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Optimal Placement of Measurements using Genetic Algorithms
for Harmonic State Estimation
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School of Electrical, Electronics & Computer Engineering, Dong-a University

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 instruments(
Continuous Harmonic Analysis in Real Time :
CHART) 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). This HSE has been applied to the New
Zealand AC 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 GAs in the HSE.
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Actual Estimated
Mag | Angle| Mag | Angle (%)
P.U) | (Deg)| (PU) | (Deg.)

0.000711 | 162.1910.000711| 162.19]| 0.00
0.000711 | 162.19/0.000711| 162.19| 0.00
0.001037 | -166.90;0.001037 [ -166.90]| 0.00
0.001037 | ~166.9010.001037 [ -166.90| 0.00
0.007725 | ~167.6610.007725 | ~167.66| 0.00
0.007725 1 -167.6610.007725 | -167.66| 0.00
0.0000 | 0.0000: 0.0000 | 0.0000] 0.00
0.0000 | 0.00001 0.0000 | 0.0000| 0.00
0.006479 | -149.501 0.006479 | ~149.50| 0.00
0.006479 | -149.5010.006479 | -148.50{ 0.00
0.000616 | 173.1710.000616| 173.17| 0.00
0000521 {-140.2310.000521 | -140.23| 0.00
0.000616 | 173.170.000616{ 173.17| 0.00
0.000521 {-140.23:0.000521 | -140.23| 0.00
0.000246 | -160.53]0.000246 | -160.53| 0.00
0.000295 1 -118.1610.000295 [ -118.16| 0.00
0.000246 {-160.5310.000246 | -160.53| 0.00
0.000295 {-118.1610.000295 [ -118.16} 0.00
0.001061 | 161.6210.001061} 161.62| 0.00
0.000959 | 167.93]0.000059| 167.93] 0.00
0.001061 | 161.6210.001061| 161.62| 0.00
0.000959 | 167.93:0.000958| 167.83| 0.00
0.003862 | -167.661 0.003862 | -167.66| 0.00
0.003806 | ~164.00] 0.003806 | ~164.00| 0.00
0.003862 | -167.66] 0.003862 | -167.66, 0.00
0.003806 | -164.00}0.003806 | -164.00| 0.00
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B Actual Estimated E
us rror
Voltage Mag Angle | Mag | Angle (%)

(P.U) | (Deg) [(P.UD| (Deg)
1 Bus {0.00501 27,1910 (0.0050| 27.1910| 0.00
2 Bus |0.0050]27.1412 10.0050| 27.1412 1 0.00
3 Bus |0.0050 26.1934 {0.0050} 26.1934 | 0.00
4 Bus [0.0050] 26.8744 ]0.0050) 26.8744 | 0.00
5 Bus |0.00501 28.0049 |0.0050] 28.0049 | 0.00
6 Bus |0.0050]27.538310.0050| 27.5383 | 0.00
7 Bus [0.0050] 26.8744 10.0050 26.8744 | 0.00
8 Bus {0.0050 27.2322|0.0050f 27.2322 | 0.00
9 Bus |0.0050] 27.3778 |0.0050] 27.3778 | 0.00

# 3 RAHF

Imiecti Actual Estimated B
njection rror
Current Mag Angle | Mag | Angle (%)

(PU | (Deg) |(P.U)| (Deg)
1 Bus [0.0000] 0.0000 |0.0000| 0.0000 }0.00
2 Bus |0.0000| 0.0000 {0.0000| 6.0000 {0.00
3 Bus {0.0000; 0.0600 |0.0000] 0.0000 {0.00
4 Bus [0.00001 0.0000 [0.0000!{ 0.0000 {0.00
5 Bus 0.0090] 25.0000 {0.0090| 25.0002 { 0.00
6 Bus |0.0050] 10.0000 {0.0050| 9.9998 | 0.00
7 Bus [0.0000: 0.0000 {0.0000{ 0.0000 [0.00
8 Bus |0.0000 0.0000 |0.0000] 0.0000 {0.00
9 Bus 10.0000] 0.0000 |0.0000| 0.0000 !0.00
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Actual Estimated
Mag Angle | Mag | Angle (%)
(P.U) | (Deg) | (P.U) | (Deg)

0.000711 | 162.19]0.000711| 162.19| 0.00
0.000711 1 162.1910.000711] 162.19] 0.00
0.001037 | -166.90] 0.001037 | -166.90| 0.00
0.001037 ;-166.9010.001037 | -166.90] 0.00
0.007725 1-167.66| 0.007725 1 -167.66| 0.00
0.007725 | -167.66] 0.007725 | ~167.66] 0.00
0.0000 | 0.0000| 0.0000 | 0.0000| 0.00
0.0000 1 0.00001 0.0000 | 0.0000] 0.00
0.006479 |-149.50]0.006479 [ -149.50| 0.00
0.006479 1-149.50] 0.0064791-149.50] 0.00
0.000616 | 173.17|0.000616| 173.17] 0.00
0.000521 | -140.23] 0.000521 | -140.23| 0.00
0.000616 | 173.17,0.0006816| 173.17| 0.00
0.000521 |-140.2310.000521 | -140.23! 0.00
0.000246 | ~160.53| 0.000246 | ~160.53] 0.00
0.000295 }-118.16]0.000295|-118.16] 0.00
0.000246 {-160.5310.000246 | -160.53| 0.00
0.000295 |-118.16]0.0002951-118.16} 0.00
0.001061 | 161.62|0.001061| 161.62| 0.00
0.000959 | 167.930.000959] 167.93] 0.00
0.001061 | 161.62]0.001061 | 161.62| 0.00
0.000959 | 167.93]0.000859] 167.93} 0.00
0.003862 |-167.66|0.003862 | -167.66] 0.00
0.003806 | -164.00] 0.003806 | ~164.00] 0.00
0.003862 {-167.66] 0.003862 | -167.66| 0.00
0.003806 | -164.00] 0.003806 | -164.00| 0.00
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B Actual Estimated Brror
us T
Voltage Mag | Angle Mag Angle (%)

(P.U) | (Deg) | (P.UY | (Deg)
1 Bus {0.0050{27.1910] 0.0050 |27.1910{0.00
2 Bus |0.0050127.1412)0.0050]27.1412]0.00
3 Bus [0.0050|26.1934| 0.0050 {26.1934| 0.00
4 Bus 10.0050]26.8744| 0.0050126.8744] 0.00
5 Bus |0.0050]28.0049] 0.0050 |28.0049| 0.00
6 Bus [0.0050]27.5383] 0.0050]27.5383|0.00
7 Bus [0.0060|26.8744| 0.0050 {26.874410.00
8 Bus [|0.0050]27.2322] 0.0050 |27.2322| 0.00
9 Bus [0.0050|27.3778| 0.0050 [27.3778| 0.00
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Injectio Actual Estimated B
jection rror
Current Mag | Angle | Mag | Angle )

(P.U) | (Deg) | (P.UD | (Deg)
1 Bus [0.0000] 0.0000 | 0.0000 | 0.0000 {0.00
2 Bus [0.0000} 0.0000 { 0.00001{ 0.0000 | 0.00
3 Bus {0.0000] 0.0000 { 0.0000 | 0.0000 | 0.00
4 Bus |0.0000! 0.0000 | 0.0000{ 0.0000 | 0.00
5 Bus [0.0080!25.0000] 0.0090 | 25.0002 0.00
6 Bus [0.0050/10.0000} 0.0050 {10.0000|0.00
7 Bus [0.0000{ 0.0000 | 0.0000 0.0000 | 0.00
8 Bus [0.0000{ 0.0000 | 0.0000{ 0.0000 | 0.00
9 Bus [0.0000} 0.0000 } 0.0000 | 0.0000 |{0.00
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