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Optimal Placement of Measurement Using GAs in Harmonic State Estimation of
Power System

TR E oWk B TR R
(Hyeng-Hwan Chung - Yong-Peel Wang - Hee-Chul Park - Byung-Chul An)

Abstract - The design of a measurement system to perform Harmonic State Estimation (HSE) is a very complex
problem. Among the reasons for its complexity are the system size, conflicting requirements of estimator accuracy,
reliability in the presence of transducer noise and data communication failures, adaptability to change in the network
topology and cost minimization. In particular, the number of harmonic instruments available is always limited. Therefore,
a systematic procedure is needed to design the optimal placement of measurement points.

This paper presents a new HSE algorithm which is based on an optimal placement of measurement points using
Genetic Algorithms (GAs) which is widely used in areas such as; optimization of the objective function, learning of
neural networks, tuning of fuzzy membership functions, machine learning, system identification and control.

This HSE has been applied to the Simulation Test Power System for the validation of the new HSE algorithm. The
study results have indicated an economical and effective method for optimal placement of measurement points using
Genetic Algorithms (GAs) in the Harmonic State Estimation (HSE).

Key Words : Harmonic State Estimation (HSE), Optimal Placement of Measurement Point, Genetic Algorithms (GAs)
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Table. 1 Harmonic bus voltage

Actual Estimated
Bus - - Error
No. | Magnitude | Angle | Magnitude | Angle (9%)
(P.U) (Deg.) (r.U) (Deg.)

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 0.00603 {27.07196| 0.00503 | 27.0719%6 | 0.00
9 0.00502 {27.21706 | 0.00502 | 27.21706 | 0.00
T 2 ixu FINF

Table 2 Harmonic current injection

Actual Estimated
I%%S Magnitude | Angle | Magnitude | Angle E(I;oc;r
(P.U) (Deg.) (P.U) (Deg.)

1 0.00000 0.00000! 0.00000 0.00000| 0.00
2 0.00000 0.00000{ 0.00000 0.00000| 0.00
3 0.00000 0.00000] 0.00000 0.00000 | 0.00
4 0.00000 0.00000] 0.00000 0.00000] 0.0
5 0.00900 [25.00000{ 0.00900 |25.00000] 0.0
6 0.00500 [10.00000{ 0.00500 ]10.00000] 0.00
7 0.00000 0.000001 0.00000 0.00000 | 0.00
8 0.00000 0.00000| 0.00000 0.00000; 0.00
9 0.00000 0.00000] 0.00000 0.00000] 0.00
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(d) Harmonic current injection angle
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Table 4 Harmonic Bus Voltage

Bus Actual Estimated Error
No. Magnitude | Angle | Magnitude | Angle %)
(P.U) (Deg.) (P.U) (Deg.)

1 0.00502 127.03069| 0.00502 | 27.03069 | 0.00
2 0.00502 |26.98089| 0.00502 | 26.98089 | 0.00
3 0.00501 2648450 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
iz 5 =3 FUHF

Table 5 Harmonic Current Injection

Actual Estimated
Bus - - Error
No Magnitude | Angle | Magnitude | Angle %)
. (v}
(P.U.) (Deg.) (P.U.) (Deg.)
1 0.00000 0.00000| 0.00000 0.00000 | 0.00
2 0.00000 0.00000| 0.00000 0.00000 | 0.00
3 0.00000 0.00000] 0.00000 0.00000 | 0.00
4 0.00000 0.00000f 0.00000 0.00000 | 0.00
5 0.00900 |25.00000] 0.00900 25.00000 | 0.00
6 0.00500 {10.00000] 0.00500 10.00000 | 0.00
7 0.00000 0.00000] 0.00000 0.00000 | 0.00
8 0.00000 0.00000] 0.00000 0.00000 | 0.00
9 0.00000 0.00000| 0.00000 0.00000 | 0.00
0015 —
0.0%0
é [
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(a) Harmonic bus voltage magnitude
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(c) Harmonic current injection magnitude
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(d) Harmonic current injection angle
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