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Dynamic Model Predictive Control of Grid-Forming Converters
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Abstract: To address the high dependence of model predictive control for grid-forming converters on
filter parameters, a predictive control strategy based on dynamic sparse regression is proposed. The
proposed method excites the system’s dynamic response by applying a short-term, low-amplitude step
perturbation signal to acquire a small training dataset. Based on the Sparse Identification of Nonlinear
Dynamics algorithm, a candidate function pool is constructed by combining state variables and control
inputs. The coefficient matrix is then solved through sparse regression optimization with regularization
constraints, thereby identifying a concise and physically meaningful state-space model with strong
generalization capability. After being discretized, this model is embedded into the model predictive
control framework. By formulating an objective function based on the output voltage tracking error and
control input energy consumption, and incorporating physical boundary constraints, the optimal control
sequence is iteratively solved over a rolling horizon within each control cycle via quadratic programming.
The results show that under significant parameter deviations, the modeling error of the proposed strategy
remains below 0. 7%, while the load disturbance response is completed within 5 ms, the steady-state

error of the output voltage is controlled within +0. 1%, and the computational efficiency is significantly
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higher than that of traditional methods. The proposed strategy demonstrates comprehensive advantages

in modeling accuracy, robustness, and real-time performance, exhibiting strong potential for practical

engineering applications.
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Fig. 2 MPC control schematic diagram

TE S B N FH b (8 3% 25 B ] R 4 BE W8 7E AT
P i) % v R AT TS R A ] 38 R L AR R B
EIREAY A SR HZ B AR R (ZOHD X R G R E
T R AT B AL R AR B B BOR S T RN

x(k+1) = Ax (k) + Bu (k) (7)
A THRBERAM: A = o5 B = | 7 Bde.c
]

W LLE ., A BB TR FE A A TR
2232 Ly JCo BUE 52, 351 2352 2] MPC 1Y
WS B . %508 GFC M RS B L BE i B FE LA L &R
GREMZOR BIARGE Hin kA T, B T RS
i R B 5% 2 RN T i A\ B I TH AR L RIB K

N —1
J = D) Iy +04+ 1D —yuk+e+1D |7+
(=0

| uCk+0) %
sot. x(b+04+1) = Ax(E+0) +~Bu(k+0),
¢=0,1,, N, —1

y+l+1) =Cxk+{(+1D)
U nin < u(k +é) < Unax

(8)
K J k) FRIRE b RAT MPC 3 2 19 H b bR 5L
{Es N, S B 36 AR IR s e (B 40+ 1) FomREAE
I T Y A I AR 2l 0 1 AR A K S BT
Xt R B TR AE , y o+ ¢+ 1) R3[|« ||, Fombd
BESSHMEZm R (|« ||« Rl
A B BE 5 BA, B LE H bR ok 80P i A R RO
M LA RUCE . JFHBERE LA R Y EEHE. Y
B R BN A A AR UE T R R




190 W% % i@

PN

60 %

FHEE F4% 58 2 Pk 9 6 4% 46 LA & MFPC, MPC 1] LA
75 H bR BB P T M A0 0w, << uk+0) <
T T K AN S N TN o7 N e
P B A 4 R A R v S o R G I e AR A
GFC My e M il =X, vl 4 8 Uy = Us
Us, = 0,2 U, i GFC Fiy H 5 A HL R 1) 6 {5 3 22
. 254 I LIS 2] GFC /Y i i i 2

EW5]
; 2P
I =
J 43Uy,
J . 9
{L,, = 2w

1.3 MPC BfrE#mMAEL

ARFE] L A AL (QP) T ik b AT SR A N, AT 2
KPR ) Rk Ay
Xaug = Aaugx(k) + BaugUaug

v e x. 10
Horp
A = [A A? AN TN NN,
B 0 0 0
R
NIB AN'B By n v,
C.=[C C Cln v v,
X, = [x(b) x(k+1D x(B+N,—D]"
(an
iR S R EEL]

J(B) = || Cog (A x () + B, U,) — Y. I 5+
[ Ui 1% = [ CoAuex (k) =Y | &+
2(CogA g X (k) —)"®C,,, B, U, +
v'.B..C.oC..B.. U, +U. WU, (12)
K. @ W LRI H ., 53 5127 it o0
B R 25 (H 1 15 25 AR 58 il S A 1) BB 1 T FE AR
Yo TR B N, A S5 R 8 A, /)
Yo = [Yurs =0 Yurl'o
EANR A F ) [ CpAuex (B — Y, |5 T 5
il A U, o3&, FIIA N 2 B 5 ok Eorh 5y 5 200
BT DA 2 n B AR R 20T LLR R QP B

min J = %UHU 1 0., (13)
U

aug
H
H - Z(B;rugczug¢caugBaug + W)

fT — Z(CaugAang(k) 7Yaxug)T¢CaugBaug

zkxb. xjtu. edu. cn

2 GFC 5 1) F i HE IR

2.1 BIBES

T 5E X GFC 2 Gt i A5 5 i 7 5 LA 3R IO
TRV HER IR EdE . ez O B, £ H AR 2l
1A Bl 75 A R FR G B A ma L D AR AT B AR
M 1 v IO o SR I S B v ORGP A R A
il 5 PRI skt DA 7 000 o S ok R v s o A S B A
FE— 2 i 25 X iR g R s ] L2 .
Rt AR 2 % 722 i #8%  OH 3 L [R) % R GFC R4
Bl YRR L A SO R R AE 7E 10 Y0 %850 7 18 L 3 09 B
BRI A S HIER J B g Bhoy
St PR IO T B B Y SR L L R i X R G
B4 B[R] it fin B8 30 A5 5 R g g ] Sy 3 A A A
B, 80 0.06 s, 3 H A A 100 kHz 89 3% k55 k46
GFC R ASAR B8 . A, SRAE A 2 1 £ 4l 35 38 5
RARAIR R 500 Hez (19 10 30 U8 5 45 U8 bR R AR A5

B2 o SR DU B e A B 22 0 15 AR A R A A et
(A x, DAEE e IR o0 A T B W o 5 T 5
iy A 1 L 2 2 h

x(j) =~
—xG 2 F8xG 1D —8x(— 1) Fx(j—2)
12h
(14)
K. MK,
5 A3 BPRAS AR & A0 S BUE G N
J'Cl(ll) -’.Cr1(t1)
, v () e ox,(8)
x= " Tk (15)
.l(tm) 3'54(1‘,“)

Kb ¢, AU E SRR Z,
2.2 BUHEIHM

f£ SINDy ik, i T2 X R GBI/ 1) e 5
I A 2 95 R T A R A AR o I T i A — K
TREEERRBMAE, W 2 xixeaue uws
G SR 5 BE T A0 e R K A8 R O R AT ml s B
AT AR BUEL Hh BB A8 78 7 R IR R R M R G2 sl A 1 ek K
A AR SCSI ARG B 3T dg Aa s
# GFC BB HEAT RGP A R 1 — R B = Ik
B A £ 1E PRE, X A R AR ST B R B B A a0 I
Bt AN U o B R —

G AT RS RN T X v UERR N
#IEREh @ (X, U) P45 R AL &

X =0X.0)E (16)

K. B A&k Rk A A REUERE .




5 3

AR, A g D0 28028 4% 2 25 24 T 47 o 191

PRI, A SC I ) 3 ) 5 12 o RS A

171(11) l'rl(tl) ul(tl) M,1(f1)
@ _ X (-tz) Xy <-Zf2> 75 (.tz) Uy (fz)
1 (2,0 2 (t,)  w (¢,) uy ()

an

2.3 WmmEEER

A C16) Ay, R RS A X X ML E , i e
g MPC $2f GFC & gt iy T AL AL, X — H b5
e 308 3 SR A — A HIE A ) A

& = argémin% | X —&éoTxX. ) lli+a &I,

(18)
Xrfs & FoRE PINH F; Lbr FORAEAE X &
AX TR e | BRIE T i & R Bk
SR HOME S LB E R RN |- | BUR
AL G HE, AR HE T & AR B e T LG
)8 A A B v T R R B9 AL RE ) 52 AR IR AL AR TR
) SRR fifp v 3 18 A (0, LRI R O R IR 2
R B AR 1 A i R S EOR Bad E, Z
2 FHEOANE L PR 2 B AR 2R 0 i 1 L 3
W RO S SR S R — i A LR R 22 R Ak
A6 /Nl R ORI A JE L AR AL S B IR L B
LB E A BBUE EREE R, B XSk
i AR A B HSEBR B i T GFC REGERTALA B
R Bl L L B B R R 2 OF RS —
Fieftt FH A LC g e 19 2 B Ed 2 45 B Be 1A
TR L IR & v A7 85005 T8 0 2 S L

BORHY S FEAR T A 2 Bl 5 09 X JBE . 76 52 B 7 3 7
e, 2 P A BB il R AT SR AR 2 S Y AL TR 2
JEASAR AR SCHIT B2 A i [] U9 55 0% B R R an &1 3 BT
Hrp D oAESI.

( ik )

HNREZE B[

I ) P HX R A
T RX, FEHlAU

BRI S R HOERE
E=0'+X

D=1 pl<A

EpDgna)=0

DRI I
MR 2 Dy

Ep(Dyigh=
E(:, Dy \X(: , D)

TR
REENEZ

AR 1
DEHEIL

3 g IR B AR A

Fig. 3 Flowchart of the sparse regression algorithm
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