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Multi-step model predictive current control of
permanent magnet synchronous motor based on sphere decoding

LI Yao-hua!, WANG Xiao-yu, CHEN Gui-xin, LIU Zi-kun, LIU Dong-mei, REN Chao
(School of Automobile, Chang’an University, Xi’an Shaanxi 710064, China)

Abstract: Traditional multi-step model predictive current control (MPCC) of permanent magnet synchronous motor
(PMSM) traverses all switch sequences and seeks the minimum cost function, resulting in large calculation. The sphere
decoding algorithm transforms cost function to the square of the matrix two norm corresponding to the switch sequence
and uses the event triggering mechanism to simplify calculation. Simulation results show that under the control of MPCC
based on sphere decoding, the PMSM works properly. The sphere decoding is equivalent to the traditional MPCC. The
single control cycle execution time experiment of sphere decoding and traditional MPCC is verified by the STM32H743
micro control unit platform. And real-time experimental results show that for multi-step prediction, the sphere decoding
algorithm can reduce the execution time of single control cycle. For two-step, it is reduced to 96.78%, for three-step to
87.99%, for four-step to 73.41% and for five-step to 63.63%. Therefore, the sphere decoding can improve the real-time
performance of the system with almost the same control performance as the traditional method.
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L 1 -
0.8470. (32)
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BERS, 23412 D KT WG 4%, M M
W7, 5 I #0011 FF L7 71 % 5348 e R M,
BEES 4101 58 32E 12000 (35) .

d(3) = (H (4,:) x U — Uppe(4))* + d(2)

= o = 3k I3k I |

(000 1.4736 —0.5672 — 0.5672] x

0.0728)* + d(2) = 1.8013. (35)
BER 283442 D KT HIIRAE, WA il
I, 5 #1017 5.
N2 TR L, A H-H 115248 42 17 (36)
Fis.
d(2) = (H (5,:) x U — Upno(5))* =

(0000 1.3601 —0.8510] x

== 3R R AR R

0.3417)% 4+ d(1) = 1.5709. (36)
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Fig. 2 Sphere decoding traversal calculation process
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Table 3 Simulation results of predictive current control based on spherical coding and traditional multi-

step model
. i JA 1A .
K S Zia i afHETHD  fave/kHz
O~4ds  02~0.8s 12~18s 22~28s 3.2~38s
b 1E4; 0.9009 0.8546 0.8661 0.8603 0.8820 8.55% 3.16
& IS 0.9009 0.8546 0.8661 0.8603 0.8820 8.55% 3.16
o fE4; 0.7201 0.7209 0.7127 0.6810 0.7263 6.85% 2.58
~ b 0.7201 0.7209 0.7127 0.6810 0.7263 6.85% 2.58
i 1£4; 0.7374 0.7251 0.7215 0.7393 0.7403 7.12% 3.40
~ BIEGRIS  0.7374 0.7251 0.7215 0.7393 0.7403 7.12% 3.40
A %45 0.7802 0.7604 0.7647 0.7819 0.7512 6.97% 3.65
. FRIEgmAYS  0.7778 0.7679 0.7576 0.7636 0.7664 6.88% 3.63
S 1E4; 0.7934 0.8173 0.7980 0.8136 0.8153 7.70% 3.53
& FRIEmAS  0.7944 0.8070 0.8019 0.8077 0.8317 7.41% 3.50
% 4 MR E5FHMPCCHE 2 E &= BFINWT IR BUIE BA%L G R Tl B s 478 1) ) A bR 4

Table 4 Simulation results of predictive current control THERBOR BB R BN 2 S P s, Hed Py Sk B
based on sphere decoding and traditional multi- N R DASERE R

step model 52  SERHHEISIE
T HUR SR BEAH RIS ARSI T STM32HT43 5 HUBEA: T £ %) BRI 45
1 80001 T 42 1) SR W% 5 4% 4 22 S0 A TR TN 42 o) SR M b 47 g%
2 80001 1) ST B[R] 6 L B6AE . STM32H743MCU & 3T
3 80001 Arm Cortex-M7HJ32/ZRISCN#%, TAESi#%400 MHz,
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Table 5 Sphere decoding and traditional model predictive current control calculation times

Pl e me EHE 155 25 35 455 535
i PRI 6 12 18 24 30
1 FLE I T BV 6 12 18 24 30
. . PR EIREL 14 126 1022 8190 65534
SR T4 20 AL A FE S = N . Lk
OB BT o LI 14 126 1022 8190 65534
1y PRSI 9.3417 33.7462 82.5627 187.4064 452.3166
- LA b SR B 9.3417 33.7462 82.5627 187.4064 452.3166
. _ A R IR 8 64 512 4096 32768
LR R T EE \ e
feB BT I A PR LR 7 63 511 4095 32767

AP P SAAT I TR S A A BRI BRI G A% 48 2 2D 58 2R 00000 HL e 4 1 11 7 A e B0 n 3X(13)
TS A doe s 2 20K 0 OB, SRR T SRREON o, BEE RN, SERTEARIS— B B i o s
B E, AMEERFAMAE FBETERRAD.  HYERIERRM AR RN,
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Table 6 Real time verification of input data in single control cycle

T /A /A i ref/A  iqref/A  wel(tadsTl)  fofrad bR ZIHAR I RDS
1 ~0.8618  20.3679 0 212301 339.2208 8.3958 011
2 —~1.0700 —14.9706 0 -30 314.1267  623.7503 100
3 —0.9947 —13.5299 0 -30 314.2046  623.8031 100
4 0.8806  —13.2923 0 -30 313.7908  623.8292 100
5 —0.1037 —13.5271 0 -30 3142051  623.8303 100

& T HIS G A AL TN 45 ) R oek- G S 42 ) B B3R
A7 e
Table 7 Single control cycle execution time of sphere
decoded model predictive control strategy

Pt s tg1/ms  tgo/ms  tgz/ms tg/ms
S-MPCC(1) 0.032 0.00017 0.010 0.04217
S-MPCC(2) 0.107 0.00046 0.059 0.16646
S-MPCC(3) 0.280 0.00055 0.902 1.18255
S-MPCC4) 0.569 0.00074 8.577 9.14674
S-MPCC(5) 1.024 0.00088  78.027  79.05188

& 8 H AR TN 42 ] SR wE-0Y 3= ) B AABAT B 1]
Table 8 Single control cycle execution time of tradition-
al model predictive control strategy

P s tp1/ms tro/ms tr/ms
T-MPCC(1) 0.002 0.036 0.038
T-MPCC(2) 0.008 0.164 0.172
T-MPCC(3) 0.057 0.449 0.506
T-MPCC4) 12.010 1.277 13.287
T-MPCC(5) 120.654 3.586 124.240

5E S NERTE Gt 22 25 T 18 AT B 18] 5 4% 45
Z G PSP T 1R EUAE, an=X(40) k.
_ s
=g
BRI G tish Sy 54 G Sk v g ) R B A T 1) B
R,
%9 KM B HE k5 GHE R 8 B R AT

] bt
Table 9 Single control cycle execution time ratio be-

(40)

tween sphere decoding algorithm and tradition-
al algorithm

e 3% 4 54
IFEIEE 1.1097  0.9678  0.8799 0.7341  0.6363

BRI G i 1 G 78 S0 R I8 47 1) B 20 B P e
IR FFN AR 1077,

10 RIRIF X573
Table 10 Optimal switching sequence

TG4 BRIE Gk f4MPCC
1 011 011
2 100-100 100-100
3 100-100-100 100-100-100
4 100-100-100-100 100-100-100-100
5 100-100-100-100-100  100-100-100-100-100

P SIS 1 361 435 R T, £ BRI S A e T %1 1) 4%
PETR, A P45 G R T 4 1, 5 B T Bk
YRS IE A D BT B[R], ARG 22 28 T, BRI 4 b
A AR SRAT B TR), LBt = T30 25 B0 388, SR AT e 1]
KMEIRL, PR RAT I TA)9 /N 42.96.78%, 37
TR B AT ST 18] 95/ 22 87.99%, 435 K5 1 T 44,47
B 18] 93 /)N 2273.41%, 530 152 80 T I AT B 18] 93 /D> 22
63.63%. FRIYmADFIAL s TR Fi I 42 1) e 2 e %
(I R FF 9P 41 56 4 — Bt 3% B 9 35 A T 52 42 5540
6 5w

1) BRIE A S0 A bR B SN 4 9 R R —
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KT FNTE B FETF 3R A bR B /N 1) 1) R A 4 R T B
FEFRIF T HI5F LR R G EF 7 e/ N 7] .
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