 0 0 1 1 1
17 NVBI10 0 0 1 0 2 1 1
18 NVCO1 * 1 0 0 0 1 1
19 NVC02 * 0 0 0 0 2 1
20 NVCO03 * 0 0 0 0 1 1
21 NVC04 * 0 0 2 1 1 1
22 NVC05 * 0 0 0 2 1 1
23 NVC06 * 0 0 0 0 1 1
24 NVCO08 * 0 1 2 0 1 1
25 NVC09 * 1 0 2 1 1 1
26 NVCI10 * 0 0 0 0 2 1
27 TMS12 5 2 2 0 4 2 1

28 BKA02 1 0 0 2 1 1 1
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e 2546 2547 2548 2549 Regression ANN Fuzzy
29 BKAO3 23 21 18 9 14 19 16
30 BKAO4 35 29 29 10 23 30 28
31 BKAO06 2 1 2 0 6 2 2
32 BKAO07 0 0 0 0 4 2 1
33 BKA11 45 11 12 0 15 12 7
34 BKAI3 16 21 13 2 13 13 12
35 BKA14 1 0 2 0 0 1 1
36 RSA0I 3 1 3 2 2 2 1
37 RSA02 0 0 0 0 2 1 1
38 RSA03 1 0 0 2 0 1 1
39 RSA05 7 2 3 2 5 3 4
40 SRE02 21 2 2 2 0 1 1
41 KYE06 2 9 12 3 11 11 7
42 KYE07 8 7 4 3 0 2 1
43 KYE09 1 1 1 0 4 1 1
44 KYE10 0 0 0 0 4 1 2
45 NPL07 1 7 1 0 3 1 2
46 NPL08 1 3 0 2 3 1 2
47 NPL09 1 1 1 0 3 1 2
48 NPL10 1 0 1 0 3 1 2
49 BGRO02 4 0 0 0 1 0 1
50 BGRO04 0 2 0 3 7 2 2
51 BGRO7 2 1 4 2 0 0 1
52 BGRO8 4 0 2 0 0 0 1
53 BGR09 1 0 0 2 0 0 1
54 BGRI10 1 1 3 0 0 0 1
55 BSM02 1 1 1 0 5 2 1
56 BSMO03 1 0 0 2 1 1 1
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57 BSMO5 3 0 1 0 0 1 1
58 BSMO06 1 2 1 0 2 1 1
59 BSM10 2 2 1 0 1 1 1
60 BSM12 0 2 1 0 1 1 1
61 BSM13 0 0 0 0 2 1 1
62 BSM14 3 1 3 0 3 1 1
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2546 2547 2548 2549 Regression ANN Fuzzy

1 BGR03S-01 * 1 1 0 1 1 1
2 BGR05S-04 * 0 0 0 2 1 0
3 BGRO3F-01 0 0 0 0 1 1 1
4 BGRO3F-04 1 1 1 0 1 1 1
5 BGRO3F-06 1 0 2 0 1 1 1
6 BGRO3F-06/1 3 1 0 0 1 1 1
7 BGRO3F-09 7 1 0 0 0 1 0
8 BGRO3F-10 5 1 0 0 1 1 1
9 BGRO3F-11 1 3 0 2 2 2 0
10 BWAO06S-01 * 0 1 0 0 0 0
11 BWA06S-01/1 * 0 0 0 0 0 0
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12 BWA06S-03/1 * 0 0 0 1 0 1
13 BWAO6F-01 1 1 0 2 1 1 1
14 BWAO6F-02 * 3 0 2 0 1 1
15 BWAO6F-03 2 1 0 0 1 1 1
16 BWAO6F-04 0 0 0 0 1 0 1
17 BWAO6F-05 * 1 0 2 1 1 1
18 SRA08S-01 0 0 0 * 1 0 0
19 SRA08S-10 0 0 0 * 1 1 1
20 SRAO8F-01 9 0 0 0 2 2 2
21 SRAOSF-02 2 0 1 3 1 1 1
22 SRAO8F-07 2 5 3 0 3 4 2
23 SRAO08F-09 4 2 0 2 1 1 1
24 SRE05S-01 * 3 0 2 1 1 0
25 SRE06S-02/2 * 0 0 0 1 1 1
26 SRE02F-02 7 3 5 0 2 2 2
27 SRE02F-04/01 0 0 0 0 1 1 1
28 SRE02F-06 1 3 0 0 2 2 2
29 SRE02F-07 1 2 6 0 4 4 3
30 SREO6F-02 2 0 1 7 1 1 1
31 SREO6F-04 1 1 3 0 1 1 1
32 SRA05S-05 * 0 1 0 1 1 1
33 SRA05S-04 * 0 0 0 1 1 1
34 SRA05S-08 * 0 1 0 1 1 1
35 SRA10S-06/01 * 0 0 0 1 1 1
36 SRA10S-10/1 * 0 0 0 1 0 1
37 SRA10S-10 * 0 0 0 1 0 0
38 SRA10F-06 1 1 1 0 1 1 1
39 SRA10F-07 1 3 4 7 1 2 2
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40 SRA10F-09 0 2 2 3 2 2 2
41 SRA10F-10 1 0 4 0 1 1 1
42 SRAI10F-12 0 4 1 0 0 2 1
43 PKEOSF-12 0 5 7 3 5 6 6
44 SRE07S-02 * 0 0 3 1 0 0
45 SRE07S-03/1 * 0 0 0 0 0 0
46 SRE07S-04 * 0 1 0 2 1 0
47 PKE10S-04 * 0 0 0 0 0 0
48 PKE10S-03 * 0 0 0 0 0 0
49 SRE09F-02 4 3 1 5 1 1 1
50 SRE09F-03 1 3 0 0 1 1 1
51 SREO7F-01 0 2 1 2 1 1 1
52 PKE10F-11 1 4 1 0 1 2 1
53 PKE10F-12 * 2 1 0 1 2 2
54 BWA07S-01 0 0 0 * 0 0 0
55 BWA07S-02 0 0 0 * 0 0 0
56 BWA07S-04/1 0 0 0 * 1 1 1
57 BWAO7R-01 1 0 0 0 0 0 0
58 BWAO7F-01 1 0 1 2 1 1 1
59 BWAO7F-03 0 0 2 10 1 1 1
60 BWAO7F-04 0 0 0 5 1 1 1
61 BWAO7F-05 0 0 0 2 1 1 1
62 BKA04S-01 * 0 2 * 1 1 1
63 BKA04S-02 * 3 1 * 1 1 1
64 BKA04S-05 * 0 3 * 1 1 1
65 BKA04S-06 * 0 0 * 1 1 1
66 BKA04S-08 * 0 0 * 1 0 1
67 BKA04S-04 * 0 1 * 0 0 1




M3199 16 (A0)

95

Srnunsilnay @3l

i swagUnsaiduma miidavuas il mitldonmsliTaaa
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68 BKAO4F-02 1 4 3 2 1 2 1
69 BKAO4F-03 4 1 3 2 2 2 0
70 BKAO04F-06 3 0 0 0 0 0 1
71 BKAO4F-07 1 1 1 2 0 0 1
72 BKAO4F-08 1 1 1 3 0 0 1
73 BKAO4F-10 2 1 1 2 1 1 1
74 BKAO4F-11 2 2 3 2 1 1 1
75 BKAO4F-12 0 0 0 0 1 1 1
76 BKA06S-04 0 1 0 0 0 0 0
77 BKA06S-06 0 0 0 0 1 1 1
78 BKAO07S-01 * 0 0 0 0 0 0
79 BKA07S-02 * 0 0 0 0 0 1
80 BKAO07S-03 * 0 0 0 0 0 0
81 NVB01S-01 * 0 0 * 1 1 1
82 NVBO01S-02 * 0 0 * 1 1 1
83 NVB01S-01 * 0 0 * 1 1 1
84 NVB02S-01 0 0 0 2 1 1 1
85 NVB07S-01 0 0 0 0 0 0 1
86 NVB07S-03 2 1 0 0 0 0 0
87 NVBO08S-01 * 0 0 0 1 0 0
88 NVB09S-01 1 2 0 0 1 0 1
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2546 2547 2548 2549 Regression ANN Fuzzy

1 BGR03S-01 * 1 1 0 0 0 1
2 BGRO5S-04 * 0 0 0 2 1 1
3 BGRO3F-01 0 0 0 0 1 1 1
4 BGRO3F-04 1 1 1 0 1 1 1
5 BGRO3F-06 1 0 2 0 1 1 1
6 BGRO3F-06/1 3 1 0 0 1 1 1
7 BGRO3F-09 7 1 0 0 1 2 1
8 BGRO3F-10 5 1 0 0 1 1 1
9 BGRO3F-11 1 3 0 2 2 2 1
10 BWA06S-01 * 0 1 0 0 0 1
11 BWAO06S-01/1 * 0 0 0 0 0 1
12 BWAO06S-03/1 * 0 0 0 0 0 1
13 BWAO6F-01 1 1 0 2 0 1 1
14 BWAO6F-02 * 3 0 2 0 0 1
15 BWAO6F-03 2 1 0 0 1 1 1
16 BWAO6F-04 0 0 0 0 0 0 1
17 BWAO6F-05 * 1 0 2 1 1 1
18 SRA08S-01 0 0 0 * 3 0 1
19 SRA08S-10 0 0 0 * 0 1 1
20 SRAO08F-01 9 0 0 0 2 1 1
21 SRAO8F-02 2 0 1 3 0 1 1
22 SRAO8F-07 2 5 3 0 4 2 3
23 SRAO8F-09 4 2 0 2 1 1 1
24 SRE05S-01 * 3 0 2 0 0 1
25 SRE06S-02/2 * 0 0 0 0 2 1
26 SRE02F-02 7 3 5 0 2 1 1
27 SRE02F-04/01 0 0 0 0 0 1 1

28 SRE02F-06 1 3 0 0 3 2 1
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2546 2547 2548 2549 Regression ANN Fuzzy

29 SRE02F-07 1 2 6 0 5 3 5
30 SREO6F-02 2 0 1 7 1 1 1
31 SREO6F-04 1 1 3 0 1 1 1
32 SRA05S-05 * 0 1 0 1 1 1
33 SRA05S-04 * 0 0 0 0 1 1
34 SRA05S-08 * 0 1 0 2 1 1
35 SRA10S-06/01 * 0 0 0 1 1 1
36 SRA108-10/1 * 0 0 0 2 0 1
37 SRA10S-10 * 0 0 0 2 0 1
38 SRA10F-06 1 1 1 0 0 1 1
39 SRA10F-07 1 3 4 7 2 1 1
40 SRA10F-09 0 2 2 3 3 2 1
41 SRA10F-10 1 0 4 0 0 2 1
42 SRA10F-12 0 4 1 0 1 2 1
43 PKEOSF-12 0 5 7 3 12 5 12
44 SRE07S-02 * 0 0 3 0 0 1
45 SRE07S-03/1 * 0 0 0 2 1 1
46 SRE07S-04 * 0 1 0 5 1 1
47 PKE10S-04 * 0 0 0 2 1 1
48 PKE10S-03 * 0 0 0 1 2 1
49 SRE09F-02 4 3 1 5 1 1 1
50 SRE09F-03 1 3 0 0 0 1 1
51 SREO7F-01 0 2 1 2 2 0 1
52 PKEI10F-11 1 4 1 0 1 1 1
53 PKE10F-12 * 2 1 0 2 1 1
54 BWA07S-01 0 0 0 * 0 0 1
55 BWA07S-02 0 0 0 * 0 0 1
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2546 2547 2548 2549 Regression ANN Fuzzy

56 BWAO7S-04/1 0 0 0 * 2 0 1
57 BWAO7R-01 1 0 0 0 0 0 1
58 BWAOQ7F-01 1 0 1 2 1 1 1
59 BWAOQ7F-03 0 0 2 10 0 1 1
60 BWAOQ7F-04 0 0 0 5 0 1 1
61 BWAO7F-05 0 0 0 2 1 1 1
62 BKA04S-01 * 0 2 * 1 1 1
63 BKA04S-02 * 3 1 * 2 0 1
64 BKA04S-05 * 0 3 * 1 1 1
65 BKA045-06 * 0 0 * 1 1 1
66 BKA04S-08 * 0 0 * 0 0 1
67 BKA04S-04 * 0 1 * 0 0 1
68 BKAO4F-02 1 4 3 2 0 2 1
69 BKAO4F-03 4 1 3 2 3 2 1
70 BKAO4F-06 3 0 0 0 0 0 1
71 BKAO4F-07 1 1 1 2 0 0 1
72 BKA04F-08 1 1 1 3 0 0 1
73 BKA04F-10 2 1 1 2 0 1 1
74 BKAO4F-11 2 2 3 2 1 1 1
75 BKAO04F-12 0 0 0 0 1 0 1
76 BKA06S-04 0 1 0 0 0 0 1
77 BKA06S-06 0 0 0 0 1 1 1
78 BKAO07S-01 * 0 0 0 0 0 1
79 BKA07S-02 * 0 0 0 0 0 1
80 BKA07S-03 * 0 0 0 0 0 1
81 NVB01S-01 * 0 0 * 0 1 1
82 NVB01S-02 * 0 0 * 0 1 1
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2546 2547 2548 2549 Regression ANN Fuzzy
83 NVB01S-01 * 0 0 * 0 1 1
84 NVB02S-01 0 0 0 2 0 1 1
85 NVB078-01 0 0 0 0 0 1 1
86 NVB07S-03 2 1 0 0 0 0 1
87 NVB08S-01 * 0 0 0 1 1 1
88 NVB09S-01 1 2 0 0 1 1 1
89 NVAO1 7 0 5 3 1 1 1
90 NVAOQ2 5 5 1 3 2 1 1
91 NVAO04 0 2 1 2 1 1 1
92 NVAO5 6 4 7 3 7 4 8
93 NVA06 2 2 3 2 1 1 1
94 NVAO07 0 0 0 3 1 1 1
95 NVA09 1 1 3 3 1 1 1
96 NVA10 4 10 4 0 3 1 1
97 NVBOI 1 5 2 3 1 1 1
98 NVB03 3 0 1 5 1 1 1
99 NVB04 2 0 0 0 2 1 1
100 NVB05 0 1 0 0 2 1 1
101 NVB06 5 2 0 0 1 1 1
102 NVB07 6 1 5 0 1 0 1
103 NVB08 1 0 0 0 1 1 1
104 NVB09 1 3 0 0 2 1 1
105 NVBI0 0 0 1 0 2 1 1
106 NVCo1 * 1 0 0 1 1 1
107 NVC02 * 0 0 0 0 0 1
108 NVC03 * 0 0 0 1 1 1
109 NVC04 * 0 0 2 1 1 1
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110 NVCO05 * 0 0 0 2 0 1
111 NVC06 * 0 0 0 1 1 1
112 NVCO08 * 0 1 2 0 1 1
113 NVCO09 * 1 0 2 2 1 1
114 NVC10 * 0 0 0 0 0 1
115 TMS12 5 2 2 0 5 0 1
116 BKAO02 1 0 0 2 1 1 1
117 BKAO3 23 21 18 9 12 16 16
118 BKA04 35 29 29 10 18 26 28
119 BKA06 2 1 2 0 7 2 1
120 BKAO07 0 0 0 0 5 2 1
121 BKAT1 45 11 12 0 13 8 7
122 BKA13 16 21 13 2 12 15 13
123 BKA14 1 0 2 0 0 0 1
124 RSA01 3 1 3 2 1 0 1
125 RSA02 0 0 0 0 2 1 1
126 RSA03 1 0 0 2 1 1 1
127 RSA05 7 2 3 2 4 3 4
128 SRE02 21 2 2 2 0 0 1
129 KYEO06 2 9 12 3 8 10 8
130 KYEO07 8 7 4 3 0 0 1
131 KYEO09 1 1 1 0 2 0 1
132 KYE10 0 0 0 0 2 0 1
133 NPLO7 1 7 1 0 1 0 1
134 NPLO8 1 3 0 2 2 0 1
135 NPLO9 1 1 1 0 2 0 1

136 NPL10 1 0 1 0 2 0 1
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137 BGRO02 4 0 0 0 0 0 1
138 BGRO04 0 2 0 3 4 1 1
139 BGRO7 2 1 4 2 0 1 1
140 BGROS8 4 0 2 0 0 1 1
141 BGRO09 1 0 0 2 0 1 1
142 BGR10 1 1 3 0 0 1 1
143 BSMO02 1 1 1 0 5 2 1
144 BSMO03 1 0 0 2 1 1 1
145 BSMO05 3 0 1 0 1 1 1
146 BSMO06 1 2 1 0 3 1 1
147 BSM10 2 2 1 0 1 1 1
148 BSM12 0 2 1 0 1 1 1
149 BSM13 0 0 0 0 4 1 1
150 BSM14 3 1 3 0 4 1 1
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1 AUMIANDADDY 0.8595 73.8816 2.6351
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