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Harmonic responsibility estimation method based on gaussian mixture model
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Abstract: A harmonic responsibility estimation method based on the Gaussian mixture model (GMM) is proposed for
partially observable systems. This method estimates the harmonic responsibility of each harmonic load based on the
probabilistic distribution characteristics of measured harmonic voltages, circumventing the difficulties in quantifying
harmonic responsibility due to the introduction of unmeasurable line parameters. Specifically, the process begins by
training a GMM using the measured harmonic voltage samples. Then, the number and range of Gaussian components in
the mixture model are determined based on the Bayesian information criterion and the Kullback-Leibler divergence ratio.
Additionally, anomaly detection of harmonic voltage samples is achieved through the Z-test principle. Finally, the
effectiveness of the proposed method is verified using the IEEE 14-node test system.
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Figure 1 Relationship diagram of harmonic
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Figure 2 Equivalent processing of unobservable nodes

TEFE 2 75 052 Sk 35 R O O ey e L
TZT JE N T 0 ) 2% 118 B 5 A By
Iias=—(Y0uYs/ VYo — Y Vi) Iuso
Lia =Y Ys/Yi Yo — Y0 Vi) Lus )
AP Tyey T 2090 A5 5 2 W B R S 1Y
S T4 A BT I R A B TSRS AL Yo T AR
i Z IR S48
B 20 (9) AT T, A o] 0L I 2 v g = B3 38 4 Aoy
FL I Ty 5 90 10 28 R0 HL UL Ty AT T, 58 AH OG0 2T
I, 43 S BRSO T A ) S B I I Y R R 0 A
5 GMM #5 B i (1 155 17 43 A0 43 5k 22 1) 18 A (U RR
VGBS PG A X N G & . KL 0 (Kullback-
Leibler divergence) J2& P > M 28 3 A7 =2 [A] #H oL 2 Ji2
M REHE o A P A 23 A0 A i KL BIRE 8 /0N D)5 o
AN BE 250 A0 I AR DL B s R 2 A A R R A A
A KL R R, U3 1 AE 23R 43 A ) R DL B A
16 5% 5% B R B A () B () Z 1) KL OB K 3
|
K= () n(fi(2)/f(2) (10)
A3 AR S W FEL U 5 GMIML AR A 43%/\?
Wiy A Z ) KL AR . Horb B K, a4
%ﬁﬁ%i%ﬂ%%%ﬂ%mZ@%KLWQJ_
AT LAAS B 45 g 507 40 A X S e O 9 KL H0O%E L
R, B

(11)

A=K,/ > K,
j=1

A TERUE AR G W o A s T 28 0 3
%I PO Y RT BB o A TEER R, B A I D R O
PRAFAE T8 A o D R R K e 2, A (B
JIN LB AN VR I PR I YA AR TR A S DA ) R R
N ZE BRI BT GMM B3 9 54T Bk & 5w
ez I 5 2 v U A AN L 3 TR .

NG

IO T8 I H
F O A

RS SR

sl

O e -

M HF EM FEHLA T GMM
NEES SNl

£
s
" 7f &l
IJ_: o 3
5
H T BIC T GMM H
AL TR I 0 S AR R R ﬁﬂﬁu
v i
FEF KL #UE VEEE GM E”.\
R &ﬁﬁ% ,,,,,,,,,,,,,,,,,,,,,,,
€

45

B3 F&inis
Figure 3 Flowchart of proposed method
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