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ABSTRACT: Accurate harmonic state estimation is an
important basis for controlling harmonic problems in power
grid. To solve the problem that phasor measurement unit (PMU)
is difficult to satisfy observability condition and power quality
monitoring device (PQMD) time scale is asynchronous. Taking
PMU sampling time as estimation time, a PMU/PQMD hybrid
harmonic state estimation method based on adaptive
modification of measurement data is proposed in this paper.
Designed to obtain accurate harmonic state quantities. First, the
optimization factor is introduced into the statistical data of
PQMD, the harmonic data of PQMD is characterized as
bounded uncertainty variable, and the hybrid harmonic
measurement set of PMU and PQMD is constructed. Secondly,
a hybrid harmonic state estimation model is established with
the minimum normalized residual sum of squares as the
optimization objective. Subsequently, the linear programming
algorithm is used to simplify the state estimation model into a
convex optimization model, and the internal point method is
used to solve the problem. The harmonic data of PQMD is
adaptively corrected by optimization factor during the solution
process to enhance the accuracy of state estimation. Finally, the
feasibility and superiority of the proposed method are verified

in IEEE standard system.

KEY WORDS: phasor measurement unit; power quality
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Fig. 4 Estimation error of Sth harmonic by different
algorithms in IEEES7 bus system
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Table 2 Evaluation index of different algorithms in
IEEES7 bus system

e S I E; Eo/% Es/%

Hik— 0.0018 2.1883 11.796

EAE Hik— 0.0009 1.4564 7.8792

. L= 0.0004 0.3541 1.5923
5K -

Hik— 0.0354 2.2693 19.045

AHAA - 0.0219 1.7839 11.295

L= 0.0043 0.3986 2.1709

Hik— 0.0017 2.4052 13.564

IEEL Hik— 0.0008 2.1608 10.276

. L= 0.0003 0.4816 1.8390
7R —

Bk — 0.0436 3.8176 21.254

AHAA Hik— 0.0263 23721 12.937

L= 0.0062 0.6209 1.8718

Hik— 0.0011 2.9861 16.227

e {EL Hik— 0.0006 2.6471 10.861

. HE=0.0001 0.4814 1.8493
11 % -

Hik— 0.0387 4.0671 20.948

AHA Hik— 0.0305 3.0179 13.965

HE= 0.0061 0.6011 1.8913

WEN il Bk E, Eo% Esl%
Hik— 0.0018 2.1883 11.796
IEAE Hik— 0.0009 1.4564 7.8792
10% HE= 0.0004 0.3541 1.5923
Hik— 0.0354 2.2693 19.045
AR A ik 0.0219 1.7839 11.295
HE=0.0043 0.3986 2.1709
Hik— 0.0025 3.7578 15.624
IEAE Hik— 0.0016 2.3926 10.037
159 H¥EZ 0.0005 0.4398 2.1186
Hik— 0.0427 3.4961 24.351
AH A Hik— 0.0308 2.5281 16.592
H¥EZ 0.0057 0.5446 2.7251
Hik— 0.0043 5.2564 22.106
EAE Hik— 0.0026 3.8173 14.316
0% HE=0.0007 0.6838 3.6567
Bik—  0.0587 5.0843 32.364
AH Hik— 0.0409 3.8732 22.037
BE= 0 0.0092 0.8385 4.2926
HE— 0.0073 7.1246 30.276
MEAE ik 0.0039 49798 24.003
HE= 0.0011 0.8927 5.8724
25% =
HE— 0.0891 6.8726 43.622
AH A ik 0.0538 5.1429 35.741
HE= 0.0154 1.3185 7.4536
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Table 4 Evaluation index of estimation results of each
algorithm under different scenarios

Yt Eyit] Hk E Ex/% Es/%
Hik— 0.0018 2.1883 11.796
MEAE Hik— 0.0009 1.4564 7.8792
BE= 0.0004 0.3541 1.5923
Yt — -
Hik— 0.0354 2.2693 19.045
AH A Hik— 0.0219 1.7839 11.295
BE= 0.0043 0.3986 2.1709
Hg— 0.0038 4.8982 17.429
el A 0.0025 3.5867 14.006
S — ﬁg: 0.0009 0.7541 4.2826
Hg— 0.0511 4.5061 25.499
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