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. & 1 & ° . . 1
Observability , NO) BT UAIUNHIVDINITN State Estimation (SE) 035z uuMs Wiau

a 1 a 1 o A a '3
piina (nin.) uazszuums Iihhenaauialszmalne (nilw) Taeldismsinsgim
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F4 H
2. 90 9 AN Observable Island  UYDII9VIUIYNILYY UUILYNHI9AIN Symbolic
4

Y H
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an 9 o’/’ A o =
75 MIMR Us5znoaudie 3 Tuneundinyno

9 [ 9
YUADUTN 1 : Symbolic Matrix 409 H' gne3 1931
9 v [
Junoud 2 : wnsng H' gnaanoulaoriiunsfiian1ia Flow 1 Branch
3 d' a o T @ o a 1 d! d‘ 9 [ 1w
YUADUN 3 : MyaanouveUNNTG H' dsdutiuae lUsunsidosduaumsvesaria
. . 4 o ¥ 1 o . . Ao ' o ' <3| o
Injection HIVENI1VANIA Injection NULLA 2 alsnewiludiauusn
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@ a o o o { d
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~ a =
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Injection Measurement

Y

Q d'
VUADUN 2 :
NILUIUMIAANIUITNIINATIA Flow Auusn1ia Flow 1ntiefl iy dgigh 2 gadion 4
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) o . e o Y= v o
AMSUMINATOUHI Topological Observability Tuilayriivmeil Ao ﬂﬂi‘ﬂiwﬁ"nﬂuuua
s a v .. A o S g
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' J 03/’ Y 9 Y o Yy
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4.1.3 szuulWvhiisnaaeu
szuu lihmiunldmaaeumeiinsrt NoO 1dlgszuulvi uuy 8 e 115 kv 1 2

11ANANVDY NIA. LL@Z?&“U“UVI,V\I‘INWLL‘]J‘]J 14 U 230 kV 109 uAI1Ha9v09 Nk, Tags1eazioon

4
=

Y
w0352 uV 1T 2 uuuiiag

4.1.3.1 szuvIwvhvesmslvihaiugiinn (szuw 8 U 115 kv 1ua 2 manars) [15]

O O O O

. | || |
O O O

517 4.2 uaasszuu IWihdrdwny 8 a 115 kv vpa pyln. [15]

’ YU 1 YU

izuu”lwﬁwmmﬁ”Mﬂwdaugﬁmﬂﬁgﬁaﬂmﬁwmimﬁauﬁﬁyﬂwqﬂ g arm1il Tdun 2
1. aoil Ivl¥hdedu 1 (Bowin 1: BWI)
2. ;¥ Inl#hdedu 2 (Bowin 2 : BWN)
3. aofl Ivihdadnias 2 (Pluak Dang 2 : PLV)
4. g0 Inl#huvaun1ia 1 (Leam Cha Bang 1 : LCA)
5. goii lihi/ainuas 1 (Pluak Dang 1 : PLU)
6. a1t Irlihils (Bung : BNG)
7. aonil 1W#1812'1H 2 (Ao Phai 2 :APB)
8. ao1# Inl#uvauniis 2 (Leam Cha Bang 2 : LCB)
ANNs QnRNa@oU (Training) §1%5U Topological Observability Guaﬁxw"lvmﬁﬁgwu “]Jfl')ﬂll?
115 kv il 8 ¥ vosms Wlfhdaugima (nla.) dwmsussuuuuy 8 1 1 16 Sunnunus
A Bus Injection 914U 8 A1 1A A1IA Line  Flow  9142U 8 A1 (Availability #3®

. . . :
Unavailability) LLazﬁwﬁmmwmmuﬁmuz Observability 130 Unobservability AT 19N 4.1
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M35199 4.1 meﬂ;mamﬂﬂaau (Training Patterns) 914U 52 ¥ (Availability) Y9335 UY

k1)

Tlihddauy 115 kv 718 8 e (mun.) NlFlumsHnaouTas ANNs

v 2 ada Injection (Input) AR Flow (Input) -
Yoyayahn . . 35 MJMR (Output)
(va) (Ve - va)
1 1,2,4,5,8 1-2,2-3,4-7, 6-7 2
2 1,3,4,7 1-5, 1-6, 6-7, 7-8 2
3 2,5,6 2-3,1-5,4-8, 7-8 2
4 3,5,8 1-6, 4-7, 2
5 4,7 1-2,2-3,4-8 1
6 4,8 1-5, 1-6, 4-7 1
7 1,2,3 2-3,1-5,7-8 1
8 2,4,5,7 1-2, 1-6, 4-8, 6-7, 1
9 2,4,6,8 2-3,6-7 1
10 1,3,5,7, 2-3,4-7,7-8 2
11 1,2,5,6, 1-5, 1-6, 4-8, 1
12 1,2,4,7,8 1-2, 6-7 1
13 2,3,6,7 2-3,1-5, 1-6, 2
14 1,2,3,5,6,7 4-8 2
15 4 1-2, 1-5, 4-7, 4-8 1
16 3,6,7,8 1-2,2-3,1-6,4-7, 7-8 1
17 1 1-2,4-7,6-7, 7-8 1
18 5,6,7,8 1-6, 4-8 1
19 1,2,3,5,7,8 2-3, 2
20 2,4,7,8 1-2, 1-5, 1-6, 4-7, 7-8 1
21 3,4,5,7,8 2-3,4-8, 6-7 2
22 1,2,4,5,7,8 1-5, 4-7, 4-8 2
23 2,5,6,8 1-2, 1-5, 1-6, 1
24 1,2,3,4,5,7,8 1-2, 6-7 2
25 1,3,4,5,6 4-7,7-8 2
26 2,7 1-2, 1-5, 4-8, 6-7, 7-8 2
27 1,2 1-2,2-3,1-6 1
28 3,4,5,7 4-7,4-8, 6-7 1
29 1,3,5,8 1-2, 1-6, 7-8 2
30 1,2,3,6,7,8 1-6,4-7, 6-7, 7-8 2
31 2 1-2,2-3, 1-5, 4-8 1
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.1 (410)
v 2 i Injection (Input) A1 Flow (Input) —
Yoyayan . o . 35 MJMR (Output)
($1)) (U - ua)
32 1,2,3,4,6,8 1-5, 1-6, 2
33 2,3,5,6,7 1-2, 1-6, 4-8, 6-7 2
34 2,3,5 2-3,1-5,4-7,6-7,7-8 1
35 1,2,3,4,5,7 1-2, 2-3, 4-8, 2
36 4,5 1-5,4-7,7-8 1
37 1,2,3,4,5,6,7,8 1-2, 1-6, 2
38 3,6 1-2,2-3,4-8, 6-7 1
39 1,4, 8 1-2, 1-5,4-7,7-8 1
40 1,3,5,7,8 1-6 2
41 2 1-2,2-3, 1-6, 6-7, 7-8 1
42 2,3,4,6,7 1-2, 1-5, 4-7, 4-8 2
43 1,2,5,7,8 2-3,1-6, 6-7, 7-8 2
44 5 1-2,2-3, 1-5, 1-6, 4-7, 7-8 1
45 2,3,4,5,6,7 4-8, 6-7 2
46 1,8 1-2,2-3,4-7,4-8 1
47 2,5,8 1-5, 1-6, 7-8 2
48 3,6 1-2,2-3, 6-7,7-8 1
49 1,2,3,4,5 1-2, 1-5, 6-7 2
50 2,3,6,7,8 2-3,1-6,4-7, 4-8 1
51 1,5 1-2,2-3,1-5,4-7,6-7, 7-8 1
52 2,4,6 1-6, 4-8 1

{ Vo Ag ' o { o '
U : Input ﬁuﬁmwmﬂﬁaﬂnﬂﬁgﬂu Availability 4A0EA1IAVDY Injection ﬁgmazummzm

o ' 7 {
99 Flow Lmazllau (Output ﬁuamwmmm 2 Till'lﬁlﬁﬂ Observability aguugy 1 “HSJ']E]EA‘I?\?

Unobservability)
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4132 szuvlvthveamsInihdhenaauvisdszmalng (szuv 14 e 230 kv 1ua

UAIHAN) [16]

O O

= S
O O
T
111108
O
2 14
T —1

O {1Mnentios

31U 4.3 vaaaszuu Iihddann 14 Fa 230 kv vea nilw. [16]

Y
szunithueams i ihenaauvsls ot ine luvauaswaiaiiame 14 a1l 18un

1.
2.
3.
4.

8.
9.

aoii Il Insides (SATNOI : SNQY
amu“lﬂﬁwmaﬂaﬂuaa(BANGKOK;I]’(%]I BN)
a1l Trl#hsuy514 (SOUTH THONBURI : STB)
aoil Iihwszunsld (souTH BQ\IGKOK SB)
a1 I umm$ni (THEPHARAK: TPR)

aoil nihuand (BANW}ﬁfgLumim

aonil IWfheouys (ON NUCH: ON)

aoil Inihvuesen (NONG CHOK: NCO)

aoil Iihinangil (BANG KAPI 5B3K)

10. amu“lﬂﬂwymmuﬂ(RATCHADAPHISEK RPS)
11. aoil ihaandn (LAT i»‘l@ﬂ&@ﬁﬂ%

12. aoil A uFeaiann (CHAENG WATTANA : CHW)

6 UNNE 7

NI

901



13. aoil W5 9da (RANGSIT : RS)

14. aail Wfhwszuaswiiie (NORTH BANGKOK : NB)
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ANNs 9nRNaoU (Training) §1M35U Topological Observability ¥oeszuy Trlfideszuy

230 kV 0% 14 17 vo3 n¥lw. dMTUSTUDLVY 14 a0 1 30 BUNNUNUAIIA Bus  Injection

311U 14 A1 1ag A13A Line Flow 149U 16 A1 (Availability #30 Unavailability) 1agiinil

Li’)WT‘V!VILWIHﬁ’ﬂ”I‘L!% Observability 5L Unobservability AINNT 1N 4.2

9

M13197 4.2 !,Lﬁmﬂgmamﬂﬂﬁau (Training Patterns) PIUIU 72 ¥A (Availability) YO33s UV

U

Tlihddauy 230 kv 718 14 98 W) NldlumsinaouTas ANNs

Aa Injection (Input)

A1IA Flow (Input)

Foyayaii . L 3% MJMR (Output)
(va) (Ve - va)

1-2, 1-13, 3-4, 4-5, 6-7, 7-8 ,

1 1,3,4,5,9,11,12, 14 2
10-11, 12-13, 12-14

2 4,5,7,13, 14 1-13, 3-4, 67,79, 11-12, 12-14 1

3 1,2,3,5,6,8,13, 14 1-2, 113, 2:3, 56, 7-8, 11-12, 1
11-14, 12-14

4 2,4,7,9,10, 11, 14 23, 2-14, 4-5, 67, 7-9, 9-10, 1
10-11, 12-13

5 1,3,5,7,9,10, 11, 13 1-2, 1-13, 3-4, 7-8, 10-11, 11-12, 2
11-14

6 2,5,6,8,10,11,12, 14 1-13, 2-14, 56, 6-7, 79, 10-11, 1
12-13, 12-14

7 3,4,6,9,10, 12 1-2, 2-14, 56, 7-8, 7-9, 11-12, 1
11-14

8 1,2,3,5,6,7,9,10,11,13,14 | 1-13, 2-3, 3-4, 56, 7-9, 9-10, 1
11-14, 12-13

9 2,3,5,6,8,9,11,12, 13, 14 1-2, 2-3, 2-14, 4-5, 7-9, 10-11, 2
12-13, 12-14

10 5,7,8,11,12, 13 2-14, 5-6, 6-7, 7-8, 7-9, 11-12, 1
11-14, 12-14

11 1,3,4,6,7,8,9, 11,13, 14 1-2, 1-13, 3-4, 4-5, 7-8, 7-9, 2
11-12, 11-14

12 2,3,4,5,6,8,9,10,12,13, 14 | 2-14,6-7,9-10, 10-11, 12-14 2
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i Injection (Input)

AR Flow (Input)

Foyayaii . o . 3% MIMR (Output)
(Ua) (e - i)

13 1,2,3,4,6,8,9,10, 11,13, 14 | 1-2,2-3,2-14, 56,67, 7-8, 79, 2
11-14, 12-14

14 1,2,4,5,6,8,9,10, 11, 12 1-2, 3-4, 4-5, 5-6, 6-7, 10-11, 2
12-13, 12-14

15 1,3,4,5,8,9,13 1-2, 1-13, 2-3, 2-14, 56, 6-7, 1
9-10, 11-14, 12-13

16 4,6,10,11, 14 12, 2-3, 3-4, 5-6, 9-10, 10-11, 1
11-14

17 2,3,4,7,8,9,10,11, 12, 14 1-2, 1-13, 2-14, 4-5, 7-8, 10-11, 2
11-14, 1213

18 5,6,7,10,13, 14 1-13, 2-14, 3-4, 67, 11-12, 1
11-14

19 1,2,3,4,9, 11,12, 13, 14 12, 2-3, 2-14, 78, 79, 11-12, 1
11-14, 12-14

20 1,3,5,7,9,11,13 1-2, 2-3, 3-4, 4-5, 7-9, 10-11, 1
11-12, 12-14

21 1,3,4,7,8,9,11, 12,13, 14 1-2, 1-13, 2-14, 34, 56, 67, 2
7-9,12-13, 12-14

22 3,4,7,8, 11,12, 13, 14 1-13, 23, 3-4, 56, 7-8, 79, 1
9-10, 11-12, 11-14, 12-14

23 1,2,3,4,6,7,9,10, 12, 13, 14 1-13, 2-3, 4-5, 6-7, 7-8, 9-10, 2
11-12, 12-13, 12-14

24 1,5,9,13, 14, 12, 1-13, 2-3, 4-5, 5-6, 6-7, 7-9, 1
10-11, 11-12, 12-13, 12-14

25 1,2,4,5,7,10,11,12,13,14 | 1-2, 2-3, 2-14, 3-4, 67, 9-10, 1
11-12, 11-14

26 1,2,3,4,5,6,8,9, 10, 11, 13, | 2-3,4-5, 5-6, 7-9, 9-10, 11-12 2

14

27 1,2,3,4,5,10,11,12, 13, 14 | 1-2, 2-14, 3-4, 67, 9-10, 10-11, 1
11-14

28 1,2,4,5,6,7,8,9,10,12,14 | 1-13, 2-3, 2-14, 3-4, 7-8, 7-9, 2

9-10, 10-11
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ANA Injection (Input)

AR Flow (Input)

Foyayaii . o . 3% MIMR (Output)
(Ua) (e - i)
29 1,2,4,6,7,8,9,10, 12, 14 2-14, 5-6, 7-8, 79, 11-12, 12-13, 2
12-14
30 1,2,3,6,7,8,12,13, 14 1-13, 2-3, 3-4, 6-7, 7-9, 11-12, 1
12-14
31 3,4,5,6,7,10,11,12,13,14 | 12, 2-3, 34, 4-5, 7-9, 9-10, 1
10-11, 11-12, 12-13
32 3,8,11,13, 14 12, 1-13, 2-3, 3-4, 4-5, 5-6, 7-8, 1
7-9,9-10, 11-12, 11-14, 12-14
33 2,7,8,9,10,12,13, 14 2-3, 2-14, 3-4, 5-6, 7-8, 79, 1
9-10, 10-11, 11-14, 12-13, 12-14
34 1,2,4,56,7,89, 11,12, 13, | 1-2, 1-13, 2-14, 3-4, 5-6, 67, 2
14 7-8,10-11, 11-12, 12-14
35 2,3,4,5,6,7,9,10,11, 12 1-13, 2-14, 3-4, 67, 7-8, 79, 2
9-10, 1213, 12-14
36 1,2,3,4,5,6,9,10, 11, 12, 13, | 2-3, 2-14, 3-4, 4-5, 5-6, 7-9, 1
14 9-10,10-11, 11-12, 11-14
37 1,2,4,5,6,7,8,10,11,12,14 | 1-2, 1-13, 2-14, 3-4, 4-5, 7-8, 1
10-11, 11-12, 11-14
38 1,2,3,4,6,7,809,10, 11, 12, | 2-14, 56, 7-8, 9-10, 11-14, 2
14 12-13
39 1,3,4,6,7,8,9,11,12, 14 1-2, 2-3, 2-14, 7-9, 11-12, 11-14, 1
12-13
40 2,3,5,6,7,8,9,10, 11, 12, 13, | 1-13, 2-3, 4-5, 5-6, 6-7, 10-11, 2
14 11-12, 12-14
41 1,2,3,4,7,8,9,10,11,12,14 | 2-14, 3-4, 5-6, 7-8, 9-10, 11-12, 2
11-14, 12-14
42 2,3,4,6,8,11,12,13, 14 1-2, 2-3, 3-4, 4-5, 5-6, 7-8, 9-10, 2
10-11, 11-14, 12-14
43 3,9,11,12, 14 1-2, 2-3, 3-4, 4-5, 5-6, 67, 79, 1
10-11, 11-12, 11-14, 12-14
44 1,2,5,6,8,9,10,12,13, 14 1-13, 2-3, 3-4, 4-5, 5-6, 6-7, 78, 1

9-10, 10-11, 11-14, 12-13




M13190 4.2 (91D)

67

ANA Injection (Input)

AR Flow (Input)

Foyayaii . o . 3% MIMR (Output)
(Ua) (e - i)
45 1,2,3,4,5,7,8,10, 11, 12, 13, | 1-2, 1-13, 23, 34, 4-5, 67, 2
14 9-10, 10-11, 11-12, 11-14, 12-14

46 2,3,4,6,7,8,9,11,12, 14 1-13, 2-3, 3-4, 4-5, 5-6, 7-8, 7-9, 2
11-14, 1213

47 1,3,5,7,9,11, 13, 14 12, 2-3, 2-14, 56, 67, 79, 1
9-10,10-11, 11-12, 11-14

48 2,4,6,7,8, 11,12, 13, 14 12, 2-3, 2-14, 4-5, 56, 7-8, 79, 2
10-11, 11-12, 1213, 12-14

49 1,2,3,5,6,7,9,10, 11, 13, 14 1-2, 2-3, 2-14, 3-4, 4-5, 5-6, 6-7, 2
7-8,9-10, 10-11

50 1,3,4,5,6,11,13 1-2, 1-13, 3-4, 5-6, 7-8, 7-9, 1
9-10, 11-12, 11-14, 12-13

51 1,2,3,5,6,8,10, 11, 12, 14 1-13, 23, 3-4, 4-5, 56, 79, 2
9-10, 11-12, 11-14, 12-14

52 1,3,4,5,7,8,9,11, 13, 14 1-2, 1-13, 2-3, 3-4, 4-5, 6-7, 7-8, 1
7-9, 9-10, 11-12, 11-14, 12-13,
12-14

53 2,3,4,7,8,9,10, 11,12 1-13, 2-3, 2-14, 4-5, 56, 6-7, 2
7-8, 9-10, 10-11, 11-12, 11-14,
12-13, 12-14

54 3,4,7,9,10,11, 13, 14 1-2, 1-13, 2-14, 3-4, 4-5, 6-7, 2
7-8, 79, 10-11, 11-12, 11-14,
12-14

55 1,4,6,10,11,12,13 1-2, 23, 2-14, 5-6, 7-8, 10-11, 1
12-13

56 2,3,4,57,8,9,10, 11,12, 13, | 12,23, 2-14, 3-4, 4-5, 67, 7-9, 2

14 9-10, 10-11, 12-13, 12-14

57 3,6,9,10, 11, 14 1-13, 2-3, 4-5, 6-7, 7-8, 7-9, 1
10-11, 11-12, 12-13, 12-14

58 2,5,8,9,11,12,13 1-2, 1-13, 3-4, 6-7, 7-8, 9-10, 1
10-11, 11-12, 1213, 12-14

59 1,2,4,5,7,8,9,10,12,13, 14 | 1-2, 2:3, 45, 5-6, 7-8, 9-10, 2

11-12, 11-14, 12-14
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ANA Injection (Input)

AR Flow (Input)

Foyayaii . o . 3% MIMR (Output)
($1)) (Ve - va)
60 4,6,9,10,12, 13 1-13, 2-3, 4-5, 9-10, 11-14, 1
12-13
61 2,4,6,8,9,10,11, 12, 14 1-2, 1-13, 2-14, 3-4, 5-6, 67, 1
9-10, 10-11, 11-14
62 1,3,4,5,6,7,8,9, 10,12, 14 1-2, 1-13, 2-14, 4-5, 6-7, 7-9, 2
10-11, 11-14, 12-14
63 1,2,4,5,6,7,8,10, 11, 12, 13, | 2-3, 3-4, 4-5, 7-8, 7-9, 9-10, 2
14 10-11, 11-12, 12-13, 12-14
64 1,2,3,4,5,6,7,8,9,10, 11,12, | 1-2, 1-13, 2-3, 2-14, 3-4, 56, 2
14 7-8, 7-9, 11-12, 11-14, 12-13,
12-14
65 4,8,12 1-2,4-5,7-8,7-9, 11-12, 12-13 1
66 3,4,6,9, 11,14 1-13, 3-4, 7-8, 10-11 1
67 1,2,4,5,6,9,10,11,12,13,14 | 12, 2-3, 3-4, 56, 7-9, 9-10, 1
11-14, 12-13
68 1,2,5,6,7,8,10,11,12, 14 1-2, 2-3, 3-4, 4-5, 5-6, 7-8, 7-9, 2
9-10, 11-12, 12-13
69 5,11,12 1-13,2-14, 4-5,9-10 1
70 2,3,4,5,6,7,8,9, 11, 12, 13, | 2-3, 3-4, 4-5, 5-6, 67, 7-8, 10- 2
14 11,11-14
71 1,2,4,5,7,8,9,10, 11, 12, 13, | 1-2, 1-13, 23, 4-5, 5-6, 7-8, 9- 2
14 10, 12-14
72 4,5,11,12 1-13, 2-3, 67, 7-8, 11-12, 11-14, 1

12-14

y Vo A . . 1 Y . . { 1 % 1
WYY : Input NuaaIaedn Ay Availability 1aazA1IAUDI Injection NuAaziaLAzAY

@ ' t4 { eqe
3 Flow uaag lail (Output NUAAIMUIBIAY 2 HUIBD Observability LLALHINYAY 1 HUBD

Unobservability)

4.2 MminaaauMlalasaelssannfaunuunnsmMgounay (Back — Propagation

Neural Networks)

Y
Tumsnaaeuni NO vosszuu I Tasnsldlassinesdszanionnuy BP 1iuaziii

9
%

Y ] = A ] . Z
msnageu laems 1% Inssuelseamionuuy BP AUTusoU (Hidden Layer) 25U lage
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4.2.2 SaUTUAdUMIUSL Weight 11ag Bias
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Pedormance is 2.66385%e-009, Goal is 0
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=
1
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aa o Yo o o 9 Y ! @ S 1 = <
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U934 Neural Network Toolbox
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Linear Transfer Function
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Tan-Sigmoid Transfer Function
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