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Research on improved incremental deadbeat current predictive
control for PMSM

QU Xingyu, YAN Chengshuo, PENG Chengkun, ZHANG Shuang, DU Fuzhe
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract ; To address issues such as performance degradation and efficiency reduction in permanent mag-
net synchronous motors caused by parameter variations and external disturbances, an improved incremen-
tal deadbeat predictive current control strategy was proposed to enhance the anti-interference capability
and stability of the PMSM control system. First, an incremental deadbeat predictive current control meth-
od was adopted to eliminate the poor robustness resulting from flux and resistance parameter mismatches.
Second, to overcome the persistent problems of low prediction accuracy and significant errors induced by
inductance parameter mismatch in the incremental deadbeat predictive current control, an inductance i-
dentification method was designed to improve robustness against inductance parameter variations. By in-
corporating voltage and current limits and designing an inductance variation limiter, a smooth and stable
inductance identification curve was achieved. Experimental results demonstrate that the improved incre-
mental deadbeat predictive control reduces the current tracking error by approximately 40% and maintains
the speed fluctuation amplitude below 2% .

Keywords ; permanent magnet synchronous motor; deadbeat predictive current control ; incremental dead-
beat; parameter mismatch; inductance identification; low-pass filter
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Fig.3 Simulation results after adding the low-pass filter

WE 4 FE S B, 4350 o A IR E 38 5 4% 0
I AAVE 8 308 0 #8 ATE JERAR LR B e 1) 45 B SR A

70 : ! ! ! ! ! - _ﬁﬁﬁ'-
n —SLhRE
& SO[
~7 "
35 L== -ﬁ i
i
i
20 t i I 1 I i i 1]
0 01 02 03 04 05 06 07
B[] /s

B4 ARERESMBEETURIBHFESESR
Fig.4 Simulation results without low-pass filter and in-

ductor current limiting

ity R A G 1 XTI 24 H A SO 1) A R ) 26 R ML o 121
0 F T ]
: — SLhRE
& S0f
ey .
35 SERERREAR
20 t

01 02 03 04 05 06 07
B[l /s
Es5 MAEEREBRMERTUREHELER
Fig.5 Simulation results with low-pass filter and in-

ductor current limiting

WRYGE 4 FE 5 05 B4 R 0] LIF L, ZEAm
RE Y8 7% A A AR A BRI A B, R JER BRI
1E£0.06 s (I T WL A SASE O, 88 H i HE 70%
KA IE0.01 s Jsa TR E, 7E0.1 s S 8%%
FELL R 0.3 s A8 3 I, Al e B S B T
FRIZRAL  (H 2 AR TR B AR /N H R LEI [ FE 0. 01 s, T
FE0.2 s I 2], OB %A B B ARk, R 7E &R
4:0.6 ~0.7 s F g BHLAG I B T RABENL . Al 5
FE I AR I8 I 2% i B AR AL R IR 22 ), R 2 i
BU/INE B Bl AR R i e T B R R R A SR AR Y
[] 50, Xof R SR i A T AAS S S d RRE A4
U/ T AR FUERT B LA L BT, in AR
U8 T8 25 0 PR Ak R A A5 A e T R R A e v
BV LIRS B3 AR L HH B TR SRR 1S D

Bl6hd .q isibrE 5SS HE 7L R, B 7
Ho d g FE AR L 8 A A H LY
IDPCC 5 DPCC H 3 F0 5 X L 25 5 K]

5
< L
g 0 '
g
- - Al A
st L — R
0 03 04 05 06 07

B[] /s
(a) dHTEL I

of [ Il

<
R T I
o 1601y W gt
B ob st o
0.148 0.150 0152 - = = il H i SE PR fE
220 — oS
0 01 02 03 04 05 06 07
fisf Bl /s
(b) Rl EL IR

E6 d.qWIRESSEEMESER
Fig. 6 Simulation results of actual and reference values

for d.q axes



122 BoHl 5 % 6l % R %29 %

WRIGE 6 015 H 245 R nl LU W, 8  R G 7
0.05 s FFURHLBHERET 2, d | q 52 PR o 3 3 B
S L] RHEAE 0.02 s Z W, FFFEO. 1 s
FIMGARFEHE 0.2 s IR FERELH LU 0.3 s Al
0.5 s ARE T, SEPR L I A2 2 28 Ge AR A0 5 M s B A
(/N Bl ARAR P fa TP F . AAIEL 7 (5 FLEs ST
DAVE Y, AT LATE R G850 ek 67 28 20 i L R hn e ol
SR AR RIS B H 3 B Sl O, (F 28 f R
BERAY d | q BT A AT AT DL GA BIAR LT i BR EE AL
B I ELRARTIORG 3 1k B B AR

5 f—T—T—-
J

<
= 0~ T
ﬁ l 01f 3
OftF, "
st o1l - -~ dB L O
Lo 00 030 05T MR
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
18] /s
(a) Al L3
N r\r
,”@ "
w
= = =il FE, 7 T
—qﬁﬂﬁﬁiﬁiiﬁﬁ_
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Bif [ /s
(b) Rl IR

7 d.qHERTNBRE
Fig.7 Predictive performance diagram of d.q axis

currents

5| '0.(1)

-0.1 s
0472 0473 0474\
]

HL /A
o

B[] /s

HaL /A

04 06 08 10
i8] /s
(b) ol FRLFEXT H
E8 DPCC #HItBHFELERE

Fig.8 Simulation results compared with DPCC

MG 8 XL 05 A5 R Al LU Y A SCie iy

AT HLUEHERAY IDPCC 0 R 48, %t T d . q Sl i
TR LA S BR R e DPCC A 4B PRS2

9 HIK 10 24 IDPCC 7£ 0. 05 s B JF IR 3N
WA F Ry SR RS 2009 15 150 T A 26 R 2
DB, WAER 9 45 R KE,7E 0.1 s RN
FREEFEA 0.2 s I A AR, B8 R TG b T, o 7
), HA 5 i sh A BRER R ) B i B H 4R
PR 10 KB 1E AR AR AR s ad FE by | 5 3o 0l 3 g
B <2% , H R .

__10H
Hox
£ 0
® 5t
® -10 |
0.1 02 03 04 05 06 07 08 09
B [8]/s
9 HREMELERE
Fig.9 Torque simulation results diagram
2000 |
3 1500
2
= 1000 f
|
# 500
0 L . . . i e
0 0.2 0.4 0.6 0.8 1.0

B[l /s
E10 HFEGHELERE

Fig. 10 Rotational speed simulation results diagram

R T 2D B TR T ik i AT AT R R
Wt LR 3 AN B R#E TI IR, B 11 ARy
FEUR B BHERE [E] 7E 0. 05 s, 549 4 H JER e kg 52 B
HLJERIY 50% , &1 12 T 0 Hi SRR TR A )R] 25 hy
0.15 s, WA HL IR 0 S PR HL IR 1Y 50% , 181 13
PREFTF S FUBHR A ] R 0. 15 s, W) 46 AR B
RS2 B ELE Y 200%

35 Poommfmmmmmmloa L.
S
~os b
: ~fiEHE
20 — SR
0 01 02 03 04 05 06 07

i8]/
B 11 0.05 s FREgFR R HHIR , K044 B BE 08 KPR FE LB 50 %
Fig. 11 Inductance identification starts at 0. 05 sec-
onds, and the initial inductance is 50 % of ac-

tual inductance



%510 #

p A5« A I 2 L Y N ) R ) 2 AL A 123

MG 11 & 12 DA 13 I A5 R H/
2P 2R G 2 T U e R 1] L R R AR ) B H
AR, H SRR AT R R,

3 P T A ity
307 |
=25 ;
: fliHE
. — SEhRE
0 01 02 03 04 05 06 07

ff Bl /s

B 12 0.15 s FREGFREPHIR, KI5 PR RR 08 SKBRFE R EY 50 %
Fig. 12 Inductance identification starts at 0. 05 sec-
onds, and the initial inductance is 50 % of ac-

tual inductance

60 f :
40t
~
20— ' - - -]
e
0 1 1 1 1 1 1
0 01 02 03 04 05 06 07

e /s

13 0.15 s FFEAEE RPN, 4038 BB R 4 SCBR FE R Y
200 %

Fig. 13  Inductance identification starts at 0. 15 sec-

onds, and the initial inductance is 200 % of ac-

tual inductance

5 SRS

h T 2 B EAR ST A R L)
IDPCC J7ik i ml S 1, 76 5T DSP28355 BUF N A
(K4S SE s -4 F X SPMSM 3K 3 & 4o gk 47 1 52
SISIE, SCE AU 14 Fros, 32 B A3 45 i b
TR HE R A5 B I sh A% L PC AL ik
AR RTIL

[pcon mimiznze Bz 2 0128

A R R A%

/ DSPH il
FFEHIR

5 1

srusu S I

E14 ZRFEA
Fig. 14 Experimental platform

S TR R R O R S A — B0k S
PE SRS S A3, Bk, fEFEN
2 000 r/min,0. 1 s BFSEfMTAZEHE 10 N - m,0.2 s
BP0 2 5 N« m, H7E 0.3 s B B2 4% iy
1 000 r/min,iZ475) 0.5 s J5 P& ] 2 000 r/min,
BB BRI LR PR B4 0. 05 s, 47 4h HL R SE R
LI 50%

K15 A HBBER G SR BT d g A e I S0 2
R AR 25 F R DA R il A5 R A

_J UM THE

i, B/mH

RSB E

A [a]/s
(a) HUBHHAM LR

]

QI L O d@iiﬁ%‘lﬁi

HLE/A

v

ol T L 3 ﬂﬂiiﬁlmﬁ

A [a] /s
(b) d. ol L T 45 5%

g ] 1
h -
:&% - . et e, d
®
& [k
B[] /s
(c) FHESS R
—~f p -
=
E
@’ '4
&{ L
A 8] /s
(d) B RE

B 15 0.05 s FFEGrR IR, K04A B 2% 00 KPR FE BB 50 %
Fig. 15 Inductance identification starts at 0. 05 sec-
onds, and the initial inductance is 50 % of ac-

tual inductance



124 BoHl 5 % 6l % R

HRIGE 15 (a) HLBRBER LS5, 0T LA H
JTE 0.05 s FRUR PRIV 18 1) 52 bR v S B0,
FEAEIN U B B A L R ep BN AR Z E Y
SEMAS B SR, B B/ T A AR B B RO R
2 B R A () 5 T IR IN R 30 B, (L0 S B AN
K, TEZR Gk i [a] Py H BB OR B W s TR
FEI15(b) Ry d g R 0 E5 5, nT LAE H d L q
P I A R T rL S R A 220 B /N O B
FEIT U6k 670 2827 i LA B 72 R o B L, T 000 255 SR ¢ R
WG BLIFAIA TP 0% 3h , B AR A f i
MR R4, ARIEE 15(c) B 15(d) iTLLA
W TERR R A AR A IR L B B, (RAR TR
PR RGE AR T SR e s RS 38 DR R4

PR RN 4 R TR]ASAE 400 46 H Bk
g SEBR L EGEY 200% ] 16 A HL SRR ZE R A d
o TR T TN 45 L e 4 R T DA B iR A

FI16 (a) A HLUR B LAY 25 5, ol LLAE W 7E
0.05 s Jefii 11 A JE% i A 38 s 3 S B R JR A I 7
0.1 s JLT-EA, 72yt 8 b i 30/ i 3, 9
A TE0.3 s F] 0.5 s 748 3 i 78 v 3 /N IR %
3y, UBHER SR I BRSO R R R 47, B 16(b)
Jhyd g B TR A5 R, nT LA AL g Bl R
TN I £ S B [ £ LT A, T AR R4
K 16(c) B 16 (d) AT LLE H, 35 il 1 72 2 B/
R 2l ARAR PR &2 R, A6 R B0 T B i 1Y
P AT PR R B A R P g RS B

T HUBRAGTHE

L JB/mH

s

A 8] /s
(a) HLIBRHHAZER

i l P

-
! N
AT

HLJT/A

X v

qmil&%ﬁrﬁ

ol T L

A 8] /s
(b) d. ol B T 45 R

%29 &
] g g
< F
il U
®
&
B8] /s
(c) FHELE R E
[=]
E
;ﬂ: 4
&® |
) A} 1] /s
(d) Fe g R

El 16 0.05 s FFH4E BP0, #0448 B B h SEBREE B
200 %

Fig. 16 Inductance identification starts at 0. 05 sec-

onds, and the initial inductance is 200% of

actual inductance

6 % it

A% 5 T0 2101 L U TR 42 o] v S 80K i S BOm
G AR s 22 19 M) B, IDPCC. 1T LA Rt fie o
TG0 T FRL LS 5000 52 W (L2 fL R S 5010 52 1 200475
SRAFAE AR SCHE IDPCC [ 380l I 33 T —Fhai A7
HUBHHR Y IDPCC, JF-45 H 5 DPCC AHZE A (45l
REZR o HEAT T 0 ELRISE 00 (R B0IE , 2518 T T

1) AT A L EHER 1Y IDPCC, 7E ID-
PCC ] LA e i BH 0 38 i 2 500K e 51 & /) 1
5 T A 452 P 1 R L 308 ok b R i ke TD-
PCC I Ja— A EE SR K By ke s, SE 8l T
X LR SR R4 R

2) FEVE T A SR R I A R B e R R O A
WP L I E AR IR 2E L R DL i R AR (L BR
W, AR 8 A, T B 28 28 1) L B A T RN TG
AP A T S T FRAS R T ) R £
TH B3 2% Ha O L AL v B A AS BB

3) 5T IDPCC $ il v 25 pEA o B0 1 BRI 75 (1Y
SO, A B AR5 U A R Sy 2 SRR B O



%510 #

p A5« A I 2 L Y N ) R ) 2 AL A

125

VAR IS Ik T 1 Bt

2 % X #k:

(1]

(6]

[10]

[11]

A, EIE, GO BT s 6] < B R (Y PMSM 452
TP AR R ()], LS ERI A, 2025, 29(3) « 50.
ZHAO Ximei, WANG Haipeng, JIN Hongyan. Model predictive
current control based on discrete space vector modulation for
PMSM[J]. Electric Machines and Control, 2025, 29(3) : 50.
SUN Xiaodong, CAO Junhao, LEI Gang, et al. A composite slid-
ing mode control for SPMSM drives based on a new hybrid reaching
law with disturbance compensation [ J]. TEEE Transactions on
Transportation Electrification, 2021, 7(3) : 1427.
ZHANG Li, DENG Sisi, ZHU Xiaoyong, et al. New flux intensif-
ying technique for five-phase fault-tolerant interior permanent mag-
net motors under multiple sensorless operation[ J]. IEEE Transac-
tions on Industrial Electronics, 2024, 71(11) . 13801.
KEE, ok, B, AF. BT RIRE R 22 1 3GV Y PMSM JC 2%
TR BRI ]. AL S S RE, 2023, 27(9) « 157,
ZHANG Yi, XU Bin, WEI Haifeng, et al. New model reference
adaptive deadbeat predictive current control of PMSM[ J]. Electric
Machines and Control, 2023, 27(9) : 157.
SUN Xiaodong, CAO Junci, LEI Gang, et al. A robust deadbeat
predictive controller with delay compensation based on composite
sliding-mode observer for PMSMs[ J]. IEEE Transactions on Pow-
er Electronics, 2021, 36(9) : 10742.
WANG Fengxiang, YAO Wei, KE Dongliang, et al. Continuous-
control-set model-free predictive fundamental current control for
PMSM system [ J ]. IEEE Transactions on Power Electronics,
2023, 38(5): 5928.
YUAN Xin, XIE Shuangchun, CHENG Jiahao, et al. An en-
hanced deadbeat predictive current control of SPMSM with linear
disturbance observer[ J]. IEEE Journal of Emerging and Selected
Topics in Power Electronics, 2022, 10(5) ; 6304.
ZHANG Yongchang, JIN Jialin, HUANG Lanlan. Model-free pre-
dictive current control of PMSM drives based on extended state ob-
server using ultralocal model[ J]. TEEE Transactions on Industrial
Electronics, 2020, 68(2) : 993.
YANG Nan, ZHANG Shuo, LI Xueping, et al. A new model-free
deadbeat predictive current control for PMSM using parameter-free
Luenberger disturbance observer[ J]. IEEE Journal of Emerging
and Selected Topics in Power Electronics, 2022, 11(1) : 407.
ZHANG Xiaoguang, CHENG Yu, ZHAO Zhihao, et al. Robust
model predictive direct speed control for SPMSM drives based on
full parameter disturbances and load observer[ J]. IEEE Transac-
tions on Power Electronics, 2019, 35(8) : 8361.
XN, sk, Ao, 45 BT S8 LR LAY o K R
MLTE 22 1 P O 0000 P4 [0 ). LML ol 24, 2023, 27
(9):98.

[12]

[14]

[15]

[16]

[18]

[19]

LIU Gang, ZHANG Jing, ZHENG Shiqiang, et al. Deadbeat
predictive current control of high speed permanent magnet motor
based on online parameter identification [ J]. Electric Machines
and Control, 2023, 27(9) : 98.

B, LT, K, F RBER P L AR
AR A BT S (D] LS I, 2023,
50(5): 17.

LI Yaohua, WANG Xiaoyu, ZHANG Yong, et al. Cost function
optimization calculation for multi-step model predictive current
control of permanent magnet synchronous motor[ J]. Electric Ma-
chines and Control, 2023, 50(5) . 17.

CHEN Junlei, FAN Ying, CHENG Ming, et al. Parameter-free
ultra-local model-based deadbeat predictive current control for
PMVMs using finite-time gradient method[ J]. TEEE Transactions
on Industrial Electronics, 2022, 70(6) : 5549.

XA, 250, N, S5, BE T SCIU 42 il A4 bk 250
AR R RER L ALEERI[T]. FEmEIE 5 M, 2015, 32
(12) . 1613.

LIU Xudong, LI Ke, SUN Jing, et al. Generalized predictive
control based on extended state observer for permanent magnet
synchronous motor system[ J]. Control Theory & Applications,
2015, 32(12) : 1613.

A, ZETESE, GrIOIE. R TG ULIN A A K R T LI
AHAHLA N S WA ()], LSS R,
2024, 28(12) : 53.

ZHAO Ximei, LI Deihao, JIN Hongyan. Adaptive full order dy-
namic sliding mode control of permanent magnet linear synchro-
nous motor based on load force observer[ J]. Electric Machines
and Control, 2024, 28(12) . 53.

M, BHE, Rk, % BETHEERSE Q@ N R0
DNAR B REIR 22 LTI [ T]. i TR 24, 2017,
32(6): 156.

LIN Mao, LI Yinghui, WU Chen, et al. A model reference a-
daptive system based sliding mode observer for model predictive
controlled permanent magnet synchronous motor drive[ J]. Trans-
actions of China Electrotechnical Society, 2017, 32(6) : 156.
T, BRI, KAk, S SET R AAR LIS PMLSM HE
T RO e BRI [ )], LS R 24, 2025, 29
(6): 153.

LI Zheng, JIA Liangguan, ZHANG Yunfei, et al. Non-smooth
integral terminal sliding mode control of PMLSM based on Luen-
berger observer[ J]. Electric Machines and Control, 2025, 29
(6): 153.

WANG Fengxiang, KE Dongliang, YU Xinhong, et al. En-
hanced predictive model based deadbeat control for PMSM drives
using exponential extended state observer[ J]. IEEE Transactions
on Industrial Electronics, 2021, 69(3) . 2357.

KIM H S, LEE K. Model predictive current control with online



126

GRS I

il

RO
2

i 5529 %

[20]

[21]

[22]

parameter estimation for synchronous reluctance machine con-
trolled by high-frequency signal injection position-sensorless[ J].
IEEE Access, 2022, 10. 25267.

WANG Yicheng, FANG Shuhua, HUANG Demin. An improved
model-free active disturbance rejection deadbeat predictive cur-
rent control method of PMSM based on data-driven [ J ]. IEEE
Transactions on Power Electronics, 2023, 38(8) : 9606.
ZHANG Yongchang, JIN Jialin, HUANG Lanlan. Model-free
predictive current control of PMSM drives based on extended state
observer using ultralocal model[ J]. TEEE Transactions on Indus-
trial Electronics, 2020, 68(2): 993.

ZHANG Yongchang, SHEN Wenjian, YANG Haitao. An im-
proved deadbeat predictive current control of PMSM drives based
on the ultra-local model[ J]. Chinese Journal of Electrical Engi-

neering, 2023, 9(2) . 27.

(23]

[24]

[25]

WANG Weihua, XIAO Xi, DING Youshuang. An improved pre-
dictive current control method for permanent magnet synchronous
motors [ J ]. Transactions of China Electrotechnical Society,
2013, 28(3) : 50.

WANG Hongzhe, GAN Chun, NI K, et al. Self-updating incre-
mental model based robust current predictive control for perma-
nent-magnet synchronous motor drives[ C]//2023 26th Interna-
tional Conference on Electrical Machines and Systems (ICEMS) ,
November 5 =8, 2023, Zhuhai, China. 2023 . 4627 —4631.
WU Xuan, KANG Jinyu, YANG Meizhou, et al. Robust dead-
beat predictive current control for SPMSM using parameter adap-
tive incremental model[ J].

IEEE Transactions on Transportation

Electrification, 2024, 11(1) : 4609.

(%2 ZH)

(k#TEFE 115 )

[15]

[16]

[17]

BANDYOPADHYAY S, QIN Zian, BAUER P. Model predictive
control with a novel parameter identification scheme for dual-ac-
tive-bridge converters[ J]. IEEE Journal of Emerging and Select-
ed Topics in Power Electronics, 2023, 11(5) ; 4704.

LI Zhiyong, DENG Fujin, YIN Zheng, et al. Parameter identifi-
cation with particle filtering algorithm for deadbeat control in DAB
converter| C]// 2024 1EEE 10th International Power Electronics
and Motion Control Conference, May 17 =20, 2014, Chengdu,
China. 2024 . 3325 -3330.

GUO Zhigiang, LUO Yong, SUN Kai. Parameter identification of
the series inductance in DAB converters[ J |. IEEE Transactions

on Power Electronics, 2021, 36(7) ; 7395.

[18]

[20]

LI Xuming, DONG Zheng, CAO Yan, et al. Model-predictive
control with parameter identification for multi-dual-active-bridge
converters achieving accurate power balancing[ J]. IEEE Trans-
actions on Power Electronics, 2023, 38(9) : 10880.

T, XBE A, WA, AR XU IR H IS S8R
BPEBIERI[) ], AL SR, 2025, 29(2) : 74,

YIN Zheng, DENG Fujin, HUANG Kun, et al. Robust predic-
tive control for dual-active-bridge converters with adaptive param-
eter identification[ J]. Electric Machine and Control, 2025, 29
(2):74.

DUONG T, CHOI S. Deadbeat control with bivariate online pa-
rameter identification for SPS-modulated DAB converters [ J ].

IEEE Access, 2022, 10 54079.

(it 2% H)



	未标题

