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                                                   APPENDIX A 

COMPLETE DATA SET 

Generator’s rating of the 10 area 50 Machine system (Refer Figure 3.7):  

Ratings of Generators in Area 1 are: 

G11=100MW, G21=184MW, G31=140MW, G41=140MW, G51=184MW. 

Ratings of Generators in Area 2 are: 

G12=100MW, G22=184MW, G32=140MW, G42=140MW, G52=100MW. 

Ratings of Generators in Area 3 are: 

G13=100MW, G23=184MW, G33=184MW, G43=135MW, G53=140MW. 

Ratings of Generators in Area 4 are: 

G14=100MW, G24=135MW, G34=135MW, G44=184MW, G54=184MW. 

Ratings of Generators in Area 5 are: 

G15=184MW, G25=184MW, G35=135MW, G45=140MW, G55=135MW. 

Ratings of Generators in Area 6 are: 

G16=100MW, G26=100MW, G36=100MW, G46=184MW, G56=135MW. 

Ratings of Generators in Area 7 are: 

G17=184MW, G27=184MW, G37=184MW, G47=100MW, G57=100MW. 

Ratings of Generators in Area 8 are: 

G18=140MW, G28=140MW, G38=184MW, G48=135MW, G58=184MW. 
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Ratings of Generators in Area 9 are: 

G19=184MW, G29=184MW, G39=184MW, G49=184MW, G59=184MW. 

Ratings of Generators in Area 10 are: 

G110=140MW, G210=135MW, G310=184MW, G410=184MW, G510=100MW. 

UPFC between area 1 and area 2:  

Transformer: Xte=0.03; Xb=0.30;  

Transmission line: Xe=0.3; Xbv=0.03; 

Operating conditions: Vb=1.0 p.u.; δ=40 degree; 

DC Link Capacitor: Cdc=0.0005; Vdc=1.0 p.u.  

Data Set of Sample Six Area Test System 1 (Refer Figure 5.2): 

Generator 1 (100 MW): M1=16.64 MJ/MVA; T1d0=5.6 sec; X1d=1.192; X1q=1.192; 

X1d1=0.1269; E'q1=1.024 p.u.; Excitation System 1: K1A=18.5; T1A=0.2 sec; 

Generator 2 (135MW): M2=6.52 MJ/MVA; T2d0=3.5sec; X2d=0.8667; X2q=0.5207; 

X2d1=0.2467; E'q2=1.024 p.u.; Excitation System 2: K2A=40; T2A=0.06 sec; 

Generator 3 (140 MW): M3=16.10 MJ/MVA; T3d0=7.9 sec; X3d=1.540; X3q=1.490; 

X3d1=0.1060; E'q3=1.024 p.u.; Excitation System 3: K3A=45; T3A=0.06 sec; 

Generator 4 (184MW):  M4=27.94 MJ/MVA; T4d0=3.3 sec; X4d=0.4993; X4q=0.4819; 

X4d1=0.0789; E'q4=1.024 p.u.; Excitation System 4: K4A=18.5; T4A=0.2 sec; 

Generator 5 (135MW): M5=6.52 MJ/MVA; T5d0=3.5 sec; X5d=0.8667; X5q=0.5207; 

X5d1=0.2467;  E'q5=1.024 p.u.; Excitation System 5: K5A=40; T5A=0.06 sec; 
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Generator 6 (100MW):  M6=16.64 MJ/MVA; T6d0=5.6 sec; X6d=1.192; X6q=1.192; 

X6d1=0.1269; E'q6=1.024 p.u.; Excitation System 6: K6A=18.5; T6A=0.2 sec; 

UPFC between area 2 and area 3:  

Transformer: Xte=0.03; Xb=0.30;  

Transmission line: Xe=0.3; Xbv=0.03; 

Operating conditions: Vb=1.0 p.u.; δ=40 degree; 

DC Link Capacitor: Cdc=0.0005; Vdc=1.0 p.u. 

Data Set of Sample Six Area Test System 2 (Refer Figure 5.6): 

Area 1 with PSS1 (G1): 

Generator 1 (184 MW): M1=27.94 MJ/MVA; T1d0=3.3 sec; X1d=0.4993; X1q=0.4849; 

X1d1=0.0789; E'q1=1.0 p.u., Efd1=1.0 

Excitation System 1: K1A=18.5; T1A=0.2 sec; 

Area 2 with PSS2 (G2): 

Generator 2 (184 MW): M2=27.94 MJ/MVA; T2d0=3.3 sec; X2d=0.4993; X2q=0.4849; 

X2d1=0.0789; E'q2=1.0 p.u., Efd2=1.0 

Excitation System 2: K2A=18.5; T2A=0.2 sec; 

Area 3 with PSS3 (G3): 

Generator 3 (140 MW): M3=16.1 MJ/MVA; T3d0=7.9 sec; X3d=1.54; X3q=1.49; 

X3d1=0.1060; E'q3=1.0p.u. Efd3=1.0; 

Excitation System 3: K3A=45; T3A=0.060 sec; 
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Area 4 with PSS4 (G4): 

Generator 4 (184 MW): M4=27.94 MJ/MVA; T4d0=3.3 sec; X4d=.4993; X4q=.4819; 

X4d1=0.0789; E'q4=1.0p.u., Efd4=1.0; 

Excitation System 4: K4A=18.5; T4A=0.2 sec; 

Parameters for UPFC installed between two areas:  

Transformer: Xte=0.03; Xb=0.30;  

Transmission line: Xe=0.3; Xbv=0.03; 

Operating conditions: Vb=1.0 p.u.; δ=40 degree; 

DC Link Capacitor: Cdc=0.0005; Vdc=1.0 p.u. 

Generator 5 (140 MW): M5=16.1; MJ/MVA; T5d0=7.9 sec; X5d=1.54; X5q=1.49; 

X5d1=0.1060; E'q5=1.0 p.u., Efd5=1.0; 

Excitation System 5: K5A=45; T5A=0.060 sec;  

Generator 6 (140 MW): M6=16.1 MJ/MVA; T6d0=7.9 sec; X6d=1.54; X6q=1.49; 

X6d1=0.1060; E'q6=1.0p.u., Efd6=1.0; 

Excitation System 6: K6A=45; T6A=0.060 sec; 

Two Area Two Machine Test System (Refer Figure 3.4): 

Transformer: Xte
 
=0.03; Xb =0.30  

Transmission line: Xe =0.3;  Xbv=0.03; 

Operating conditions: Vb  =1.0 p.u.; δ =40 degree; 

DC link capacitor: Cdc=0.0005 p.u.; Vdc =1.0 p.u.; 
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Generator 1:M1=0.0255 MJ/MVA; D1=0.0sec; T1d0=5.044 sec, X1d=0.190; X1q=0.163; 

X1d1=0.0765; E'q11=1.024;  

Excitation system 1: K1A=10; T1A =0.010 sec; 

Generator 2: M2=0.0255 MJ/MVA; D2=0.0 sec; T2d0=5.6 sec, X2d=0.190; X2q=0.163; 

X2d1=0.0765; E'q21=1.024;  

Excitation system 2: K2A=20; T2A=0.010 sec; 

Two Area Four Machine Test System (Refer Figure 3.10) 

Generator 1 with PSS1 (Area 1): 

Generator 1 (960 MW): M1=65.46 MJ/MVA; T1d0=
 
6.7 sec; X1d=

 
0.1675; X1q=

 
0.1675; 

X1d1=
 
0.0208; E'q11=1.024p.u., Efd11=1.0 p.u.; 

Excitation System 1: K1A=100; T1A=0.020 sec; 

Generator 2 with PSS2 (Area 1): 

Generator 2 (660 MW): M2=
 
64.56 MJ/MVA; T2d0=

 
6.1sec; X2d=

 
0.1715; X2q=

 
0.1023; 

X2d1=
 
0.0440; E'q21=1.024 p.u., Efd21=1.0; 

Excitation System 2: K2A=100; T2A=0.020 sec; 

Generator 3 with PSS3 (Area 2): 

Generator 3 (600 MW): M3=
 
55.20MJ/MVA; T3d0=

 
6.7sec; X3d=

 
0.3030; X3q=

 
0.2820; 

X3d1=
 
0.0560; E'q32=1.0p.u. Efd32=1.0; 

Excitation System 3: K3A=100; T3A=0.020 sec; 

Generator 4 with PSS4 (Area 2): 
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Generator 4 (390 MW): M4=
 
38.36MJ/MVA; T4d0=

 
6.1sec; X4d=0.3158; X4q=

 
0.2624; 

X4d1=
 
0.0386; E'q42=1.0p.u. Efd42=1.0; 

Excitation System 4: K4A=160; T4A=0.030 sec; 

Two Area Four Machine Test System (Refer Figure 5.34) (PSCAD Validation) 

Generator 1 with PSS1 (Area 1): 

Generator 1 (120 MW): M1=
 
3.117MJ/MVA; T1d0=

 
6.55sec; X1d=

 
1.014; X1q=

 
.770; 

X1d1=
 
.314; E'q11=1.0p.u., Efd11=1.0 p.u.; 

Excitation System 1: K1A=200; T1A=0.020 sec; 

Generator 2 with PSS2 (Area 1): 

Generator 2 (120 MW): M2=
 
3.117 MJ/MVA; T2d0=

 
6.55sec; X2d=

 
1.014; X2q=

 
0.770; 

X2d1=
 
0.314; E'q21=1.0 p.u., Efd21=1.0; 

Excitation System 2: K2A=200; T2A=0.020 sec; 

Generator 3 with PSS3 (Area 2): 

Generator 3 (120 MW): M3=
 
3.1170MJ/MVA; T3d0=

 
6.55sec; X3d=

 
1.014; X3q=

 
0.770; 

X3d1=
 
0.314; E'q32=1.0p.u. Efd32=1.0; 

Excitation System 3: K3A=200; T3A=0.020 sec; 

Generator 4 with PSS4 (Area 2): 

Generator 4 (120 MW): M4=
 
3.117MJ/MVA; T4d0=

 
6.55 sec; X4d=1.014; X4q=

 
0.770; 

X4d1=
 
0.314; E'q42=1.0p.u. Efd42=1.0; 

Excitation System 4: K4A=200; T4A=0.020 sec; 
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STATCOM Parameters: 

Cdc=0.005; Vdc=1.0; δ0=0.6981; d11=0.45; d21=.45; d12=.45; d22=.45; Xte=0.03; Xe11=0.3; 

Xe21=.3; Xe=.3; Xb=0.3; Xbv=0.03;  

Parameters of Heuristic Optimization Techniques: 

PSO Parameters: 

No. of Particles: 70; No. of Iteration: 15; Damping Coefficient: 0.9; acceleration 

coefficient c1=1.5 and c2=4-c1; 

GSA Parameters: 

No. of Populations: 70; No. of Iteration: 15; G0 (Gravitational constant)=100; α=20 

Firefly Algorithm Parameters: 

No. of fireflies: 70; No. of Iteration: 15; α (randomness)=0.5; β0=0.2; γ (absorption)=1 

Linearized constant used in the derivation of close loop matrix of UPFC with two 

machine system model: (section 3.2.3) 

31 1 4 cosa L D  ; 
32 1 4 2'qa L D E sin ; 

33 1 4 2'q ba L D E sin ; 34 1 4 cos ( / 2)b b dca L D m V ; 

35 1 4( / 2) sinb ba L D m  ; 36 1 5 sin ( / 2)e dca L D V ; 37 1 5 cos ( / 2)e e dca L D m V ; 

38 1 5( / 2) sine ea L D m  ; 39 1 6a L D ; 41 2 3 cos e dca L Q V ; 42 2 3 sine e dca L Q m V ; 

43 2 3 cose ea L Q m  ; 44 2 4 cos ( / 2)b dca L Q V ; 45 2 4 sin ( / 2)b dca L Q V  ; 

46 2 4( / 2) cosb ba L Q m  ; 47 2 4 sina L Q  ; 
48 2 4 2' cosqa L Q E  ; 351 35 38a a a  ; 

431 43 46a a a  ; 11 1 3 2 39' da D D X a  ; 12 2 3 2 36sin 'e dc da D V D X a  ; 

13 2 3 2 37cos 'e e dc da D m V D X a  ; 14 2 3 2 351 3sin ' ( / 2) sine e d b ba D m D X a D m    ; 
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15 3 3 2 31cos ' da D D X a  ; 
16 3 2 3 2 32' sin 'q da D E D X a  

17 3 2 33 3' sin ( / 2)d b dca D X a D V   ;  18 3 2 34 3' cos ( / 2)d b b dca D X a D m V   ; 

21 1 2 2 41cos e dc qa Q V Q X a  ; 
22 2 2 42 1 sinq e e dca Q X a Q m V  ; 

23 1 2 2 2 431cos ( / 2) cose e b b qa Q m Q m Q X a    ; 
24 2 2 2 44cos ( / 2)b dc qa Q V Q X a  ; 

25 2 2 45 2 sin ( / 2)q b b dca Q X a Q m V  ; 
26 2 2 2 47sin qa Q Q X a  ; 

27 2 2 2 2 48' cosq qa Q E Q X a  ;  

51 11 39a a a  ; 52 12 36a a a  ; 53 13 37a a a  ; 54 14 351a a a  ; 55 15 31a a a  ; 

56 16 32a a a  ; 57 17 33a a a  ; 58 18 34a a a  ; 61 21 11a a a  ; 62 22 42a a a  ; 

63 23 431a a a  ; 64 24 44a a a  ; 65 25 45a a a  ; 66 26 47a a a  ; 67 27 48a a a  ;

3

4
e b

dc

a a
C

    

1 1 1sin cose e e e d e e e qa a m I a m I    ; 2 cose e e ea a m  ; 3 sine e e ea a m  ; 

4 1 1cos sine e e d e e qa a I a I   ; 
1 2 2cosb b b d b b b qa a m I a m I  ; 2 cosb b b ba a m   ; 

3 sinb b b ba a m   ; 
4 2 2cos sinb b b d b b qa a I a I   

1 1 2 13 3 22 2 37 3 42v e e e b ba a a a a a a a a a     ; 2 2 11 2 39v e ba a a a a  ; 

3 2 12 3 21 2 36 3 41v e e b ba a a a a a a a a    ; 4 2 14 3 23 2 351 3 431v e e b ba a a a a a a a a    ; 

5 2 15 3 26 2 31 3 47v e e b ba a a a a a a a a    ; 6 2 16 3 27 2 32 3 48v e e b ba a a a a a a a a    ; 

7 2 17 3 24 2 33 3 44v e e b ba a a a a a a a a    ; 8 2 18 3 25 1 2 34 3 45v e e b b ba a a a a a a a a a     ;  

11 tqn I  ; 
12 1 1 1[ ' ( ' ) ]q q d tdn E X X I    ; 

13 1 1( ' )q d tqn X X I   ; 14 11 13 51n n n a  ; 

15 12 61 13 52n n a n a  ; 16 12 62 13 53n n a n a  ; 17 12 63 13 54n n a n a  ; 18 12 64 13 57n n a n a  ; 

19 12 65 13 58n n a n a  ; 110 12 66 13 55n n a n a  ; 111 12 67 13 56n n a n a  ; 21 1 1( ' )d dn X X   ; 
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1 22( 1 )v n   ; 22 21 21n n a ; 23 21 52n n a ; 24 21 53n n a ; 25 21 54n n a ; 26 21 55n n a ; 

27 21 56n n a ; 28 21 57n n a ; 29 21 58n n a ; 

11 1 1' 'q td dF E I X  ; 12 11 1' dF F X  ; 
2

13 1tq qF I X ; 14 11 12 51F F F a  ; 15 12 52 13 61F F a F a  ; 

16 12 53 13 62F F a F a  ; 17 12 54 13 63F F a F a  ; 18 12 55 13 66F F a F a  ; 19 12 56 13 67F F a F a  ; 

110 12 57 13 64F F a F a  ; 111 12 58 13 65F F a F a  ; 1
3

1 1

A

t A

K
v

v T
  ; 

11 2 2 2 2[ ' ( ' ) ]q q d dm E X X I    ; 
12 2qm I  ; 

13 2 2 2( ' )q d qm X X I   ; 

14 11 41 13 36m m a m a  ; 15 11 42 13 37m m a m a  ; 16 11 431 13 351m m a m a  ; 17 11 44 13 33m m a m a  ; 

18 11 54 13 34m m a m a  ; 19 11 47 12 13 31m m a m m a   ; 110 11 48 13 32m m a m a  ; 111 11 39m m a ; 

21 2 2( ' )d dm X X   ; 22 21 31m m a ; 23 21 32m m a ; 24 21 33m m a ; 25 21 34m m a ; 

26 21 351m m a ; 27 21 36m m a ; 28 21 37m m a ; 29 21 39m m a ; 2 22( 1 )v m   ; 

11 2 2 2' 'q d dG E I X  ; 12 11 2' dG G X  ; 
2

13 2 2q qG I X ; 14 11 12 31 13 47G G G a G a   ; 

15 12 32 13 48G G a G a  ; 16 12 33 13 44G G a G a  ; 17 12 34 13 45G G a G a  ; 18 12 351 13 431G G a G a  ; 

19 12 36 13 41G G a G a  ; 110 12 37 13 42G G a G a  ; 111 12 39G G a ; 2
4

2 2

A

t A

K
v

v T
 ;  

Be B BvX X X  ; 
1qe q teX X X  ; 

2BB be qX X X   ; 1dd d teX X X  ; 

2'BE be dX X X  ;  

2 2

1 2 eo dcoN k m V ; 2 2

2 2 eo dcoN k m V ; 
3 1 12 ' 2 2q td de d eN E I X I X   ; 

2

4 1 12 2 2 'td de d d de q deN I X I X X E X   ; 
2

5 12 2tq qe q qe eN I X I X X  ; 

2

6 1 1 12 2 2 'd e td d de q eN I X I X X E X   ; 
2

7 1 12 2q e q qe eN I X I X X  ; 

8 1 4 52 5 61 6 12 7 21N N N a N a N a N a     ; 9 4 53 5 62 6 13 7 22N N a N a N a N a     ; 
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10 4 57 5 64 6 17 7 24N N a N a N a N a     ; 11 4 58 5 65 6 18 7 25N N a N a N a N a     ; 

12 4 56 5 67 6 16 7 27N N a N a N a N a    ; 13 3 4 51 6 11N N N a N a   ; 

14 4 55 5 66 6 15 7 26N N a N a N a N a    ; 15 2 4 54 5 63 6 14 7 23N N N a N a N a N a      ;

2 2

1 1 sec secqe q e e eq eP X I X I   ; 2 deP X  ; 
3 tanqe eP X   ; 4 eP X  ; 

5 tane eP X   ; 6 2 52 3 61 4 12 5 21P P a Pa P a Pa     ; 7 1 2 53 3 62 4 13 5 22P P P a Pa P a Pa     ; 

8 2 57 3 64 4 17 5 25P P a Pa P a Pa     ; 9 2 58 3 65 4 18 5 25P P a Pa P a Pa     ; 

10 2 56 3 67 4 16 5 27P P a Pa P a Pa    ; 11 2 51 4 11 1P P a P a   ; 12 3 66 4 15 5 26 2 55P Pa P a Pa P a    ; 

13 2 54 3 63 4 14 5 23P P a Pa P a Pa    ; 2 2

16 2 dc bN k V m ; 2 2

17 2 b dcN k m V ; 

18 1 2 1 22 ' 2 ' sin 2 2q q de d d BEN E E X I I X    ; 

19 2 1 2 1 1 22 ' 2 cos 2 cos 2 ' sin 2 sin 2 sinq q qe q BB q d de d BEN E I X I X E I X I X          ; 

2

20 1 1 2 22 2 ' 2 ' sin 2de d q de q de d de BEN X I E X E X I X X    ; 

2

21 1 2 22 2 2 ' cosqe q q BB qe q qeN X I I X X E X   ; 

2

22 2 1 2 12 2 ' 2 ' sin 2BE d q BE q BE d de BEN X I E X E X I X X    ; 

2

23 2 1 22 2 2 ' cosBB q q BB qe q BBN X I I X X E X   ; 

24 1 2 2 2 1 2 1 2 2 22 ' sin 2 ' sin 2 ' ' cos 2 ' cos 2 ' cosq q qe q q BB q q d q de d q BEN I E X I E X E E I E X I E X        

25 20 52 21 61 22 36 23 41N N a N a N a N a     ; 26 20 53 21 62 22 37 23 42N N a N a N a N a    

27 16 20 57 22 33 23 44 21 64N N N a N a N a N a     ; 28 20 58 21 65 22 34 23 45N N a N a N a N a     ; 

29 20 56 21 67 22 32 23 48 24N N a N a N a N a N     ; 30 18 20 51 22 39N N N a N a   ; 

31 19 20 55 21 66 22 31 23 47N N N a N a N a N a     ; 

32 17 20 54 21 63 22 351 23 431N N N a N a N a N a      ; 

2 2 2

14 1 2 2sec sec ' sec cosq qe b q bb b q bP I X I X E      ; 

15 2 2' cos ' tan sinq q bP E E     ; 16 1P  ; 17 cos tan sinbP     ; 18 deP X  ; 
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19 tanqe bP X   ; 20 BEP X ; 21 tan b bbP X  ; 22 18 52 19 61 20 36 21 41P P a P a P a P a     ; 

23 18 53 19 62 20 37 21 42P P a P a P a P a     ; 24 18 57 19 64 20 33 21 44P P a P a P a P a     ; 

25 14 18 58 19 65 20 34 21 45P P P a P a P a P a     ; 26 15 18 56 19 67 20 32 21 48P P P a P a P a P a     ; 

27 16 18 51 20 39P P P a P a   ; 28 17 18 55 19 66 20 31 21 47P P P a P a P a P a     ; 

29 18 54 19 63 20 351 21 431P P a P a P a P a    ;  

Linearized constant used in the derivation of close loop matrix of UPFC with two 

machine system model: (section 3.2.4) 

11 11 11( )*( ) *( )qee q te e b bv e q teX X X X X X X X X      ; 

21 21 21( )*( ) *( )qee q te e b bv e q teX X X X X X X X X      ; 
11 11qe q teX X X  ; 

21 21qe q teX X X  ; 
11 11bq b bv q teX X X X X    ; 

21 21bq b bv q teX X X X X    ; 

11 11qt q te eX X X X   ; 
21 21qt q te eX X X X   ; 

11 11 11( ' )*( ) *( ' )dee d te e b bv e d teX X X X X X X X X      ; 

21 21 21( ' )*( ) *( ' )dee d te e b bv e d teX X X X X X X X X      ; 11 11'dt d te eX X X X   ; 

12 12'dt d te eX X X X   ; 21 21'dt d te eX X X X   ; 22 22'dt d te eX X X X   ; 

11 11'bd b bv te dX X X X X    ; 21 21'bd b bv te dX X X X X    ; 

12 12'bd b bv te dX X X X X    ; 22 22'bd b bv te dX X X X X    ;  

1 11 11/bb deeM X X ; 2 11 11/bd deeM X X ; 3 11 11/de deeM X X ; 4 21 21/bb deeM X X ; 

5 21 21/bd deeM X X ; 6 21 21/de deeM X X ; 7 11 11/dt deeM X X ; 8 11 11/e deeM X X ; 

9 21 21/dt deeM X X ; 10 21 21/e deM X X ; 
1 11 11/bq qeeN X X ; 

2 11 11/qe qeeN X X ; 

3 21 21/bq qeeN X X ; 4 21 21/qe qeeN X X ; 
5 11 11/qt qeeN X X ; 6 21 21/qt qeeN X X ; 

1 7 12 9 221/ (1 * ' * ' )d dS M X M X   ; 2 5 12 6 221/ (1 * * )q qS N X N X   ; 
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31 1 8*A S M ; 32 1 10*A S M ; 33 1 7 0* *cosA S M  ; 34 1 9 0* *cosA S M  ; 

35 1 7 12 0 1 9 22 0* * ' sin * * ' *sinq qA S M E S M E    ; 

37 1 3 6 0 0*( )*sin * / 2dcA S M M V  ; 38 1 3 6 0 0*( )* *cos * / 2e dcA S M M m V  ; 

39 1 7 9 0*( )*sin * / 2b dcA S M M V  ; 311 1 7 9 0*( )* *cos * / 2b b dcA S M M m V  ; 

312 1 3 6 1 7 9*( )* *(sin / 2) *( )* *(sin / 2)e e b bA S M M m S M M m     ; 

41 2 5 0* *sinA S N   ; 42 2 6 0* *sinA S N   ; 

43 2 5 12 0 2 6 22 0( * * ' *cos * * ' *cosq qA S N E S N E    ; 

45 2 2 4 0*( )*cos * / 2e dcA S N N V  ; 46 2 2 4 0*( )* *sin * / 2e e dcA S N N m V   ; 

47 2 5 6 0*( )*cos * / 2b dcA S N N V   ; 48 2 5 6 0*( )* *sin * / 2b b dcA S N N m V  ; 

49 2 2 4 2 5 6*( )* *cos / 2 *( )* *(cos ) / 2e e b bA S N N m S N N m     ; 

111 3 12 6 22* ' 'd dM M X M X  ; 11 1 111 31*A M M A  ; 12 4 111 32*A M M A  ; 

13 3 0 111 33*cos *A M M A  ; 14 6 0 111 34*cos *A M M A  ; 

15 3 12 0 6 22 0 111 35* ' *sin * ' *sin *q qA M E M E M A     ; 

17 2 5 0 111 37( )* *(sin ) / 2 *dc eA M M V M A    ; 

18 2 5 0 111 38( )* * *(cos ) / 2 *e dc eA M M m V M A    ; 

19 3 6 0 111 39( )* *(sin ) / 2 *dc bA M M V M A   ; 

110 3 6 0 111 311( )* * *(cos ) / 2 *b dc bA M M m V M A   ; 

111 3 6 2 5 111 312( )* *(sin ) / 2 ( )* *(sin ) / 2 *b b e eA M M m M M m M A      ; 

112 2 12 4 22* *q qM N X N X  ; 21 2 0 112 41*sin *A N M A   ; 

22 4 0 112 42*sin *A N M A   ; 
23 2 12 0 4 22 0 112 43* ' *cos * ' *cos *q qA N E N E M A     ; 

25 1 3 0 112 45( )*cos *( / 2) *e dcA N N V M A   ; 

26 1 3 0 112 46( )* *sin * / 2 *e e dcA N N m V M A    ; 
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27 2 4 0 112 47( )*cos * / 2 *b dcA N N V M A    ; 

28 2 4 0 112 48( )* *sin * / 2 *b b dcA N N m V M A   ; 

29 1 3 2 4 112 49( )* *cos / 2 ( )* *(cos ) / 2 *e e b bA N N m N N m M A      ;  

51 11 31A A A  ; 52 12 32A A A  ; 53 13 33A A A  ; 54 14 34A A A  ; 55 15 35A A A  ; 

57 17 37A A A  ; 58 18 38A A A  ; 59 19 39A A A  ; 510 110 311A A A  ; 511 111 312A A A  ; 

61 21 41A A A  ; 62 22 42A A A  ; 63 23 43A A A  ; 65 25 45A A A  ; 66 26 46A A A  ; 

67 27 47A A A  ; 68 28 48A A A  ; 69 29 49A A A  ;  3/ (4* )e dca C ; 3 / (4* )b dca C ; 

1 1 1* *sin * * *cos *e e e e d e e e qa a m i a m i    ; 2 * *cose e e ea a m  ; 3 * *sine e e ea a m  ; 

4 1 1*cos * *sin *e e e d e e qa a i a i   ; 
1 2 2* *sin * * *cos *b b b b d b b b qa a m i a m i   ; 

2 * *cosb b b ba a m   ; 3 * *sinb b b ba a m   ; 
4 2 2*cos * *sin *b b b d b b qa a i a i    ; 

71 2 11 2 31* *e bA a A a A  ; 72 2 12 2 32* *e bA a A a A  ; 

73 2 13 3 21 2 33 3 41* * * *e e b bA a A a A a A a A    ; 

74 2 14 3 22 2 34 3 42* * * *e e b bA a A a A a A a A    ; 

75 2 15 3 23 2 35 3 43* * * *e e b bA a A a A a A a A    ; 

77 4 2 17 3 25 2 37 3 45* * * *e e e b bA a a A a A a A a A     ; 

78 1 2 18 3 26 2 38 3 46* * * *e e e b bA a a A a A a A a A     ; 

79 4 2 19 3 27 2 39 3 47* * * *b e e b bA a a A a A a A a A     ; 

710 1 2 110 3 28 2 311 3 48* * * *b e e b bA a a A a A a A a A     ; 

711 2 111 3 29 2 312 3 49* * * *e e b bA a A a A a A a A    ;  

11 tqn i  ; 21 tqn i  ; 11 11 1112 [ ' ( ' )* ]q q d tdn E X X i    ; 

21 21 2122 [ ' ( ' )* ]q q d tdn E X X i    ; 11 1113 ( ' )*q d tqn X X i   ; 21 2123 ( ' )*q d tqn X X i   ; 



Knowledge Domain States Mapping Concept for Intelligent Power Flow Control 
 

246 
 

5114 11 13*n n n A  ; 5124 23*n n A ; 5215 13*n n A ; 5225 21 23*n n n A  ; 

61 5316 21* 13*n n A n A  ; 61 5326 22* 23*n n A n A  ; 62 5417 12* 13*n n A n A  ; 

62 5427 22* 23*n n A n A  ; 63 5518 12* 13*n n A n A  ; 63 5528 22* 23*n n A n A  ; 

65 57110 12* 13*n n A n A  ; 65 57210 22* 23*n n A n A  ; 66 58111 12* 13*n n A n A  ; 

66 58211 22* 23*n n A n A  ; 67 59112 12* 13*n n A n A  ; 67 59212 22* 23*n n A n A  ; 

68 510113 12* 13*n n A n A  ; 68 510213 22* 23*n n A n A  ; 69 511114 12* 13*n n A n A  ; 

69 511214 22* 23*n n A n A  ;  11 1131 ( ' )d dn X X   ; 5132 31*n n A ; 5233 31*n n A ; 

5334 31*n n A ; 5435 31*n n A ; 5536 31*n n A ; 5738 31*n n A ; 5839 31*n n A ; 

59310 31*n n A ; 510311 31*n n A ; 511312 31*n n A ; 1 32 1v n  ;

21 2141 ( ' )d dn X X   ; 5142 41*n n A ; 5243 41*n n A ; 5344 41*n n A ; 5445 41*n n A

5546 41*n n A ; 5748 41*n n A ; 5849 41*n n A ; 59410 41*n n A ; 510411 41*n n A ; 

511412 41*n n A ; 2 43 1v n  ;  

11 1111 ' * 'q td dF E i X  ; 1112 11* ' dF F X  ; 
2

1113 *( )tq qF i X ; 5114 11 12*F F F A  ; 

5215 12*F F A ; 53 6116 12* 13*F F A F A  ; 54 6217 12* 13*F F A F A  ; 

55 6318 12* 13*F F A F A  ; 57 65110 12* 13*F F A F A  ; 58 66111 12* 13*F F A F A  ; 

59 67112 12* 13*F F A F A  ; 510 68113 12* 13*F F A F A  ; 

511 69114 12* 13*F F A F A  ; 11 11 113 / ( * )A t Av K V T  ;  

21 2121 ' * 'q td dF E i X  ; 2122 21* ' dF F X  ;
2

2123 *( )tq qF i X ; 5124 22*F F A ; 

5225 22* 21F F A F  ; 53 6126 22* 23*F F A F A  ; 54 6227 22* 23*F F A F A  ; 

55 6328 22* 23*F F A F A  ; 57 65210 22* 23*F F A F A  ; 

58 66211 22* 23*F F A F A  ; 59 67212 22* 23*F F A F A  ; 



Appendix A 
 

247 
 

510 68213 22* 23*F F A F A  ; 511 69214 22* 23*F F A F A  ; 21 21 214 / ( * )A t Av K V T  ;

12 12 12 211 [ ' ( ' )* ]q q d dm E X X i    ; 
212 qm i  ; 

12 12 213 ( ' )*q d qm X X i   ; 

3114 13*m m A ; 3215 13*m m A ; 41 3316 11* 13* 12m m A m A m   ; 

42 3417 11* 13*m m A m A  ; 43 3518 11* 13*m m A m A  ; 45 37110 11* 13*m m A m A  ; 

46 38111 11* 13*m m A m A  ; 47 39112 11* 13*m m A m A  ; 48 311113 11* 13*m m A m A   

49 312114 11* 13*m m A m A  ; 
22 22 22 221 [ ' ( ' )* ]q q d dm E X X i    ; 

222 qm i  ; 

22 22 223 ( ' )*q d qm X X i   ; 3124 23*m m A ; 3225 23*m m A ; 

41 3326 21* 23*m m A m A  ; 42 3427 21* 22 23*m m A m m A   ; 

43 3528 21* 23*m m A m A  ; 45 37210 21* 23*m m A m A  ; 

46 38211 21* 23*m m A m A  ; 47 39212 21* 23*m m A m A  ; 

48 311213 21* 23*m m A m A  ; 49 312214 21* 23*m m A m A  ;  

12 1231 ( ' )d dm X X   ; 3132 31*m m A ; 3233 31*m m A ; 3334 31*m m A ; 

3435 31*m m A ; 3536 31*m m A ; 3738 31*m m A ; 3839 31*m m A ; 39310 31*m m A ; 

311311 31*m m A ; 312312 31*m m A ; 5 34 1v m  ;  22 2241 ( ' )d dm X X   ; 

3142 41*m m A ; 3243 41*m m A ; 3344 41*m m A ; 3445 41*m m A ; 3546 41*m m A ; 

3748 41*m m A ; 3849 41*m m A ; 39410 41*m m A ; 311411 41*m m A ; 

312412 41*m m A ; 6 45 1v m  ;  

12 2 1211 ' * 'q d dG E i X  ; 1212 11* ' dG G X  ; 
2

2 1213 *( )q qG i X ; 3114 12*G G A ; 

3215 12*G G A ; 33 4116 11 12* 13*G G G A G A   ; 34 4217 12* 13*G G A G A  ; 

35 4318 12* 13*G G A G A  ; 37 45110 12* 13*G G A G A  ; 38 46111 12* 13*G G A G A  ; 

39 47112 12* 13*G G A G A  ; 311 48113 12* 13*G G A G A  ; 
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312 49114 12* 13*G G A G A  ; 12 12 127 / ( * )A t Av K V T ; 
22 2 2221 ' * 'q d dG E i X  ; 

2222 21* ' dG G X  ; 
2

2 2223 *( )q qG i X ; 3124 22*G G A ; 3225 22*G G A ; 

33 4126 22* 23*G G A G A  ; 34 4227 22* 23* 21G G A G A G   ; 

35 4328 22* 23*G G A G A  ; 37 45210 22* 23*G G A G A  ; 

38 46211 22* 23*G G A G A  ; 39 47212 22* 23*G G A G A  ; 

311 48213 22* 23*G G A G A  ; 312 49214 22* 23*G G A G A  ; 22 22 228 / ( * )A t Av K V T ;

be b bvX X X  ; 
21 21qe q teX X X  ; 

11 11qe q teX X X  ; 
22 22bb be qX X X   ; 

12 12bb be qX X X   ; 21 21de d teX X X  ; 11 11de d teX X X  ; 12 12'be be dX X X  ; 

22 22'be be dX X X  ; 

111 sin( )J  ; 212 sin( )J  ; 11 213 * 1 2*de deJ X J J X   ; 

11 11 21 214 *cos( ) *cos( )qe qeJ X X   ; 11 215 *(cos( ) cos( ))eJ X    ; 

6 ( 1 2)* eJ J J X   ; 111 cos( )L  ; 212 cos( )L  ; 11 213 * 1 2*de deL X L L X   ; 

11 11 21 214 *sin( ) *sin( )qe qeL X X    ; 11 215 *(sin( ) sin( ))eL X     ; 

6 ( 1 2)* eL L L X   ; 

2 21 1 1a J L  ; 2 22 2 2a J L  ; 2 23 3 3a J L  ; 2 24 4 4a J L  ; 2 25 5 5a J L  ; 

2 26 6 6a J L  ; 7 2*( 1* 2 1* 2)a J J L L  ; 8 2*( 1* 3 1* 3)a J J L L  ; 

9 2*( 1* 4 1* 4)a J J L L  ; 10 2*( 1* 5 1* 5)a J J L L  ; 11 2*( 1* 6 1* 6)a J J L L  ; 

12 2*( 2* 3 2* 3)a J J L L  ; 13 2*( 2* 4 2* 4)a J J L L  ; 14 2*( 2* 5 2* 5)a J J L L  ; 

15 2*( 2* 6 2* 6)a J J L L  ; 16 2*( 3* 4 3* 4)a J J L L  ; 17 2*( 3* 5 3* 5)a J J L L  ; 

18 2*( 3* 6 3* 6)a J J L L  ; 19 2*( 4* 5 4* 5)a J J L L  ; 20 2*( 4* 6 4* 6)a J J L L  ; 

21 2*( 5* 6 5* 6)a J J L L  ;  



Appendix A 
 

249 
 

2 2

01 2* * *e dcB K m V ; 2 2

02 2* * *e dcB K m V ; 

11 21 1 13 2* 1* ' 7* ' 8* 9* 10* 11*q q td tq q dB a E a E a i a i a i a i      ; 

21 11 1 14 2* 2* ' 7* ' 12* 13* 14* 14*q q td tq q dB a E a E a i a i a i a i      ; 

11 21 1 15 2* 3* 8* ' 12* ' 16* 17* 18*td q q tq q dB a i a E a E a i a i a i      ; 

11 21 1 16 2* 4* 9* ' 13* ' 16* 19* 20*tq q q tq q dB a i a E a E a i a i a i      ; 

1 11 21 17 2* 6* 11* ' 15* ' 18* 20* 21*d q q td tq qB a i a E a E a i a i a i      ; 

1 11 21 18 2* 5* 10* ' 14* ' 17* 19* 21*q q q td tq dB a i a E a E a i a i a i      ;

57 65 17 259 1 5* 6* 7* 8*B B B A B A B A B A     ;

58 66 18 2610 5* 6* 7* 8*B B A B A B A B A     ; 

59 67 19 2711 5* 6* 7* 8*B B A B A B A B A     ; 

510 68 110 2812 5* 6* 7* 8*B B A B A B A B A     ; 

55 63 15 2313 5* 6* 7* 8*B B A B A B A B A    ; 51 1114 3 5* 7*B B B A B A   ; 

52 1215 4 5* 7*B B B A B A   ; 53 61 13 2116 5* 6* 7* 8*B B A B A B A B A    ; 

54 62 14 2217 5* 6* 7* 8*B B A B A B A B A    ; 

511 69 111 2918 2 5* 6* 7* 8*B B B A B A B A B A      ; 

11 21 1 11 ( 1* ' 2* ' 3* 4* 5* 6* )*sec( ) ^ 2q q td tq q d eC J E J E J i J i J i J i       ; 

2 1 1*tan( )eC L J   ; 3 2 2*tan( )eC L J   ; 4 3 3*tan( )eC L J   ; 

5 4 4*tan( )eC L J   ; 6 5 5*tan( )eC L J   ; 7 6 6*tan( )eC L J   ; 

57 65 25 178 4* 5* 6* 7*C C A C A C A C A     ; 

58 66 26 189 1 4* 5* 6* 7*C C C A C A C A C A     ; 

59 67 27 1910 4* 5* 6* 7*C C A C A C A C A     ; 

510 68 28 11011 4* 5* 6* 7*C C A C A C A C A     ; 
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55 63 23 1512 4* 5* 6* 7*C C A C A C A C A    ; 51 1113 2 4* 7*C C C A C A   ; 

52 1214 3 4* 7*C C C A C A   ; 53 61 21 1315 4* 5* 6* 7*C C A C A C A C A    ; 

54 62 22 1416 4* 5* 6* 7*C C A C A C A C A    ; 

511 69 29 11117 4* 5* 6* 7*C C A C A C A C A    ; 121 sin( )R  ; 222 sin( )R  ; 

123 cos( )R  ; 224 cos( )R  ; 11 215 1* 2*de deR R X R X  
11 216 3* 4*qe qeR R X R X  ; 

12 227 1* 2*be beR R X R X  ; 12 228 3* 4*bb bbR R X R X  ; 11 219 3* 4*de deR R X R X   ; 

11 2110 1* 2*qe qeR R X R X   ; 12 2211 3* 4*be beR R X R X  ; 

12 2212 1* 2*bb bbR R X R X   ; 1 1^ 2 3^ 2P R R  ; 2 2^ 2 4^ 2P R R  ; 

3 5^ 2 9 ^ 2P R R  ; 4 6 ^ 2 10 ^ 2P R R  ; 5 7 ^ 2 11^ 2P R R  ; 

6 8^ 2 12 ^ 2P R R  ; 7 2*( 1* 2 3* 4)P R R R R  ; 8 2*( 1* 5 3* 9)P R R R R  ; 

9 2*( 1* 6 3* 10)P R R R R  ; 10 2*( 1* 7 3* 11)P R R R R  ; 

11 2*( 1* 8 3* 12)P R R R R  ; 12 2*( 2* 5 4* 9)P R R R R  ; 

13 2*( 6* 2 10* 4)P R R R R  ; 14 2*( 7* 2 11* 4)P R R R R  ; 

15 2*( 8* 2 12* 4)P R R R R  ; 16 2*( 5* 6 9* 10)P R R R R  ; 

17 2*( 5* 7 9* 11)P R R R R  ; 18 2*( 5* 8 9* 12)P R R R R  ; 

19 2*( 6* 7 10* 11)P R R R R  ; 20 2*( 6* 8 10* 12)P R R R R  ; 

21 2*( 7* 8 11* 12)P R R R R  ; 22 2*( 1* 4 2* 3)P R R R R  ; 

23 2*( 1* 9 3* 5)P R R R R  ; 24 2*( 1* 10 3* 6)P R R R R  ; 

25 2*( 1* 11 3* 7)P R R R R  ; 26 2*( 1* 12 3* 8)P R R R R  ; 27 2* 1P P  ; 

28 2*( 2* 9 4* 5)P R R R R  ; 29 2*( 2* 10 4* 6)P R R R R  ; 

30 2*( 2* 11 4* 7)P R R R R  ; 31 2*( 2* 12 4* 8)P R R R R  ; 32 2* 2P P  ; 

2 2

019 2* * *dc bB K V m ;  2 2

020 2* * *dc bB K V m ;  
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11 21 1 1 2 2

12 0 22 0 22 0

21 2* 1* ' 1* ' 8* 9* 10* 11*

27* ' *sin( ) 22* ' *cos( ) 7* ' *sin( )

q q d q d q

q q q

B P E P E P i P i P i P i

P E P E P E  

      

 
 

21 11 1 1 2 2

12 0 12 0 22 0

22 2* 2* ' 1* ' 12* 13* 14* 15*

7* ' *sin( ) 22* ' *cos( ) 32* ' *sin( )

q q d q d q

q q q

B P E P E P i P i P i P i

P E P E P E  

      

 
 

12 22 21 0 0 11 0

1 0 0 1 0 0

2 0 0 2 0 0

23 2* 1* ' 7* ' ' *( 22*cos( ) 7*sin( )) 27* ' *sin( )

*( 8*sin( ) 23*cos( )) *( 9*sin( ) 24*cos( ))

*( 10*sin( ) 25*cos( )) *( 11*sin( ) 26*cos( ))

q q q q

d q

d q

B P E P E E P P P E

i P P i P P

i P P i P P

  

   

   

     

     

    

 

22 12 11 0 0 21 0

1 0 0 1 0 0

2 0 0 2 0 0

24 2* 2* ' 7* ' ' *( 22*cos( ) 7*sin( )) 32* ' *sin( )

*( 12*sin( ) 28*cos( )) *( 13*sin( ) 29*cos( ))

*( 14*sin( ) 30*cos( )) *( 15*sin( ) 31*cos( ))

q q q q

d q

d q

B P E P E E P P P E

i P P i P P

i P P i P P

  

   

   

      

     

    

 

11 21 12 0 0

22 0 0 1 1 2 2

25 8* ' 12* ' ' *( 23*cos( ) 8*sin( ))

' *( 28*cos( ) 12*sin( )) 2* 3* 16* 17* 18*

q q q

q d q d q

B P E P E E P P

E P P P i P i P i P i

 

 

    

    
 

11 21 12 0 0

22 0 0 1 1 2 2

26 9* ' 13* ' ' *( 24*cos( ) 9*sin( ))

' *( 29*cos( ) 13*sin( )) 16* 2* 4* 19* 20*

q q q

q d q d q

B P E P E E P P

E P P P i P i P i P i

 

 

    

    
 

11 21 12 0 0

22 0 0 1 1 2 2

27 10* ' 14* ' ' *( 25*cos( ) 10*sin( ))

' *( 30*cos( ) 14*sin( )) 17* 19* 2* 5* 21*

q q q

q d q d q

B P E P E E P P

E P P P i P i P i P i

 

 

    

    
 

11 21 12 0 0

22 0 0 1 1 2 2

28 11* ' 15* ' ' *( 26*cos( ) 11*sin( ))

' *( 31*cos( ) 15*sin( )) 18* 20* 21* 2* 6*

q q q

q d q d q

B P E P E E P P

E P P P i P i P i P i

 

 

    

    
 

0 21 12 12 1 12 1 12 2

12 2 22 11 22 1 22 1

22 2 22 2 0 11 12 12 21

29 sin( )*( 22* ' * ' 23* ' * 24* ' * 25* ' *

26* ' * 22* ' * ' 28* ' * 29* ' *

30* ' * 31* ' * ) cos( )*( 27* ' * ' 7* ' * '

q q q d q q q d

q q q q q d q q

q d q q q q q q

B P E E P E i P E i P E i

P E i P E E P E i P E i

P E i P E i P E E P E E

P





     

   

   

12 1 12 1 12 2 12 2 22 11

22 21 22 1 22 1 22 2 22 2

8* ' * 9* ' * 10* ' * 11* ' * 7* ' * '

32* ' * ' 12* ' * 13* ' * 14* ' * 15* ' * )

q d q q q d q q q q

q q q d q q q d q q

E i P E i P E i P E i P E E

P E E P E i P E i P E i P E i

    

   

 



Knowledge Domain States Mapping Concept for Intelligent Power Flow Control 
 

252 
 

57 65 37 4530 19 25* 26* 27* 28*B B B A B A B A B A    
 

58 66 38 4631 25* 26* 27* 28*B B A B A B A B A      

59 67 39 4732 25* 26* 27* 28*B B A B A B A B A    

510 68 311 4833 25* 26* 27* 28*B B A B A B A B A    

55 63 35 4334 29 25* 26* 27* 28*B B B A B A B A B A       

51 3135 21 25* 27*B B B A B A    ; 52 3236 22 25* 27*B B B A B A    

53 61 33 4137 23 25* 26* 27* 28*B B B A B A B A B A      

54 62 34 4238 24 25* 26* 27* 28*B B B A B A B A B A      

511 69 312 4939 20 25* 26* 27* 28*B B B A B A B A B A     
 

11 21 12 0 0 22 0

0 1 1 2 2

18 ( 1* ' 2* ' ' *( 3*cos( ) 1*sin( )) ' *( 4*cos( )

2*sin( )) ( 5* 6* 7* 8* )*sec( ) ^ 2

q q q q

d q d q b

C R E R E E R R E R

R R i R i R i R i

  

 

     

   
 

12 0 0 22 0 0

12 0 0 22 0 0

19 ' *( 3*cos( ) 4*sin( )) ' *( 4*cos( ) 2*sin( ))

' *( 1*cos( ) 3*sin( ))* tan( ) ' *( 2*cos( ) 4*sin( ))* tan( )

q q

q b q b

C E R R E R R

E R R E R R

   

     

    

  
 

20 3 1*tan( )bC R R   ; 21 4 2*tan( )bC R R   ; 

0 0 0 022 ( 4*cos( ) 3*sin( )) ( 3*cos( ) 1*sin( ))*tan( )bC R R R R        ; 

0 0 0 023 ( 2*cos( ) 4*sin( )) ( 4*cos( ) 2*sin( ))*tan( )bC R R R R        ; 

24 9 5*tan( )bC R R   ; 25 10 6*tan( )bC R R   ; 26 11 7*tan( )bC R R   ; 

27 12 8*tan( )bC R R   ; 57 65 37 4528 24* 25* 26* 27*C C A C A C A C A     ; 

58 66 38 4629 24* 25* 26* 27*C C A C A C A C A     ; 

59 67 39 4730 24* 25* 26* 27*C C A C A C A C A     ; 

510 68 311 4831 18 24* 25* 26* 27*C C C A C A C A C A     ; 

55 63 35 4332 19 24* 25* 26* 27*C C C A C A C A C A     ; 

51 3133 20 24* 26*C C C A C A   ; 52 3234 21 24* 26*C C C A C A   ; 

53 61 33 4135 22 24* 25* 26* 27*C C C A C A C A C A     ; 
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54 62 34 4236 23 24* 25* 26* 27*C C C A C A C A C A     ; 

511 69 312 4937 24* 25* 26* 27*C C A C A C A C A    ; 
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