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Wind Power Fluctuation Smoothing Based on Improved Waveet
Packet Method
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Abstract: Aimed at the problem of over-smoothing in the process of wind power fluctuation smoothing by means
of traditional wavelet packet decomposition, an improved wavelet packet decomposition method is proposed based on
the time-frequency analysis by introducing the smoothing coefficients of high-frequency components. First, the set of
time when the power fluctuation crosses the limit is found, and the components ineach frequency band are obtained
using the traditional wavelet packet decomposition. Then, the optimal smoothing coefficients are determined based on
an objective function and constraints, and the power components in the set of limit-crossing time are suppressed in turn,
starting from the highest-frequency components until the fluctuation limits under the two time windows are satisfied.
Finally, the smoothing effect is evaluated. Through the simulation analysis of an example, it is verified that under the
premise of satisfying the fluctuation limits, the improved wavelet packet method can reduce the charge and discharge
accumulation of energy storage and maintain the power output level of energy storage in a better state under different
scenarios.

Keywords: Wind power; wavelet packet decomposition; fluctuation smoothing; smoothing coefficient; energy

storage

15 B Abris F, WA ALBRBOREE T
RIVKIE , W BATE R IR AT 8 1 RS
AR IR & A RO B B AL 5 O sh
B RGOk T E AR Y RERE RS
A LI i e R SR AT R AR XU AR B B
RS I IR A AT RS, SRt R & H A

S B HE: 2023-05-23; 1&[EIHEE: 2023-07-08; KA HEA:
2023-09-02; MEHA&HE: 2023-11-27

SEHERA BB R Gt B S . SCHR[8-9]
SR AN TRV D B Bk S G R IR (4 43, 5
IR AT AR R s SCHR[L0) R 28 3800
figg oS Dy S KGR ARGt A T o0 b, TR T ey
it BT IR A S TR R TR, /NI i
HA A PR PR TS M RE D™, 0T LA S04 K
HL DR A S IR, SCRTLA] R /N D
SERAL B IR, DI AR A4 e sl 2R B Zh



1

SRS, A TN LT R ) KU SR B 183

Bt o N AR NP R A SR L AR
JRARSR Y, & T LI (55 B R o A g 3R -t
F153% , A B TIEAN b T (5 S AR IE, AAIniEe
TR IAT 3 RIS SR 16- 173 gk /N f AR RS
R Bh BOR 1 F BRI R D SCHR[ 18- 1915 /1N
IR TR o, SR ARG R REXS KU I F
WL BEA TSP s SCHR[20) 26 T 3t i, X
TG B/ ISR T IR AT O, AN PR it B
R i AR R, RO A0 A Sl B FR i 221
BEAT RPN, (E R P SRR B R A
BCEIRE o

RIS I/ NI AL T ik, w3
AR BE AT LA, SREUR DR, X
L DR I, ST RERE AR BB RE A ST
Ko BB E MR, Frid 7 iE e 2 B R
ARTEE &, AT LAREARGERERY SERC i DR RABUE, JF
TEAHRE AT AR HERFAE RO KPP o

1 KEINRKHSIRE

B A REL BRI S5k sh i, SXTH &
GE L AR I AT 1 s 22 AR FE 5 A0 XU 2
R HIFRER , E 2 bREGB/T19963—2011 %
FH B 8] % P9 e K D 2% 31k 2 FRAE. MPFR(maximum
power fluctuation restraint), Hos SCFAF Ay FEfsF ]
W, LIRS R/ MEZ 2, B

v, =P (t)—P,, () teT, (1)
e o HIRWSIRME; T KBS L AYEE
B P (t) o Py, (8) 2008 %7 H A A4 KU D) 30 i
KAE AR/ IMA

TR A RERE AR A T M B, R —
1 min K 10 min B[] [A] & P 4 9 99 D) 58280 (AN
Jof e B B A FE ] ey 2 g > P
FKmH

|F?Lmin,Wind (t) = Pinwina (t _1)| < al,nmcp

|F?LOmin,Wind (t) — Pominwina (t _1)| < A0imCp

:T‘K:EF' : Cp ﬁm%%ﬁlgi’ lein,Wind A P1Omin,Wind 6—}

2

SRR AE— L min, 10 min B 8] ] B& P A 35 R0 2
REUME; o, =5%. 04 im =10%0

H 52 Br XU 3 15 30 0 XS 080 R R TR] B 3
AT, JIras ZFME s A N-AT , Hf Ny
IERH, R IIRP SRR, $ IR R L(L<N,
H L AT B IEFEECRR) A B ) 2 AR E B Tl
FULAT K NZEm A #E), 1538 n, AN gt
#l, HEREAXH

n =N-AT/L (3

Fie = () A=) T LIS 2 n, A4~ MPFR J351],
WE{v b k=12, n_ o HA 2 MPFR Hig firfy
TCEBPNTFET () Frik B AR B[R] 2 11 2
R SBRAE IS, 12X 14 T 3R sl AT

2 SINTFHRER /IR B
T3k

2.1 RGUNEE SRR
SCHR[20) 2 TP, $Hh T 185/ N4 5y
PR AT AE S BP0 KR T S (55 1 I, 200 1%
SR SRR TR 1 R o e AT IR R, ELEIIE S 1Y
RA5 S0 L MPFR BRI, ani& 1 s,

P(1) . BREAT, P(1) INFIRJ T O T
e -

|
|
A
1 1t r, 1 AR
T FAT It %)
WEE

1 MNEEXBESISEIER
Fig. 1 High-frequency component filtered out by wavelet

packet decomposition
P[] 27 1PN 8 00230 e R AL i/ IMEL R 22 (B
o MPFR BRI, 5 e Ao 2 7 T A N 2 i
BRo (HURHE BRI 2 A Zh A BT I A 2200 t,
Tt FEGEH0 /N 4 A A T 11 (1t



184 i, b

E 4 o5 24 %

R ] 1 AR ) i A e AR D 3R A5 5 0 i 4l
UEER o R WL, ARG /INEAL O i AR RAIE TP
5 A XUH Dl S /L e sh 0K, A2 T i gl
B At 9 SR R A PO ol R e oy g 1o
A, B RE AR 1A Tk s VR K eI
AR,
2.2 FHRBHIBH
AR SCHRE T I B A SOk /N A 7 i | R g A
Sri P, () TR, BIAT R C
L do SFAS I S o AT RO R
PJ,,i (t) =
[Py (ssamin) + P Cozamn) ]/ ©
|:PJ,i (ta110min) + P, (tBZ,lomin):I Id  teTg om,
PO 12 (Tsumn YTes0mn)
c>1
d>1

te TB,lmin

(4)
A Ty K T some MBI BT 1 min &
10 min AR BEEERBRIT 215 g,y Moty un 2R
1% Ty e FORT— 2 B — 205ty o S
o romn 3 5 FF )6 Ty 0 B G — A 6 20 B —
HFZ05 ¢ K d 405 1 min K 10 min B[]S O Bt
BLRFAIREG Py, () 280 3 s i Ao,
i=12--,2,

WL D3R5 S Zead m i - , TRl

P'(t) =P () + P () +--+ P, () + P () (5)
221 BAAFHH

A FREL ¢ F d B BUEAN BT HHEELE , ¢
I d 3 R 23 feff XU D345 S it B P, S Bfi
RET RIG A, ZBFIEREL; o il d i/ haSBCF
5 B9 WL DR A5 5 R 2 2 Rkl 6 H iy
MPFR FR il .

N T BGE AR L e d, SRR
2441 SSA (sparrow search algorithm) X JXUHL D) 2 (1)
SRR ST OO, A USR5 5 5 S
AR AU D305 5 1 22 (R N E AR RS, B

foin = PO~ P'(1) ©)

222 #HREM

h T BEARXHERE T oK, TR A5 S AR i
AT B, HE AR ZSE 2 L min 120 min X 2
Tl ) 8 1 )35 s B i

1 min B[] 7 13 sh 20 ) 44
P®)=P,1)+P,t)++P, )+ P

t e Ty 1min @)
|P(t) - P'(t-1)| < e, C,
10 min B a1 sh 2ok 48
P'(t) =P, () + P ) +---+ P, (t)+ P, (t)

t €T 10min 8
|P(t) - P'(t—1)| < &y C,
2.3 Bt/MNEESBNELRE

WGHE I INEAD A 5 B B BR AT

SE 1 X ELE KD REE P(t) #17 J 2D
WAL, 155 20 BRI K A A BE Y
THP (), P M), P ()5

$B 2 X ()AXQ)HE PE) & 1min Fl
10 min ST I vy} (=1 2, n)FT{Vignin i}
(k=1,2,--,ng), JFF MPFR i FR (% i} fa] % {0 7k
Toaming (K1, 2,0+, ) AT Ty 00 (k=1, 2+, g ) o
1 min B[] ] B 7 i A MUPFR BRI Fsf [T T i
BB Ty i 2575, 10 min I RIRGAYBTAH MPFR i
B TEIXT T sominic TS To somin 275 5

HIR3 i TR Y HT T B T R A A
B, Ituitaibl 27

T A4 R | 5T P (t) 7E Ty, B2
To 1omin B2 TF-4 5

$B,5 ZEX @M@ ML RN, XFx(6)
T H AR REGHEA LA, 15 B FA R5L ¢ Fi d;

S 6 B LIRS R M R B AKX (),
5 ) H AR B DI P(t)

T 7 IR XTI P (t) (Y
MPFR 751, # MPFR J7511 /2 X (2) , W4t P'(t)
YER BARIFMEE, 25N, D § 0 1, 1R
[mAL PR 4,

BT B N AL A3 i i R A&l 2 s o




1

SRS, A TN LT R ) KU SR B 185

KHIIR (D)
UEUN 32T

B2 SY

H; 4=

S HIMPFRJ5] v
W | | B fe
TN R BRI

7
BINTRE,
HR@ARG)
KEP, (DRI

T

W B A
TB_ lminﬂ 7‘B, 10min

P(6=P, (P, {00+ +P,, (ty+F ; (0)

PofEH B
R ThER

!
P(-P' (0N
faE H kzh

B2 ETFENRBEHNEESBRTERE
Fig. 2 Flow chart of improved wavelet packet decom-

position method based on smoothing coefficients
3 MEINZEREZFIRRIENFERR

TEF R DRI 5 T, FORPP s
S PSR FARCR A T B, AASCRATBE R
& LT AR BE AN D AR B 2 i A R R R IR
FERE RGN AR R SR AT, 7 S
IRUERL I I B R G A S A 2350 D A RE ) ) R AR
FERE L 17K

fifBE 1 RPUR AR AR G RE N 0L, ATER
|

C =3[P - POt ©

e KL AR PSR R AT T, HAE )
FRF R KU D) R A5 5 5 2 - 1 XU DA
SR 2B/, XPAERERY AT K BN

i BE K E R Ak RE L IRE ST, ISR
NA

1 & 2
C,= \/T_lZ[soc:(t)—os] (10)

—+1t=0

A, SOC() K t i Z1 %) far Hi R 2 SOC(state of
charge). C,, HIfEMU]N, FoRARAETE 2K NEITTIL

GRSt
4 HEIHARS S

JEARE Sk A NS 100 MW XU 880805
KA. R L. 4. 7. 11 A GRS R KAHE AT
SN SBCRAT, SRAEEIBIE) 1 min, 10
Z LR f) XL I R A L ] 3 T/, 2 st ]
PN 430 S PR BT A7 A R s L BRI A B 22

15 30

g HEZMAIR 2 FEEMAIR
= 2 20f
R R
= =
% % 10 -Hy-k =k -
15 =

0

30

2 RS RIPN

§ 2 20}
R R
% % 10H- -2 2
S =

0

30
§ = AR
2 S 20+
R R
e =
% % 10K~ =M - -
5 =

0

. PESTEES

;);% 2 1T0] VT 2
£ z

360 720 1080 1440
i )/min
(b) 10 min MPFR & BRAE

360 720 1080 1440
it []/min
(a) 1 min MPFR #FR{E 15

B3 MFEABRHXEINERESKIES T
Fig. 3 Analysis of volatility of wind power signalson typical
daysin four seasons

PN FE ¢ B d BUBEAELE /D, I fd
WA AR R AR, Jokis A BB R 5 K
W 2D A5 5 A A S, SR RER 75
SRIER ¢ A d BYHUELRE IS B X D455
T AL 2 BRI 1 RS BRAIATAR 1, Al aE/D.
SR B R A 4 B



186 I - 5 244
Po-rop ; LGN AR A 5 S AT T A
Bz J%E@_ﬁfﬁg,)i ZRUEW A B I R, SRR S A R
i ot ZEBBER 5 WO /NPT IR A 25 447

"
| EMEE K R
/i 155 KA B P4
e
T kRN

0 ' >
1 FHIRECT)

B4 SEFHRBURE
Fig. 4 Schematicof optimum smoothing coefficient

T HIE SSA BRARNME, R L
Bk GA(genetic algorithm) . %k U&7 FA(firefly
agorithm) frk F#£4 /b PSO(particle swarm opti-
mazation) A2 AT 15 EOAT L, 442X (6)VE Ak bz B
RN, B EAGS BANE 5 s .
AL, SSA Sk G BE B BIAR, 35 N
LA N, ANa kA PSO Hkka AR
PEREDL, SOUBCR BAF, MR SSA SRR
R B AR TR

0 50? oo

0.45F R
g 040
= 0.35)
Hosp T

0.25} P

. \o—----Z---zZ--z-zzz=:Z
020
010 20 30 40 50 60 70 80 90 100
BRI

B5 ARMUEFERLE
Fig. 5 Iterative process of different optimization algorithms
2oyt SSA TRk, S ARBI EAAUBUE L
%1
x1 FRBNWHE

Tab. 1 Determination of smoothing coefficients

MR H c d
= 31 34
- 29 33
78 2.4 29
% 27 31

23 i e /NI AL T R/ N 7 o T
T DB R K SIS 6 %, ATELE

TR AERIERRE , DRI A A LTS N T
50 A SR U T AR 2

JE IR A 5 AL Gt/ N A I 1 /N A 5
B Z R R R s R bl 7 Mgk 2

JRIE NI RE S
= = = ARG NE AL EREE R R R
el < BN LA T R R R L T 3R
0 287
60 o
z 50 i : :\ i
= L N
% 40 h
® 30

| 58 I
0 360 720 1080 1440
Fs} i]/min
(a) 5 2 SRR G L 2 PR AT B
SRR TGS

= = = RGN AT R IR
= = = BN AT HE RR IR

100
90
80
70 |
Z o )
% 50
= 40
30
20
10
0 3&0 7&0 1 (;80 1 440
i} ] /min
(b) 5 2% JLI0 % 14 L ) B P30T L
— RN BIIRES
= = = ARG N AR R R R TR
S0 3k /N L A3 AR i 1 L T 3R

THEE/MW

720 o8 1440
I ] /min
(c) FKZRJUIU R 1 KU T REHIRL T b



1

SRS, A TN LT R ) KU SR B

187

SRR HIIRAE 5
= = = RGN AT X R
= = = UGN BT S R LR

i

100
90F
80
70
60F
50 B
401 ¢ 5

30F

20F

10f

PR/MW

3&0 750 1 680
it J)/min
(d) 42 JTR 5% 194 X L D S0 SR AT b
B 6 2#AEFEMEHNREBIIZER

Fig. 6 Wind power smoothed using two methods

1 440

ZW, LG INBLTT RS R T, A
T B Bt N L DT VR IR RS S L
FEWEIERBIRRTSE T, Beah s m TG Tk,

* 2 2®MAEEREENRXIZAL BB IR FEXT L

Tab. 2 Comparison of wind power characteristics of
wind farm on typical days, which arefiltered out

using two methods

E=L

#

=

Fk

A

£

fE5 /N IR R
1 min MPFR/IMW
LN ZTAS N
1 min MPFR/IMW
e /N IRR
10 min MPEFR/IMW
LN TR TN
10 min MPEFR/IMW
RGN AL 8
Ja 5 RIRII#E
AN 22 {E /MW
et /N B
Ja SRR
X ZE/MW

1211

2.915

9.303

9.986

3.831

2.813

1.889

2.939

9.481

9.843

4.032

2914

1.267

2.443

6.915

9.981

3.627

2741

1.575

3.129

9.464

9.831

4.256

2941

G FERER o FERER
1ol BN BN AL I
z o — BN 215t RGN LTI %
= 6_----1minMPFR[§E{E = = = =-10 min MPFRFR/{&
% 4 r-=========°=° -4 =
20| T ) ‘
0
N 200 Ejﬁiﬂ;@ﬁ "
B e Ly N - N ¥
jof T HBANBALIE | o sl feg s
I | &8/ N L J5 1 s — ——-10 min MPFRFMH
S O - -1 min MPFRER{E | & 10b—c-——m———— il
@ s lrén ] [ 1 I } 1
E ; 3 /\1‘/" T Nt | I
ok 0
ol RERER op  PEREX
Ny o AL

/MW

| —— &GN T
- = = -] min MPFRFR{&

——— B GNER )
— —=-10 min MPFRR{H

R 2XFL T 2007 S A X DR MPFR
Fesl, Btk /N AL P D5 R JCIE AE 1 min 5[] [1]
Bt 10 min i I Ta] B Y 9K MPFR {25 T
TG/ NS AN 7 1 5 ELDO 2R A T ) 2
G IR AR BRSBTS/ N TG N7

2
2
e i glo 1
T sk Hi A ’\ ok
] N TR w l AR
O [ s O p| i g )

o EERER
o AFREX BN
1ok ==~ BOEANERTIT | = 15 ——fRGUMNE I
B ol RGN = — ——-10 min MPFRR{H
= ol == min MPFRFR{E | & 10F—rrmpr-———————
@ oL ____ =
E A 5
21— l’ { " [ l A i
0360 720 1080 1440 360 720 1080 1440
Jif ) /min Fisf i) Amin
(a) 1 min MPFREHIE L (b) 10 min MPFR “FHI{E 1t

B 7 2#M7AEENERNEAR XA REERRNSE
BB TERFAE
Fig. 7 Low-frequenay componext of wind power volatility
characteristicson typical daysin four seasons, which are
smoothed using two methods

o ATLLE W, ARG/ N T IR B S RIS =
e 2 (QRIBRIEZKR, HAE MPFR BRI

FREEAE T XHEREH T BITR
2 3XFEE T HLAUR IR DR (5 54 2 Tk

x3 2MGEFEMEITNIER
Tab. 3 Evaluation indicator s smoothed using two methods

fabR 1 = k &

st it 1434 1376 1275 1345

ConLe/MW-h

Sl 1251 1186 1132 1234

Conts/MW-h

25 71\

B/t 1128 1024 1022 1105

Conso/MW-h

st/ 918 846 813 895

Cons/MW-h
GG /NBfL Cys 028 024 022 025
UG/ Cys 020 016 013 015
B4 /Nl Cpse 032 029 027 031
UMD Cpse - 024 021 0.18 0.24




188 R 524 %
FIER RS, P C) ey Coser Cate 179-188.

Copsc FMHINE HUMAH AR ) B | LA
fRE ) R | S HMAERE D K | A
T RE N 1K, SR/ NE AT 0] LA R
e J1 g REVE, HeffeLd wioashifen, K
SOC /KFHEHEITT 0.5, FEHAES R, TAF
THEREE A A AORE 1

5 #Hig

(DAEGE/INE AL T EEAF AR B - iR D R
T (TR AR SCFER B34 /N AL S0 i 2
fili L, SIASFIM AR, Xt - AR B A T
oA, Fremi 2 B ERGI AR T, LUEIR{E S M
SNSRI I RAE 5 Z W i 2R N B AR, E
11 7T UBh

QQHIE T H A AR TIPSR, £ Lmin
1120 minsix 2 R 7 H AR EUR (5 S B R
UCHEA T, (I B X R D sl AR sl R ] o

(i 1 IR A PP R bR o BT, Bk T it
J B/ INBE B 3 fige T LAAE6 R B S R B RTHR T,
IR A RERE B AR, SR BEAYfar H AP B 0T
T 05, ATRIRAFEGE Y TS L AE

(DA SR ARt/ N A 5 R FH P e XU 2
TR T LA B AT, XSSP ki
RIETF, 15 R HIB TR N A A T R

B30k :
(1] 258, B, B, 55 B IiigERs % X i

BERIR R GEREDL AL PRI, o THOR A4, 2021,

36(9): 1791-1804.
Li Junhui, Hou Tao, Mu Gang, et a. Optima control
strategy for energy storage considering wind farm
scheduling plan and modulation frequency limitation
under electricity market environment [J]. Transactions of
China Electrotechnical Society, 2021, 36(9): 1791-1804.
(in Chinese)

[2] SR3CHE, PetE, XIS HIT DR-HVDC RGUEHER I
XU 37 T B T[] H TR 2ESR, 2024, 22(1):

Guo Wenhua, Shen Shungun, Liu Kai. Offshore wind
farm grid-formation control method for connection of
DR-HVDC system [J]. Journal of Power Supply, 2024,
22(1): 179-188. (in Chinese)

[3] Cheng Lilin, Zang Haixiang, Ding Tao, et a. Ensemble
recurrent neural network based probabilistic wind speed
forecasting approach [J]. Energies, 2018, 11(8): 1958.

[4] skpwse, SRR, D, S5 RMUBEX L AR Y

AHOCIA S KAt J). AL TR 24k, 2010, 30(25):
1-9.
Zhang Liying, Ye Tinglu, Xin Yaozhong, et a. Problems
and measures of power grid accommodating large scale
wind power [J]. Proceedings of the CSEE, 2010, 30(25):
1-9. (in Chinesg)

[5] Lin Li, Jia Yuangi, Ma Minghui, et al. Long-term stable
operation control method of dual-battery energy storage
system for smoothing wind power fluctuations [J].
International Journal of Electricd Power & Energy
Systems, 2021, 129: 106878.

[6] Amirante R, Cassone E, Distaso E, et a. Overview on
recent developments in energy storage: Mechanical,
electrochemical and hydrogen technologies [J]. Energy
Conversion and Management, 2017, 132: 372-387.

[7] Wang Chengshan, Yang Xianshen, Wu Zhen, et a. A
highly integrated and reconfigurable microgrid testbed
with hybrid distributed energy sources [J]. IEEE Transac-
tions on Smart Grid, 2016, 7(1): 451-459.

(8] FhEM, FEPGME, PN, 4. BT MPC-HHT (23

TAERE PR SRS AT TS (). P LT Rl 2018,
38(9): 2580-2588, 2826.
Sun Yushu, Tang Xisheng, Sun Xiaozhe, et a. Research
on multi-type energy storage coordination control strategy
based on MPC-HHT [J]. Proceedings of the CSEE, 2018,
38(9): 2580-2588, 2826. (in Chinese)

[9] Ba Linquan, Li Fangxing, Hu Qinran, et al. Application
of battery-supercapacitor energy storage system for
smoothing wind power output: An optimal coordinated
control strategy [C]// 2016 IEEE Power and Energy
Society General Meeting (PESGM). Boston, MA, USA,
2016: 1-5.

[10] Yuan Yue, Sun Chengchen, Li Mengting, et a. Deter-
mination of optimal supercapacitor-lead-acid battery energy
storage capacity for smoothing wind power using empirica



1

SRS, A TN LT R ) KU SR B 189

mode decomposition and neural network [J]. Electric
Power Systems Research, 2015, 127: 323-331.

[11] Liu Youbo, Zhu Yuwel, Xu Weiting, et a. Dynamic
wavelet decomposition based multi-objective operation
model for HESS enabling wind power output smoothing
[J]. Energy Procedia, 2017, 142: 1462-1467.

[12] Guo Tingting, Liu Youbo, Zhao Junbo, et a. A dynamic
wavelet-based robust wind power smoothing approach
using hybrid energy storage system [J]. International

Journal of Electrical Power & Energy Systems, 2020, 116:

105579.

[13] Fhsefh, i, WHRK, 5. SO/ N B R BT

AR 5 MR A ). IR, 2025, 23(4):
332-340.
Sun Kezhong, Lu Yingchun, Yang Xiaoxiao, et a. Appli-
cation of modified wavelet threshold function in high-
power power supply signa denoising [J]. Journal of
Power Supply, 2025, 23(4): 332-340. (in Chinese)

[14] Jiang Quanyuan, Hong Haisheng. Wavel et-based capacity
configuration and coordinated control of hybrid energy
storage system for smoothing out wind power fluctuations
[J). IEEE Transactions on Power Systems, 2013, 28(2):
1363-1372.

[15] TH, R, skdhdi. m X PR G RE RS

ERCE TR, KFHEEAHR, 2019, 40(3): 593-599.
Ding Ming, Wu Jie, Zhang Jingjing. Capacity optimiza-
tion method of hybrid energy storage system for wind
power smoothing [J]. Acta Energiae Solaris Sinica, 2019,
40(3): 593-599. (in Chinese)

[16] 7%, T . SR H A 0 /N EL 43 i (4 TR 45 i R T 10

DGR B Bh P A [J). s R GE A Bk, 2017, 41(3):
7-12.
Wu Jie, Ding Ming. Wind power fluctuation smoothing
strategy of hybrid energy storage system using self-
adaptive wavelet packet decomposition [J]. Automation
of Electric Power Systems, 2017, 41(3): 7-12. (in Chinese)

[17] BB, 2R, PR, 5. RTINS XU Z AR
B 4 22 R TUAK RE R GEF- 0T SR [J). I RS A 3
1k, 2015, 39(2): 21-29.

LU Chaoxian, Li Xinran, Hu Longhui, et a. A smoo-
thing strategy for hybrid energy storage system based on
wavelet frequency allocation and two-level fuzzy control
[J). Automation of Electric Power Systems, 2015, 39(2):

21-29. (in Chinese)

(18] BIfRT, ALKk, BE T, &5 BT /N -HORRE Y

RS MERE- M A KU I D R P[], RBHAE A,
2021, 42(9): 357-363.
Ja Weiging, Ren Yongfeng, Xue Yu, et a. Wavelet
packet-fuzzy control of hybrid energy storage for power
fluctuation smoothing of large wind farm [J]. Acta Ene-
rgiae Solaris Sinica, 2021, 42(9): 357-363. (in Chinese)

[19] BT, ZEbrag, SEUR. FET A58 N i) RUBE /N4
AR i ) 25 e ) SR [ F 0 &R 4 A ik,
2023, 47(9): 158-165.

Mao Zhiyu, Li Peigiang, Guo Siyuan. Control strategy of
composite energy storage based on wavelet packet with
adaptive time scale and fuzzy control [J]. Automation of
Electric Power Systems, 2023, 47(9): 158-165. (in Chinese)

[20] SF5E%, A M, EWeR, 5. JET T A S/

W AUHL D AP Bl - 4007 R (3], R BHAE 4, 2022,
43(7): 302-309.
Qi Xianjun, Zheng Xiwei, Wang Xiaorong, et al. Impr-
oved wavelet packet method of smoothing wind power
fluctuations based on time-frequency anaysis [J]. Acta
Energiae Solaris Sinica, 2022, 43(7): 302-309. (in
Chinesg)

EE R

FREM8(1998— ), B, FEEE
EOBY, WEARIEAE . WSO
NRGHRETT 5HREEAH . E-mail ;
3331397452@qg.com.

HHWA970— ), B, W{EES,
AR, RlEEE, ST BARBEEIR
A SRS, B RGBT
H¥raeli & ptst . E-mail : Skming
2006@126.com,

AH(1999— ), B, BB,
I B RGBT S B RE TR
KEBIE . E-mail ; 1254212795@qq.com.,

B (1999— ), B, WA
Ko WSS . BRGNS TT 58
AEVE R HLF9E . E-mail: cap36992022@
163.com,

HiT2(1999— ), B, Wi-#FsT
o WSS B RGNS TS5
AEVR & HLAT9Y . E-mail; 1528166310@
gg.com,

(GiiLgiHE: FHLPL)



