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Generalized state-feedback tracking control of
molecular weight distribution

WANG Jing, HUANG Ying-hua, CAO Liu-lin, WU Hai-yan, JIN Qi-bing
(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: To track the molecular weight distribution in three-dimensional space, we propose a new method employing
a generalized state-feedback controller. By the hybrid dynamic recurrent support-vector-machine model, the distribution
function is effectively separated into aspects of time and space. Thus, the tracking of three-dimensional distribution will
be transformed into a state-vector tracking in the time domain; and the control difficulty will be greatly reduced. A combi-
nation configuration of the state-feedback controller and the integrator is proposed, the linear matrix inequality techniques
are employed to design the parameters; and the stability and tracking performances can be guaranteed simultaneously.
Simulation results of a polymerization reaction process show the efficacy of the proposed method.

Key words: molecular weight distribution; hybrid dynamic recurrent support-vector-machine model; generalized state
feedback control; stability; tracking performance
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2 (Propose problem)
(dynamic recurrent su-

pport-vector-machine, DRSVM) B
[13], u(k)

z

Y = f(u(k), z(m)) = (B · W )M×l =⎡
⎢⎣

B1(z(1)) · · · Bn(z(1))
...

...
...

B1(z(M)) · · · Bn(z(M))

⎤
⎥⎦

⎡
⎢⎣

w11 · · · w1l

...
...

...
wn1 · · · wnl

⎤
⎥⎦ ,

(1)

: m = 1, · · · ,M , k = 1, · · · , l

, n B ,
DRSVM . ,

(B ) z(m)
( ), DRSVM

u(k), W̄
Δ=[W (1) · · · W (k)]

B , u(k)
( ), :

x(k + 1)
Δ= W IK(U ,u(k)) + WDK(X, x(k)) =

l∑
i=1

[αI
i − αI∗

i αD
i − αD∗

i ]

[
K(u(k),U(i))
K(x(k),X(i))

]
,

(2)

W (k) = x(k) + b,

{(U(i), w(i))} {X(i)} DRSVM
, W I, WD

DRSVM
, b , K(·) . (

B ),
z, B , B

. , Yset,
Wset ,

Yset = B · Wset ⇒ Wset = B−1Yset,

B−1 B .
Yset, :

u(k), :

lim
t→∞

� M

z=1
[Yset − Y ]dz → 0.

(1) ,
u(k) k , B

z ,
u(k)

W (k) . DRSVM B

, z u(k)
.

, , ,
u(k)

W (k) . ,
u(k), W (k) Wset,

. ,
,

(2) : lim
k→∞

{W (k) −
Wset} → 0.

3 (Design of gen-
eral state feedback controller)

, (2)
, :{

x(k+1)=Ax(k)+Bu(k)+Ff(x(k),u(k)),

W (k) = x(k) + D,
(3)

: x(k) , A,B, F,D

, ,
Lipschiz .

,
, 1 .

, ,
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.
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Fig. 1 Structure of general state feedback control

{
u(k) = Kpx(k) + KIζ(k),

ζ(k) = ζ(k − 1) + T0E(k − 1),
(4)

: T0 , ζ(k)
, E(k) = W (k)−Wset

. (4) (3) ,{
S(k + 1) = ĀS(k) + F̄f(S(k)) + B̄Wset,

E(k) = C̄S(k) − Wset + D,

(5)

:

S(k) =

[
x(k)
ζ(k)

]
, Ā =

[
A + BKp BKI

T0 I

]
,

F̄ =

[
F

0

]
, B̄ =

[
0

−T0

]
, C̄ = [I 0].

1 Lipschiz ,

‖f(x1, ζ) − f(x2, ζ)‖ � ‖ε1(x1 − x2)‖,
‖f(x, ζ1) − f(x, ζ2)‖ � ‖ε2(ζ1 − ζ2)‖.

(5) ,
, lim

k→∞
E(k) = 0,

, ,
.

,

Ã =

[
A 0
To I

]
, B̃ =

[
B

0

]
. (6)

.

1 λ1, λ2,⎡
⎢⎢⎢⎣

−P 0 PÃT + RTB̃T P (ελ)T

0 −λTλI F̄T 0
ÃP + B̃R F̄ −P 0

ελP 0 0 −I

⎤
⎥⎥⎥⎦ < 0,

P R ,

1) (5) ;

2) lim
k→∞

E(k) = 0.

, KP KI

[Kp KI] = RP−1

.

1 , x(k), ζ(k)

‖ε1x(k)‖ � ‖f(S(k))‖,
‖ε2ζ(k)‖ � ‖f(S(k))‖

, Lyapunov V (S(k), k)

V = STP−1S +
k−1∑
i=1

[‖λ1ε1x(i)‖2 − ‖λ1f(S(i))‖2] +

k−1∑
i=1

[‖λ2ε2ζ(i)‖2 − ‖λ2f(S(i))‖2],

(7)

: P ,

ΔV = ST(k + 1)P−1S(k + 1) −
ST(k)P−1S(k) +

‖λ1ε1x(k)‖2 − ‖λ1f(S(k))‖2 +

‖λ2ε2ζ(k)‖2 − ‖λ2f(S(k))‖2. (8)

S̄(k) =

[
S(k)

f(S(k))

]
,

(5), (8)

ΔV = S̄T(k)ΦS̄(k) + 2ST(k)ĀTP−1B̄Wset +

2fTF̄TP−1B̄Wset + W T
setB̄

TP−1B̄Wset,

(9)

:

Φ =

[
A ĀTP−1F̄

F̄TP−1Ā F̄TP−1F̄ − λTλI

]
,

A = ĀTP−1Ā − P−1 + λTεTελ,

λ =

[
λ1

λ2

]
, ε =

[
ε1 0
0 ε2

]
.

(9) 1 ,
Φ < 0, Schur⎡
⎢⎣−P−1 + (ελ)Tελ 0 ĀT

0 −λTλI F̄T

Ā F̄ −P

⎤
⎥⎦ < 0. (10)

, Schur , diag{P,

0, 0, 0},⎡
⎢⎢⎢⎣
−P 0 PĀT P (ελ)T

0 −λTλI F̄T 0
ĀP F̄ −P 0
ελP 0 0 −I

⎤
⎥⎥⎥⎦ < 0. (11)
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(6), :

Ā =

[
A + BKp BKI

T0 I

]
=

[
A 0
To I

]
+

[
B

0

]
[Kp KI ] =

Ã + B̃[Kp KI ].

(11),⎡
⎢⎢⎢⎣

−P 0 PÃT + RTB̃T P (ελ)T

0 −λTλI F̄T 0
ÃP + B̃R F̄ −P 0

ελP 0 0 −I

⎤
⎥⎥⎥⎦ < 0,

[Kp KI ] = RP−1. , Φ < 0,
δ Φ < −δI , (9)

ΔV � −δS̄TS̄ + 2S̄T[Ā F̄ ]TP−1B̄Wset +

W T
setB̄

TP−1B̄Wset �
−δ‖S̄‖2 + 2‖[Ā F̄ ]TP−1B̄Wset‖‖S̄‖ +

‖W T
setB̄

TP−1B̄Wset‖. (12)

(12) ‖S̄(k)‖
, ΔV (k) < 0,

‖S̄(k)‖ �

δ−1‖
[

Ā

F̄

]
P−1B̄Wset‖ +

δ−1

√√√√‖
[

Ā

F̄

]
P−1B̄Wset‖2+δ‖W T

setB̄TP−1B̄Wset‖,

(13)

‖S‖ � ‖S̄‖ �

δ−1‖
[

Ā

F̄

]
P−1B̄Wset‖ +

δ−1

√√√√‖
[

Ā

F̄

]
P−1B̄Wset‖2+δ‖W T

setB̄TP−1B̄Wset‖.

(14)

, (5) .

. ,
(5) ,

, (x∗, ζ∗). ,

lim
k→∞

ζ(k + 1) = lim
k→∞

{ζ(k) + T0E(k)} ⇒
ζ∗ = ζ∗ + T0 lim

k→∞
E(k) ⇒ lim

k→∞
E(k) = 0,

.

1 ,

,

.

, DRSVM-B

, , ,

1 . ,

.

4 (Simulation research of
control system)

[9],
[13] , DRSVM--B RBF ,

(2) , 1.
[13] ,

, .
, DRSVM--B

W

. [13] B 8,
W 8 .

. ,
,

.
,

, .
,

. Wset ‖Wset‖
.

,
2(a), ,

( ),
. KP ={0.2, 0.5, 0.35, 0.2,

0.2, 0.2, 0.2, 0.2}, , 20 min,
1 min. : DRSVM

, k(x, xi) = exp (−‖xi − x‖2/σ2),
: C = 50, ε = 0.01, σ = 0.5. B 5,

8( ), β 0.7.
2(b), :

2.3543 × 10−4. 3(a) 3(b)

J =

√� M

0
(f(u(k), z) − g(z))2dz

. ,
, .

, ,
.
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2

Fig. 2 Comparation of initial, output and desired distributions

3

Fig. 3 Output distribution and sum of squares of errors

, :
DRSVM--B ,

, ,
. :
: B 4, 6, 0.8,

4 : 4(a)
, 4(b) . ,

DRSVM--B . 6,

K = {0.2,0.5,0.35,0.2,0.2,0.2},
5(a)

5(b), 0.042328.
, 6 . 5(a)

, ,
,
,

, .

4
Fig. 4 Estimation and error of output when modeling is

inaccurate

5
Fig. 5 Static output and input variable without integrator

when modeling is inaccurate

6

Fig. 6 State tracking without integrator when modeling is inaccurate
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, ,

KI = {0.5, 0.7, 1, 1.2, 0.1, 0.1},
7(a) (b),

: 7.4356 × 10−4.
.

8(a)
8(b). 9, .

7
Fig. 7 Static and dynamic output with integrator control

when modeling is inaccurate

8
Fig. 8 Input and sum square of output error with inte-

grator control when modeling is inaccurate

9

Fig. 9 State tracking with integrator when modeling is inaccurate
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5 (Conclusions)
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