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PID neural network control of brushless doubly-fed machine
GUO Hong-xia, YANG Jin-ming, LIU Wen-gang

(Electric Power College, South China University of Technology, Guangzhou Guangdong 510640, China)

Abstract: Brushless doubly-fed machine (BFDM) possesses the common advantages of squirrel-cage induction ma-

chine, wire wound induction machine and electromagenetic synchoronous machine. Therefore, it has a good prospect for

application in AC drive and wind generating. Because of the complicated spatial coupling characteristics of BFDM be-

tween the two windings, the control methods based on the model of BFDM are very complicated. A PID neural network

controller (PIDNN) is designed and applied to the speed regulation of BFDM. The exact speed-tracking is then realized by

PIDNN controller after training. The dynamics is satisfactory. Finally, the simulaiton result validates the feasibility and

effectiveness of this method.
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1 (Introduction)
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2 (Model of BDFM )
d − q :

⎡
⎢⎢⎢⎢⎣

uqp

udp

uqc

udc

uqr

udr

⎤
⎥⎥⎥⎥⎦

=

⎡
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rp + PLsp PpωrLsp 0 0 PMp PpωrMp

−PpωrLsp rp + PLsp 0 0 −PpωrMp PMp

0 0 rc + PLsr PcωrLsc −PMc PcωrMc

0 0 −PcωrLsc rc + PLsr PcωrMc PMc

PMp 0 −PMc 0 rr + PLr 0

0 PMp 0 PMc 0 rr + PLr

⎤
⎥⎥⎥⎥⎦
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idp

iqc

idc

iqr

idr

⎤
⎥⎥⎥⎥⎦

. (1)

, :

Vqd = Ridq + Giqd + LPiqd. (2)

:

Vdq = [uqp udp uqc udc 0 0]T,
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idq = [iqp idp iqc idc iqr idr]T.

Te = MpPp(iqpidr − idqiqr) +

PcMc(iqcidr + idciqr). (3)

Jp(ωr) = Te − TL. (4)

: p ; Pp,Pc

; uqp,udp,iqp,idp

d, q ; uqc,udc,iqc,idc

d, q ; uqr,udr,iqr,idr

d, q ; rp,rc,rr

; Lsp,Lsc,Lr

; Mp,Mc

; ωr ; Te

; TL .

3 PIDNN (PIDNN con-

trol of BDFM)
PIDNN ,

(P) (I)

(D) . –

,

, ,

PID ,

, PIDNN

,
[6∼9].
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Fig. 1 PIDNN control block diagram of BDFM

3.1 (Forward algorithm)
1) .

xsi(k) = usi(k). (5)

: s (s = 1, 2), usi(i = 1, 2)

, xsi(i = 1, 2)

, i .

2) . 6 , 2

2 2 ,

u′
sj(k) =

2∑
i=1

ωsijxsi(k). (6)

:

x′
s1(k) = u′

s1(k). (7)

:

x′
s2(k) = x′

s2(k − 1) + u′
s2(k). (8)

:

x′
s3(k) = u′

s3(k) − u′
s3(k − 1). (9)

–

, +1, −1,

lim
u→∞x(u) = +1, lim

u→−∞x(u) = −1. (10)

(7)∼(10) (s = 1, 2), j

(j = 1, 2, 3), xsi(k)

, ωsij ,
′ .

3) .

PID ,

,

u′′
h(k) =

2∑
s=1

3∑
j=1

ω′
sijx

′
sj(k). (11)

–

, x′′
h(k)

x′′
h(k) =

⎧⎪⎨
⎪⎩

1, u′′
h(k) > 1,

u′′
h(k), −1 � u′′

h(k) � 1,

−1, u′′
h(k) < 1.

(12)

(11) (12) h (h = 1, 2),

s (s = 1, 2), j

(j = 1, 2, 3), x′
sj(k)

, ω′
sjh

′′ .
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3.2 (Reverse transition algorithm)
PID J ,

J =
2∑

h=1

Eh =
1
m

2∑
h=1

m∑
k=1

[rh(k) − yk]2 =

1
m

2∑
h=1

m∑
k=1

e2
h(k). (13)

: m ,h

(h 1,2). PID ,

:

1) .

ω′
sjh(n0 + 1) = ω′

sjh(n0) − η′sjh
∂J

∂ω′
sjh

, (14)

∂J

∂ω′
sjh

= − 2
m

m∑
k=1

[rh(k) − yh(k)]x′
sj(k). (15)

2) .

ωsjh(n0 + 1) = ωsjh(n0) − ηsjh
∂J

∂ωsjh
, (16)

∂J

∂ωsjh
= − 2

m

2∑
h=1

m∑
k=1

[rh(k) − yh(k)]ω′
sjh ·

sgn
yh+1(k + 1) − yh(k)
vh(k) − vh(k − 1)

·

sgn
x′

sj(k) − x′
sj(k − 1)

u′
sj(k) − u′

sj(k − 1)
xsi(k). (17)

: s (s = 1, 2), i
, j (j = 1, 2, 3), h

(h = 1, 2); xsi(i = 1, 2)

, x′
sj(k)

; ωsij , ω′
sjh

; ′

, ′′ .

3.3 ((Simulation)
MATLAB/Simulink P1D

,

1 , PIDNN 2 .

1

Table 1 Parameters of BDFM

Pp = 3 Lsp = 80 mH Mp = 0.89 mH

rp = 0.81 Ω Pc = 1 Lsc = 630 mH

Mc = 4.3 mH rc = 0.81 Ω Lr = 0.04 mH

rr = 1.57 mΩ fp = 50 Hz fc = 10 Hz

PID ,

0.02, m 700, 12 .

2

PID

PID

, , ,

PID

, ,

PID

.

2 PIDNN

Table 2 Original weight of PIDNN

ω′
111 = −0.6 ω′

121 = −0.2 ω′
131 = −5

ω′
112 = −0.6 ω′

122 = −0.2 ω′
132 = −5

ω′
211 = −0.6 ω′

221 = −0.2 ω′
231 = −5

ω′
212 = −0.6 ω′

222 = −0.2 ω′
232 = −5

ω111 = 1 ω121 = −1 ω112 = 0.3
ω122 = −0.3 ω113 = 1 ω123 = −1
ω211 = 1 ω212 = −1 ω213 = 0.3

ω221 = −0.3 ω222 = 1 ω223 = −1

2

Fig. 2 Rotate speed track of BDFM

4 (Conclusions)

, ,

, PID

, , PID

.
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θj1 = σj1,n+1−j =

n+1−jP
i=1

τj1iz
p+1
i+j−1,

˙̂
θj2 = σj22 = τj21zp+1

j + τj22zp+1
j+1 , (A37)

˙̂
θn2 = τn21zp+1

n ,

j = 2, 3, · · · , n − 1. zn+1 = 0,

(A36) (A37)

V̇n � −
nP

i=1

|di|
2n−i

zp+1
i . (A38)
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