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Robust H-infinity control for permanent-magnet synchronous
generators in wind-energy conversion system based on

uncertain descriptor model
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(1. School of Automation, Southeast University, Nanjing Jiangsu 210096, China;
2. Key Laboratory of Measurement and Control of Complex Systems of Engineering of Ministry of Education,

Southeast University, Nanjing Jiangsu 210096, China)

Abstract: This paper is concerned with the robust H-infinity control for the direct-drive permanent-magnet synchronous
generator(PMSG) with varying stator-parameters. The model with varying current-parameters is considered the uncertain
descriptor system, to which we propose an output-feedback H-infinity control scheme, and use the internal-model-principle
to develop a type-2 controller for eliminating the impact from the aerodynamic disturbances to the rotational speed in the
steady state. The controller synthesis is formulated in solving a set of linear matrix inequalities(LMIs). Simulation results
show that the proposed algorithm implements desirable static and dynamic performances, evident disturbance rejection and
strong robustness under a wide range of variation in the stator parameters.
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descriptor
; ,

.

2 PMSG (PMSG model and
control problem)

, PMSG
[7]:⎧⎪⎪⎪⎨

⎪⎪⎪⎩
ud = −Rsid − Ldi̇d + Lqωeiq,

uq = −Rsiq − Lqi̇q − Ldωeid + ωeΨf ,

Te = 1.5p{Ψfiq + (Ld − Lq)idiq},
Jω̇e + Bωe = p(Tm − Te),

(1)

: ud, uq, id, iq d, q

; ωe ; Ψf ;
Ld, Lq d, q ; Rs ;
J B ; Tm

.
(1) , uq Te d .

d, q , d i∗d =
0 , Ld = Lq = Ls, (1) :⎧⎪⎨

⎪⎩
Lsi̇d = −Rsid + Lsωd − ud,

Lsi̇q = −Rsiq + [Ψf − Ls]ωq − uq,

Jω̇e = −Bωe + pωT − 1.5p2Ψfiq.

(2)

: ωd = iqωe, ωq = [ωe ωeid], ωT = Tm,
. (2) , q .

, : 1)
, ; 2)

; 3)
,

. 1) ,
.

2) H∞ γ,
.

, ,
Rs Ls ,

,
.

Rs Ls : [Rs Ls] = [R0 + ΔR

L0 + ΔL], R0 �= 0, L0 �= 0. , PMSG
descriptor :⎧⎪⎪⎪⎨

⎪⎪⎪⎩
(I + ΔH)ẋ = (A + ΔA)x + (B1+

ΔB1)ω1 + B2u,

z = C1x + D̄11ω1 + D12u,

y = C2x + D̄21ω1,

(3)

ΔH , ΔA, ΔB1 ,
[ΔH ΔA ΔB1] = EΣ[F1 F2 F3], : E,

F1, F2, F3 , Σ ΣTΣ � I

, F2−F1A F1B1, F1E . (3) ,
ΔB1 ‖ΔB1‖ � δ‖B1‖, ‖ · ‖

, δ .

‖(B1 + ΔB1)ω1‖2 � ‖B1(1 + δ)ω1‖2.

ω = (1 + δ)ω1, (3) :⎧⎪⎨
⎪⎩

(I + ΔH)ẋ = (A + ΔA)x + B1ω + B2u,

z = C1x + D11ω + D12u,

y = C2x + D21ω,

(4)

: D11 = (1 + δ)−1D̄11, D21 = (1 + δ)−1D̄21.
[8] ,

, .
:{

(I + ΔH)ẋ = (A + ΔA)x + Bω,

z = Cx + Dω.
(5)

λ > 0, [9]

zσ = λ−1(−F1ẋ + F2x), ωσ = Σzσ, (6)

(3) (4)⎧⎪⎨
⎪⎩

ẋ = Ax + λEωσ + Bω,

z = Cx + Dω, ωσ = Σzσ,

zσ = λ−1(F2−F1A)x−F1Eωσ−λ−1F1Bω.

(7)

ωv,
ωi, (2)

: Kω Kid Kiq,
: 1) ;

2) ‖Tzvωv
(s)‖∞ < γv; 3) ; :

4) ; 5) ‖Tziωi
(s)‖∞ < γi.

3 H∞ (The H∞ controller design)
(2) d q

, 1 .

.
(4) ([ΔH ΔA] = 0 ):⎧⎪⎨

⎪⎩
ẋ = Ax + B1ω + B2u,

z = C1x + D11ω + D12u,

y = C2x + D21ω + D22u,

(8)

:

ωT = [ωT
1 ωT

2 ], C1 = [0 Q1/2]T,

D̄11 =

[
0 0
0 − Q1/2

]
, D̄21 = [R1/2 0]T,

∀T > 0,� T

0
(eTQe + uTRu)dt < γ2

� T

0
ωTωdt. (9)
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ω , (9)� T

0
zTzdt < γ2

� T

0
ωTωdt.

T → ∞, ‖z‖2 < γ‖ω‖2, 2)
5). Q � 0, R � 0 , z

, e = ω2 − x.

1

Fig. 1 PMSG control schematic

3.1 descriptor (The
controller design for uncertain descriptor sys-
tem)

1 γ > 0, λ > 0
X > 0,⎡

⎢⎣ATX0 + X0A X0B̃ C̃T

∗ −γI D̃T

∗ ∗ −γI

⎤
⎥⎦ < 0, (10)

(5) 4) 5). : B̃ = [B λE],

C̃ =

[
C

λ−1(F2 − F1A)

]
, D̃=

[
D 0

−λ−1F1B −F1E

]
,

* .

1 (4) λ > 0,
K, (11):

K :

{
ξ̇ = Akξ + Bky,

u = Ckξ + Dky,
(11)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

[
X I

I Y

]
> 0,⎛

⎜⎜⎜⎜⎜⎜⎜⎜⎝

J K1 L1 λE M1 N1

∗ K2 L2 λY E M2 N2

∗ ∗ −γI 0 M3 N3

∗ ∗ ∗ −γI 0 −(F1E)T

∗ ∗ ∗ ∗ −γI 0
∗ ∗ ∗ ∗ ∗ −γI

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

< 0,

(12)

:

J = AX + B2Ĉ + (∗), K1 =ÂT+A+B2D̂C2,

K2 = Y A + B̂C2 + (∗), L1 = B1 + B2D̂D21,

L2 = Y B1 + B̂D21, M1 = (C1X + D12Ĉ)T,

M2 =(C1+D12D̂C2)T, M3 =(D11+D12D̂D21)T,

N1 = λ−1{(F2 − F1A)X − F1B2Ĉ}T,

N2 = λ−1F2 − F1(A + B2D̂C2)
T
,

N3 = −λ−1F1(B1 + B2D̂D21)
T
,

(4) (11) Ξcl

4) 5) X , Y

Â, B̂, Ĉ, D̂, (12) .

, X , Y Â, B̂, Ĉ, D̂ (12) ,
H∞ (11)

MNT = I − XY, (13)⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Ak = N−1{Â − Y (A + B2DkC2)X−
NBkC2X − Y B2CkM

T}M−T,

Bk = N−1(B̂ − Y B2Dk),
Ck = (Ĉ − DkC2X)M−T, Dk = D̂.

(14)

(4) (11)⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

ẋcl = Aclxcl + λEclωσ + Bclω,

z = Cclxcl + Dclω,

zσ = λ−1[F2 − F1(A + B2DkC2)−
F1B2Ck]xcl − F1Eωσ−
λ−1F1(B1 + B2DkD21ω),

ωσ = Σzσ.

(15)

:

xcl = [xT ξT]T, Acl =

[
A+B2DkC2 B2Ck

BkC2 Ak

]
,

Bcl =

[
B1 + B2DkD21

BkD21

]
, Ecl =

[
E

0

]
,

Ccl = [C1 + D12DkC2 D12Ck],

Dcl = D11 + D12DkD21.
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1, 4) 5)
λ > 0 Xcl > 0,⎡

⎢⎣AT
clXcl + XclAcl XclB̃cl C̃T

cl

∗ −γI D̃T
cl

∗ ∗ −γI

⎤
⎥⎦ < 0, (16)

:

B̃cl = [Bcl λEcl],

C̃cl =

[
Ccl

λ−1([F2 0] − [F1 0]Acl)

]
,

D̃cl =

[
Dcl 0

−λ−1F1(B1 + B2DkD21) − λ−1F1E

]
.

Xcl =

[
Y N

∗ W

]
, X−1

cl =

[
X M

∗ Z

]
, X ,

Y , M , N . X−1
cl Xcl = I

Xcl

[
X

MT

]
=

[
I

0

]
, Xcl

[
X I

MT 0

]
=

[
I 0
Y NT

]
.

F1 =

[
X I

MT 0

]
, F2 =

[
I 0
Y NT

]
,

FT
1 XclAclF1 = FT

2 AclF1, FT
1 XclBcl = FT

2 Bcl,
FT

1 XclF1 = FT
2 F1. (16) S =

diag{FT
1 , I, I} ST,⎧⎪⎪⎪⎨

⎪⎪⎪⎩
Â = Y (A + B2DkC2)X + NBkC2X+

Y B2CkM
T + NAkM

T,

B̂ = Y B2Dk + NBk,

Ĉ = DkC2X + CkM
T, D̂ = Dk.

(17)

(16) (12), , X−1
cl Xcl =

I (17) (12)∼(14). .

3.2 (Speed con-
troller design based on internal model principle)

,

. K(s) = s−1K0(s),
2 .

2

Fig. 2 PMSG the structure of speed controller

u̇ = v, (8) :⎧⎪⎨
⎪⎩

η̇ = Ãη + B̃1ω + B̃2v,

z = C̃1η + D̃11ω,

y = C̃2η + D̃21ω.

(18)

: η = [xT uT], Ã =

[
A B2

0 0

]
, B̃1 = [BT

1 0]T,

B̃2 = [0 I]T, C̃1 = [C1 D12], C̃2 = [C2 0],
D̃11 = D11, D̃21 = D21.

, (18) , 1
. (18) 1

K0 : {AK0 , BK0 , CK0 , DK0}, (8)
1)∼3) H∞ :

Kω :

⎧⎪⎨
⎪⎩

ξ̇ω =

[
AK0 0
CK0 0

]
ξω +

[
BK0

DK0

]
yω,

u = [0 I]ξω.

(19)

(12) LMI
, MATLAB/LMI Tool-

box mincx ,
:

Step 1 (18)
(12) LMI, (12)

: {Ã, B̃1, B̃2, C̃1, C̃2, D̃11, 0, D̃21, 0},
F1 = 0, F2 = 0;

Step 2 mincx (12)
X , Y Â, B̂, Ĉ, D̂;

Step 3 I−XY M , N ;

Step 4 (14)

Kid : {AKid
, BKid

, CKid
, DKid

}
Kiq : {AKiq , BKiq , CKiq , DKiq}
K0 : {AK0 , BK0 , CK0 , DK0 , };

Step 5 (19)
Kω : {AKω , BKω , CKω , DKω}.

4 (Simulation research)
,

[10]:

J = 2.45 × 105 kg · m2, p = 28, λopt = 6.32,

B = 15.1N · m · s/rad, Ψf = 5.4388 Wb,

Rs = 0.006Ω, Ls = 2.56 mH, PN = 1.3MW,

r = 25 m, ρ = 1.225 kg/m3, Cpmax = 0.4382,

ωN = 3.5 rad/s. Rs

Ls 200%,

|ΔRs| < 0.012Ω, |ΔLs| < 5.12 mH.
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:

Qω = 0.72, Rω = 0.22, λω = 106;

Qiq = 102, Riq = 202, λiq = 10;

Qid = 202, Rid = 202, λid = 200.

(11) 1
:

(Kω, γω) =

(
9.38×104s2 − 3.87×109s − 4.59×106

s3+293s2+48644s
, 5×106),

(Kiq, γiq) = (
−7×10−4s+7.09×106

s+1.68×105
, 341.58),

(Kid, γid) = (
−7.04×10−5s+8.78×107

s+5.91×105
, 400).

[5]
(model reference adaptive backstepping con-

trol, MRABC) ,
:

Km1 = 2000, Km2 = 50, Km3 = 10,

K1 = 400, K2 = 400, K3 = 3,

λ1 = 0.0001, λ2 = 0.00001.

,
LMI,

PI .
MRABC

. PMSG
.

MRABC
MRABC , pro

, ref
.

4.1 (Static and dynamic performances)
3 PMSG 12∼14 m/s

, 3(b) . 3 , MRABC

, ,
.

3

Fig. 3 Static performance

4.2 (Disturbance-reject performance)
v 1 s 12 m/s 14 m/s, 1.2 s
12 m/s, v . 4

v . 4(a)

, ; MRABC

,
, . ,
, 4(b)

, ,
4(c) ,

; MRABC
,

, . ,

, ,
.

4

Fig. 4 Disturbance rejection performance
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4.3 (Robustness of parameters
varying)

Ls 5 mH, Rs 0.012Ω. 5
PMSG . , MRABC

( 5(a)) ( 5(d))
, , ,

,
2 s ;

,
,

,
.

5

Fig. 5 The response curves as stator parameters varying

6 GH Bladed 3.72
PMSG . 0.25 s

, .
6(d) , MRABC

, ,
, ( 6(e))

, ( 6(b))

, ,
( 6(c)) ( 6(d)) .

6

Fig. 6 The response curves as real wind acting on

5 (Conclusion)
PMSG

,
descriptor

H∞ ,
,

.
,

, MRABC;
;

MRABC, .
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