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Abstract: To reduce the calculation amount in the model predictive current control (MPCC) algorithm for a
three-level inverter model, eliminate the weighting factor, achieve a fixed switching frequency and improve the
steady-state performance of the system, a three-vector fixed frequency MPCC algorithm based on vector set selection is
proposed. First, through the analysis of the relationship between current and voltage, the control of current under the
rotational coordinate system is converted into the control of voltage under the stationary coordinate system by using the
beat-free idea, and the candidate vector set is selected according to the sector where the reference voltage is located,
thus reducing the calculation amount. Second, to achieve the midpoint potential control, according to the different
effects of different switching vectors of a neutral point clamped (NPC) three-level inverter on the neutral point and the
principle of switching smoothness, different candidate vector sets are reasonably selected, and the switching vector
action time is obtained by using the principle of volt-second balance. Afterwards, the optimal switching sequence is
selected according to the evaluation function. Finally, the traditional MPCC and the proposed algorithm are compared,
and experimental results show that the proposed algorithm has advantages such as small calculation amount, fixed
switching frequency and low current harmonic content.

Keywor ds: Model predictive control; calculation amount; weighting factor; three-level inverter

BEE B AL AR IE SR RE SR W A I I PEREHR i R AR B K, AR AL T 4
MPC(model predictive control )5 K H: H o i)
WA EEA: 2022-09-02; $EEIEHA: 2022-10-20; RAEHA:  AEIT OIS 3 ) T D A e
2022-11-03; MEHEZAM: 2022-12-14 RGP RIRI A LL, MPC A2, B




80 i, b

E 4 $23 %

g6, HEMRER, BUUdrH R R AT G A6
PORALE; HK, BAEZ A TARLMELR, It
THTRLIR | ARIFEL R

F BRAE AR A T 45 i) FCS-MPC(finite control
set MPC) A LL 7873 1] FH 2 3R AR 8 25 1) A [] - AR
BAA, LHrERen ik, I B I 55
%ﬂLE%%%%#ﬂWO%W,%%%$%x
A0 A8 3 06 0% i ) RE ST AR AR T PR EDT AL,
Bt 3070 0 IS 1) 52 PR AT SOIR A B i 1
Jn, SR BRAT B )t B SR AR 1 7 e ST A
w8 RO OCIRAS, T =i AE g 27 F
FEARAS . SCHR[614E X T = A = H P AR 8%,
FCS-MPC B L FATI ] R 52 ps; SCHR[ 710 5T
W], TR = AR SR 1Y FCS-MPC B A A
el K3k 93 ps, ULE AYITHE FUHBRE T
FCS-MPC 10 .

T FE5 R FCS-MPC S5, FR 2
XFZ P AR SR AR, A4 FCS-MPC B4R
frmfral, ENAMIFE A DR T2 E T
FCS-MPC MR SCER[8 K4 S e AR H
TR, BRI 5, Wb TH
Pt SCIRIOME N T 1 FhEfL AT, E ik
TH 1R R B AR R 0GR, Wi ek
M 8 MR 3 A4S, IR ERERED; X
BRI10]H Ay AR AR 85K FCS-MPC 758, Eifh)
11 AP R R DA TR ], HIZ R
T IO AR RS, BRI TN SR AW, b
IRBIFGE I X T 3 A B SR T, X T rh SR
NPC(neutral point clamped ) =H A8 gy, & E
PRSI W28, FRI3 I AT REAR A, ki
P 1 G T2 i P AR g i A R A .

S FCS-MPC 1Y 95— R R % s £ H
PR P pR A A R R I . 7R SUIIT
Wit , T EOR R P H bR . AS R FIZ0 0 4%
1o 25 FEEIRE 520 T R G0 SE bR g e BE AR
TR 8 B R G S BRI S, XA Z 24000
PRI PR AT e A Ak, B — T BBk
R ES N, BIHFT IR, FCS-MPC KA

K R RE M C A BEie e . X T2 HiR
FCS-MPC Bkit, A 38 i oK i Se e il
RIS, FERTEEAT, SCBRT 14 AR 8 5 L -
T P R A BRI 22 A T e 4 o v fef
T 1 FH RS R AR, THBR TACGERR -, SR, Xt
T2, WAIEER FCS-MPC Hr g AL ]
FA R — DR .

FXHESE MPCC Bk EERTHE R . AL
R F BRI FFOMURA T SR, A S
YT HEA, S5E P IIES, R T 1
T 3 T 2R et AR TR AR A — 5% 1 (361 A1 3R ABE AR ot )
AL, B, W T R R R OCR
I TC 240 ARG TE 3 AR AR 28 T H U ) 45 ) 2
A R AR R R R R RS F i
TER X PR R B4R, /o HIR, Aot
P S AR, MR NPC A= S A 2]
FEIO X P s A IS R AN D04 - ], &
PP B it o AR , A FHARED-P- 16 S 2 55
TR ARAE TR, Z 5 RPN R EGE B AT
KIPA; fJa, RS EXHMES MPCC Filft
PRAPAT TSI LUAIFSE .

1 NPC =HFEHTTEERI TR

HABRAER: RL M NPC K = A = HF
WSS 1 s, Bde v, M ER B

Civ G il ERM L FHRA; i i 2N
::C2
. A A FTTT{T
Vq g)O iy . h K : :: ni
zv@i 254@&254 e
=C,
@ @g 4@;

1 BEARL A NPC BI=HH=H FHITERFKEN
Fig. 1 Structure of NPC three-phasethree-level inverter
system with RL loads



555 3]

T, S JET NPC B = - 9028 G 9 o] S SR 3 st A T o4 ] SR s 81

ik Cp B i, MR . s i
SAHR LSRG R IR, R SR
s w o, A u, AR TR 0

uan :%(zsa _Sb _Sc)l/dc

ubn :é(2Sb _Sa _Sc)l/dc

ucn :%(ZSC_Sa_Sb)I/dc (1)

1 P>{ji‘;é‘—ﬁ(‘gxl"S'J(Z"S'x3"gx4)
Sx =40 Oqjﬁz&(s Sx2’Sx3’Sx4)

x1°

_1 N;{j{?{&(s‘ szny35Sx4)

A, SO ZABVE TR, x=a,b, c.
RYEE 1 h RS E I, WARGES: d. g

—-Ri,, 2)

A d, Ad. g u, N d. g MR,

MY ZR GE KA S UG = IS, AT [ Bk
POER Q)AL S B AL, Al A5 k1 I )
FL YL ) TR (BN

zghﬂ:%wmermwnwmm) (3)

S, T SRR,

AR LA P R R S L SC AR, ATARIE 1
ELUL R A R 22 1 S RN

du, 1

% C b (4)
AP u WERBERERIEZE, uo=u, —ug ;
Chy C, Fl C, HAIH; S, ), AT RICHAERE, S, =[S,
Sy S5 iy HEAHRGEHIE, i, i, i, i)

U ) RGO RAEATR SR i, T (8 i i B
ot (4) P AR B UL, AT k] B2
T BRER PR 2 H 22 (R T

T T,
uc(k+1)=-% e e () (%)

LT R AD e AR AT BR B ] R R
J,=[ =i, G+ i, D[ +
Ay Jtc (k +1)| (6)

ab,c

Sa,b

,C

Rt O DN d. g RSB 4, W
ARG A, B A oIS H bR
il

2X(6) A VT4 B8 K LA 5 08 0 o 7 B S
ELEIER A6 PRI, 00U 4 Y i o
ST 5 T (R DR A I T A K B

2 Mik=%= FCS-MPC Fi%x

FEXHESE FCS-MPC ik AR AE A R R 71k
TRERIXE . TR TR AN S ), A
ST B AE AL A0 Fh S P R L A A0 b 2 HL R ) £
AR K, R B AR . PP AETT
R KA AR A, SCBRkE = % B FCS-MPC,
2.1 5 Birkik

HRAE (3 )~ (6) AT A, A2 GRS AU Fouim] v Jai 42 )
BT 7 3 A B A A T 0T PR R 58 i 27 TR
WSS R BRI B R
B 22 (TR BTN RO TR, TR R,
B, ATRICR 3T i R AR AR IO vk, B
HEAT 1 RSO FEFO 5, P TR OGOk
HEATVPAN BRBOTAS , 7E—E R B DAL
ito TEPAEFIE o, BAFRRT, FTLCRAETH
R s 20 SR A RO Y EAS B k1 2 R R A T
{EHH

%ﬁ&+D:L%ﬁ+(R—§J@ﬁ%) (7

S S

Are u,, N o BEIHLES iy, h oy BT i,
Koo, BHIRIESHEHE,
LT R AR A R PN R ECT 2R Ky
T, =l k4D =, |y G+ 1) =, [+
Ao [ (ke +1)| (8)

st A, WAL T, T R B A
LT 5 TR R

BRI SR R RCR D T, (R R
L, AERT R (8) M BT AL, B IX
TR 2 R, R, v NS EHER R




82 i, b

E 4 $23 %

ASCHE Y MPC REAETIF L, B IXtsad
RERT A9 2 2, RIVERE Kb ISR E /N X

v,(POO,ONN)  PNN

B2 RREAMTE
Fig. 2 Sector positioning process
FHT B X R B PEAN R T LASE Sy
J, =, D) =, [+ e+ 1) = || 9)

81, BAKE X EERER | AF w2
AFASRA I = 2 G AR, H 6 A K X rh R
AP ARAZN(9), PP R B /N, R0 Y
R AL E e U R P81 5 2 20, ey
KEXH 4 AN e ERA9), 4T
YRR/ N, X /N XL B B L R 1 P91
2.2 BEFPmBEENFXFETIZT

s L ST NPC R = H S AR 28T
FEPIRZ —, Ho i AS g RGN AT SEPE A
Pl AnlEl 2 B, AE = i s AR R L R R R
A 27 MHEARER G, A 3 ANFKEPPP,
000. NNN), 12 MR (PPO. ONN. POO.
OON, OPO. NON, OPP, NOO, OOP, NNO,POP,
ONO), 6 MK H(PON, OPN, NPO, NOP, ONP,
PNO)#l 6 K% &:(PNN, PPN, NPN, NPP, NNP,
PNP),

IS IR S UL IRV R ZEs A =l
SN PPN o LN SR WA ZH B RS- A i
R XS o s B 7 AN RIS , O it m] i — 200
NRTEN S oY THEN =

FFIRA(ONN, POO)XT i AR g8 ELF M i
AR aniE 3 fos, B, U=V, /2. W 3(a)
i, P 07U T 2 F (ONIND )Xo 336 A8 25 14 B i) ] 75
Pk £, =10 FERER SR POO fEHII, =i

FEARAS P 3(0) B . AR L, =i+

lc:_lao

O
O r . O r .
_Udc _Udc

(a) ONN

B3 @%E ONN 5 POO #itEE=E
Fig. 3 Schematic of connectionswith short vectors
ONN and POO

USSP PN I DU E R TR S 22 WS ER VAL N -l
DI/ X R OF S50 PRAT N 2 SRS,
P RUTFSCFF AN B S F5 51 %) v i e (67 HA A
SN o A T R BRE IR i R EE
TE 1 AFFRFHI T NPC R = H P30 A48 3 A el s
TFRREH 1 DIFRE BTSRRI AT 58 BT
RAEDI ., WA BRI, AT RIHERPEOY
PRESCR LN L A L R TR A R [ 1, 2 =
AR HL R TN T4 1R X, 2 T
RYHRESR TR FF I 1,

F1 FxRFEHNiEIT
Tab. 1 Design of switching sequence

SENT!

(b)POO

N X eS| FFRIF
I P 000-POO-PPO
N 000-OON-ONN
I P PPO-POO-PON
N PON-OON-ONN
P POO-PON-PNN
. N PON-PNN-ONN
P PPO-PPN-PON
N N PPN-PON-OON
T U TSP R ECH
1 T,
J. = ‘(E;Q Sa,b,c Ia,b,cJ+”C(k)‘ (10)

Lo, 1o 3AREVERIITE, i=1,2,3,
2.3 REERREXKHE
TER 4 19 pAFRZR T, HURRE R



555 3]

T, S JET NPC B = - 9028 G 9 o] S SR 3 st A T o4 ] SR s 83

bR, 1E o h AR F ALY,
V). B d dy. d S EEBIERRE Vg, | Vi,
RV, B9 25 s Vg, WS Vi, Vg /N
ViV, WSV, Ot BRIE A
BURERERSFRE, P AhR B EURI X 1 )y 20T
KRN

AR AR

Kb, NS,
B

VSO VSl VLI
4 BRIMZEXRE
Fig. 4 Space vector in sector I

v, AL v, AT Lk s il b DR

V.=Xd +Yd,+Zd,
4 8 4 g (12)
V= thl + Yhdz +Zhd3
K, (X, X)) (Y, Y). (Z, Z)5r it
G 3 N HL R AR
A1) (12) AT LIS R BRSO
], /N X FFOCF A 25 L LR 2.
Fx2 MERFXFI =L
Tab. 2 Duty cycles of switching sequence in small sector

N X d, d, d,
I 1-2(g+h) 2¢ 2h
I Ag+h)-1 1-2h 1-2¢
] 2h 2-2(g+h) 2¢-1
\Y 2¢ 2h-1 2-2(g+h)

2.4 Hixxm

AT MPC SEHEE W S s (B nt+
FRRAL), FEASELIT PR,

SWL REFE] kB2 AR S B
RS, TR R IR R o, pRIARERR T ;

|
I ,L
|

mﬁzMﬁ$kﬁzN|

TFRIPFH (LT

|
u{l[i,;\"’ ‘fw (k+|) it(7)

KNI/ XN
T
v

¥ 5 S B AT i
HHERAD~(12)

E 5 AR MPCEETRE
Fig. 5 Schematic of proposed MPC algorithm

S 2 KENSHME, , SHICRHEERA
R(7), HEARE] k+1 B 200 H A 5
B3 CHAEETIERAK©), B2 55

DTSRI B R B DX N X5
TE|A MRS E N L A e 22 (E R R R T
(B F X B R e LR35 5



84 i, T

I 5523 %

FB|S MR~ (2 IR EEH
A 1] 5

HIR6 LA RN I OCT I S EA K A I
], Ak E SR T AR 2

3 KRN

ARSCHEH T 3T TI 37 A PR TMS320F28
377D W =HPAR SRS, WE 6 Fs, 58
B RGESHLER 3 5HES MPCC 5534 K 4 MPC
LT T X SEERIE, 2 PR RA TS IR R
10 kHz, it EAHURERERGEEE, HHTA
D5 BRI T FRT 2007 IF B2 il .

sl

6 ZHIE-MHEFTHRIRTES
Fig. 6 Three-level three-phaseinverter
experimental platform
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