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Adaptive Control Strategy for Energy Storage Systems Based on Crisscross Optimization Algorithm
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Abstract: When a large number of energy storage devices are integrated into the power grid through a virtual
synchronous generator (VSG) , improper selection of control parameters in traditional fixed inertia and damping
control strategies can lead to long adjustment times or large overshoot, and fail to fully leverage the flexible
advantages of VSG control. To address this issue, an adaptive control strategy for energy storage system based on
the crisscross optimization (CSO) algorithm was proposed. Firstly, the VSG model of the energy storage system
was established, and the minimum value of the sum of the frequency error of the VSG system and the total
harmonic distortion of the voltage was taken as the objective function of CSO. The battery state of energy (SOE)
constraint was introduced to solve the optimal inertia and damping. This algorithm has a faster convergence speed
and effectively avoids parameter local solutions. On this basis, an improved inertia and damping adaptive control
strategy was designed to effectively improve the dynamic performance of VSG. Finally, the effectiveness of the
proposed strategy was verified by building a simulation model using Matlab/Simulink.

Key words: energy storage system; virtual synchronous generator (VSG) ; adaptive control of inertia and

damping; state of energy (SOE) of batteries; crisscross optimization(CSO) algorithm

N YRR IR EEYS Ye”  RE TR B A [
FHEE 15 52 XUBtk A ™ 7 b, B B A RE A 21 R ke

AR T TR BT, 32 B A 30t
AR SRR D LRIz A7 45, O 20 A X PR 4

& o R AL A i BRI A )
RO, H g L R R TR SR e v sk, BA
T I, S BOR ) RGN AR MR
WR R B, SE R L ) R ARE T R UL IR P
#L (virtual synchronous generator, VSG) 52 4 71y 2
A B S FE R T R . REZEE R
E&WA : =ML B I7A A FRH T H (J2022112)

B FIBHLIE SZHE . SCERI3TE i i a7 VSG 1/ ME
SRR TR VSC IR S B O ik
VSG Bz M TAERE R G rh . SCHRI4 18 it
FIEFE R SR T — M LA R LR 22 B AL
T AR B P R o E R SR S AR E
PERE . SCHR[S]HS 78 FL it A SOC 10 2% A 7% 1E %]

BB AT (1973—) , 2, Wit 5T R PR TR, B985 8] A KRS RE S 1 T Rl AR ST , Email : zj_rx@is.sgee.com.cn

4



S, AR T YRR Sk B 5k A& 2 B & mde ) ok

WA AR 2024 5F H 544 F 4

HEMREHLR Gerb B TR THBRE R G T 1Y M
LR A5 BILAG PR BE ) A 1 R EAT o SCHR[6]42 1
— T BE T R DI T 14 R A ) 2D AL A ) SR (H
RAESHOE B BT FAFEARE

AR, BEE N T REROR AN B &, AT
B REBAZ W 2L VSG R PERE T 3C
BRL71iE WA R UL ) 2B B b 5 | AKE T HEAG 4K (parti-
cle swarm optimization, PSO) &3, LB T X} VSG
RIS R ILI . STIRI8IAS &k T REFIEFIR
A A AR AR B VSG W S B L . 3¢
BRIOMR Y T — Ml OB T REOC AL 1, 5 1ok
THEFIEXS VSC K 2R FLAE T . SCHk[10]
Xof L A T I R A R L) R H B R RO L
ik, AR T TR T RERA SCRE T o SR,
BT RERE H SR E—E B FE . STERITTTE TR
P2 — PP B 28 LA 4K (crisscross optimization,
CSO)T:  IZ Sk RS SE L 42 ) P AT R Hak A
YD e I RGBT IZ R o SRk
(124 e 52 SUAR0% 1 FH 21, g i 3 1) v 99300
o SCHRL 3R S 52 SUET v I 38 B i 1Y)
TIFA B RGESH SR BL, i AR A 3
HIRRE P 22 SCRE N B AU R 2D B

BREOU AL i i A WAL VSG IS4, 7
IS B VSG RGH , SR VSG Zi 25
PEEAAL ] A5 B2 SCHRT141 B U H 3 45
il Sk B T A R . SCRRI1S 1R T —
FSCHE R A 3 7 A ) s 4R T T R UL ) AE HILAY
ST ERE . SCERI16 1R 1 T —Fh 5 T RBF #f
25 ) 2% 3 7 A 16 e A B JE Y 4 g (B
B3k A 3 A R B T AR R PR AT B A
Wi A AE o

25 b, 2 VSG Y B ) Sy BRAE R R, ) 22
W T Ak BE I A B SEHOR SRR E AW, PR
BT, 25 VSG Bt 2l A 00 B R AE R T il fiE
B 1Y FE L R DR, RSS2 R A R B B o
H PSO B A7 75 25 5y 3 B A J) 38 fife AN i SI0E
JEE IR R R Y TR) AT, 5 SR T B e ik ) B30 A
Gl G

PR, BT X b 3R )80, AR S 2 AR AR -
1) H 3t Ty 6 B (1 249 R 251 15 51 VSG Y15
e HBUETER . 2) 5T Bk p A TS, A
F CSORIETHR VSC AEfasiaty T i iR 5
FELIE o 3)Beit—Ffvibt & FIBH & 3 1 42 ] SR
G VSG i DR L SO AR A Y Sl 2SR 1

1 4£4E VSG &9 X K Jf 22

1.1 fi#BE VSG s+

it BE VSG HL ST A i an &l 1 s . Horp
Q,~Q N IGBT, i AR Z M () LR L 5 FEL S CHA AR LC
TERE RS RN LC UEM #0252 fa B, 1, 55
R, 4351l Ay P D) b ST R D EEL L, U, TG 55 R L o

gggﬁ[

P, - !
FebE DI |
Frre”

Pref Qru’ Um’ wn

Bl 1 fBAE VSG HUSIRTNES 1
Fig.1  Energy storage VSG electrical topology
fiff BE VSG B AT T34 -55 JC T BF B 42 1 75 72 o
B

dew—D(w—wn)z PP
d @,
6 = ja)dt (1)
K
E = ?[D(I(Uref - Ue) + (Qref - Qe)]

Ko B SEG D NIE S5 0 i VSG 1
WA 0, NBUE R PR 4 5 W A T2l
PN VSG i A D50 R VSG P ;K
LR T R D, R TR R U LR A E
% R 5 U, R VSG B S Bt Y FEL T 5 QR 2R
SE R4 H I )% 5 Qo8 VSG B TE Do %
1.2 fif#E VSG HifE 1% B E

HRE SCHR[1310Hr ol LA 1, 76 & T T 3
1) st i 1] LA 200 JC D) 3R B2 0 . B BE VSG R 4T
)% 2D 5 800 D A 8 sR AN T

K
Jw
G(S):—D K (2)
S+ —s+—
J Jo,

i 22 B RGERIFHIE L € LA A
PRIRGI R 0, HFRIKAANTF

D |w,
K
w, = o, (4)



WA AR 2024 5F H 54K F 4

B85 R TOR R LI R4 A % B 18 B 424 ok

1.3 [R=FARITfEBE VSG BIZ T

R 2 (3) X (4) ] LAAS H 15t i ) S5 e
D X BE VSG 1Y 5% i 48 K, AN [a] () 15t & 7 S5 BH
JE D XF VSG 1 8l 25 1% B AT A [\ 5% i, 4n &1 2
Ji7m

&l 2a K BHJE D —E B, A FVE G J X VSG 1Y
BAPEREM R I . IR 2a W], HUESOK, SR
F14) RS L /0N, EL 98 1 of () e ) B BT /)
I 0 WRAEL AR, {EL 31§ i ] e

&l 2b A i J — B, A FEIFEJE D X VSG Y
BAPERERI R . & 2b RIS, B BN 3R
{18 P AR R L9 4 B[] B, BELJ B, FR 35 1Y
i (LA /N L o 1]

52.5

49.5

49+

1
4855 0.5 1 1.5 2
5 18] /s
(NGRS

52.5

5ok N BRJE 10

,{mng

481 Vom0

0 01.5 i 1.15 2
5} [8]/s
(b) AR IR BHLJE
2 VSG A R AR R 9 451 5 ) 2 i 1o

Fig.2 Frequency dynamic response of different

inertias and dampers in VSG
2 BEREARMEILR B & R H A

21 fEEERFREERSEHER

T FL S A 70 i A e R v, S T R R R P B
GRS LR R A AR &A1,
KA % 75 38 FH R Tt AT FEDIR ZS (state of ener-
gy, SOE) F£/r o 7EAHIA A SOEMRZS T, Ha Jth 7 1
X AN [) 7 ) 19 66 2300 st s, 7 ke i D 3R B o
Wb AR A, BEAh 7 R XA R] 67 3 ) R
BBl AN TR SOE BRAS T B 78 55 L Ty 5 R il {5k
A P

6

R 440 VSG R 55 % 2 BRI o
L A A VSG R SEHRII % LRy
HikA"

K
']wn Ps-
pP,=—
ref i D K s (5)
S+ —s+—
J Jo,

M) AT IR 2], £E KBS ARZS T, it 7E
UBPIVAAE = et Yate =¥ (i BURCI <3 &K NI S PN ¢
LI AR IR

wDVX

P, =(1+e V). p, (6)
R F 0t 118 7 5 PR AR PR, T DA 3 R v 7
L DR BRI KA AN
Py = (1= SOE)- S, puy (7)
Py = SOE = S,y (3)

PRI, 3 F HLth SOE I D) R A 5%, 15 5]
5 N RS U L A 2D SR AT
e, B SOE 28 68% , AR5 (7) Fi=t
(8) T A5, it i Ty 8 B i B T SA 2] 1.8P,,,, T ST FEL
DR BRHIE R 1.6P, 0 TEHUHE (1) D) R BR A
S/ MEVERHEE RS 2R A
HWK T VSCAE T RIS T Bt ¢ 78
(0, DB Z P, 15t T 5B Dl & A%E:
D’X
Elo, (9)
¢ JE , BT VSG il AR Ab A 2 Hz, H g AR
AT D)y 3 AR A R R AU D3R 11 40%~100%
Z 18], K, BHJE D T LRy
P

J>

D= (10)
wnwmax
BE T RE AR G0 I 20 BT 5 R ABELJE 7Y (e
T FE AN & 3 IR
100
90
gob / REUZRAETFHUE LAE
(0,15
701
Q 60
N 50+ BELJE B 23
=
40
30 ERIPIESGTIESEN
20 LAY S “::,,,,\,,”7
0 . 1 L L ! 1 J
0 5 10 15 20 25 30

iz
K3 fEREZRSE T VSG bt BHLJE A IUE I
Fig.3  The value range of inertia damping of

VSG under energy storage system



AEE 5 R T ORISRk 0k 2 40 B & 4 ) ek

WA AR 2024 5F H 544 F 4

22 ETHETXNELNMEERSZIREMERBK
fRARE

FF b A 0F, A5 20 5 R E ) BUE
Bl R, 3 F PSO F4E VSG 1 & M H Je 2 %1
B, 5 B I 2 SR B I ARTIE VSG REIZ FE A BE 2R
4 FREBTT .

155 PSO 45 5 B N Jm il s e fife , ‘5 808
AR e R B AR T CSO B vk Wi Sk s i o b
HA LR T S8R

CSO B3 J2: 38 2 B A [R) 4 5 1) A A 5 4kt
A28 S, 7= F AN R (0 2 e, (i it
B4 R REE T Y\ 1a) 52 XGE i X A AR
SRATHARZBE, B BUH I FUBE IS5 N
M SEIRAE SFRAE . R IR R

M, (id)=r -X(i,d)+(1-r) X(id,)+
c-[X(id,) - X(i.d,)] (11)
K MO E] 1 Z A REHLEL ¢ S 0 5 1 2Z (8] Y
BEBLEL ; X (ind, ), X (i,d,) Ry A [) 4 J3E 1) A AR A e
SR M, (id) R ACARAS TR 4 B N 1) 58 S5 A= (1)
TS ARG BUE T E Y 13
Q,Q AFEERIAL; d,, d, W RETE S HN 4 FE 4 5

BUEIE N 18] €, € h FliEE il 4 i $ i

AR SR I CSO 35 4 55738 3 A 1)
TR A, eI B R (A e/ N S BT —
AR AR AR e S A R I SR A Y 5 ]

AR SCHE H CSO 3 2 bR B i RE VSG &
BB )AR 2% S5 RE VSG 2R 55 H T B 38 I e A
F(THD) Z A, HopR Bk =k

e
U

1

x 100% (12)

fitness = f 0Cf - flde +

BRI, CSO AL R an T -

D ETZFATNYE(BFEEHR TR

IINRITHAAE B DL IR ) 5
D WE PR T L PR R AT
e RIEARIREL

3) MR I I PR T B A RT3 N A

) EH P E TR E S

5) FWT R A 58 Ak AR . A R LR
TR 6) AN IR PR3 )

6) LA, FREE R . HiT CSO bR
PeJa fwI M A5 AR g, DL B E D, o
23 fAEEREREE BEMEH RS

VSG B A ZEAL R 25 K& B HLAY SRR R 5

AR, B VSG R R R E S BORAT —E 1Y
FG P R AT LUOR A% BE 2 50103 50K A & B
Mo e £ S R . O T A AR R VSG Y
AL, BT T —AERER SR FLE A &
P SR

T AR VSG R L e A
il AW, T BEXE VSG YDA 2 DL KRG 7 A R
LIREA EE i v (S 7 N s N ES A S 1
ARG, R 005 5 B 32 23 bR, R
PR G, BIR ) 52 005 ff T 2 1 48 o s
Gl AR o 24 R UG 1 R R AR IR 2
I, 7R FH AR /IN R AR, R A R 002 1 #f T D
%, I PR DR B IR v ik B AR (. fEA RN
AR 7 E AN R /N R g,
HE L% 5 ) 30 152 RE A% B 4 M 3 17+ IR A9 A2 4
1 FHLJE D 5 B Rt R U0 [R) 28 AL B9 R AU 1 ) ik
JE B AR ARG K

A
/W P
7,
Pp=—=—- '@
: |
I
A
> |
P - Lo
| I |
| : |
[ L .
o, 0, w2 n A ff/rad
(a)VSGIY T h £k

A
FAM %/ Hz

tot, t TR E]/s

() fs IR R 3 i 2%
P4 VSG By 2k DL T Fl AR i i £
Fig.4 Power angle curve of VSG and rotor angular

frequency oscillation curve

VSG 5 i BHLJE F 3 N i g BLE a3 1 Bt
N BE 2N w-w,, EFRAE A do/di
F1 VSGIREME BEMIEH MR
Tab.l  The law of VSG inertia damping adaptive control

X7 CIESITES GUIE SIS ok S 115 G Ve

1 >0 >0 NI YN
2 >0 <0 BN R
3 <0 <0 YN N
4 <0 >0 i N Ly

FRHE 2 189 VSG = BHLJE A i I #2511 59 B
A AR SCBET Y VSG IR B e [ 3 W O R

.
7



WA AR 2024 5F H 54K F 4

B R THBR SR 00 i Ak A 40 B & ) Ko

gl

d
arctan(Aw/ di(:) ) do
o dt p,2Y

Aw/ dﬂ d
di

Joa + >0 lAwl > 2f.

d
J = arctan(Aw/ (Tw )

dow
Jow — k L Aw— >0 Aol > 27f,
dw de
Aw/ —
d

Joo  NAwl < 27/,

(13)
d
arctan(Aw/Tw )
D, +k L Awl > 2mf
D= Aws 32 (14)
w/ 0

D,. lAwl<2mf.

g5 b B T YR A UL I At e R G R UL IR
A AILIBE i 2 0 ] SR e R R an 1 S R, B
(LS /I

BRI TRREZ R 2 J 5 D R BUEE
Bl 2 [ s Joan] 5 [D i s Dyl

AR 2 B TR S A B e A B i L
HAERJE D, HEEAA L TR R -

5 R AR RN AR KRR
7 BRI S

YR, T B Y B RN S ETAS
TR S I 1 4 Jmy e LA 5

e, I AR A R R, A R
SR A5 B Fe AR L R AR E D, AT
A FHE R TR S0 E .

AUR 3 AR YR LR 45 5 RS i IO R
DL S B AR f A e AR BRLE , SEA T IR S BELE A 38 )

P, e R G Bl A I

VLT AN, prye—
AR KA pEN T
Ak o[ Dy Do ]
W “r W TH Y
S PTTET———
1 % 3 AR L HHAERLE D

\
UL RHE F 3 R

K5 VSGIEBEIE A I il i e

Fig.5 VSG inertia damping adaptive control flow chart

3 AR

R Y SR A SO R A ] SR A Ak A
Matlab/Simulink %X {4 # 37 % B8 HE $UL [] 25 44 il 45
R ISR 0 HBE , AR SEONR : B RN
2500 V, JEIE LB 4 mH, 2% 4 13 1.5%10°
W, B U FLAE 1wk, 808 M % R 50 Hz, I W L R
h 220 V, B R HL It SOE N 68% , 4512 L 1 i BE 7%
10 A-h,

3.1 fEEERFIRESHEESEHIGIE

T 4y B BE &R Ge AR FBE 2 S 8 ORUE Y
FEL ) TE R PE , B AN R L o

00124 ] 5 DAEPUAETEFE N, 4 e =
2,45 B JE D=20,

1600 2: 5 5 D BUE G [ 45 i =
20, 45 € JE D=5,

B B0 1R 2 4 AR A BE VSG R G, H
BR B AS0R N H£R AR 6 FT R . 445 T S5 ELE
D #IS T BUETEE L 1E 3.5 s JFAERE VSC R AR
FEo L, M T SR D BUE A B, REE A

52
51.5
51 W2
250.5F
B s50f
LAl -
495 155 1 \/ :
\
49 : !
REARRE — | |
|
J—
485 1 1 1 1 1 1 -l
0 05 1 15 2 25 3 35 4
i [a]/s

Fl6  VSGTR 2 I £k
Fig.6 VSG frequency dynamic response curves

T RAE T T S EJE DR T Lt R S
1, R Gk AR ER G

&L 3 FEHLIBAE S B R RN, 25 it J=
20,45 EBHJE D=5,

1% O 4 - FE A R TR VRAE S B LRI, 45 56
i J=20, 45 BHJE D=5,

B0 3 0 4 40 AR A VSG 1Y R Ge v, Ho
RSN L AN 7 BT R 2 A R B
U, R At B 2 R 5 A I R e 25 S BUR A R B iR
Yo [T, Y PEAR B URAE N B
I8, RGIFAR KA TR

R T Ay HT Y I AE SOE=68% RS F , Bl



S, AR T YRR Sk B 5k A& 2 B & mde ) ok

WA AR 2024 5F H 544 F 4

54

! 42 ¥
Fl 245 5 —>] L3

51f

A Hz

50F

49+

o T 2 3 4 5
i} al/s
7 B RS TR s R A% sk 285 i 2%

Fig.7 Frequency dynamic response curves of DC

power supply at different times
1) 7 30 F, 3 2R PR A 0 TE AR, H B AR B
TR, 45 e B J=2 IR D=20.

L5 16 2.2 s—2.5 s I Z1, % VSG YA 2 3h
KIS F (LT 50 kW, 45 VSG B4 H TR R
it D 2B 1.6P,0

L 6: 76 2.2 s—2.5 s I %1, %% VSG YA 2 3h
RS HH ETF 150 kW, fHi15 VSG ik H Th R
1 YRR 1.6P, .o

BEAEBL 5 6 4 BIAC A VSG B R Gerh , Hit
SR BH 00 S B ZR AN 8 iR o A I Th R i
DI RAE, i e VSC RAEATE , S FHAREN
AR o A RIG D RAR T YR BRE , il i VSC R 40
Sitam TR,

56
ss5F
54
53F
sof
51
s0f
49
48t
47t
46

B/ Hz

0 0.5 1 1.5 2 2.5 3
fisf [8)/s

P8 LT it A Ly R R fr A Sl 2 1o i £k

Fig.8 [Frequency dynamic response curves based

on energy storage power limiting

32 MTFHEEIMER

CSO LS & VL X TG a5 - anF -
PR 5, S REARRECH 100, LG , = AE
T ., M 0.64, B JE D,y 38, 38 1 FEAE K
0.522 4x107°, N T B EA SC T CSO 553 1)
Pt . 194351k €SO %44k 5 PSO Bk X i ik
VSG 1t B S8y F0a R . K9 AT LIAR
|, CSO FLAES 6 Wk P R B EARAE L 1T PSO
VRS 16 WGEAC TP R BB AUE . HI, CSO &

15 HE PSO Bk S0 JEE PR, IR AR D

(x107)
1.6
1.4
1.2
e
%(10_ CSOo
=
0.8F
PSO
0.61
0.4 A . . .
0 20 40 60 80 100
()i o7
3
250
ob
m?m - cso
e
TLSF
IAJSO
0.5 | | L L
0 20 40 60 80 100
AU AL
(b)F ks

38

37F j\PSO
36
35L
34

Q
Iy
=

33

L-cso

32t

31

30 . 1 1 1 1

0 20 40 60 80 100
AN
(c)FHEFLED

K19 CSOMILah R PSO A5 RXS L
Fig.9  Comparison of CSO optimization results
with PSO optimization results

3.3 f#RER S VSG PR BiE M

R TSR AEAS SOV R = BELE A 3 A
RSP o 7E 0~2 s ¥4 Th YIRS HAE K
100 kW, 7 2~4 s AT R S HH ETH R
150 kW,

TR0 7 A SCBTH Y 3 N 42 R T g
VSG R4,

0L 8« 8t 5 FIBHJE A £k, J=0.64, D=38,

BB 7 8 73 B AR RE VSG REeh, H
AR5 D ARy Sl e it Ze an & 10 s . 7E A
T P A6 e BEL @ 4R T A Bl ) SHR A AR 1Y) 3 25
VAT 7/ RS 7 DA U o B PP S
WeBhit, A 3E AR a6 T A RE VSG RS0
IARASAE AN A AT



WA AR 2024 5F H 54K F 4

B, 4 R T B R Sk 09 ik Ak

A% A 3R ) Rk

51.2

51.0

50.8
£ 50
@_5 6 558
504

50.2H BT

50.0 s

49.8 1.5 2 25 3 35 4
i [a]/s

(a) BB 7 il £

(x10%)
16

HYRwW

0 05 1 15 2 25 3 35 4

s [a]/s
(b)A Ty Ty 2w g 2k

P10 A& MR VSG Y sl i il £k

Fig.10  Dynamic response curves of VSG under adaptive control

4 B

ARSCHE T T YA AR RE R S
P 45 SR . 5 T T HL T R RS LR LA
Ligan
15t S R E P EBUEYE . R
Nﬂ%ﬁ?%$x1ﬁ&lm%M%G%A%%
A THD sl DA KA RE VSG RS
WA A/ N R AR B AR, X VSG R i T 5 FE
Je DTS A R ) S e D, o B
J& T B e [ 3E A SRR B T VSG

&%@EW%%%%%W%FE%ME
AR

e Sl i 9 W A

E/szjll_b f Hbo
S &3k

[1] R ik
7Tk, 1 R 58 A 31k, 2015,39(19) : 82-89.

CHENG Chong, YANG Huan,ZENG Zheng, et al. Rotor inertia
adaptive control method for VSG[J]. Automation of Electric

Power Systems,2015,39(19) : 82-89.
[2] B, T %

L. PP AL T AR 41, 2014, 34(16) :2591-2603.
LU Zhipeng, SHENG Wanxing, ZHONG Qingchang, et al. Vir-

tual synchronous generator and its applications in micro-grid

[JI. Proceedings of the CSEE,2014,34(16) :2591-2603.
(3] RiH,

WU Heng, RUAN Xinbo, YANG Dongsheng,

the power loop and parameter design of virtual synchronous

10

VR, A L HEADLR) AP R LR B 1 T A

CCBNIR B AF LA A A L R AR e )

BT M 2R T, 45 . HA ) A5 R B LT SR B A
SR T E E AL TR A7, 2015,35(24) 1 6508-6518.
et al. Modeling of

[10]

[12]

generators|J]. Proceedings of the CSEE, 2015, 35(24) : 6508-
6518.

55, RIS 5F T A S MR D) K U0 R 2P
k%ﬂLﬂJ%&ﬂﬁU%%U 1L TR AR 2442, 2017,32(12) : 127-
137.

SHI Rongliang, ZHANG Xing, XU Haizhen, et al. The active
and reactive power control of virtual synchronous generator
based on adaptive mode switching[J]. Transactions of China
Electrotechnical Society,2017,32(12):127-137.

TR RO, R 2 TE SOC R RUR M VSG iz
ﬁé}éﬁt:ﬂﬁﬁfﬂﬂu. HLH AR, 2018,42(5) : 1451-1457.
LI Jixiang, ZHAO Jinbin, QU Keqing, et al. Boundary analysis
of operation parameters of microgrid VSG considering SOC
characteristics[J]. Power System Technology, 2018, 42 (5) :
1451-1457.
SRHE A KA I T RERE DM OGARBR VSG 2 i SR F
FEN AT AR, 2023, 18(1) :228-234.
ZHANG Changyou, ZHU Zuobin. Research on VSG control
strategy of optical storage networks based on energy storage co-
ordination [J]. Journal of Electrical Engineering, 2023, 18 ( 1):
228-234.
ALIPOOR J, MIURA Y, ISE T, et al. Stability assessment and
optimization methods for microgrid with multiple VSG units[J].
[EEE Transactions on Smart Grid,2018,9(2) : 1462-1471.
St , BASEAE IR/ A T SOC R B4R A1 T VSGAE
Sk 5 L R DA T SR F S 0], P A A
2019,33(9) :33-40.
QIU Bin, HU Shanhua, SU Xiaoping, et al. Research on optimal
control strategy of VSG in photovoltaic generation based on
SOC characteristic boundary condition[J]. Journal of Electronic
Measurement and Instrument,2019,33(9) :33-40.
RGBT B TR TR 1 VSG S8 1
SRS AL 274l , 2022, 26(6) : 72-82.
GUO Jianyi, FAN Youping. Adaptive VSG parameter control
strategy based on improved particle swarm optimization[J].
Electric Machines and Control,2022,26(6) :72-82.
FUREB R MR, 5F R TSGR TR R R A LR e H
o7 42 ] SR [J/OL). 11 7 R GE B [ 3 k24 - (2023-06-
30 ) [2023-07-18].https : //doi.org/10.19635/j.cnki.csu-epsa.
001287.
LU Shengyang, ZHU Yu, CHEN Tao, et al. Damping inertia
adaptive control strategy based on improved particle swarm op-
timization [J/OL]. Journal of Power Systems and Automation:
(2023-06-30 ) [2023-07-18]. https : //doi. org/10.19635/j. cnki.
csu-epsa.001287.
MENG Anbo, GE Jiafei, YIN Hao, et al. Wind speed forecast-
ing based on wavelet packet decomposition and artificial neural
networks trained by crisscross optimization algorithm[J]. Ener-
gy Conversion and Management,2016,114(1):75-88.
BEsE, T AR BRI, 45 5L T B L2 ) 46 -G 2 U
R LU BB RE IR R T g R A S (). e A

(T%%mA)



WA AE S 2024 F

FH54K HaWm

GEE,E - RIS IR S M IR T R A G R

(7]

191

[10]

[12]

LIU Chuang, KOU Lei, CAI Guowel, et al. Review for Al-based
open-circuit faults diagnosis methods in power electronics con-
verters[J]. Power System Technology,2020,44(8) :2957-2970.
IhERTE VU INFERE A . RH L HS TR A R e L R 12
Wiy ik R 1)) of [ AL TR 2741, 2020, 40(23) - 7683~
7699.

MA Mingyao, LING Feng, SUN Yarong, et al. Review of intelli-
gent fault diagnosis methods for three-phase voltage-mode in-
verters|J]. Proceedings of the CSEE, 2020, 40 (23) : 7683—
7699.

SRR . = H P DU G R IR G R IS T N LA
[D]. H M : AR K2, 2021,

ZHANG Zhenkun. Fault diagnosis and tolerant control of three

7 ]

level four quadrant motor drive systems[D]. Jinan: Shandong
University,2021.

HAN P,HE X,REN H, et al. Fault diagnosis and system recon-
figuration strategy of a single-phase three-level neutral-point-
clamped cascaded inverter[J]. [EEE Transactions on Industry
Applications,2019,55(4) : 3863-3876.

FRYL, o, 28 F . 255/ Concordia 2848 (Y 5945 25 1)
A RS W HOR BT ST P LT 2, 2015, 35
(12):3110-3116.

CUI Jiang, WANG Qiang, GONG Chunying. Inverter power
switch fault diagnosis technique eesearch based on wavelet and
concordia transform[J]. Proceedings of the CSEE, 2015, 35
(12):3110-3116.

XUE Z Y, XIAHOU K S, LI M S, et al. Diagnosis of multiple
open-circuit switch faults based on long short-term memory net-
work for DFIG-based wind turbine systems|[J]. IEEE Journal of
Emerging and Selected Topics in Power Electronics, 2019, 8
(3):2600-2610.

ZHANG M,ZHANG Z,L1 Z, et al. A simple and effective open-

circuit-fault diagnosis method for grid-tied power converters—a

[13

[t}

[14]

[15]

[16]

[17]

new technique based on tellegen’s theorem|[J]. IEEE Journal of
Emerging and Selected Topics in Power Electronics, 2022, 11
(2):2203-2213.

VIZKIE , SO a0, 45 . 6T 19 3 N 2 ARUL I 6% 114 v s
B T = F P 0 SR T B R T, L TR AR,
2023,38(4):1010-1022.

XU Shuiqing, HUANG Wenzhan, HE Yigang, et al. Open-cir-
cuit fault diagnosis method of neutral point clamped three-level
grid-connected inverter based on adaptive sliding mode observe
[J]. Transactions of China Electrotechnical Society, 2023, 38
(4):1010-1022.

ZHOU D, TANG Y. A model predictive control-based open-cir-
cuit fault diagnosis and tolerant scheme of three-phase AC -
DC rectifiers[]J]. IEEE Journal of Emerging and Selected Topics
in Power Electronics,2018,7(4):2158-2169.

SHI T, HE Y, WANG T, et al. An improved open-switch fault
diagnosis technique of a PWM voltage source rectifier based on
current distortion[J]. IEEE Transactions on Power Electronics,
2019,34(12):12212-12225.

B, TRT, 2R A% . T 2 T L 3 W 1 U
B2 W EAI. 1B TR, 2019,38(2) :25-31.

HUANG Kai, QIU Yingning, QIN Wei, et al. Fault diagnosis al-
gorithm for wind power rectifier based on real-time current am-
plitude[J]. Electric Power Engineering Technology, 2019, 38
(2):25-31.

ZHANG X, LI Z,ZHANG Z, et al. Neural network based open-
circuit fault diagnosis for three-level neutral-point-clamped
back-to-back converters[C]//2021 IEEE International Conference
on Predictive Control of Electrical Drives and Power Electron-

ics (PRECEDE),IEEE,2021:748-752.

ek H 4. 2023-07-31
ek H 1 2023-12-21

3333333333333 IIIIIIIIIIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIFIIIIFIIFIIFIIIIIIFIIFIIIIIIIIIIIIIIIIIIIIFIIIFIIIIIIIFIIIIIIIIIIIIIIIIIIIIIBD

(EEF10W)

[13]

[14]

[15]

2022,46(2) :472-480.

YIN Hao, DING Weifeng, CHEN Shun, et al. Day-ahead elec-
tricity price forecasting of electricity market with high propor-
tion of new energy based on LSTM-CSO model[J]. Power Sys-
tem Technology, 2022, 46(2):472-480.

W% BT, RBR AR, 45 BT RS2 SUR I 1 L R T
REPALAE PEM T i TR EEAR , 2023,49(11) :4632-4641.
YANG Ling, HUANG Zehang, CHEN Jinghua, et al. Optimal
stability analysis of DC microgrid based on crisscross optimiza-
tion algorithm[J]. High Voltage Technology, 2023, 49 (11) :
4632-4641.

ZHANG Qian, LI Yan, DING Zhuwei, et al. Self-adaptive se-
condary frequency regulation strategy of micro-grid with multi-
ple virtual synchronous generators[J]. IEEE Transactions on In-
dustry Applications,2020,56(5) : 6007-6018.

R A SRR T, 55 BRI AL K A LR S I IR JE 3R

20

[16]

B ] R R (). 10 1 A S B, 2019,39(3) -
125-131.

YANG Yun, MEI Fei, ZHANG Chenyu, et al. Collaborative co-
ordinated adaptive control strategy of rotational inertia and
damping coefficient for virtual synchronous generator[J]. Elec-
tric Power Automation Equipment,2019,39(3):125-131.
AT B, AL, 45 BT RBF 19 VSG #5215 I RH
JE ABK I  HEIS0). AE,2022,43(9) 1 132-139.
GAO Zixuan, ZHAO Jinbin, YANG Xuhong, et al. RBF-based
adaptive control strategy of rotational inertia and damping coef-
ficient for VSG[J]. Electric Power Construction, 2022,43(9) :
132-139.

Wk B 7:2023-07-18
B chs H 1. 2023-11-15





