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Assessing harmonic impedance and the harmonic emission level based on improved partial least-squares
regression method
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Engineering, Hohai University, Nanjing 210098, China; 3. Nanjing Power Supply Company, Jiangsu Electric Power Company,
Nanjing 210008, China; 4. Dongtai Power Supply Company, Jiangsu Electric Power Company, Yancheng 224231, China)

Abstract: An improved partial least-squares regression method is used for assessing harmonic impedance of power supply
system. Through processing the voltage and current sampling signals in PCC with fast Fourier transform, the harmonic voltage and
current which are respectively taken as the dependent variable and the independent variable of the regression equation are
obtained, then, an improved partial least-squares regression is used to solve the regression coefficient which is the system-side
impedance. This method overcomes the defect of partial least-squares regression method that may omit the useful
elements. Simulation results and examples prove that it is effective to assess harmonic impedance and the harmonic emission of
customer-side level using the improved partial least-squares regression method.
This work is supported by National Natural Science Foundation of China (N0.50477010).

Key words: harmonic; improved partial least-squares regression; harmonic impedance; regression coefficient

SRS TM714  SCERBRIHIS: A WEHT: 1674-3415(2011)01-0092-04
0 == SLE o AEG PRI VLG TE 85 R e Kl s 2 2=
(=

ANZEAT B AL, 5 22 BRI e %, Al

BEE O TR E AR AR AT BRSO R AE A S

() AL, W Qe B H 2™ E, DT A
Bk LU B RGEMIEAT R P EARCK I 5 . i)
AR T R RE M SR AR R T, T 1 Rl B PR
(e, A PIMERRI BT H A, 2] i
HL AR GE I R S RS AR

H R B U doe 12 BT RV Bl 3
FABORE AT 72, 7 S R G
s TR PR I RSB IR LA, AT A T R

EEWE: BRAARAFALTBAE (50477010); FEK
FlK AR R TR A

SAEA R (PCC RO Kt i RGOS 55, B
#%: U (Utility) FIMl)" C (Customer) FIflji+?,
SR S AR A I P A5 200 L 8 A TR A o WA — 0 5 A U U
Y, A R KA, BT A Tl ik
TSk, I FBLPES L vERTvE . 75l
RIEMT DI E M, N, H3 T
VIR 2 (R RARA ZE s, IR BB IR = A T
B AIAR 2T SCHRT107 K s S B B2 0 . 1 34 e
Z AR ZERTREMA, AN A IR I 5 22 25 5 M AUl
K BE o 2GR [NAVER H S0 % b PCC i Ab L R
FLL IS R A& BT, Al R ST



oW, o R oulb e

ik (1 AR G B BT SO RS AT A 5 -93 -

B, B s O (R R B A
78 TN 2 R G0E B FH BT B 26k Rk,
/N IR A S A R e i Y, A B —ofe
[V ] B 12 % DRI AR AR R e s IR oy, BRI T
5 SRR JE
ASCR AR A IE SR R A A 5,
b PRod AR L AR e, 45 A I F s AT L 0 )
YERENA TR RAR S AR 5, LRGBS A
[T 2R, R P S0 A e/ — Rkl s e o
HREENRGEMBAST, ek T widse /N —3elm 7% 1)
BREE, OREAAY S R G BRI A s
SR o
1 B RE/N ZREVAEE
TEfw e/ 3[R H Sk, PRI AR X
¢, AR R A W 5 22 Cov(e, Y ) 5K, BAERUE
XFIRAR B Y AR RE ) e, [N B AR AR A X
ARG ae )y, (HRERIED T 245K
Cov*(¢,Y)=r*(t,Y ) Var(t,)Var(Y)
(i=1,2,, 4, A A= X IO
i, — A KB Cov(r,Y) I A BE TR 1F
r?(6,Y) B Var(s,) B RI#EC, KPS g S50
¢ ERHL TR I .
et 7, SRR R Y IEAS A (A AR
W B kAR, B 2t XYY X AN TH p—14
AR AR LBy, by, b, | AL
T
B'X'YY'Xb =0 (=1,2,-,p—1)
%
Y'Xb =0 (i=1,2,--,p—1)
A IEAZ T Y 1 1n) & #1022 os e XB 1) e
& XBa , o ppim . 848 XBa J5 25 K
oy g, XS AN T BT X T XB (5 KT
A, Ay A BIRHIE IR &, s IS EAT )T (1)
WARNEE (EfEs=p—1). XL &4 %
ik A, 2U=XBA, WEIEAT U W7 #
5o
(I,-P)X=X-UU'U)'U'X=
X(Ip ~BA(U'U) UX) - XD
S, D=(1p—BA(UTU)’1UX)o

AT XD AT, GENS R DL dw /) —3Fe[m] )T

] B MR I A% — e
2 HEEE

TEAIRE KR RS RURIE 1 P i .

,&l PCC lpcch
Ll

Usn Zen

LN
=

«—
—
| I |

1 PCC mALRFIA P S B
Fig.1 Equivalent circuit of power system and customer in PCC
Bl Uy~ 1y, 73708 R GEMUFT T 0l i) 2538
W Zg Z g 70 Z G ™ O i 45 3L
LLER) UK /A N (1) 4 R AN WA 7 P N |
U peen > PTEATIEEH X AN B MR HL i B AT

Upcch = Ush - Ipcch Z

SJC IS I FS R T A 2 RV ' R

Upcchx = Us ]pcchx Zshx + ]pcchsthy (D

Upcchy = Ushy -1 pechx Z shy -1 pcchyZ shx (2 )

M et P i b /> — TRl A B3, SR ] &R
éﬁ Zshx N Zshy & U Ushy Zshx N Z El'lj j‘j 2%
GBS, Uy, ~ Ugy NRGES {EZ%FJ?EI’JE;?
NG EEALTHE

FH AR AR AP 5

%
Uch =|:[ pcchJ_]pCChj| Zcthh (3)
Zch Zch +Zsh
BT Z, bR 4 KB ML,
|Zo| >>|Z |, W (3D AR

|Uch| ~ |/

4

sh I pcch

3 {HEIIE

T 2L AL LI 2. %éﬂuﬁ?ﬂz (50 H2) KU,
H100£0°V, 3 PAEBHIIEU 3=30260°V; )"
TR Rl Il 70 £-45° A, 3 Y i g

1,=10/30°A, 3 WIEBFET Z,=100+2005Q . iX
— ARG, LhEARGEM 3 XK BEHEA



_94. 2% REP DN

Z,=20+12.5)Q, BUBUENRM, B HAEZSH
PIBATEL, L O B 5 125 o (B A /N UE B A S
7 FH 38 B i 5 /1> — e [ b A e /> — e ]9 4t
ko

)
B
7
1%_
~
~
=3
|
| S|
N
=3

B2 {iERE

Fig.2 Circuit of simulation
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Fig.3 Real parts of the 3rd harmonic impedance of supply
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Fig.6 Voltage and current components of the 3rd harmonic in
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