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Decoupling control for permanent magnet synchronous motor
based on single neuron

LI Xiao-ning1, ZHAO Xian-feng1, HUANG Da-gui1, SHAO Wei2

(1. School of Macaronis Engineering, University of Electronic Science and Technology of China, Chengdu Sichuan 611731, China;
2. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang Sichuan 621900, China)

Abstract: The conventional decoupling strategy for the magnetic field-oriented control of permanent magnet syn-
chronous motors (PMSM) is difficult to achieve high performances. To deal with this problem, we put forward a decoupling
control strategy based on the single neuron, by exploiting the independency of neural network on the object model as well
as its excellent learning ability. On the basis of the model of traditional magnetic field-oriented control, we build a single
neuron decoupling control system for the PMSM, and perform the simulation as well as the experimental tests on the plat-
form with digital signal processor (DSP) as the core element. The experimental results show that the PMSM control system
based on the single neuron decoupling has rapid response ability and is almost with no static error and overshoot. It realizes
high performance in PMSM control.
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2 (Mathematical
model and coupling analysis)

2.1 (Mathematical model
of PMSM)

PMSM d-
q :

1) ,
, .

2) ,
.

3) .

4) .

5) .

d-q
:

1) :⎧⎪⎨
⎪⎩

ud =
dψd

dt
− ωr · ψq + R · id,

uq =
dψq

dt
+ ωr · ψd + R · iq.

(1)

2) :{
ψd = Ld · id + ψf ,

ψq = Lq · iq.
(2)

3) :

Te = pn[ψf · iq + (Ld − Lq) · id · iq]. (3)

(2) (1) ,

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

ud = Ld · did
dt

+ R · id − ωr · Lq · iq,
uq =

Lq · diq
dt

+ R · iq + ωr · Ld · id + ωr · ψf ,

(4)

: ud, uq d, q ; id, iq d, q

; Ld, Lq L; R ;
ψd, ψq d, q ; ωr ; ψf

, .

2.2 (Coupling anal-
ysis of PMSM)

(4) PMSM ,
1 .

1 d-q
, ,

. : S , S = σ + jω; ωm

.

1
Fig. 1 The permanent magnet synchronous motor transfer

function structure

3 (PMSM
single neuron decoupling control)

3.1 (Single neuron decoupling
theory)

,
,

⎧⎪⎨
⎪⎩

Ii =
n∑

j=1

ωij ∗ xj − θi,

yi = φ(Ii),
(5)

: θi , xj , φ(·) ,
ωij j i [9].

,
,

:

1) Hebb .

Hebb ,
, ,

.
wij i j , oi

i , oj j ,

Δwij = ηoj(k)oi(k), (6)

η .

2) Delta .

Hebb ,
Delta , di

oj oj , (6)

Δwij = η[dj(k) − oj(k)]oi(k). (7)

Delta Hebb

Δwij = η[dj(k) − oj(k)]oj(k)oi(k). (8)

(ȳi − yi), φ(x) = x,

0,



7 : 935

Δωij = η(ȳi − yi)xj, (9)

: η , ȳi , yi .
,

,
,

.
, ,

.
2 .

2

Fig. 2 Neuron decoupling control structure

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

u∗
i (k) =

2∑
j

ωijuj(k),

ωij(k + 1) =

ωij(k) + ηij[ū∗
i (k) − u∗

i (k)]uj(k),

(10)

: i, j = 1, 2, ηij ,

ωij

{
ωij = 1(i = j),
ωij = 0(i �= j).

,
2 , PID ,

,
.

.

3.2 (PMSM single
neuron decoupling control)

(4) ,
, , (11)

: [
y1

y2

]
=

[
G11 G12

G21 G22

][
u∗

1

u∗
2

]
. (11)

[
u∗

1

u∗
2

]
=

[
ω11 ω12

ω21 ω22

][
u1

u2

]
. (12)

(12) (11),
:[

y1

y2

]
=

[
ω11G11 ω12G12

ω21G21 ω22G22

][
u1

u2

]
. (13)

3 . Bristol
,

min
ω

E =
1
2

n∑
i=1

{Bs
j −

∂[yi(ω)]
∂ui

}2 −
1
2

n∑
i �=j,j=1

{∂[yi(ω)]
∂ui

}2, (14)

: ω , Bs
j .

3

Fig. 3 PMSM neuron decoupling control structure

, .

Ji =
1
2
[ū∗

i (k) − u∗
i (k)]2, (15)

: ū∗
i (k) , u∗

i (k)
. ū∗

i (k) . ,
,

Ji =
1
2
[ri(k) − yi(k)]2. (16)

Ji ,
∂Ji

∂ωij(k)
= −(ri − yi)

∂yi

∂ωij

=

−[ri(k) − yi(k)]
∂yi(k)∂u∗

j (k)
u∗

j (k)∂ωij(k)
. (17)

,
∂yi(k)
u∗

j (k)
,

∂yi(k)
u∗

j (k)
∂Ji

∂ωij(k)
,

, , yi

u∗
i sgn(

yi(k) − yi(k − 1)
ui(k−1)−ui(k−2)

)

∂yi(k)
u∗

j (k)
.

, , ui 0,
0 ,

, sgn([yi(k) −
yi(k − 1)] ∗ [ui(k − 1) − ui(k − 2)])

∂yi(k)
u∗

j (k)
;

∂u∗
j (k)

∂ωij(k)
= uj(k),
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ωij(k + 1) = ωij(k) + ηij[ri(k) − yi(k)],

sgn(Δyi ∗ Δui)uj(k), i �= j,

ωij = 1, i = j,

(18)

ηij . ,

[ri(k) − yi(k)]
, .

1 , r1(k)−y1(k) �=0, ω11 =1,

,

PID , , 2

, y2 , r2(k) −
y2(k) �= 0, ω21

, 1 2 . 2 1
, ,

,
. , ,

η ,
,

[11].
4 .

4
Fig. 4 The permanent magnet synchronous motor neuron decoupling control system structure

(
) Park SVPWM

Clark Park
[12].

4 (Simulation and experiment)
4.1 (Simulation and test)

4 , MATLAB
PMSM , 5

, :

. PMSM : R = 2.8758Ω,

Ld =Lq =8.5×10−3 H, pn =4, J =0.8×10−3 kg·m2,

t = 1.2 s, n = 2000 r/min. MATLAB/Smiulink

,
.

5 PMSM
Fig. 5 The PMSM decoupling simulation model based on single neuron
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PMSM d-
q 6 , 7 .

6 PMSM d-q
Fig. 6 The d-q current response of PMSM decoupling

simulation system based on the single neuron

7 PMSM
Fig. 7 The speed response of PMSM decoupling simulation

system based on the single neuron

4.2 (The experiment system
and the weighting value adjustment)

PMSM
, ,

. , 4
TMS320F2812PMSM .

8 , ,
, , IPM ,

. -
- ,

,
. DSP

JTAG . JTAG
,
. ,

, SCI ,
I/O ,

AD ,
PWM , ,

PWM .

8 TMS320F2812PMSM
Fig. 8 PMSM control system hardware based on

TMS320F2812

, ,

,
.

: .
DSP PMSM ,

,
.

,
.

5 (Experimental result and
analysis)

4 ,
,

RS232 DSP .

. Visua1 C++ ,
,

Iocomp, Teechartpro8 .
.

,
.

1 .

.
10 kHz, 100 Hz. DQ

, ,
CCS ,
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d-q . ,
,

, ,
[13].

1
Table 1 Experiment with motor parameters

200 W
0.64 N· m
3000 r/min
1.27 A
3.69 A

4
13.0 Ω

31.87 mH
2500 / ( )

1000 ,
.

10 kHz, 1000
0.1 s, 0.0001 s,

. 9
10 ,
2000 r/min

d-q .
, d-q , d

0, q ,
, 9(a) . d

, , q

3.5 A,
, 9(b),

.

(a) d-q

(b) d-q

9 d-q
Fig. 9 The d-q axis current response after joining the single

neuron decoupling

,
, ,

, ,
, 10 .

(a)

(b)

10
Fig. 10 The comparison of rotational speed response curves

before and after joining single neuron decoupling
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6 (Conclusion)
,

. DSP
. ,

d-q
, ,

.
.
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