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Abstract

This paper presents a method for estimating harmonics in power systems based on particle
swarm optimized recursive least square (PSO-RLS) model. The PSO is used to get the optimal ini-
tial weights and RLS is used to estimate parameters of harmonic signals. In this way, the method
resolves the problem that RLS is sensitive to initial weights. This method is used to analyze both
steady-state and dynamic voltage signals. And its performance is revealed by comparing results of
difference noise environments. In addition, the dynamic sub harmonic and inter harmonics are
analyzed using this method. Simulation results show the performance of the proposed method is
better than the VCLMS and GA-RLS ones.
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B R ETRF R B 18 R E /N —FRi i B B G v 7 ik, 815 B @ M/ — 3% (Recursive Least
Square, RLS) & Xt W1 4R {EBUR K ) &R, A< 3CF| b 78 (Particle Swarm Optimization, PSO) & %753
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BEA ) R GE P AR SRt 15 B A7 AT AE HL T N T RS N, T 7 A R 1 A R R A2 BN
IR E AL A R s BV R = AR — R A I A, S o 4 B R o (Y F BB S &, e sk (1= AR A g
BCHEAT WA 20 B, ) R G0 IR S A T R AR 5 F D350 2079 et ) SR A 2 A I 5% )
BORAS, SBR[ 1]

G810 H8 ) R GRS RS RN 3 W T VA A B AR e (FT) . PR B AR 8 (FRT) & e, PR 12
AR (FFT)E T B AW 0T, ST AR sh 21 & B RRE R, i RS2 R S A B %
[2]. BRUELZ AN A N A, R 2 IR 5% (Kalman filter, KF). DL S/ 3 biikss . SCHR[3]32
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AR SCFT R H R R B SRS B R A 0 i IR S AR A, R 1 3 A /N 3 ot HL IR
SHEAT AT, SR RLS S 4A S 50U Y )

2. NFEEE
PR AL (PSOY % T 1995 4E i1 Kennedy Al Eberhart $2H1[10]. =M —2HBENLAR K, SRR



bty 4%

I LT R, RSN RN RIS, R IB BE 24 A48 R 2 OB B DL A AR B L R
e R
FERLTREE T, PR ONRL TR, MEER e AN MER R T, BN R ERA B, 2
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HiEZ MmZE, DESAEEAPERE. Y r—3 i iRiR E A b PR
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y(t) =1.5sin(2nf,t +80° ) +0.5sin(2nf,t +60° ) +0.2sin 2nf;t +45')

(24)
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Figure 1. Flow chart of proposed PSO-RLS algorithm
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Hrp: f,=50Hz, f;=150Hz, fs=250Hz, f,=350Hz, fi; =550 Hz, v(t)NiiEmgE.

A T EE LS 10 dB 1 40 dB [ 254 T AR SCHE H I SRR IRNE I A S A TH AR L 5 GA-RLS.
VCLMS HEAE(5 ML 40 dB HITHERELLER
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GA-RLS. VCLMS =FEIEEEMLL N 40 dB B XS 1 IR MR A 5 i 22 R0 B AR 67 B Ak % 22 LA
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21 R AR A U PR B R A A R ZE A T SR ZE NS B, IR I AT LA Y 6 TR
SEBRAIEAE A A AL 205 1.5 p.ufil 80°, VCLMS. GA-RLS F11 PSO-RLS [KIMEAE S AL Ak 1% 245 BN
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Figure 2. Actual vs. estimated output plot at 10 dB SNR
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Figure 3. Actual vs. estimated output plot at 40 dB SNR
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Figure 4. Amplitude RMSE plot at 40 dB SNR
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Figure 5. Phase RMSE plot at 40 dB SNR
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a, (t) =0.15sin(2xf,t)+0.05sin (2fyt)
a, (t) = 0.05sin(2nf,t)+0.03sin (2fyt) (26)
a; (t) = 0.03sin (2f;t)+0.005sin (2nf,t)
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Table 1. Performance of VCLMS, GA-RLS, PSO-RLS for harmonics parameter estimation
1 ZMECENMGITIERER

=7 24 I =B FURE B LR TR
i (Hz) 50 150 250 350 550
BMUNE] MEAE (p.u.) 15 0.5 0.2 0.15 01
AHAL() 80 60 45 36 30
R (p.u.) 1.4705 0.5048 0.1796 0.1329 0.0930
PRZE (%) 1.9667 0.9600 10.2000 11.4000 7.0000
VCLMS
ARAL 80.8076 61.4135 43.6830 33.2560 27.7366
WE() 0.8076 1.4135 1.317 2.744 2.2634
e (p.u.) 1.4876 0.4852 0.1823 0.1569 0.0943
R (%) 0.8267 2.9600 8.8500 4.6000 5.7000
GA-RLS
AL 79.3280 61.2374 47.0352 34.3547 26.7385
BRE() 0.6720 1.2374 2.0352 1.6453 3.2615
A (p.u.) 1.4963 0.5017 0.1991 0.1496 0.1017
R (%) 0.2467 0.3400 0.4500 0.2667 1.7000
PSO-RLS
FHAL 80.5371 59.3401 46.0502 37.8950 31.7283
WE() 0.5371 0.6599 1.0502 1.895 1.7283
2 . A :
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Figure 6. Actual vs. estimated output plot
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Figure 7. Amplitude RMSE plot at Gaussian noise
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Figure 8. Phase RMSE plot at Gaussian noise
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Figure 9. Amplitude RMSE plot at Gamma noise
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Figure 10. Phase RMSE plot at Gamma noise
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y(t) ={0.75+ a5 (t)}sin(2xft + 45 ) +v(t) 27)

a; (t) = 0.03sin (2nf,t) + 0.005sin (2nf,t) (28)
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Figure 11. Dynamic sub harmonic (f = 30Hz) signal vs. esti-

mated output plot
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Figure 12. Estimated amplitude plot of dynamic sub harmonic
(f = 30Hz) signal
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Figure 13. Amplitude RMSE plot of dynamic sub harmonic (f
= 30 Hz) signal
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WP AE =R PSO-RLS B B /MM THEZ . 1 W T2 & Tl PSO-RLS SVEE M+ H AR
P o
4.4.2. BNFSIEER
AT PR ST VAR TR A TR . B A IR R = (29), RV A% f = 190 HZ,
FEEH P NE, [FWeLE)y 40 dB KR MRS . = SRR S AT O s i, 07 304 SR dn <]
14~ 16.
y(t)={L.15+a, (t)}sin(2nft+75 ) +v(t) (29)

a, (t) = 0.15sin(2af;t)+0.05sin ( 2xft) (30)

Hrp: f,=3HZ, f=7HZ.
P4l 14 J2& PSO-RLS o} 3 25 1] 8 A A T il 2 RS Bm ih 26 LR B s P9 15 2 =P By e 1) 285 1 U ) s
HIREEE, 1 16 R =MEENREMA TR ZR, ATLESL, X FaER PSO-RLS [FFEEA f/Nftiit
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Figure 14. Dynamic inter harmonic (f = 190 Hz) signal vs. es-

timated output plot
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Figure 15. Estimated amplitude plot of dynamic inter har-
monic (f = 190 Hz) signal
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Figure 16. Amplitude RMSE plot of dynamic inter harmonic
(f = 190 Hz) signal
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