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An Application of Kohonen Neural Networks to
Dynamic Security Assessment
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(Kwang-Ho Lee + Young-Moon Park - Gwang-Won Kim - June-Ho Park)

Abstract - This paper presents an application of Kohonen neural networks to assess the dynamic security of power
systems. The dynamic security assessment(DSA) is an important factor in power system operation, but conventional
techniques have not achieved the desired speed and accuracy. The critical clearing time(CCT) is an attribute which
provides significant information about the quality of the post-fault system behaviour. The function of Kohonen networks
is a mapping of the pre-fault system conditions into the neurons based on the CCTs. The power flow on each line is
used as the input data, and an activated output neuron has information of the CCT of each contingency. The trajectory
of the activated neurons during load changes can be used in on-line DSA efficiently. The applicability of the proposed

method is demonstrated using a 9-bus example.

Key Words : Dynamic Security Assessment, Kohonen
.M B8

A% a7t Susn Ao B vhgslge] o
2t AlEe 28 AR Mo HAE 2T7HI Ut w
& HZY A FFE EA Alzme] W T @xv)e] A
7N-71AH BE5AHE gosts o *E(Stablhty) o] p R
22 @1, ¥4 JMEd BE Ao &) £¢on EE
AE Hrtste T HAA 337}(DSA3 Dynamic Security

Assessment)2 #4511 9\114.

ol Ho] FTHAY MAX G817 A= A
AAIZEY GFol M & 82Ul 2 HES o uels v
Zo Azt 949 dyboze 98 FTH UMM HAE
7idstz]1 7t JEnk. wes o] Foko dAFE FE ANAI

298 o]fad[1-3] FE AT BH sZo] HE= 9
Al nZAA A7 CCT Critical Clearing Time)& M43t A
ooz FeE SdTozA4] v A AAE b
e WEgoz °—r°11] ATt T gAY WM L A
713 #EEo] 19939 ol ¥ A7 E MNE AR o1z
FTE ol RHAM FAE AREE Assh= N6 A
of Az dFE Fi= AnUnS FEEd AN

718[6,7] So] HHEH 1 9t}

o]

=

Al
~

Fole

NABEZE oj 43 Ao A AAETL] =
TOE & FoAEA ER SR W T
T ® B M BRI KBTI
T @ BBk SERET BTN wﬁm T
Y@ B Sk B BT RIS BT T

B2 AY 19994 851 26R

EAC5ET 200047 551 30
HaAE Sef obHA oo IS MAY HEP

Neural Network, Critical Clearing Time

ggto]l CCT7F HEE isly o
2 AAUYN2] #3 “’%C’ﬂ u}
F&371= T3] E3 Az
ol E HAn ﬂ%ﬂi”&-—]
diolE & 2edoz ﬁr“'
] 2—1?;17;]‘% 9 e Q
o] &3l MIZEHF
vk ol TH9l.

2 AFAME ZHzte] AAA e B Fx QAT E
Fste CCTe HE-§ 237 A8 235 d 4TS °}%
Bdaler 2okl HFe] Lol E HEZRFPQE UY
ZtE 2 AMEEt Tt 289 DSAE dalM ZEd AlA e
HEA 715 A7z 8 42X E(SOFM: Self-Organizing
Feature Map)[9]& AA3ldct SOFMel & A oA
125708] AE AFol dis) 1270 AAA ] ds Mz=z
A7l 225 g dlelgg2 Algslgend, SOFMS A
AsiM 125%12 7] Ztzhe] Ao &l CCTE AAts}
Aok Al TFoAAME doje) Agdeid hal SOFMelA
Mg el zte CCTe HA 3% AT AAde Z3)
T CCTE vwasgen, Fao Azka HEd wal
SOFMellA Mg} w&iel olF HA4S B4ste 289 DSA

JA

il ’\‘173“&
T

r"_’

1m

|

o=
ar

=

rJ]o i

i
!

o Hg BYHE e
2. Se| oHMA HI}

AAAZAN 24 M58 AN ASAUE Y
Azse e ArAolth BA Adel waf W A
olF N&s £Ys7] e oY oZo] Loz
o] Foj A of #e}.

253




WRP W R EE 49A% 6% 20005 67

TH dAgde FH
Zolth, TH A==
E3st F5A4 L
obd Al Zhmg AEbA A 34 wE Alwe i F¥H 2
2 0% GASE Hrlete Forolrh uebA IR T <t
A% ;A S AFT

BT AR, & W@ B3 Aae AL AR
ARH g wonz FTEf <HAL FE CCTE AN
oz Hrieo wetd ZEd AR TN Zhzke) A
Abazel glgt CCTY AL o2A F53=urt T2%
Aoy, o]& SOFMY 2249 #" Wiz Fa}ET &
He 7= A7 Tl FHIAT EE AHEE
B Agg CCT7E gt

B oo e #8AzEQ F4L N2z F doleHE it
oz A7lzA3 FH5L SIS W SOFMel ZHzte] &
Ao ds T CCTY EXE EFIve FHolth
T3 olEe Zudor FEE & Jdev AE FIe A
3lo| ulg}l SOFMoiA AEsE 7HY og4HE ZAE
o2 28 DSAV 7ts3tA @

dAs AAF(BPN)S AHE3 DSA AF[BlME FH
AL CCTEA BASFed NATY ZFHgko CCT
7} §E22 FAsA NEZ2FE dE@oR A &
glel DSA] Hag Hoxe B A7 FAIAY BPN
7 SOFME S8A E4 dHdMe &3 22 A7 8l
o 23 AATAME FH Yo o FFHEE 4
Z A% 47} BPNS &&A71e A$(8] 2t Ao 14
o 23 AAgo] MEZF HolHE AMgdtd 7=
23 st42 = ¥ BPNolAME 2789 FH3olA nAb
3k (supervised learning)& 93 ‘HEZF -> Z AAHA
1oAY wREs) Aase 28EEE -> CCT #X9 &
54 2% AAbsjor s Fdgo] sl EF BPNY &3t
& @&3 7 AAARE WE CCT g Jetdisd ¥
sl SOFM9 £8& CCT # ol ¥<¢hd(Insecure) 4
24 AENAE JdebdTh

ot A =(Dynamic Stability)$}= &
Ex 2N ZE Aoyl REE

& #asi ZlolA® DSAE 53 Auvh

[ex

rE oo M

3.1 388ty

23 gL ¥4 75 AAgFo|d 2 B
e b2z s Zolfdn e FYFLR o|FolX
o ZEY e gE¥ZozRY JFAE AX A<Ld
gt FelAM sHE 2 Y =g MEEd 19 gg 9
3 ez xEE 09 L 23 F Isd FL A
A& Bsld stpe] FEwkE o] Azl o]2d HHA&
22} 2} A (winner-take-all) ZH-&oleka $Hct.

gL e Mad FUS F4og olfoArt =
a2 29 74 j9 g€ 74 9 dddE NHFAE wy
g 3E Hd 2 JdE8e Aze sy 2o

NET;= 2, xw;=X - W, (1
H

e U4 WAeish AFA MEHEH FAE ARE Y

254

ghdch dFF fAE wdel AFAS Ue 9 Aes
ARAAES 87] 98l g 2L shol YU

Wnew ™= Woid +a- (JC_ wold) (2)

BEAF ot 109 @AM B FAATIEAM gl

P
32 X7 =5 AXE

471223 YAAESOFME HY A4e] @ol A4
gnezoEd Fa FHE 2 N2Yel g9 ol F
AT AAEAHY TFEe 4L vdehys YLAED
2EW FelAY FAEY A @ S4E ebdck
YA EE 2919 gol 24 wge] F2 AgBh

34/78
2 GWM
1/5/9 13/

a3 1 25 EMXE MEY

Fig. 1 Kohonen feature map network

239 AP Y WHES fAHE 1FO
= BEe s oee AL v Qe
& Yol HYHEER & e hdnt 2 @
228 2AFoLA o Tk FAT 9 2

4o g3l AAdoR U FUE T
A olelg A7) 2N 715 B
wdgol 18E 19 AAMY 3HE 2E
SOFM &g Felt,

uEe) 3sd FLYZNA A¥E shtel 7
Mg 7t3A8 @S sl SOFMelHE F
NEAEE WASE Aot FH wAERHY Hx Q
HEe) AWe Helsy) s A2 3Y1H Lol B

offt
o
2
g
e
El
e
=
2
o
.
¥
rE
=2
=)
R
_0’(_“
rir

r
&J‘
i
o

2ol HAAE ol Bk
33 gaxizel e oM HIL

B AFeMe 10071(10x10)8 wHo 2 SOFME T4
sgen 125719 AE A% wig HdEzH dHolHE




SOFM®] &s5oll Abgstch webr SOFME 125709 4
F %3 24499 100/ wdol ¥EANA B} o)A
ZaME de Agol A T dHEE HAG 57 o
th. SOFMe| 3tg3ts dx2 ME AS de 2t 434

I A9 CCTE AAlste o]& SOFMel 22X A4Z A%
% %S Modw zh dHA ae dE CCTY 271 A4
4dct SOFME] gh<yolle CCT7F AFR A @A 7 49
AFE 2 AF AlSeAe CCTES A4¥dA ARg $3)
st gl
4. Al

41 HE A&

L AFAME 2”29 22 37 9FAM 9MEe AEL
Ao g A st ddAEY 24 dojee M

2 delH: 2z EI 29 23 wdy] BARSE He 27
2364, 6.4, 3.01 °]t}H{11]

@IZ% |7

8
l}—> 9|§]@

o

SR

1

OY 2 Al UiA ASE
Fig. 2 Network diagram for case study
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Table 1 Bus data of study system

24 Bzt b= K3}

AE v pul9 3 deg i PIMW] Q[Mvar] PIMW] Q[Mvar]
1 1.0400F 0.0000 | 7164| 27.045 0.0 0.0
2 1.0250] 9.2800 | 163.0 6.653 0.0 0.0
3 1.0250| 4.6648 85.0 | -10.861 0.0 0.0
4 1.0258 | ~2.2168 0.0 0.0 0.0 0.0
5 0.9956| -3.9888 0.0 0.0 125.0 50.0
6 1.0127| -3.6874 0.0 0.0 90.0 30.0
7 1.0258| 3.7197 0.0 0.0 0.0 0.0
8 1.0159]{ 0.7276 0.0 0.0 100.0 35.0
9 1.0324] 1.9667 0.0 0.0 0.0 0.0
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Table 2 Line data of study system

dz ] amn | =

é i E}/‘:j} Ecéj R pu X pu B/2 pu
1 4 5 0.010 0.085 0.088
2 4 6 0.017 0.092 0.079
3 5 7 0.032 0.161 0.153
4 6 9 0.039 0.170 0.179
5 7 8 0.0085 0.072 0.0745
6 8 9 0.0119 0.1008 0.1045
7 1 4 0.0 0.0576 0.0
8 2 7 0.0 0.0625 0.0
9 3 9 0.0 0.0586 0.0
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Table 3 Line flow data of sample system

AE A% | A A& AT | A%
z5 1 2 63 || 124 125

Pas 2675 | 26.99 40.94 5510 | 55.36
Qs 13.25 | 1370 22.89 32.73 | 3325
Py 2196 | 21.80 30.70 3973 | 39.60
Qus 407 | 374 1.03 6.0l | 6.38
Pz 73.36 | 73.12 84.32 936 | 95.11
Qr 927 | 887 11.31 13.71 | 13.28
Pos 50.12 | 5028 | | 59.46 | | 6856 | 68.70
Qs 11.71 | 11.39 13.46 1554 | 1520
P 6545 | 70.69 76.38 82.09 | 87.36
Qs 521 | 279 0.80 121 3.81
Pag 14.89 | 1971 24.10 2847 | 33.28
Qus 2029 | 21.95 24.30 2672 | 2837
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Table 4 Classified patterns of SOFM
1 {2 {3 |4 {5 |6 17 |8 |9 [10
106 | 79 - 3
1198 | 7| 7 |53 |54 |55 3025y
115 83 60 | o 10
ARAEAFIEREIEIERE AR
70 9
3090 |85 |8 |63 |64 2|a5jsa|])]13
4 95 | 94 | 93| 60 |68 |50 |39 [4aa|22]|19
sl10| 9 | 98 | 73 | 74 | 43 |38 | 49 | 24 | 23
6125 92 |97 |96 | SL | 7| a8 | 47| 9
119 61
7|19 123 {121 {91 | & |42 |46 | 16 | 2
117 57 | 32 16
glus| 187 w6 se |87 |20 |3 |42 12] ]
109 107 77 28
o 199 n3 |19 106 | &7 | 52|53 |27 |36 | 7
102 76 %
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Table 5 CCT Map for contingency fault 1

1 |12 3 | 4 5 |6 |7 [8 |89

0.29410.308 | 0.325 | 0.331 ] 0.316 | 0.303 | 0.319] 0.309 | 0.337
0.285(0.3000.318 0.325|0.309 { 0.296 | 0.300 | 0.295 | 0.302
0.29210.29510.303 | 0.319] 0.307 | 0.287 | 0.292 | 0.316 | 0.313
0.2850.300 | 0.309 | 0.300| 0.316 | 0.285 | 0.309 | 0.303 [ 0.292
0.285]0.292 | 0.307 | 0.309 | 0.295 | 0.319 1 0.323 ] 0.300 | 0.303
0.279|0.325 | 0.3190.333] 0.327 | 0.337 | 0.309 | 0.325 | 0.331
0.294|0.303 1 0.331 | 0.340 | 0.337 | 0.548 | 0.333 | 0.340 | 0.353
0.307] 0.318 | 0.333 | 0.347 } 0.331 | 0.335] 0.339 | 0.349 [ 0.340
0.3010.309 | 0.328 { 0.347{ 0.337 | 0.347 1 0.332]0.349 | 0.353
0.307 | 0.316 | 0.326 | 0.349{ 0.353 | 0.361 | 0.353 | 0.365 | 0.371

10
0.323
0.333
0.325
0.307
0.316
0.333
0.347
0.364
0.349
0.353
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Fig. 3 3-D Graph of CCT map for contingency fault 1
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Table 6 Output neurons of SOFM and comparisons of CCT values

Al 8 Al § 1 2 3 4 5

Adwy 34 (35) (4,5 (54) (54)
AF31110.319:0.31910.307:0.3091 0.316:0.309 | 0.309:0.309 | 0.309:0.309
Gl 2 10.309:0.309 [0.300:0.3000.309:0.307 0.307:0.307 {0.307:0.309
,Q 3 10.409:0.4090.385:0.388 | 0.403:0.400 | 0.400:0.400 | 0.400:0.400
I'| 4 10.325:0.3250.303:0.309 | 0.319:0.316 | 0.316:0.316 | 0.316:0.316
5 110.455:0.455 | 0.424:0.427 | 0.443:0.433 | 0.433:0.433 | 0.433:0.433
Al 6 [10.396:0.396|0.368:0.371 | 0.381:0.379 | 0.368:0.371 | 0.368:0.371
& 7 110.169:0.169|0.160:0.163|0.167:0.163| 0.163:0.163 | 0.163:0.163
24| 8 10.184:0.18410.175:0.177|0.184:0.184| 0.184:0.184 | 0.184:0.184
9 10.276:0.276 | 0.261:0.269 | 0.279:0.279 | 0.285:0.279 | 0.285:0.285
u) | 10 ]10.307:0.3070.295:0.300 | 0.309:0.307 | 0.309:0.307 | 0.309:0.309
| 11 0.215:0.2150.205:0.205 { 0.208:0.208 | 0.200:0.205 | 0.200:0.200
12 10.239:0.2390.224:0.224 [ 0.228:0.224 ] 0.215:0.221 | 0.215:0.221

A ¥ A 6 7 8 9 10

ey d (5,3) (5,3) (4,2) (4,2) 4,1
AF221[10.307:0.309 | 0.307:0.303 1 0.300:0.300 | 0.300:0.295 | 0.285:0.288
C| 2 {0.300:0.303 |0.300:0.300 | 0.292:0.295 | 0.292:0.288 | 0.279:0.279
C| 3 [0.388:0.3930.388:0.385(0.371:0.379| 0.371:0.371 | 0.356:0.356
T| 4 10.295:0.30310.295:0.292|0.285:0.292 | 0.285:0.279 | 0.264:0.264
5 1/0.424:0.4270.424:0.419/0.409:0.412 | 0.409:0.403 | 0.381:0.385
Al 6 0.356:0.3610.356:0.356 {0.347:0.353 [ 0.347:0.340 | 0.323:0.325
&1 7 10.153:0.153|0.153:0.151 [ 0.147:0.151 [ 0.147:0.144 | 0.139:0.139
41 8 10.177:0.18110.177:0.175[0.169:0.169 | 0.169:0.163 1 0.163:0.160
9 10.269:0.27210.269:0.261 { 0.255:0.255 | 0.255:0.245 | 0.239:0.239
ul| 10 [0.295:0.300(0.295:0.292 [ 0.285:0.285 | 0.285:0.279 | 0.272:0.272
aly 11 f0.197:0.2000.197:0.197 10.191:0.197 | 0.191:0.191 ] 0.181:0.184
12 10.221:0.221{0.221:0.221|0.215:0.221 | 0.215:0.221 | 0.208:0.208
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Fig. 5 Trajectory of output neuron
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Table A1 Weight matrics of converged SOFM

Zd

S A, DA 2] a, 3] .10, (10, 9(10,10)

x1(=Pg) [ 57.22 | 49.53 | 49.30 33.95 | 26.75 | 26.99
x2(=Qus) || 34.24 | 2870 | 28.22 17.71 | 13.25 | 1370
x3(=Ps) || 19.14 [ 19.78 | 19.56 2249 | 21.96 | 21.80
x4(=Que) | 409 | 409 | 4.62 384 | 407 | 374
x5(=Pz) | 9328 | 88.34 | 88.56 7873|7336 | 73.12
x6(=Qs) | 12.29 | 11.57 | 1197 1051 | 927 | 887
x7(=Pos) || 53.88 | 52.91 | 5250 | | 51.72 | 50.12 | 50.28
x8(=Qoe) || 12.35 | 12.16 | 12.43 1232 | 11.71 | 11.39
x9(=Prg) {| 89.33 [ 83.35 | 78.13 66.05 | 65.45 | 70.69
x10(=Q7) | 254 | 056 | 1.99 568 | 521 | 279
x11(=Pgg) |t 31.33 | 27.22 | 2237 14.30 | 14.90 § 19.71
x12(=Qu) || 29.77 | 27.34 | 25.69 20.87 | 20.29 | 21.95

g3 A2 AMXEALDT7O 3 CCT XIT
Table A2 CCT map for contingency fault?

1 2 3 4 5 6 7 8 9 10
0.134{0.152{0.160]0.169]0.163|0.153}0.163| 0.175{0.175| 0.188
0.129]0.144|0.157(0.169]0.160|0.152{0.163| 0.160{0.175| 0.191
0.139]0.144]0.147[0.169]0.160|0.147|0.160{0.175}0.1810.191
0.13910.147{0.153[0.153{0.153]0.167 | 0.153| 0.1690.169 | 0.177
0.136]0.144}10.153]0.163|0.153]0.175(0.1770.167]0.175|0.184
0.121]0.163]0.160{0.169/0.175{0.181 [0.175]0.184]0.1970.394
0.13410.139]0.160[0.1630.175]0.184]0.184| 0.1930.208 | 0.205
0.144(0.152|0.16010.175|0.163]0.176|0.191 | 0.197]0.200 [ 0.208
0.13910.147{0.153}0.163|0.168{0.177 | 0.181 | 0.191 {0.197 | 0.200
0.144]0.147|0.15010.163[0.175]0.191]0.184| 0.197 { 0.208 | 0.200
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Fig. A1 3-D Graph of CCT map for contingency fault 7
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