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A weight-adaptive MPC-VSG frequency control strategy considering state of charge
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(School of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: A battery energy storage system (BESS) employing virtual synchronous generator (VSG) control is an effective
means to enhance frequency stability in islanded microgrids. Improving traditional VSG control with model predictive
control (MPC) can significantly strengthen its ability to suppress grid frequency fluctuations. However, conventional
MPC-VSG schemes do not consider the impact of real-time state-of-charge (SOC) variations on the frequency regulation
capability of the BESS. To address this issue, this paper proposes a dynamic weight-adaptive MPC-VSG frequency
control strategy. First, a prediction model of the VSG is established according to its state-space equations. To balance
BESS operational safety with bidirectional support for system frequency, the SOC and system frequency deviation are
introduced to adaptively adjust the weight coefficients of the MPC cost function. Second, the adaptive rules partition the
SOC into intervals based on the actual charging and discharging capabilities of the BESS, and S-shaped functions are
employed to construct smooth transition bands between adjacent intervals, thereby enhancing control continuity and
stability. Finally, simulation results show that the proposed method not only improves the dynamic frequency
characteristics of isolated microgrids but also effectively mitigates battery overcharging or over-discharging issues.
This work is supported by National Natural Science Foundation of China (No. 52377125).

Key words: battery energy storage system (BESS); virtual synchronous generator (VSG); adaptive-model predictive
control (A-MPC); microgrid; state of charge (SOC)

0 =|= E#Wﬁﬁ@%mk%%ﬁﬁﬁE%%M£%%%

LRI, K R S A 2SR MG 2 BAIGAE

T FLI (microgrid, MG)YE A S 3L 43 A X FRL I W P BTR T = SRR, T T U R R A

RGN HEEIEA, Hig T BEaUn R Il SEPRARE P B LA A 0 S B 7 0 FR b A R R 4t

(battery energy storage system, BESS) & {39l & 28
HEWME: BROAHFALTE F30 (52377129 Thdd i MG SRRE KA s R,

AR B FBh (232102241015, 242102240043) 3T REAUIE] 5 K H ) (virtual synchronous generator,




-120 - B 2GRy 524

VSG)#E il i BESS i i AL FA% i [7) 25 K L ) 45 1
HRHJEReE, I ARGMER I KRG MR ESRE, &
EZRFARGuSITREN, HIOZAZARAN 2
KPECT, IR H T —FhEET VSG HA M A
FR P R A ) SRR . LA PR BRI B AR 1)
FRE, ARSI RGN TR E S ST RS
(state of charge, SOC)XF YA F2M, SCHR[91FEH T
Jeft VSG i HenG, MRPEAERE SOC XAk H J1F0
fitr e B 21T Yl . R1T0, A48 VSG #5614
2R N RE ST BT 5 RS BH B R BN,
i = S AR S AMENLE, ASTRE )2 R . A
T % il (model predictive control, MPC) [ H A 7
PIBh AR S S FE, 78040 3Ok B 1) & A B
PR E AR Tz BT SCER[T1-12] 88 T
MPC-VSG il 5, x5 VSG D& N H
HISERFITT, $2m T REE S B RS iee k.
B4R, SCHR[13)3E L 2 57 VSG T, 3140
FRAANE SRR TR R, MES VSG
WA DhIh 24 NAEHEAT S, M GE RS0
IR ARAR

SEBRM A A, SOC I i B I AR X Fath 7 iy
PR, ERS KA A, MR
BESS #4RE /7. SCHR[ 141K H [ % B2 40, 3 R A0
BESS H /7T, ¥ SOC 4EFrfE st X (8], A
T Al BESS [l Z i LA BESS 25 Hi R 1 43t
I SCER[15)% 1T 18T SOC [ H &M T 3 5
5 B YE R, A REK T BESS R %
SCHR[16]95 T SOC X7 #2 H T — Mot B R %
R E VSG %l S #& (improved flexible virtual
inertial-VSG, IFVI-VSG), 4 BESS 4Tk [Riz17 X
N RRYE SOC ARAS T RPN, AT 8
BESS HFLE 7 iR, LLGEKH AR A a7,
EZ SR AN E I [ 0 A6 SR 0 26 ) o i 7
P, KFEEH] VSG £ 2 BirtE st TR H 1.

MPC & fift & 22 B2 AR I R 1) %0715
A PE W TN 3 Se Bl % | bR ARl AT
SEHL MPC-VSG % HFRfELiz ], SCHR[19138 T
— MR ThRAMEAMR R JE BiE N VSG $5HH5k
W& o RS IE T 22, AR B E it TR
PREL, HIEMNEE MPC PIRUE R, LIRS0
RWRE B T VSG H A . SCHER[20)%% T
AEEAG A FE R A 22, 456 IROAE ) R B 1A%
BLE ) MPC RA K%L, Rt 7 AR E H &M
MPC-VSG, Z&fif 1 IZE 5 VSG i A (8]
K7 J& « 3& H 3& N MPC-VSG(adaptive MPC-VSG,
A-MPC-VSG) % W& 7E U5 A AT BE I K BE 5 FE il AE

7% BESS A mfscm .. % ThERE RG] fE
Kl SOC 293 FE L R AMIRE /7, SCHR[21)3EH T —
FEEMERE SOC KB MhES 5T B iENARER
T2 ] SRS o 12 SRS T X 3 ) iR Z2 A SOC 4y
[X % 5 14 ] BCEL TR 86 E T MPC AR BR 2R
SEHL T ASEAAR BRI S SOC B HEE
ST AHAE, I SOC 43 [X 152 5 1 25 Hi ] e A 2 (A
F ] RE S EAEARAR 23 XL I8 i A2 v BUAT D) 4t
RN RS E

T, AT T — M s RS A
N7 A 2R N o 40 ) 20 R ML o SR . Ot
BT VSGARAETT R 1 B B A 82 MPC-VSG Pl 52
B, HIR, ZAHEIRET RS TR E,
S8 RGRMZEM SOC, it T SOC-HiERE &
1] MPC Hi&NAEARN K%, 285, i BESS
SEBRFE R RE 1 X SOC #EAT X (a1 K1) 43, 78 H & AL
RGNS B R EOT IV X IR AT A, DA
% MPC HIER A E RPN EY) . &5, AT
PSCAD/EMTDC % Fr#& 7 VA0 A7 (B3R AIE . 1 B 45
REH, ZIEMMUBESGEE RGCRI SR, &
A R0k S BESS (Rl 783 5| A ) 2 4 Pk i) i

1 WENSEL% VSG 1z

A DAL e R FH L AR LR X AT % L
JER BESS. LB B (1 OI0E A2 0 e I A
RXGR, REGEHMINSEHWE 1 Frox. Hd, KEE
O R A7 R ML 3 s 4R B A ) S B B K Th R
AR B SR A E R P S L Rk B LA
I e K h R ER B2 1 7 (2L

AL
SEHA R
. i
> hE
> k2
RATR AL O
¥k DC/AC
a SN LB
| WS DODC  DO/AC

E 1 S MEmEiarEE

Fig. 1 Schematic diagram of isolated island microgrid
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Fig. 2 Schematic diagram of traditional VSG control
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Fig. 3 Schematic diagram of A-MPC-VSG control
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Fig. 9 Voltage and current output of BESS in the normal frequency

modulation zone under step load disturbance
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Fig. 10 Simulation results of BESS in the normal frequency

modulation region under step load disturbance
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Fig. 11 Simulation results of BESS operating in the medium-

low frequency modulation zones under step load disturbance
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Fig. 12 Simulation results of BESS operating in the low-frequency

modulation zone under step load disturbance
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Fig. 13 Continuous random step load disturbance

K 14 AfEBENIAE L H BESS ¥4 SOC M
0% Il B 45 5. fE1=0~30s B, BESS LAE
FARRBIX (S, < S<100%). Kl 14 £, ARG
% FTFN, 7 A-MPC-VSG 588 T BESS Wi
LT IFVI-VSG 5 MPC-VSG %%, X&HT
A-MPC-VSG AN BESS i 78 XU, B 551k
AP R R 5 . TS RGIE T [#
i, A-MPC-VSG Sl 1) Dh 2 i H T Ho At i 5
W& . fE¢=260s k5, BESS #EANKIASMX (0% < S <

S ) B 14(b)FEH, A-MPC-VSG Hh BE A %kt f
BESS ML S, &% SOC /KFtLEEST
IFVI-VSG %l . 45 &, 1ZRIS A S &AL T

WA, AR AREE T BESS i Zatt s

[ —
(=Y
=T -

Bt AL 62 417 kW
3
(=)

i Ffir. fEt=60~260s I, BESS TAEAEIEH
PIX (S, <S<S,,) ME 14(a) 5K 14(c) ]

IFVI-VSG - --MPC-VSG —— A-MPC-VSG

300

Z
=200
B
] 100
3
& 0
w2
B -100?
a 1:

-200L— —t : o a0

0 60 120 180 240 300
t/s
(a) BESSHiyt D% i 2%

SOC/%

" n 1 1 " 1 L
0 60 120 180 240 300
t/s

(b) BESSHISOCHE L. fh £k

50.3
50.2
50.1
50.0
49.9
48.8

49.7 1 1 1 1 1
0 60 120 180 240 300

RGNz

t/s
() RGUMHEAA L
E 14 ZEEREHNAEMERMET S =90% B EZER
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random step load disturbance
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