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Abstract: To track the operation performance of a batch process under iterative learning control, we propose an R-

adjustment control strategy. The definitions of zero-tracking error and bounded-tracking error are given according to classi-

cal control theory. We investigate the iterative learning control strategy for achieving zero-tracking error in the output, and

rigorously prove the tracking ability of the system under control. The most important conclusion is that the zero-tracking

error can be achieved by the R-adjustment control strategy, which provides the basis for practical applications.
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ŷk+1(t) k + 1 t

; êf
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ỹf
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k+1 +
α

k + 1
¯̂ef

k(α � 0) k + 1
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yf
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ẽf
k+1= yf

d− ỹf
k+1 Δuk+1= uk+1− uk

min
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J(uk+1, k + 1) = ‖ẽf
k+1‖2

Q + ‖Δuk+1‖2
R.
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, Q R , : Q = q·I, R =
r · I(r q ). ,
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3 (Performance analysis)
,

0,

lim
k→∞

e(uk) = lim
k→∞

(yf
d − yf

k) = 0.

, . , OPT

(2)(3):

min
uk+1∈Θu

J(uk+1, k + 1) =

‖e (uk+1)‖2

Q + ‖uk+1 − uk‖2

R , (2)

ulow � uk+1(t) � uup, (3)

e(uk+1) = yf
d−yf

k+1. , (2)(3)

OPT∗ .

(2) (3) , M∗

‖e(·)‖2
Q (M∗ ), Q = q · I,

R = rk · I . : rk Mr, I T

.

, OPT*
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, –

,

0. ,

R 0.

1 ε > 0, δ = δ(ε) > 0,

rk0+1 < δ |‖e (uk)‖2

Q − M∗| < ε

k > k0 , OPT∗

.

2 OPT*

, δ > 0, rk0+1 < δ
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|‖e (uk+1)‖2

Q − M∗| = 0

k > k0 , OPT*

. OPT∗ .

1 (2)(3) OPT∗ ,

lim
k→∞

‖Δuk‖2
R = 0.

‖e(uk+1)‖2

Q � J(uk+1, k + 1) �
J(uk, k + 1) = ‖e(uk)‖2
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‖e(uk)‖2
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k→∞
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Q = lim
k→∞

J(uk, k).
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k→∞
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k→∞

(J(uk, k) − ‖e(uk)‖2

Q) = 0.
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2 k0 uk0 ε >

0, δ = δ(ε) > 0, rk0+1 < δ k0 + 1
uk0+1 ∈ Θ1,

Θ1 = {uk0+1| | ‖e(uk0+1)‖2
Q − M∗| < ε}.

Θ2 = {uk0+1| | ‖e(uk0+1)‖2
Q − M∗| � ε},

Θ1 :

Θ1
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Q − M∗| <
ε

2
},
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<
ε

2
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, u1 ∈ Θ1
1
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ε
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‖e(u2)‖2
Q − M∗ � ε.

‖e(u1)‖2
Q − ‖e(u2)‖2

Q =
(‖e(u1)‖2

Q − M∗) − (‖e(u2)‖2
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2
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, k0 + 1 Θ2

, uk0+1 ∈ Θ1. .

3 k0 uk0 , OPT∗

.

2 k0 uk0

ε > 0, δ = δ(ε) > 0, rk0+1 < δ k0+1
‖e(uk0+1)‖2

Q − M∗ < ε.

k :

‖e(uk+1)‖2

Q � J(uk+1, k + 1) �
J(uk, k + 1) = ‖e(uk)‖2
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Q
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4 (Simulation analysis)
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ẋ1 = −4000 exp(
−2500

T
)x2
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ẋ2 = 4000 exp(
−2500

T
)x2

1−

6.2 · 105 exp(
5000
T

)x2,

(5)

: x1 x2 ; T .

T , Td = (T −
Tmin)/(Tmax −Tmin), Tmin Tmax 298 K

398 K. : x1(0) = 1, x2(0) = 0,

Td(0 � Td � 1); x2(t).

B x2(tf).
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1 .

1

Table 1 The parameters in simulation

τ1 1 α 0.6

τ2 10 β 0.01

q 10 p1 1000

5

1

, RMSE MAXE

.

,

. 2 ΔUK .

20 0.61,

1.4 × 105. ,

R

, .

1

Fig. 1 The error between model and batch process

2
10

max
i=1

(|Δuk(i)|)
Fig. 2 The tracking error of the batch process and the tracking

of
10

max
i=1

(|Δuk(i)|)

5 (Conclusions)
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