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Abstract: To smooth the output of wind power generation the

fE; BT BOWIE

power-type energy storage elements and energy-type energy
storage elements are usually combined into a hybrid energy
storage system (HESS) and connected to the wind power sys-
tem. To improve both flexibility and economy of HESS, the
control strategy of HESS based on parameter optimized vari-
ational mode decomposition (VMD) was researched. Firstly,
the particle swarm optimization (PSO) algorithm was utilized to
determine the optimal combination of the values of decomposi-
tion mode number K and the secondary penalty factor « in the
VMD algorithm. Secondly, the values of K and a were preset to
reasonably distribute the unbalanced power signal between bat-
tery and super-capacitor by VMD. Finally, the fuzzy control
was adopted to optimize the state of charge (SOC) of the hy-
brid energy storage system. Simulation results show that by use
of the proposed control strategy the reasonable power distribu-
tion between energy storage elements can be realized, the fluc-

tuation of wind power output can be effectively suppressed and
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the SOC of the hybrid energy storage system can be stabilized
in a certain interval to make the long-term secure operation of

the hybrid energy storage system come true.

Keywords: variational modal decomposition; hybrid energy
storage; particle swarm optimization; fuzzy control; state of

charge

DOI: 10.19725/j.cnki.1007-2322.2020.0193
0 5|5

IUREAE Ay — AT i FH Bl ) & €0 AT 92 B IR
ESR)TZ N, AR & AR F) 32 KSR H
sz, HARRABEALE RS, 75X
Yl B Re R oA A TH NS E L 2Elr. mT
T R it R T RN AE 1 A e oo R AE (O FH AP
REAS TAL, PRHSR AR A i RE R G A BB & 1 )7
2, BEURAMR—AHRERR AN 2, DT RE K fiff g
TCHF AR, PER T RGBT AU

B SR A R 2R G 1 28 B R R e 1 i
71, BHERAMGEED: (Low pass filtering, LPF )
XF e 5 BYA BB TC I AN D) R AE BE ST AT T Fe 4y
Be, RS B T AR I 1) 5 R D R R 2
NI A G fif BV RN 22 B A 2 73 % ( Empirical mode
decomposition, EMD ) 46145 SCRik [3] A /N
53 s KU D 355 4 IO R AL B, 5 fl Tt 7T
BT B D454, B KRB S Har, (B
FERZ M AR (state of charge, SOC) ,
HiZorik A e e AR FRAE 55 SCHk [4-6]
K 1 EMD K5 JRUH Hiy H Dy 238 28 50 8 i I AR 4 it
SERLIF L UCARATURR v e A PR A R A

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com



52 K B A

2021 42 H

FL 2 RS- 3, (H EMD B8k A7 7R AR 5 R 25 i iy
UK )8, oAy R it e DT A ik A AT
T IR TR o BE A S 1 D) 348 A AT R
BIE s SCHR [7] 51 T A = H i AR 425 1 2%
U3 SOC, (HARXIIGAR A 48 1R 1) 2 43 BE SR s
SCHR [8-10] 43 7l 45 H AH N %) BB i A BRI,
SOC 53R Z A~ IX B, 1564 HE R 48 7k A =X
%, ATRES i RIS IRAME, )R
ORI RE T % A . 2014 4 Konstantin 55 42
HAS S350 ( Variational Mode Decomposition,
VMD) B3, ZE g 2 GRS,
TEAS i W O Kol B, R AR R A
SIS WHER B, BREACRE S, VMD &
BRI T HORIR G 5 12, eI Rt
s TG T 728 Fe a8 B A5 5 AR B U3 H R o o
iy 4y XU R OS50 0 RUBIL R 12 ey 110D 48

g5 b, ASCHE AT I LRI 250 T, X6 L
L) TSR A0 B0 5 vE AT R OY o A GBI 5T R W
VMD Firh Kl o BYIUE, 52005 5 H A 45
PR I >R FH R, BE S v A4k VMD i) KA o {8 .
AT [Ka] Ji, R R ) 3804700 46 T 2R 43
BiL, ZIEONFAEGRER B e ek, o KA
MAGHE, SRR TR HL . R RiE VMD 5%
PRt , #% VMD 5 LPF, EMD %58 3:4E ks .
e, ISR E AR O 251 SOC R e 7E—
FEDXTE], >R HTSUA A B At o AORT 455 1) 2% X i fiE
BB WIIR T ZIRIEIE .

1 SHRUNESRSSE

1.1 THESDE
AR A3 RS o fif 2 — P o SR A PSS e R
T HEr L B B B A AT 23 BT A5 5 B0 B T o
TSR A 8 K A — BT A F o B — 521
WAMGS [0l K A B R iR o PE o i 2 ik
TS (W FESRECIME) w(@), B IMF
HRAT R A WA - RS S an s (D), RS
GRS YN R =
ug (1) = A (1) cos [k (1)] (1)
s T AR A BRI B o (02 3 I eR KR, Ut
wi (1) = dgy (D) /dr > 0o Bk I i (5 A (0 > 0, H AR
wi (OVBEA Lo (VB ZZ 1
VMD 1] J5 Sy ¥4 1 75 43 [7] #8501 SK At AR 49 () 7

P AR 43 ) L. 6 TR B PR e (1), SR
A /RAA %S # ( Hilbert transform ) 315 AH A5
AT B . AT LA RS sR R S R e
VA R SR POV L PN T S S X B R 20}
A /R AR AR 4 %) IMF fin_E B IE R 8 e, 153X
7 )R AT o 3 ek SRR 0L ) i IR A B
J7 L2 il SRAFS MRS RBH v, E 2y
PRPEAR 43 [R) .

K , e
min EI@Wm+iymmeW
L it 2

K
s ) ue(®)= £ )
k=1

K. “E2HBEHRTS; {w={uy, uy, ..., ”k}ﬂ' =

W1y Wy Wil SH LR AT B B K LR 1
(R

SRARALZ 3 TR e TR Al ) R AR T T o AT
A% 03 H SR 2 K 29 SRR DRI A Dby AR 2 SR ) Al
FaY 3 HH R A% BT PR

L{u}, {we}, ) = O/Z H@i [(5(0 + 7%) * Uj (f)] e*ﬁm“i
k

-%Mmfm—iyu»

2 k

2
+

FO= u®
k

3)
I AR T Tk, AEHE i B p R i
B, witl, URE] (2) SR B

uzﬂ = argmin {a/ H@; [(5 0+ i) * Uy (t)] e It
UREX Tt 2

2
} “4)
2

3\ (4) ¥E17 parseval/plancherel 25 5 21 4 Jaf; .
An+1

"’ =arg min {a”jw[(l+sgn(w+wk)) ftk(w+wk)]||§

U ,WEEX
2
2}
®)

K G) T w H w-w KR, FIFHE
HEAFS WA, ¥ (5) XS Ak
F PR, BRI MRS R LG
IESE

2

A1)

+ —
2

F@O=> w0+

+

ﬂm—zmwnﬂ¥

Fon=3 00+ 22

ik 2

An+1
wr(w) =

(6)

1+ 2a(w-— wk)2

AW, A7,2021,38(1)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



9538 4% 5 11

MAERRSE . TSR AAL 73RS 7k IR Aol RE D R 20 P SR 53

n+1__ﬁf“”mk(wnzdw
L e w)Pdw
A gt on) 2 TR A B S ) - 2w ) 4E 290
U P wr RS BB PR [ )|
L3 AR e, BCSER REAS A LAY s o
1.2 RFFEEEANL VMD S
FI I VMD X5 5 047 43 fige sf 55 T 15 0 i A
BHCK A RKIETTH T a0 MBFFERP Ko
BUEA M4 P4k VMD 53 e N E S5
SRR S MR 2 W a8, a1 s . %W 2
W 255 Ak R R G I ST RS R . R
PG IE N KA o (82 EMRH VMD 8.3k 45
il KL 5 A G . MR aX — ) A8, AR SR A
BT RER L (particle swarm optimization, PSO )
XS EHATIAL . PSO h EF AT A AL T
vij (t+ 1) = wvij () + ¢y (xF(6) = xi (1))
+car2 (x5 (0 - xi; (1) ®)
Xij(t+1) = xi; (D) +vij (1 +1) 9)
A w HBHERFS ¢ o WA TS 7. 1y
R X JE] [0, 1R BEALER s @ RS i AR T BB
J RN j Y AREREARRBG KT R A AR
IR N X=(Xig Xigs ooy X))o FH i=(1,2,...,m) 0 RL T
FH B R v=(vig, Vigs oo Vi)o PSO HLARZ B
BHNFR U, MaxDT J e KiEARRE; Dim Ji8
RS [A| 48, PSO itk VMD 0L RN 2.

5 x10°

(N

)‘I
R
]

o

100 150 200 250
I 8] /s

B1 K=5, o=2000 B RIESE5EMFESIILL
Fig. 1 Contrasting original signal with reconstructed
signal when K=5 and ¢=2000
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Fig. 2 The process of VMD parameters optimized by PSO
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Fig. 4 Typical structure of wind power microgrid
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Table 2 Maximum values of IMF center frequencies
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Table 3 Fuzzy control rule for super-capacitor
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Fig. 10 Input-output membership function of
super-capacitor
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Fig. 11 Initial and grid-connected wind power
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Fig. 12 The power to suppress the wind power fluctuation
required by hybrid energy storage system
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