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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 an optimal algorithm of
HSE which is based on an optimal placement of

measurement  points  using Immune  Algorithm
(IAs). This 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 IAs in the HSE.
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Fig 3. Reduced measurement placement

Table 1. Bus Voltage

Bus Actual Estimated Error
Voltage Mag Angle Mag Angle (%)

(PU) | (Deg) | (PU.) | (Deg.)
1 Bus 0.0050 27.03069 00050 | 27.03069 | 0.0000
2 Bus 0.0050 26.98089 00050 | 2698089 | 0.000
3 Bus 0.0050 26.48450 00050 | 26.48430 | 0.0000
4 Bus 0.0050 2625757 00050 | 2625757 | 0.0000
5 Bus 0.0050 27.84543 0.0050 27.84543 | 0.0000
6 Bus 0.0050 2131857 00050 | 27.378% | 0.0000
7 Bus 0.0050 2771206 00050 | 2671206 | 0.0000
8 Bus 0.0050 2707196 00050 | 27.07196 | 0.0000
9 Bus 0.0050 2721706 00050 | 27.21706 | 0.0000

Table 2. Bus current

Tnjection Actual Estimated E

Tor
Mag Angle Mag Angle o
Current | L) | (Deg) | (P | (Deg) | *®

1 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
2 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
3 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
4 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
5 Bus 0.0090 25.0000 0.0090 25000 | 0.0004
6 Bus 0.0050 10.0000 0.0050 10000 | 0.0005
7 Bus 0.0000 0.0000 0.0000 00000 | 0.0000
8 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
9 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
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Fig 4. Optimized measurement placement using TA

Table 1. Bus Voltage

Bu Actual Estimated Exror
s
Voltage Mag Angle Mag Angle (%)

(P.U) | (Deg) | (PU.) | (Deg.)
1 Bus 0.0050 27.03069 00050 | 27.03069 | 0.0000
2 Bus 0.0050 26.98089 00050 | 2698088 | 0.0000
3 Bus 00050 | 2648450 | 00050 | 2648450 | 0.0000
4 Bus 0.0050 2625757 | 00050 | 2625757 | 0.0000
5 Bus 0.0050 2784543 | 00050 | 27.84543 | 0.0000
6 Bus 00050 | 2737857 | 00050 | 27.37856 | 0.0000
7 Bus 00050 | -27.71206 00050 | 2671206 | 0.0000
8 Bus 0.0050 2707196 00050 | 27.0719 | 0.0000
9 Bus 0.0050 27.21706 00050 | 27.21706 | 0.0000

Table 2. Bus current

Actual Estimated

ijection | "Mag | Angle | Mag | Angle | o
(PU.) | (Deg) | (PU) | (Deg)
1 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
2 Bus 0.0000 0.0000 0.0000 00000 | 0.0000
3 Bus 0.0000 0.0000 0.0000 00000 | 0.0000
4 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
5 Bus 0.0090 25,0000 0.0090 25000 | 0.0004
6 Bus 0.0050 10.0000 0.0050 10001 | 0.0023
7 Bus 0.0000 0.0000 0.0000 0.0000 | 0.0000
8 Bus 0.0000 0.0000 0.0000 00000 | 0.0000
9 Bus 0.0000 0.0000 0.0000 00000 | 0.0000

54 B

B =RdMe AgA ey 1z g FH o]
A IAE |83 HSE H3FH ¢ngFg AWsAdh
At HSE ¢xelFy geds U537 s 9=
A 2o AL nza Ao FHE FYP3c
of W ZRANE FHF B9 AT olgdel A
ZAYANE AAF Ao nza A 4L £33y
MEagth 2 A72% oed 2ol Yebi
1. A3 HSE ¢xn &L AAgHe] 2371 His)
7F o3, AFA4 de 125 JHE FHIAY,
2 ALY HSE YneZe FoF ZRANET 239
A7 A2gE A,
3. A¢d HSE ¢ndZe nzd AHs A3
& AHEsls &3 A9l CHARTY v8% ¢
E EECLEEPYEo Y
£ =24 AL o|8% d¥A A HSE 33 ¢x
g&e AgA 2] nzn 4 FH L 2 A4X A
A& B3t AN F ARG oM Wy FE8EFE
Yehh i
= 32 2 8l
[11 GT. Heydt, “Identification of harmonic sources
by a state estimation technique”, IEEE Trans,
PWRD-4,(1), pp.569-576, 1989
[21 HM. Beides, GT. Heydt, “Dynamic state
estimation of power system harmonics using Kalman
filter methodology”, IEEE Trans, PWRD-6,(4),
pp.1663-1670, 1991
[3] ZP. Du, J. Amillaga, N.R. Watson, "Continuous
harmonic state estimation of power systems”, Proc.
IEE, C, 143, (4), pp.329-336, 1996.
[4] J. Armillaga, NR. Watson, S. Chen, "Power
system quality assessment” John Wiley & Sons Ltd,
2000.
[5] D. Dasgupta, “Artificial immune
their applications”, Springer-Verlag, 1999

sysrems  and

- 94 -



