EORVECE RR
202545 A 10 H

HLAIL-S5 4 O

Electric Machines & Control Application

Vol.52 No.5, May, 10, 2025
CCBY-NC-ND 4.0 License

DOI: 10. 12177/ emca. 2025. 025

X EHS1673-6540(2025) 05-0540-12

FE 5 ES . TM 351 XHERARERD - A

ok 4 [5] 45 FE AL 7 25 A< B Tl R i 4
15 T 42 H EE T 3R

g, HEE,

MM, hEA EEE mOE, IR,

KER, Efmit, Buk, 21

(KEZKF AEFR, BREG BL 710064)

Research on Streamlined Control Sets for Two-Step Model Predictive

Current Control in Permanent Magnet Synchronous Motors

LI Yaohua ",

WANG Qinzheng, ZHANG Xinquan, TONG Ruiqi,

CHONG Guochen, GUO Weichao, XU Zhixiong, WANG Zichen, GAO Sai,

DENG Yizhi, DING Hong

(School of Automobile, Chang’ an University, Xi’ an 710064, China)

Abstract: [Objective] To address the heavy computational
burden of traversing all voltage vectors in two-step model
predictive current control ( MPCC) for permanent magnet
synchronous motor ( PMSM ), this study proposes three
streamlined control sets. These sets reduce the number of
vector traversal by additional

voltage incorporating

constraints, thereby improving real-time performance.
[Methods ] Firstly, the voltage vectors were classified into
five categories based on the positive and negative signs of
their projections on the dg-axis. Subsequently, the error
between the reference and actual values of the motor stator dg-
axis current was used as constraints. The selection patterns of
these five voltage categories were analyzed for both the first
and second steps of model prediction under the imposed
constraints. By eliminating underutilized voltage vectors,
streamlined control set 1 and streamlined control set 2 were
proposed. Based on this, an additional constraint on the
square root of the dg-axis current error was introduced to
analyze the distribution of zero voltage vectors under different
error bands, further simplifying the control set and leading to
the proposal of streamlined control set 3. [Results] The
simulation and real-time experimental results showed that
streamlined control set 1 achieved identical performance to the
traditional control set, reducing the voltage vector sequence to

36 and decreasing the runtime to 53.31% of the traditional
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control set. Streamlined control set 2 and streamlined control
set 3 showed performance comparable to traditional control set
with their voltage vector sequences reduced to 9 and 4,
respectively, and runtime reduced to 19.98% and 12.57% of
the traditional control set’ s runtime. [Conclusion] The three
proposed streamlined control sets based on error constraints
and voltage distribution patterns can significantly reduce
traversal times while maintaining comparable control
performance. This approach effectively optimizes real-time
performance and provides a new solution for reducing the
computational burden in two-step MPCC.

Key words: permanent magnet synchronous motor; model
streamlined

predictive current control; two-step control;

control set; real-time performance

B = [ BN R 2 AL (PMSM) 9 25 45 i
IR AP (MPCC ) s B2 17 47 1 4 vb B A7 v e 2R 4
FEOTA GBI, 3 T = MORS fig 25 4
Uk ) ESL S LR RN S TR/ & 5 G T RN N
(&) &5, R R B AE dg i EBCZ A IE RSO,
B R TR R R LE T dg B S 5 (H 45 52
PRAELA R 2EAF R R A, 23 BT I Tin 249 SR A58 28 500 25
— 2 REE TP TR L TR Y e R R, O R R
BARA L T R i, 4 10K BT 4% 1l 4R — RO fi] 4 ] 4R
TS AEICERRS B XGIAT dg MR 22T T IR AR, o)
B AN Rl R 22 T 2 HL T O Bk A 20 A1 ML, DA T 32— 20 i
fipE e S mRE el 4 = [ £ R ]y B S
W e R AR RS T P B — 5 AR G P SR I TR RE S 22—
B, KRR P I/ 2 36 A, i AT PR IR 2 AL 5

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 4, 4% 5

Electric Machines & Control Application, Vol. 52, No.5, 2025

541

AN BT B 53.31% 5 G (a7 48 il 45 — A T 425 il 45
=5 g R P REEE AR XY H R K i 8 43
WNE 9 A 4 A BT BT AT BRI B AL G b a8 1T
G 19.98% (12.57% . [ S8 ) 3L TR 22 4 R f e R
Ay AR LA BT HE 0 = RhORG 4 AR VT AR R R S AL S
i A B A R 204 0 ) s S 0 3l D R B, A R
L SEIFEEBE , U W A5 MPCC 14 4H 4R 4L T — il
BRI %

SRAER] ;AR R A LML A 0NN R S s o A R 5
feT 4l B2 5 S

0 3|8

A IR 2 ) A2 A A 150 4% 1 ( Finite Control
Set-Model Predictive Control, FCS-MPC ) [ H:
REAIC B 2548 ] B LA e R 1 4, e K J ) 25 v
#Hl ( Permanent Magnet Synchronous Motor,
PMSM ) #4 i 4038 %2 2 |12 S 1k, PMSM 4
BT B 3 4% il ( Model Predictive Current
Control, MPCC) LL5E F dq Bl 5 I Sk 12 ) X 4,
Tl A R B T S, B wF 5T A
RO STAESR, 56T PMSM MPCC Y BT 58 4
T2 K& MPCC, Jo A B 100w 3 42 461 | 5 B
MPCC Je 2245 Wi s il 45 s >

5 FCS-MPC # Al , FCS-MPCC 7 % 3 JJj #%
TP A T A R R B A R, S M 22
Rl T 2248 MPCC, i [y UCR0RE B 242 1K 2 95
B AR Ak, ST M ) R Jn e U SRR
[16-18 ] R Z AL AR 37 vl 4 72 12 B ) 14
SR TSR D s SR AR I (B 1 A
PERUAS o SCHR[ 19 ] B H R B R0 G R a7 A T 00 A5
Yol /SR TN B A R SR [ 20 ] AAIR
DT ST e U B kG 1 4 o AR (E 0 4
REMIHER &1 X 22 25 T, SCHR[ 21 ] 2R Bk
TE G i SR AR BRI Ak D I O e 51 % I
TP GBI R A 35 SOk [ 22 ] R A
A fioh 2 AL A G A A 2R 4 i TR B R A
i, b 222 BT, SCiR [ 23-24 ] 1 B
DA 72 o A /) 3t g B, SR [ 25-27 ]
3 ok I G S e DX A A B AR A X A A
FEFR T ARG A . SR 28 ] 2R FH A 22 1 2%
SECAC TR0 42 ) B k| A 22 20 T 4 ) b nT AR Ak
S PERE

ASCHET PMSM #i A MPCC, %t A [A] T 56
WR TR BOE AT A MPCC fMERE , 388 32 184 i e 3
RIS MPCC 55— s — 2B i
FEOR m e PR, AT 2 1 = FioRg i il 4 .
LRSI P R 45 SR e I O 45 1) 4 T A DR R
S LG5 s i B 1k AR FE AR AR 24 A4 [ st D823 7 Uk
B, AR seaPERE

1 PMSM E4$ MPCC

d-q AR ZR T PMSM & FHE T FEI (1)
FR ;
Ly
w,=Ri, +L,— -wlLi
‘ dt v
(1)

di
uq = Rsiq + Lq diz + we<Ldi(l + l?[/f)

A cwy ou, Wi, i, 39 E T d.g F AR
TR, HEFHBL L, L, 430 EF d. g i
o, NET A g, K RERTERE

K (1) S RS R, =k (2)
P

di, 1
b= (u, - R, o)
dt L, (2)
di 1 ) )
diz = f( uq - Rqu - weL(lld - wed’f)

AT — B il 1] Bz 5 HORs =X (2) B, ml
FHE T d g FER TIN5, =X (3) Fis .

'k+1—( RSTS'k+
£y )={l-~ )ld()

d

T{L" k)i, (k ! k }
. fdw“( )i (k) + u,(h)

d

'k+1—( RSTS)‘k—
Z,( )—I—L i,(k)

q

T{de (k)i (k) +ﬂw (k) L (k)J
L, L, " L
(3)

AP, (h+1) 0, (k+ 1) 23508 k+1 I Z15E T d g
Sl F RSO 5 T, S RAE SR

PR FEL S LR P390 A 88 1T AR A 7 A AR L R R
i, A (4) s, HbhFd kKR VvV, iTH
V,(000) 5% V,(111) A= 5, AT #4 i MPCC 1 4%
iR

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



MR A5 IR TR A r AL A AR TN r 345 S T 4% T S S

LI Yaohua, et al: Research on Streamlined Control Sets for Two-Step Model Predictive Current Control in Permanent

542

Magnet Synchronous Motors

V. e {V,,V,,V,,V,,V, .V, V.| (4)
S SUBA BN (5) s -
g=g& *A-g (5)
A A ARCE REG g, BRI g, AIFG
Y HIT0; g, Fl g RN
g =Li(k+1) —ij(k)]" +
[i,(k+ 1) =i (k)] (6)
g.=2x[|S(k) -S,(k-1)|+
1Sy (k) = S,(k = 1) [+ [S.(k) = S.(k-1)]]
(7)
Kreiy (k)R (k) 53500 k B2 d g B 2
FAH;S, (k) (S, (k) (S, (k) S, (k=1) .S, (k=1) .
S, (k=1) 4331k 17 B 2R - — i 220 45 36 Fl R %
T ) AR B IR OCIRAS
H T SRAE S (] 5, TRy & e 220 ) P
MSEEE k+1 0 2009 R 2 % 5 A7 [\, B
iy (k) =i, (k+1), PP SR IF SCREA IR,
g, VIHRYE b —m 2 R A R AR, EH
T SRR 1 IR,V RTS8
e/ NENERE v, 8V,
F1 BARKIF LRI g,

Tab.1 Switching frequency term g, in cost function

V.(k)
V.(k-1)

Ve ViV, V,  V, Vs V,
0 0 2 4 2 4 2 4
v, 2 0 2 4 6 4 2
v, 2 2 0 2 4 6 4
v, 2 4 2 0 2 4 6
v, 2 6 4 2 0 2 4
Vs 2 4 6 4 2 0 2
Vi 2 2 4 6 4 2 0
v, 0 4 2 4 2 4 2

MPCC 3 JJ7 45 il 5 v 59 Br A | S 25 3, Rl 45
F 7 A A pRE, I H A AR pR R /N Y L
et AT SZ I PMSM 9454l

2 PMSM ®# MPCC

T A A ARG H R 0 R R PMSM P AP
MPCC 7E 55— F e, it () LAl 75000 2 — 25
Wi, 5 AL R B R = (8) TR .

RT
id(k+2)=(1 - L “)id(k+ 1) +

d

L 1
TS[L’wE(k +1)i,(k+1) +L—ud(k + 1)}

d d

RT)
iq(k+2)=(1— B ')Lq(k+1) -

q

Ld
Tl ok + ik + 1) +

q

irwe(k +1) —Llluq(k + 1)}

q q

(8)

T RAE B )4 i, PO R A i H 1 R
JERFEAZE ) 0, (k+1) =0 (k) .

W T B A 208 o R A AR, W
ST LA X (9) R .

0.(k+1) =0(k) +w.T, (9)
BT MR RTS8 D
FERER d g o, 40X (10) Brs
u,(k+1) ~
Lquc + 1>}
cos[0.(k+1)] sin[0.(k+1)]][u,
{— sin[0 (k+1)] cos[6,(k+ 1)]} L‘B}
(10)

WAL S A A ek R an =X (1) B [RIAE
FL VR A T IO S OB Rl A B, Ho, R R
1S TR 2 e,

g=g t&=(g tAgy) +

(g2 + A= go)=Li(k+1) =i (k)] +
Li(k+ 1) =i (k) )? + [i,(k+2) =i (k)]* +

Li(k+2) =i (k)]* + A« (g, +8,)

(11)

[, H T RAE I TR A, LA 3 — 20 1Y
HLL S % (05 Y T BT 2 09 3 S 25 (E A [R], B
ig (k) =i, (k+2) ., JFRUCEIERI I IrES
SR, T T A — At R R A R
HAGH|,

XFF W MPCC, #5140 7x7 =49 LK
REJFH), Wi MPCC i i 2 i 42 v 0 T A FL s
AR 49 S A eR S, I 1 AR eR AL
e/ N R O B 400 1 5 — > HL R Ok, DT 52

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HIPL SR, 545 52 %, %551
Electric Machines & Control Application, Vol. 52, No.5, 2025

543

PRXT PMSM (1
JEF Matlab/Simulink 37 U5 5 PMSM #.
AR AP MPCC i BB RS, SRR A ) R
5x107 s, BB HL RN 312 V, 553 B8 P1 RS
RES k= 5.k =100, fi i BRWE 9 [ -30 A,
30 A, WU 55N 400 pm, 2 s BBk 2
-400 rpm, WIRTEFEH N 10 Nem, 1 s B FrER
%-10 N-m,3 s BT BRZE 10 Nom, Jf E AR KA
4 s, P5E PMSM S50N% 2 i,
*x2 {AEH PMSM 2%
Tab.2 PMSM parameters for simulation

SHAFR S
TEFHLBHL/ Q 0.2

d &/ H 0.008 5

q HLE/H 0.008 5

5 F ik e/ Wh 0.175
Mot Ex 4

R AL/ (kg - m) 0.089

Rt BLE 2%/ (N-m-s) 0.005

TEARTF AT A B B3 PRk AR SO -
PJFF SN 3 kHz NPT MPCC #4743 4T,
B A=0.35,
®3 BLSEWYP MPCC HEEXTLE
Tab.3 Comparison of performance between

one-step and two-step MPCC

Suve/kHz A K Lipwse/A L puse/A THD/%

0.009 X 0.808 1 0.9523 12.025 7
0.009 W 0.808 5 0.9555 11.7527
0.17  #H  0.8234 09771  12.502 5

0.1515 Wz 0.7819 0.9356  11.747 4

. 0.408  Hi2 0.8589 0.980 1  12.490 2
0.26 W 0.7427 0.864 1 10.720

3 0.843 b 1.057 1.181 15.849 6

035 W 0.6923 0.8043  10.276 6

) 1.821  #p 1.523 1.676  22.178 4

0.685 T2 0.688 5 0.827 9 10.565 8
5.385 i 3.269 3.741 49.240 7
2 W% 0.8253 0.998 9 12.337 5

R T A R U DK I I A 5 AP A S 4 il
ﬁE ,%S&E?‘ d\q %Eﬁ.bﬁﬂﬂ(iﬂﬁjﬁ*ﬁﬁ'&% ][LRMSE N
I, e AR B0 £, il in s (12) ~ X
(14) Fr7s .

Iy quse = (12)
2 (i, =i’
i=1
I ¢_RMSE — n (13)
N:wit('hing
=—— 14
fa\'e 6 X t ( )

o FERAEDNEG e WOTEI G N, I
AR R B A, v AR OR [E] T SR
AFITF BT, PMSM 55 5#4 MPCC 1 fig
DI K = M B I B % H ((Total Harmonic
Distortion, THD ) Xf Fb U % 3 FE 1 s,

H 05 ELE5 ST A Bl A A R A R,
MPCC A AR, 22 Tl 1 e b =2 ™ A PR
2 MPCC T FF R B AR )[R BRSO PR A G 1Y
IR, AT, AT 20 MPCC, 25 MPCC

B 1 #HFELH MPCC = HEif THD
Fig.1 THD of three-phase current of
one-step and two-step MPCC

3 HEXREXRFENRE

H 25 MPCC AT, B R K 12 7 4 e B4
P MPCC Y 3 P R &5, [ IF 52 o 42 41 1 i
MPCC X Hi F 2% Y BERE T AN, 38 1ok it o —
SEPYZIIR, AT AR EI R S e e R

P FE AR R AT it N R A e S 7 4
RSN dg BHLT T (u,~R i, 4o Li,) Fl(u, -
Ri,~o.Lji,~o) WIERRE, 2531, A% &
THLERAR 25 A =0.35, i MPCC 45— sk $%
T R R I 33 591 K, HA w, 5 (u,~Ri,+

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



MR A5 IR TR A r AL A AR TN r 34 A T 4% T S S

LI Yaohua, et al: Research on Streamlined Control Sets for Two-Step Model Predictive Current Control in Permanent

544

Magnet Synchronous Motors

,L,i,) ERES T 32 818 ¥, i kL 97.70% , u,
5 (u,~R,i,~o,Li,~op,) E 7S 32 024
Y, 5 L 95, 34% ; 45 b e 6 Al T o I 6 I 46
12 353 W, Hod u, 5 (w,~Ri,+o, L i) IETUES

gt 12 052 &, Ak 97.56% ,u, 5 (u, -R.i, -
w. L, — o) IE 7 E ST 11 755 %, 5
95.16% ., GLit&i R, R ZHAFOT, ik
KA IR BN d g AT u, w0, BYIE
TORHE .

HE T d g A S5 (H S PR ER 22 1) IE
T, AR LLT ARG AL . d g Tl IR 22 1 O I,
] d g BRI R iy, s d BHHL
WRZENIE, ¢ AL TRZE N B, R W] d Bl v i 5 4
K, q BRI, E LN 1, o5 d B IRIRZE N
T, q BREIRIR2E N IE 3R] d B 8N, g il
FLUI e 18 K, 8 SOH 0y, 005 d g BRI IR 25 3 K
T, KW d g BRI TN, E LR iy, 000

MR 7 DA B R i dg By SR IE 7, m]
LU 2RO 1, >0 u, >0, 58 LV 5u,>0,
uq<0,ﬁ§)\(ﬁ~7 Vsilo;ud<0\uq>0,/t'_‘l§>\(ﬁ‘7 V, o5, <
O\uq<0,%)\(jﬁl Vowiu,=0.u, =0, EXH Vol s
BIFEHRIERE Y,

A=0.35 I 0 TSR B9 dg i R 22 1E
THOL, P22 MPCC 2R — 20 AR — 20 LU R A
FHERGETHE Do BN 4 R S PR, Hrd R
G R FH A AR AN [A] L R G Wl 2 R A5 1, B3
5 KRR ES ARSI,

*k4 E—JHERSMAR
Tab.4 Voltage vector utilization rate of the 1st step

. HII/%
o Vi Voo Veon Vew Vo
i,/,,711 35.00 3.93 3.95 0 57.12
i,[,L]() 4.02 33.46 0 3.42 59.10
idq_Ol 37.50 0 3.52 4.26 56.82
idq_OO 0 3.30 4.65 33.08 58.97

x5 FEHHEEXEFAER
Tab.5 Voltage vector utilization rate of the 2nd step

. FIFHR/%

o Vi Vew  Veo Vew Ve
bgg 11 1220 2.42 1.99 0 83.39
igq 10 216  10.73 0 207  85.04
Lag 01 1.44 0 1248  2.04  84.04
Lig_00 0 1.41 2.14  10.68  85.77

13 4 WA, P25 MPCC IS — D R $E o,
IEG5 dg il L 3 R 22 1F G 38 A s 0 H R R i
PR 57— 20 ¥ i 4 7T 58 4 4 7P IR S L R R o
M T TR 2 o, AT JS i R 2R e B H R [
FE LR ANEC2 A NS A A W R R i
i 5 a6 4>, B S WAL WA MPCC 1)
5 WA u,, BT dg B R 2 I
PR 5, UL, 58 — A4 il 42 ] & 77 1%
KRR, RS TR R R ® N
5 A4E 6,

2 4 B8 AT, B MPCC (55— T 2 4%
w,, \EGU dg Bl 158 22 1F G AR TR] 14 F e 2K
MEBERE, N dg S miRZEERFLT,
W 510 92.12% 92.56% ,94.32% Fil
92.05% . DRIk, 24 A AT R X 2 i s
ot f AR P BRI ) A 18 FL R % £, DT
A i R S B H /N A 2 ANE 3 S, A3 X
TWI MPCC 1955 =20 A IA] dg Bl iR 22 1E 17
MO u,, B SEF dg BTG 2E E G AR
1) L O RN R 2 i R R FH S5 2 R 43 3R 95.
59% .95.77% .96.52% Fil 96.45% . Ak, 55 — 45
TGt AT S s IS L e Ok B, DA T 356 L
R H/NE 2 N8 3 4,

ZE Ak, T 2 WA MPCC A9 5 il 42 1) P
Tl 15 7748 A A7 42 ol 45— FDRG fai s il 4 0O
FEE Sy BN 2 FE 3 i, Bl o &R
KEFS,j=1,2,-,7,

2 RBEEHE—RER
Fig.2 Flowchart of streamlined control set 1
FH T 2 AT A 1 45 i A — A B — 2D R o —
AR & 5w, BT dg BhARIRZIE Y

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 %, %55

Electric Machines & Control Application, Vol. 52, No.5, 2025

545

B3 BEEtERER
Fig.3 Flowchart of streamlined control set 2
MR BB ERE, FEBIEREFIRE N
6x6=36 A~ &l 3 AT AL, ] 45 i A A S —
RS ARSI DR A u, RS RE T dg B
FL L DR 22 TE B X R ] A9 Fig T O i LA K %5 /g T K
LRI R RS R Z N 3x3=9 .

4 rEEEHSE

4.1 fEgiEhsE

BT S RO BRI B A =0.35, 2%
FHAEGe IR T A5 MPCC 15 BEL 3R an 18] 4 ~ [
6 N,

E4 RAGGEHSERBIEE

Fig.4 Motor speed with traditional control set
42 TBEEHE—

LS SR 204 PE R 28, HR A = 0.35, R
K il g — R Wi MPCC (5 B FE N 7~
10 fi7s

D7 A5 R, SR FRS fi] 42 1 4 — B Wi 20
MPCC i217 R 4f, H MPCC A& k#5405 1F
SEAAMH S R

B5 RAEREHENET dHRR

Fig.5 d-axis stator current with traditional control set
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Fig. 6 g-axis stator current with traditional control set
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Fig. 10 dg-axis components of optimal voltage

vector with streamlined control set 1
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Fig. 11 Motor speed with streamlined control set 2

E12 XABERHNEZHNETF dHER
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Fig. 14 dg-axis components of optimal voltage

vector with streamlined control set 2
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Fig. 15 Flowchart of streamlined control set 3
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Fig. 16 Motor speed with streamlined control set 3
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Fig. 17 d-axis stator current with streamlined

control set 3

E18 XABHEHE=ZRET ¢ HER
Fig. 18 g-axis stator current with streamlined

control set 3

F6 RAREZEHENTE MPCC Ry 1EsE
Tab.6 Control performance of two-step MPCC under

different control sets

EAtiES Soe/kHz 1 4 RMsE” A ,,,RMSR/ A N nax
fLge sk 3.003 0.6923  0.8043 49
ffiERI%E—  3.003 0.6923  0.8043 36
mfiEfE"  3.831 0.7547  0.849 0 9
L= 2812 0.6435  0.7829 4

E19 XAKETRHNEZNRABEEXRE dg HHE
Fig. 19 dg-axis components of optimal voltage vector

with streamlined control set 3

5 SERMEIEIE

LB EORAE | K STM32H74311T6 B HL
X R A% G 48 il 45 KRS T 4 4R — L = =W
PMSM 2 MPCC 83k 3E7 7 SE PR RHIE

HY 03035 S B H o 3 e e 4 I T ke
SE , FLRAILSE I 50 i A BB 35 4 R i HL R R
WP L, B HLZEH 58 A A S an
FTPOR, WABIET A EEE -
R PRI RI NV, Vi, V,, Vi, V., Vi,
I3t 36 SRR R RITA  AEFERE
M B EHEY NV, V., Vi, 319 i
FEOR AR T3 9] 5 K 17 4 ) 4 = 0958 — 2B FE il 46
[V, Vel BB v, Vs, 24 A4
R ITS

AT BB TEER 10 000 Y, S AN )42 ) 42
1) PMSM P25 MPCC 5832 9 i JJ7 U B0URN 32 47 B
Kanz 8 frs,

i3 8 RIHI, = Mot fap 42 il 48 vl e R BE 5 1%
G s £ M BB JE AR A 2 B[R] B U2 38 7 U B
R hl e — | M = B 1T 2 BRI A%
iR is AT Y 53.31% ,19.98% F1 12.57% .,

6 iR

(1) P25 MPCC 55— 0 FSE D AN %
w,, 1ET5 dg Bl F U 158 22 1E T2 A0 Sy H R K
W, L, E A T s R R i, TR A%
BE L R B H N BSAN s 64 R R B —
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F7 ZRHERIERNEE
Tab.7 Input data for real-time verification
P iy /A iy /A i/A i,/A 0./rad  w/(rad-s) S, (k=1) S,(k=1)  S.(k-1)
fegi s il 4 0 9.7927  -0.5072  9.0787  69.070 3 167.550 1 0 0 0
T T ] S — 0 9.787 1.150 7 8.5065  86.5879 167.548 5 1 0 0
T i 22— 0 9.797 -1.3322 85785  66.7123 167.557 9 0 0 1
T4 i 42 = 0 =30 24945  -29.6752 322.0196  -155.681 6 1 0 1
*8 XASEIZHEMNEL MPCC iE1THHC FE B T AR AT
Tab.8 Runtime of two-step MPCC under The scheme design, content summary, and
different control sets paper writing were carried out by Li Yaohua. The
Feil i Ty AT/ ms simulation programming was performed by Chong
fedpiil e 49 669.696 Guochen, Guo Weichao, Xu Zhixiong, and Wang
R i e 36 357.023 Zichen. The real-time experiment was conducted by
R i g — 0 133.794 Gao Sai and Wang Zhengqin. The manuscript was
M 4 = 4 84.174

AN AP L u, LS dg Bl iR 22
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T I/INE TR, 58— N "2 dg Tl TR
2V ITAREUINGE S — 2 M B 2 e
R ez B2 AR T R R

(2) FET AR LR AT T 9 H R R R e
AR = PIORG fey 422 ) 48 F5 AL e i 4R 19 49 A4
R R PR A 20 i/ 22 36 1S9 AN FT 4 A, s
LIS PR 36 4 SR 2 PO 0 17 42 ) 82wl £ DR
5 AR T B 1 B AR AT 24 1 ] I k23 g ¢
BRI 73 3 AR A% G il SR 1B AT
1 53.31% ,19.98% F1 12.57% .,
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