€ 0 b # ¢ 2k &

Electric Power Automation Equipment

Vol.38 No.3
Mar. 2018

$£38% FHIW
2018 £ 3 A

Fe AR S B o R L RE T S Al T 7

T2 R 43
(1. ¥MTBHKRER b5 EMIRER Th AN 450044,
2. #T R F MMIRERE Hr AN 310007;3. FM TREKFRE AL Th AN 450044)

WE.ATEMEARRBAIETHIERETEATESBESSB(VMD)H R R SHIENFHH ik, &5
%8 VMD Ao RAG%F L # (HT) 2 N3RS AR, B2E, SR ETHATHE R T30 #E VMD 69 TR 5 B R
B RE AR VMD ¥ #1255 A 25 AR—ARIKZ o, RE  STHEARAR-IAR R HH#ST HT, KRB
B A AR AR AT REIE TR, BRI A RGF-K L BF B3 E5 M % VMD F i RALT 45
MABRNEZENRDNET LZLSRAFPREREGTHREE LREEESRE KROBHBES
BERREE AR AR SR LSO R BABRAN L EE TSN ERERA TR ZOTITRAR

B,

e3P PN XY s P W LTSN e

FESHES . TM 761 X ERARIRED . A

il

0 5l

R RG T, MBI LM AR,
HLAE B L3 ) B H 25 = E 02 /N AR e B ] 43
WAELEESHRERERDES  HH M
A4S B T B 0 R eRBORN A3 f RLBE -4 ) BETF S
A {6 1) FL BB B B P 3 A T T S B R A T | E
o B0 T X2 B E B {8 3 7 S B N A 32 3 RR
filss, ¥ MAERBNESHMMEWRET,
BEAEITAE R R EEE KA E7S, FI A
JRAG 5 - 38 22 #¢ HHT (Hilbert-Huang Transform ) %)
s RS IME 5% LMD (Local Mean Decomposition) !
PEAT B BB B B R 315 S5 R I A R B B A L H
WHAAERZ B, —F Y= HF R W1E
S MR AL URR, T S IR E S N A S R BURE
REBRE, MHSMERSS BARBRTE ;Y 2
AME 5 W FAH T B HHT A1 LMD ¥ H 3SR
B LB R &A 3 KM 5 I MES
MR R ERR 2  HHT A LMD 2R e
F 15T B #02 M R — B 20 FF 46 B B A A R B
] SZ 4R | AN B 43 B B AN [R] B[] 2 6 AR [R] B (] 388 9
7 H 3 :2017-05-10; 16 E B #1:2017-09-01
EST B . 7 é A3 AARAT MER X A7 B (C20150034) ;
T b A B B AT B HOR AT T R A B (162300410042) ; 5T &1 K
BEFFREEAFA B (18A460006) ; # M AR K 5 BeAtH 4]
# H A% 3+ %1 £ 3 A B (CXTD2017K1)

Project supported by the Henan Province Construction Project

of Innovative Science and Technology Talent Team(C2015-
0034) ,the Basic and Frontier Technology Research Program of
Henan Province (162300410042) ,the Key Research Project of
Henan Higher Education Institutions(18A460006) and the
Construction Plan of Scientific and Technological Innovation
Team of Zhengzhou Engineering Institute (CXTD2017K1)

DOI:10.16081/j.issn.1006-6047.2018.03.016

STEAERKEERRERIES,

2013 4F Zosso F AR H T —FF WE 5 2
ViRZS AR KA 43 f% VMD (Variational Mode De-
composition ) ™!, VMD A& HE 48 J& T 48 43 [m) & | L
il AR B A T 58 Z A/, VMD TT B 3 R
Hi B R A SC AR | AR 43 SR A ok R b 2R A 9 B
B E S EAKRE M HE - MES E AR
Bk sk AE R, H O, 47 3R A S AR
X R AG S R R A WA R, B vMD
T s AL 2 WU GE4EREER ) TRES
2 T AR R AR R 12 W VO R T A P R B R
L ) BELAF 5 070 L i, A O R R T+ 1 1 i R
UWLHGE , #Z HHT # LMD, VMD A % 52 9 Blg B Al |
PR MEMEESHRESSEMERES
TR LT ERE . Ao IR A VMD  HHT #
LMD X H BE it & 4 3l 15 5 #4740 % , 83 Hilbert 22
0 2 B4 ASE 2 1 B B L R IR B AR 3R AT X L 43
BT, TE B T 35 7 32 %) R A R R

1 VMD REEE %

1.1 VMD R

VMD 2&—Fh Al 28 ROBE {5 5 Ab 3 07 ik | & i 4
Y498 P Hilbert 28 ¥ F1 AR IB A M T VMD %
i, VMD M HHM 2K — N LEMMARGS v 7 #
H BRIV EBIES w, M BAES u, B HFSE
— AN w, BB, 0, 7653 R R E K R T
W RE ., RN EBHEES S (EMD) B RS
BRBEREMSZTESNEEMEZREZ 11, &
VMD H, 4R 48 8 AR vE R S R AT T E T E X,

X1 AR E S (AM-FM) 5 5, 7]




%31 wil s TSRS

SRR L RE R SR A B 7 vk 17

FmH .
w(t) =A(t)cos (1) (1)
Hr ¢, (o) AN, AR R R, HFE (1) =
O,Ak(t) =0 % R % R A, (¢) FIBEET 5
R w,(t) =, (1) AR B ¢, (o) B AR AL TR B2
AT IHERR SR REUT TR,
a. ST EMEZ u, Bt Hilbert 28 #3158 41 5 K
By E 5 KA RN IE
b. XM EAE S 5EEOR AR IA B & A
THE A AR RS B A3 B B B B
c. BEMAGSHRETEE, BMEEN L2
B LA BMEEN R,
BT A8 LR AR 4y M FR AN .

min
fuel, {agh

st Duw=x
%

Heh dw) ={u,u, -, ux) NITEBESHES; (0 =
{a)l,a)z, Eh ,Q)K}ﬂg*ﬁmﬁﬁ%*‘t‘ﬁgﬂgﬁé;K yg
T ) 53 R,

AT EREE S R AZ AR 5] A ZIRIET
HF o MPBEHRET A, B HEBEH LIRS
KN

L({w}, {an},A)=
3, [(5(t)+J—)uk(t)
</\(t),x(t)—k2uk(t)> (3)

R AE 43 [n] B 45 R F 7E AR F A T4k
FohRiAE B H L A VDM R 32 B 07 1) 3 T
2 (ADMM) , 38 33 B H up opt! F1 A (n HEARK
B0 X — [A] B

w, BT AH Y TR (4) B/ R R,

ofa] (80 + -1 (o) ||+

slolfow+ i Jw@lef]

2
+

—j@t

up*! =argmin
ueX

Hx(t)—iZui(t)+ %

) @

H w=wp'; Zui(t):;cu’;”(t);X A w, BT

WESE,
TE 1280 F , #I A Parseval / Plancherel 18 H i
S5 BE AR ok I 3 [al RS 4 B A5

Sn+l

u, = argmln
iy, ueX

H]w[ l1+sgn(w+w;) ]uk(w+wk)

f@)-Siw) + AW (5)

Hr ,sgn(w+w) =(w+w,)/ \w+wk\ () HES x(0)M
5 B AR e 0 A FEALITR
Ho-w,FR o, WA,

HJ(w wk)[1+sgn(w)]uk(w)”

upt= argmln
iy, meX

”x(a)) Zu(a))+ 2] (6)
16 2 A8 I T ,%'JFHJJ%‘% B L8 X FR
AR (6) FE AL M AE R R I 2K S R A TE K.

up! =argmin
Uy, u,€X

J:[4a(w—wk)2‘ u(w) ‘2+

2ﬂm—zmwn§&&ﬂ@ﬁ (7)
XFFIESMEM S, 2 0,=0,REZH X
YK AL 6 5 6 4

(@)= 3 o)+ "(“’)

u(w) = 1+2a(w a)k)2 (®)

upt! (o) 125 T HRTH RS R AR B SO
A2 Tl X FRIRG . X {u(w) | BEATE
B AR LS {u,(2) o

e B)FKX (4)H, O o, R %
SHBHE T L o, B8R AR (9) R,

6,[(5(t)+}%)uk(t)]e'j“”" z] 9)
5u #,—I%E@E“erﬁﬁtih o, B ARACR

©

n+l

Wy

—argmln [

n+l

w?} —argﬂr)ﬁrﬁn[ [0 (w—wk)z‘ﬁk(w) ‘zdw] (10)
3R Z R A ) O R R R

[, @i o
I: 9 ‘Zdw
HH o, B NN ARSI RIEE LA O,
1.2 VMD &%

H—5E % ADMM, & 1& i) b 7 v] H e Ae B
iR AL 5 B SEE K VMD BERATRUT

a. MBS E 4l (wl) Al

b. HHE(8) AKX (11) EH w0,

c. B (12)FHr Ay,

X"”(w)«—/{"(w)+‘r(f(w)—%u}é”(w)) (12)
Ho o AP HETFEHTSE,

n+l _

Wi

(11)

2

A Bt e, %5 oar - / iz <o, 0
LR AR B R E TR b,
2 E-F VMD # Hilbert T B EEREHK

& 77 &

XA S AT EE A B B E VMD B i
BRE K, &G ,2H VMD WA BEERERINES



i1 € 2 8

% W & &

£38%

x(0) RN R FIMEAS BB Z AN, B A 2 8 A5
VAU PR, 3T Hilbert f# 8 38 BUM R AL B4 W% B
TRIEABEES SR . BRLRNT,

a. W AGS x (o) BT HE A5 e | B 2 Bk
SEREK,

b. FIH VMD # x(¢) 7 R K AEEES B .

x(t) =uy () +up(t) + -+ +ug(2) (13)

c. XD u,(¢) #E17 Hilbert 28 #e , K BUM R HY

Bk B R 0, (¢ ) FUBRET R £(2)

=1 | w0y (14)
AR RL B R AT AR B Rk R
ua(t) =u;(¢) +jui(t) =a;(¢)e*® (15)

FE S () AR w;(¢) WIBRBTIEAE , i (£) 9 wi(2)
) AH AL R, T A
ai(t) = (ui(t) +ui(t))'”?
&i(t) =arctan (u;(¢) /u;(t))
X ARAL R BOR AT 45 w,(0) B BRBT AR £(2) .

6=t db) (a7

ASCRYE a,(¢) W £ () HEAT B 15 5 B0 % B5F
B BRI A3 3R LA R B 3 1k I 200 B A T

3 HEIHE

3.1 B—#HEHMEESHH
3.1.1 wAEHH
HIEEFHE SIS RER R,

x,(¢)=[1+0.45(&(t2)—&(t1)) I1sin(27ft)  (18)
H 1,=0.07s;6,=0.17 s;f =50 Hz ; R 5 R
2 000 Hz; B~ 0.24 s, FI MATLAB2011 ##l7™=
AR R ENE T, » (¢) R EE G E 1 fr
N (P RER K ME ), SR & N VMD
S v ()BT REREN 1, B2 8MH VMD,
HHT 1 LMD 347 x,(¢) B FR B BE S R Bt 42 (VMD
H1 £=10"%,a=2000,7=0.3; HHT X A Rilling %i 5
B, S 5ECh BIAME ; LMD 2 50% & M SCHR[ 13 ]
FHED) , B R A AR X H, B & 2 7T %1, VMD K
xy () 53 8 R — > 1 G R3S PR w5 0 HHT A LMD
53 TN 0, (2) 53R ¢ B py BAHDLWERZ(R S, W
5 W, uy ey Ml py B EFES, ENMNS
x (0) Z B IR 22 i R W 3 B (N AR 4 1H) .
M 3 A VMD RSB B AE S5 ()
AR 2Z B/, i3 Hilbert 28 #RBUH u, 1 ¢, B D%
B iR 45 1 8. A B 2 LMD 3R BUAY pyy B B ) 450
fEEME 4 FiR (EE IR LE), WE 4 775 4
Mrg FH05 5 B, VMD J7 3 7T LAFT HHT J7 A 08 3¢
LMD J7 %= 3K B A Ik IsF 15 {0 0 15k FsF 450 2% il 48 B AR L

(16)

BV BN RERS B 2 AL B Y A A SR I %

1.5
-15 : : ;

0 0.06 0.12 0.18 0.24
t/s
(a) BEHEES

x1(2)

250 500 750 1000
B4 / Hz
(b) FEHEM3%

B1 BEEAGESREEEREME
Fig.1 Voltage swell signal and its Fourier spectrum

1.5 Pa Uy
£ 0
-15 LMD 52 L L ¢~ EM R
0 0.06 0.12 0.18 0.24
t/s

B2 VMD.EMD # LMD ##7 x,(: ) IS B E R
Fig.2 Decomposition results of x;(z) based on
VMD,EMD and LMD

02 s
g \_;"
~0.2 )\ ) : )
0 0.06 0.12 0.18 0.24
t/s
B3 REHLZL
Fig.3 Error curves
= 1.6 [ Uy LN A
IE.E_H 1.2 C1 N
0.8
E 60 ur Pa Cy
¥ 50 &
& 4

0.06 0.12 0.18 0.24
t/s

B4 BEEABSHWER
Fig.4 Analysis results of voltage swell signal

3.1.2 wE P

B 5 5 g Rk ol

x(t)=[1-B(e(ts) —&(t3) ) Isin(21fr)  (19)
HH15,=0.065;2,=0.18 s; RAEESIR N 2000 Hz; K HE
B8 0.24 s, BArIH0.92 A1 1, BB M ERE
5 X H VMD HHT # LMD # B 55 43 B 45 SR an |/l 5
Fi7R (22 (2) JRAE A8 X 1H) . AN 5 AT A1,8=0.92
B, % Z HHT # LMD, VMD 3K B L R Wi (5 5
TERZ AR E L ;8=1 B ,HHT 1 LMD 75 ¥
YIRE M VMD J7 35 BT DA o b A 0 48 3h 15 5



38

P, A BT AR PSR I FL BB B B Sl AN T v (119

S B Lk I 20 DA K BRI IR AELAE

1 =1
O >
8 B=0.92
1.5
a . B=092
= 0 S
-1.5
1
g o NAF=EA
g Of R
-1 T
1.5
1.0
< 0
T 1.0 i "
'*\‘ lI [}
w 03 ) B=092
B 0 0],
1.5
wm 1.0 F v B=1 i
= 05+t — =
0 .. .
T 1.0
-
&}r 0.5 B=1
K o e =
0.06 0.12 0.18 0.24
t/s
u(VMD) ,——— ¢;(HHT), «+vevv. pa(LMD)

Bs5 REVEHESSWTER

Fig.5 Analysis results of voltage interrupt signal

313 #HARY
HARGESHEFRELN,
23(t) =sin(wt) +0.7e 3¢5 (g(1s) —(15) ) sin(10wt)
(20)
H w=2 71 f;1:=0084 s,1=0.12 s; AL Hy 2000 Hz;
BF R 0.24 s, x3(¢) FIAHRL ) VMD (K =2) LMD Fl
HHT FIBR T 45 R K 6 B (x3(¢) IRAE A A5 X
), Bl 6w, 1 u, A x;(2) T VMD 5455,
w, NEBRGES  u, HFEP ;W LMD A1 HHT 25
Y po FIEE— B AR IEREZS BB (IMF) 40 & ¢, BR & A
HPENEERGES , RETEXIRES HHT
GEA o B IBR IS 5T 2R RN % B 0 (A BB E PR Bh &k
55k i 220, 3t ELIR A 0 A5 i 28 8 3h 8K LMD T
FRERCI % T 08 L fff 4 08 sh A8 /0N | 8 T ¥k M AR B
B & A 5Pk 2 Bt 2 3 3 5 5 42, VMD J7 ik
A HER IR B 3 5 5 W & A4 59k & it Z1 | I HL 1k A
WL I B AT 2R i 2R A 0

x3(t)
o

PVAANVV
1.5 U
Wy
P A

AL . i AN
AR ey BN
AT RV VATAVAVAVRN

0.082 0.102 0.122
t/s

B6 BGHRFESHI/TLER
Fig.6 Analysis results of transient oscillation signal
B F HHT A1 LMD ) % s 20 LA & Hilbert )
HPRCERE KRB R —FSRES W EE
AR A VR B R U B R R AN A R Y Y
fE, 7433 T VMD . HHT #1 LMD J5 ¥ i P — B 53
R4S RNz 1 B (RPWHIBEIRLE),
B & 1 741, VMD W& MK BE Rl 5 HHT 7%
AHIE 35 | LMD 77 ¥ B9 2 1 RB J1 85 25, X F L R P
55 (B=1),VMD X g {6 ) & W K B 22 b HHT 1
LMD FE R Z X FHRGE S, VMD J7 Bk il 49
W 1L 431 3R B M
3.2 EA#iziESHRN
321 A4#F1
BRBHREFSHEFRELN,
x4(2) =sin(wt) + [0.6sin(3wt) + 0.4sin (Swt) ] x
(e(t7)—&(15)) (21)
H 1,=0.08 s;25=0.14 s; REESIER N 2000 Hz; Bt
KK 0245,
x4 (2) B AR B o35 R0 AH B ) VMD (K = 3) B 43
SO RWME 7 s (B () s upus TBE R
PR&AE), HE 79 x() B R3S 5 E VMD T
Wk R E R 3; WE 7 Al 1T, VMD A R0 A %, (2)
B B w3 OB w, AT S OB uy, 2051

#1 ETLMD.HHT # VMD MR —EEHH KWL R

Table 1 Detection results of single transient disturbance based on LMD,HHT and VMD
- EIRET A /s ZALBE /s IR B /He
2 2 . 2 E )=
B3} ¥ ¥ SZhR 52 b
Bl VMD LMD HHT Bl VMD LMD FhR R VMD LMD HHT xrE VMD LMD HHT

BEEF  0.070 0.0705 0.532 0.0705 0.17

0.17 0.1815 0.17

045 04515 0447 0.4455 * * * *

BEPE 1 0060 006 0042 006 0.18 0.1805 0.199 0.1805 0.92 0.91965 0.91965 0.91252  * * * *

HUEHHI2 0060 006 0046 006 0.18 0.1805 02013 0.1805 1
AT 0.084 0.08425 0.071 0.085 0.12 0.1204 0.139 0.1191 0.70 0.6935 0.6897 0.7708
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Fig.11 Decomposition results of Uy based on

HHT,LMD and VMD
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Fig.12 Time-frequency analysis results of components

in fig.11(b) based on LMD and VMD
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Table 4 Detection results based on LMD and VMD and
results obtained from frequency spectrum of Uy before
and after switching capacitor bank
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A new detection method of power quality disturbance based on VMD
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Abstract:In order to extract the characteristics of disturbance signal more accurately,a new method based
on VMD(Variational Mode Decomposition) is proposed to detect power quality disturbance. The proposed method
is composed of VMD and HT(Hilbert Transform). Firstly,Fourier transform of disturbance signal is used to
determine the preset decomposition scale of VMD. Then,the disturbance signal is decomposed into the
sum of a series of AM-FM functions by VMD. Finally,the instantaneous amplitude and instantaneous
frequency of AM-FM signal are obtained by HT and then the characteristics of disturbance signal are
determined. Compared with Hilbert-Huang transform and local mean decomposition method, VMD method
can analyze the disturbance signals with different time sets,handle complex disturbances and odd
harmonics with similar frequency,has no mode confusion and can obtain the instantaneous amplitude and
instantaneous frequency more accurately. Analysis results of simulation signals and voltage signals when
switching capacitor bank verify the feasibility and effectiveness of the proposed method.

Key words:variational mode decomposition;power quality;Hilbert transform;disturbance signal detection;

instantaneous amplitude ;instantaneous frequency



