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Application of Immune Algorithm for Harmonic State Estimation

ERW CAEE -8 F R
(Yong-Peel Wang - In-Pyo Park * Hyeng-Hwan Chung)

Abstract - The design of a measurement system to perform Harmonic State Estimation( HSE) is a very complex
problem. In particular, the number of available harmonic analysis measurement instruments is always limited. Therefore,
a systematic procedure is needed to design the optimal placement of measurement points. This paper presents an optimal
algorithm of HSE which is based on an optimal placement of measurement points using Immune Algorithm (IAs). This
JA-HSE has been applied to power system for the validation of an optimal algorithm of HSE. The study results have
indicated an economical and effective method for optimal placement of measurement points using Immune Algorithm

(IAs) in the HSE.
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Table 3. Branch harmonic currents

Branch Actual Estimated Error
N Magnitude| Angle |Magnitude| Angle %)
% |(Per Unit) (Degree) | (Per Unit)| (Degree)|
| |.S|0710E-03| 162030 |0.710E-03| 162031 | 0.00
R|0.710E-03| 162.030 [0.710E-03| 162.031 | 0.00
e—— 5 |-5|0.103E-02] -167.055 | 0.103E-02 | ~167.054 | 0.00
R|0.103E-02 | -167.055 | 0.103E-02 | -167.054 | 0.00
5 | S10257E-02| -167012 | 0.257E-02 | ~167.010 | 0.00
R{0.257E-02 | -167.012 | 0.257E-02 | -167.010 | 0.00
4 | S|0515E-02] 12221 |0515E-02] 12.221 | 0.00
R|0515E-02| 12221 |0515E-02| 12.221]0.00
¢ |-S|0648E-02] -149.444 | 0.648E-02 | ~149.444 | 0.00
S v R|0.648E-02 | -149.444 | 0.648E-02 | -149.444 | 0.00
TS Sve meneven SomanT e e 6 | -SI0615E-03| 173123 |0615E-03| 173.123]0.00
R|0521E-03 | -140.310 |0.521E-03 | -140.311 { 0.00
a8 4. 5 2| - | S|06156-08| 173123 |0.615E-03| 173.123 | 0.00
Fig. 4 Reduced measurement placement R[0.521E-03{ -140.310 | 0.521E-03 [ -140.311 | 0.00
g |S]0.245E-03] ~160.927 |0.245E-03 | ~160.927 | 0.00
£ 1 oxm oM Mot R|0.294E-03 | -118.389 | 0.294E-03 | ~118.389 | 0.00
: _ o | S|0.245E-03] -160.927 | 0.245E-08 | ~160.927 | 0.00
Table 1. Harmonic bus voltage R|0.294E-03 | -118.389 | 0.294E-03 | 118389 | 0.00
. S|0.106E-02] 161.809 |0.106E-02| 161.808 | 0.00
Actual Estimated 1
BUS 2 kg Error 10 R10.958E-03] 168150 [0.958E-03] 168.149] 0.00
No. |Magnitude| Angle |Magnitude| Angle | o 11 |-S[0.106E-02 ]| 161809 [0.106E-02| 1618081 0.00
(Per Unit) |(Degree)|(Per Unit) |(Degree) R|0.958E-03| 168.150 | 0.958E-03| 168.149 | 0.00
1 | 000502 [27.03069| 0.00502 |27.03069| 0.00 1o |S10.386E-02| -167.522 | 0.386E-02 | -167.522 | 0.00
R|0.380E-02 | -163.866 | 0.380E-02 | -163.866 | 0.00
2 . ) . . )
000502 |26.98089| 0.00502 |26.98089) 0.00 13 |-S[0.386E-02 | -167.522 | 0.386E-02 | -167.522 | 0.00
3 | 000501 ;2648450) 000501 |26.48450| 0.00 R|0.380E-02 | ~163.866 | 0.380E-02| ~163.866 | 0.00
4 | 000500 |26.25757| 000500 |26.25757| 0.00
5 | 000502 [27.84543| 000502 |27.84543| 0.00 . = Actus! = Estimated
6 | 000504 |27.37857| 000504 {27.37856| 0.00 .
7 | 000501 |26:71206] 0.00501 |26.71206| 0.00 e S
8 | 000503 |27.07196| 000503 |27.07196| 0.00 AN
9 | 000502 |27.21706| 000502 |[27.21706] 0.00 (a) Harmonic bus voltage magnitude
m Actual o Estimated
" 2. nxual FAd MR
Table 2. Harmonic current iniection
Actual Estimated 253 5 & °
BUS X - Error Bus Number
No Magnitude| Angle |Magnitude; Angle (%) )
" |(Per Unit)|(Degree)|(Per Unit)| (Degree) (b) Harmonic bus voltage angle.
nxD BN M
1 | 0.00000 | 0.00000( 0.00000 | 0.00000| 0.00 J_% 5 aza ? o
Fig. 5 Harmonic bus voltage of Reduced measurement
2 | 0.00000 | 0.00000| 0.00000 | 0.00000| 0.00
placement.
3 | 0.00000 | 0.00000| 0.00000 | 0.00000| 0.00
4 | 000000 | 0.00000| 0.00000 | ©0.00000| 0.00 @Actual 52 Estimotad
5 | 000900 [25.00000| 0.00900 |25.00000{ 0.00 o788s
0.007
6 | 000500 |10.00000| 0.00500 |10.00000| 0.00 maa.®.u.> 8888
0.003 F
7 | 000000 | 0.00000! 0.00000 | ©.00000] 0.00 8:887
1 2 3 4 S () T E: ] o9
8 | 000000 | 0.00000| 0.00000 | 0.00000| 0.00 Bus Number
9 | 000000 | 0.00000] 000000 | 0.00000| 0.00 (a) Harmonic current injection magnitude
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= Actual m Estimated

Angle(Dea.) 15
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Bus Number

{b) Harmonic current injection angle.
33 6. =1 FQ M7
Fig. 6 Harmonic current injection of Reduced measurement
placement.
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(a) Send branch harmonic current magnitude.
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3

(b) Send branch harmonic current angle.

- Actual - Estimated

7.00E-03
6.00E-03
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4.00E—03
Mag. (P .U.D 3.00E-03
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O.00E+00

vV 2 3 456 7 8 910111213
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{c) Receive branch harmonic currents magnitude

- Actual " Estimate d
200
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100 o i
S0 S
Angie(Deo.) o gl L.
-s50 ;
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(d) Receive branch harmonic currents angle.
a8 7. Mz nxn ™My
Fig. 7 Receive branch Harmonic
measurement placement.
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Fig. 8. Optimized measurement placement using A

E 4 1zm 24 Mot
Table 4. Harmonic bus voltage.

Actual Estimated
BUS Magnitude| Angle |Magnitude| Angle Ezror
No. (Per Unit)| (Degree) | (Per Unit)| (Degree) (%)
1 0.00502 | 27.03069 | 0.00502 | 27.03069 | 0.00
2 0.00502 | 26.98089 { 0.00502 | 26.98089 | 0.00
3 0.00501 | 26.48450 | 0.00501 | 26.48450 | 0.00
4 0.00500 | 26.25757 | 0.00500 | 26.25757 | 0.00
5 0.00502 | 27.84543 | 0.00502 | 27.84543 | 0.00
6 0.00504 |27.37857 | 0.00504 | 27.37857 | 0.00
7 0.00501 ] 26.71206 | 0.00501 | 26.71206 | 0.00
8 0.00503 |27.07196 | 0.00503 | 27.07196 | 0.00
9 0.00502 | 27.21706 | 0.00502 | 27.21706 | 0.00
¥ 5 In=x=a Fo ME
Table 5. Harmonic current injection.
Actual Estimated
BUS Magnitude| Angle |Magnitude| Angle EI;I‘OI‘
No. (Per Unit) { (Degree) | (Per Unit) | (Degree) (%)
1 0.0000 0.0000 0.0000 0.0000 | 0.00
2 0.0000 0.0000 0.0000 0.0000 | 0.00
3 0.0000 0.0000 0.0000 0.0000 | 0.00
4 0.0000 0.0000 0.0000 0.0000 | 0.00
5 0.0090 25.0000 0.0090 25.0000 | 0.00
6 0.0050 10.0000 0.0050 10.0010 | 0.00
7 0.0000 0.0000 0.0000 0.0000 { 0.00
8 0.0000 0.0000 0.0000 0.0000 | 0.00
9 0.0000 0.0000 0.0000 0.0000 | 0.00
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Table 6. Branch harmonic current.

Branch : Actual Estimated Error
N Magnitude| Angle |Magnitude| Angle %)
o {Per Unit) | (Degree) | (Per Unit) | (Degree)| =
1 S [ 0.710E-03 | 162.030| 0.710E-03 | 162.030| 0.00
R |1 0.710E-03 | 162.030) 0.710E-03 | 162.030 | 0.00
9 S | 0.103E-02 | ~167.055 | 0.103E-02 | -167.052| 0.00
R { 0.103E-02 | -167.055 | 0.103E-02 | -167.052 | 0.00
3 S | 0.257E-02 | -167.012 | 0.257E-02 | -167.010| 0.00
R ] 0.257E-02 | -167.012 | 0.257E-02 | -167.010 | 0.00
4 S [ 0.515E-02 12.221 | 0.515E-02 12,221 | 0.00
R | 0.515E-02 12221 | 0515E-02 | 12,221 0.00
5 S | 0.648E-02 | -149.444 | 0.648E-02 | -149.444| 0.00
R | 0.648E-02 | -149.444 | 0.648E-02 | -149.444| 0.00
6 S [ 0.615E-03 | 173.123 | 0.615E-03 | 173.124| 0.00
R | 0.521E-03 | -140.310 | 0.521E-03 | -140.310| 0.00
7 S [0615E-03 | 173.123 | 0.615E-03 | 173.124| 0.00
R | 0.521E-03 | -140.310 | 0.521E-03 | -140.310| 0.00
8 S [ 0.245E-03 | -160.927 | 0.245E-03 | -160.927 | 0.00
R | 0.294E-03 | -118.389 | 0.294E-03 | -118.389 | 0.00
9 S | 0.245E-03 | -160.927 | 0.245E-03 | -160.927 | 0.00
R { 0.294E-03 [ -118.389 | 0.294E-03 | -118.389 | 0.00
10 S | 0.106E-02 | 161.809( 0.106E-02 | 161.811| 0.00
R | 0.958E-03 | 168.150 | 0.958E-03 | 168.152 | 0.00
1 S | 0.106E-02 | 161.809 ! 0.106E-02 | 161.811 | 0.00
R [ 0.958E-03 | 168.150 | 0.958E-03 | 168.152| 0.00
12 S | 0.386E-02 | -167.522 | 0.386E-02 | -167.522| 0.00
R | 0.380E-02 | -163.866 | 0.380E-02 | -163.866 | 0.00
13 S | 0.386E-02 | ~167.522 | 0.386E-02 | -167.522{ 0.00
R | 0.380E-02 | -163.866 | 0.380E-02 | -163.866| 0.00

Mag. (P .U

000000

@ Actua!

= Estimated

Bus Number

(a) Harmonic bus voltage magnitude

m Estimated

B Actual

Bus Number

(b) Harmonic bus voltage angle.
23 9. nxnl oM Mot
Fig 9. Harmonic bus voltage of optimized measurement
placement using IA.
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(a) Harmonic current injection magnitude.
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(b) Harmonic current injection angle.
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Fig. 10. Harmonic current injection of optimized measurement
placement using A.

Actual = Estimated

8.00E-03
5.0CE-03
4,005-03
3.00E-03
2.00E-03
1.00E-03
O0.0CE+C0

123458 7 8910111213
Branch Number

Mag.(P.U.)

(a) Send branch harmonic current magnitude.

= Actual

= Estimated

Angle(Dzg.)

' 2 3 45 868 7 8 910111213
Branch Number

(b} Send branch harmonic current angle.
= Estitnate

7.
8.00E-03
5.00E-03
4.00E-03
Maa.(P.U.) 3. 00E-03
2.00E 03|
1.00E-03
0.00E +00

123 4 56 78 98910111213
Branch Number

(c) Receive branch harmonic current magnitude.
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(d) Receive branch harmonic current angle.
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Fig. 11 Receive branch Harmonic current of
measurement placement using IA.
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