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Abstract: In photovoltaic and hybrid energy storage system, variational mode decomposition (VMD) is
commonly used to realize the distribution of system residual power, but the number of decomposed modes and
secondary penalty factor value affect the error of power reconstruction directly, and the inertia weight error of
commonly used concave and S-type functions is large. Taking Pearson correlation coefficient as fitness function,an
exponential function inertia weight particle swarm optimization algorithm was proposed to optimize VMD

parameters, obtain the [K, a] in the VMD algorithm respectively, decompose the P, and distribute the P, to the

ess hess
battery and supercapacitor reasonably. Then,a hybrid energy storage power complementary optimal control strategy
considering the state of charge (SOC) of supercapacitor was proposed to make its SOC operate in a stable region.
In the example analysis, the symmetrical mean absolute percentage error (SMAPE) was used to compare and
analyze the power reconstruction error under three inertia weight function optimization algorithms, the SOC of
supercapacitor and optimization control were considered. The results show that the power reconstruction error
obtained by using the exponential function inertia weight algorithm is the smallest, the SOC of supercapacitor is
controlled in the stable region to avoid overcharge and overdischarge and prolong its service life.

Key words: power reconfiguration; exponential function inertia weight; variational modal decomposition

(VMD) ; power complementary control

TERCR M IS B AT I, K OESE B BEIRAF 7 ARl P | Tl aPE A BE ALY R T, 22 25 R A2

E£TH :2018 11704 M K H (18KJA470002) 5 H K HARBF =4 (51777197) 5 TEHE B A SCERATHTRI (S1ICX22_1072)
{EE B : BNZE(1994—), B i+ #5724, Email : 3037309475@qq.com
WHUES XA (1972—) , 2, 14, #04% , Email : 13851424346@163.com

41



WA AR 20235F 534 5

& A, 5 38T B o B MGG AR B A W 3R k) R T R

FRNAT L) K L BE B e R BRSSPy
e 2y T T AR VL i RE R T I 5 oK S A3 AN AT B
B, A AR BT R R IR IR
AR A B T - e A /NI e 3y, (E R A
RLA R AR I 5 S A RE R T AR
PEER ORI ) A F 1, H T AR AR R
BEPE SN, e R AE A HAG ] A5, 5 JE A 2R
il BE A B 4, T8 8 K BE 1 T 5 oh R Rk RE R
G R G RE R G, BRI OBARIR
BAERE RS R G Ao i IR S A REE T IH
AT S PR RGER AR R B IR A
i RE AT, SCHR[3—-413 B F I B 5 2 B B8 70 il
(ensemble empirical mode decomposition, EEMD)
538 33 (low pass filtering, LPF) #1790 43 21 %
S3BCH EEMD 8 3155 580K, i A7 I )< 5 1R
FH LPF 75 12555 B85 3 1Y A0 A9 ok S LR
A RE D) R A BT L o SCHR(S 138 1 X fo FL 1 v
Tte] DA AT B U B AR 5 X IR SR BE R ST
S BT L B . SCHR[6]E T 2 128 01
it (empirical mode decomposition, EMD) Filf 22 %]
25 0P X AR S R TR & i BE R e AL
WE B 7 1% 5 {H EMD i 11 500 e A 28 L e B R ™
H, SCHER[7-8WF 5 /INBAL o il 125 TR B i BT
A0 DR 2 Bl 4 T SRS 5 (/NI L 0 ik T S e
B2 AMH TAERRER., AR REHA
FE 2 /0 ##% (variational modal decomposition, VMD)
A DUAR G 00 (55 2847 20 Hr s VMD S — 3
N ETEASE SE AR IH AR 5 o0 B s, B ik
RELF 3 BT X A3 A AT A I AR 5 o0 e i, BA AR
T B A RS, SCHER [10-11743 591 3 53 A 3
VMD | Z R 53 A B30 A0 268 00 345 17 132 v
Fe A Ak VMD, DU P VMD A KR o XfE LA 386
0 5 1) [R]85 DATT S S R GE D W oL o SCHik
[12]2K FH L #E (particle swarm optimization, PSO)
S VD, 345 K, o (H IF3E 4T 01K T 543
Bt o FEW4e 3% H 7R 2 (mean absolute percen-
tage error, MAPE ) & FH -1 i 52 bR 80 fs 5 L 52
FH CRUI ) 540 8] 9 8 P 08 S8 348 5 (B S A2 A
A SEBRE O, MAPE B JCvE AT 5 1 %% ] #1
SR X BT 25 268 X6 4315 2% (symmetrical mean
absolute percentage error, SMAPE) % f{; MAPE, Jf:
DA RIS iy 511 271 B Ve A A i Y&
PSR IS TR A 22 ARG AR IR R, SR FHAS [R)
A FARA R A AR RRCR . SCHR[15]
42

SR A B 388 DRABE 1R AR o 4 e ] R 1 2 )
PR X B AT Ak 3 A B A SR R AR U, 1 5
S Jr FBE ST SCHR[1612R FH PSO X HL RS (51l
IR P E AN RO 2 S AR A 2 X 5 R 7
AN TR Y520 o AH GBI 9 R BT, 0 3 4 T 3 Ltk
T — WA BCIEAS R AR f- bl B e R & FLTR 50
RERGT 530 W 7% HEE 2 PR 25 FE i v o B PR ) e
TAHRAMERE RGBT IR IPRAT L, TR
HL ey LIS AR et TR O S . BT
2 H, 25 fuf IR S (state of charge, SOC) BRSO 1 i
XA RER) R D80 B AT U/ IC , 45 SR 3R B ik
TRU RS R R R A B, ik RE T
SOC 43 N TAE , BRI K AE KA RETTIFIY
LU A SCHER[17- 1816 R Gl U itk AT —
WAL, 43 0 R F — B Sk S M RE R B Y
SOCAFEX—IRINZIA B IE, SR Z I

gi b e A PR ERA E A SC AR AR
IR G iR BE R ST B IRL N LR, X R G R
2R W T3 1k B IR G fith I T 8 3 I6C 42 ) 6 A7 BF
FE o AL X =R eR BB A PSO 2 Ak
VMD J5 JI 5155 EA AT LA, R IR A4
B R KRBT 1 A I By 23 A R T 0 )
55 (EWREN) IS E ISR ES S
HOMRCAR TR S ARBE R G, SLBLIR B i RERI X T
SYTC o HETIHE A T 9 i 28 AT H ) o AN
il B U B 238 53 T SR 242 Tl SR W R 6% -
G A G B TR SOC %, kb i 7 it
G, ST HAT ] i o

1 AEEAT HSBEEHR

1.1 A BERERFIRINE

TEARTHRAE R EAEOL T, T RS Y% N
AR B HL T 3R W 3 1 2 (HFR N R G R R Y%,
FRAWF

P, =P, +P_=P,-P,. (1)

K P, PR E S R G R A R R Y ) R 3
55 Py R D3R (R A I A V138 5 P, N
el b (USRI P ),

M P <OB BRAEAMEERZ AR ;S P,.>0
i IR G HERER G . VMD 2R R s 53k
36 AR A RS 0 il 1) O s A — o i RS A
B pREI S I O B AR A T 3 BT (5 5 1Y
7, AR ZS W SCRk(9, 1210778 o Sk 57k
R an & 1 TR



I R4, 5 45 B8ORS B A 0 BBl BT B R R e AT R

A 20235 F53K HS5H

I

—
LT etk |
LRAERS |

A ERE T
I RS

|
I I
| ,55‘,., | AL1DC/DC [
| #ilil Zop A :
|
I Pu

=)

i
1
1
1
1
1
1
1
I
| |
! 1
! 1
! 1
| 1
! 1
! 1
' 1
' 1
! 1
' 1
! 1
! 1
|
1
| ==l
| | 1
I | |
: I : :
! | P |
I . s ,
: | g b +——>minec i
| | A 2 | !
| |
! 1
! 1
! 1
! 1
' 1
' 1
' 1
! 1
! 1
! 1
! 1
! 1
! 1
| 1
! 1
I
! i

_____________

RS0 VAP E R R 22

% 2 i A

ffffffffffffff B SuRmaObsRE

Fig.1 Structure diagram of typical isolated optical storage system
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