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Intelligent optimal-setting control for cement raw meal
pre-calcining process

QIAO Jing-hui1, ZHOU Xiao-jie1, CHAI Tian-you1,2

(1. State Key Laboratory of Synthetical Automation for Process Industries, Northeastern University,
Shenyang Liaoning 110004, China;

2. Research Center of Automation, Northeastern University, Shenyang Liaoning 110004, China)

Abstract: In the pre-calcining process of raw meal, boundary conditions of raw meal(i.e., flow, ingredients and particle
size) are varying frequently; the decomposition rate of raw meal(RMDR) cannot be kept in the desirable ranges. This
causes the declination of the production rate per hour and the blockage in the lower feeding tubes. To solve this problem,
we propose an intelligent setting-control system in which the set-points of control loops are adjusted online according to
the variations of the boundary conditions of raw meal. This system consists of four modules: a control-loop pre-setting
module, a feedback compensation module based on the fuzzy rules, a feedforward compensation module based on the fuzzy
rules and a soft measurement module for RMDR. This method has been successfully applied to the pre-calcining process
the raw meal of Jiuganghongda Cement Plant in China and its efficiency has been validated by the practical application
results. Industrial applications show that the proposed intelligent optimization method maintains the rate of decomposition
of raw material in processes within a stable range.

Key words: calciner; preheater; pre-calcining process of raw meal; intelligent optimal-setting; decomposition rate of
raw meal
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(Description of raw meal pre-calcining

process and objective of the setting control)
2.1 (Description of raw

meal pre-calcining process)
1 .
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Fig. 1 Flow sheet of the raw meal pre-calcining process

2.2 (The objective of the setting
control)

--

. ,
C1

,
.

min[γ∗ − γ(t)],

s.t. γ(t) = f(y1, y2, B1, · · · , B6), (1)

γL � γ(t) � γH,

y1L � y1 � y1H,

y2L � y2 � y2H,

: γ(t) = f(y1, y2, y3, y4, B1, · · · , B6)
; γ∗ (RMDR)

γL � γ∗ � γH; γL (RMDR)
; y1 ; y2 C1
; y1L y2L

C1 ; γH, y1H y2H

(RMDR) C1
.
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, f(·)
B ={B1, B2, B3, B4, B5, B6}

, B1

B2 B3

B4 B5 B6. ,
(1) ,

(RMDR) .

2.3 (The actuality con-
trol status of raw meal pre-calcining process)
2 ,

γ(t) γH γL

B γ(t)
γ(T ), ymax

ymin. B

γ(T ) ymax

ymin ,
ysp, ysp = {y1sp, y2sp}.

,
ysp,

. ,
, ,

y1sp, C1
y2sp.

2

Fig. 2 Actual control state of raw meal pre-calcining process

,
. (1)

.

3 (The intelligent
setting method for raw meal pre-calcining)

3.1 (Control strategy)
(1) ,

.
3 . 3 y = {y1, y2}, y1

, y2 C1 ,
u = {u1, u2}, : u1 , u2

.

3

Fig. 3 The proposed intelligent setting method for raw meal pre-calcing process

3 1 .

.
γ∗

ỹsp(t).

ỹ1sp(t) C1
ỹ2sp(t). γaux

γsoft
[5].

γaux [5].
eF(t)(eF(t) = γ∗ − γsoft(t))

ΔeF(t) ỹsp(t)
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yF(t).
eB(t)(eB(T ) = γ∗ − γ(T )) ΔeB(t)

yB(T ). ,
(2) :

ysp = ỹsp(t) + yF(t) + yB(T ). (2)

1 3
Table 1 The meaning of variables in Fig.3

B γ∗

T γsoft(t)

ỹsp(t) ysp

γ γaux

yF(t) yB(T )

3.2 (Intelligent setting control
algorithm)

(1) ,
.

3.2.1 (Algorithm for
control loop pre-setting model)

, γ∗ B,
ỹsp(t). ỹsp(t)

(3) :
ỹsp(t)=(ỹ1sp(t), ỹ2sp(t))=φ(γ∗, B1, · · ·, B6), (3)

: φ (·)
B , (3)

. [6]

,
.

,
, (3)

.
4 .

5 ,
.

4
Fig. 4 CBR-based control loop pre-setting model for raw

meal pre-calcining process

1) .

,
:

Ck : {(Tk, Xk) → Yk}, (4)

Ck k , k = 1, 2, · · · ,

n, n , Tk

, Xk = (xk,1, · · · , xk,7) Ck(k = 1, 2,

· · · , n) , xk,1 γ∗,
xk,2, · · · , xk,7 B1

B2 B3

B4 B5 B6, Yk = (yk,1, yk,2)
Ck (k = 1, 2, · · · , n) , yk,1 yk,2

C1 .

2) .

Ccur xi(i = 1, 2, · · · ,

7), Ck xk,i(i = 1, 2, · · · , 7, k =
1, 2, · · · , n), n , Ccur

xi(i = 1, 2, · · · , 7) k xk,i

(i = 1, 2, · · · , 7) sim(xi, xk,i)

sim(xi, xk,i) = 1 − |xi − xk,i|
max(xi − xk,i)

, (5)

: k=1, 2, · · ·, n; i = 1, 2, · · · , 7. Ccur

Ck(k = 1, 2, · · · , n)
SIMk

SIMk =

7∑
i=1

λisim(xi, xk,i)

7∑
i=1

λi

, (6)

: k = 1, 2, · · · , n, i = 1, 2, · · · , 7, λi

,
. SIMyl :

SIMyl =

⎧⎪⎨
⎪⎩

V, max
k=1,2,···,n

SIMk � V,

max
k=1,2,···n

SIMk, max
k=1,2,···,n

SIMk < V.

V .
SIMk � SIMyl

.

3) .

,
, ,

,
. :

r , {C1, C2, · · ·,
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Cr}, Ck(k = 1, 2, · · · , r)
SIMk, Yk =(yk,1, yk,2)(k =1,

2, · · · , r), ỹsp =(ỹ1sp, ỹ2sp),

ỹlsp =

r∑
k=1

wk × yk,l

r∑
k=1

wk

, (7)

(7) : l = 1, 2, 3, 4, wk(k = 1, 2, · · · , r)
, wk = SIMk(k = 1, 2, · · · , r).

4) .

ỹsp ,
[7] .

3.2.2 (Soft measurement
model for RMDR)

RMDRγ(t) , 1
. (1) , γ(t) = f(·)
y1 C1 y2

B = {B1, · · · , B6} .
, [5]

. RMDR
, .

3.2.3 (Algorithm for feed-
forward and feedback compensation)

,
.

. 1000
– , 2 .

eF(t) ΔeF(t),

yF1 C1 yF2.

2
Table 2 Input and output data sets

eF(t) ΔeF(t) yF1 yF2

1 0.03 0.01 5 −4
...

...
...

...
...

1000 0.01 −0.01 −4 3

2
, X1 = {eF(t), ΔeF(t),

yF1, yF2} ⊂ R
4, [8]

, 3
. FCM

.

X = {x1, x2, · · · , xN} ⊂
R

4, X n n X1, X1, · · · , Xn

(n < N), (8).⎧⎪⎨
⎪⎩

X1 ∪ X2 · · · ∪ Xn = X,

Xi ∩ Xk = ∅, 1 � i �= k � n,

Xi �= ∅, Xi �= X, 1 � i � n.

(8)

:

Step 1
, xi

D1
i =

n∑
j=1

exp(−‖xi − xj‖2

(ra/2)2
),

: xi(i = 1, 2, · · · , N) ; ra

, ,
, ra= 0.02;

Step 2 Dc1 = max(D1
i ),

1 ,
xc1 = xi|max(D1

i );

Step 3 rb= 1.3ra,
:

D2
i = D1

i − Dc1 exp(−‖xi − xc1‖2

(rb/2)2
),

i = 1, 2, · · · , N ; Dc2 = max(D2
i ),

2
, xc2 = xi|max(D2

i );

Step 4 Step 3, xci

Dci Dc1
Dci

Dc1
� δ ,

, Step 3, δ = 0.3.

xci(i =
1, · · ·, n) , 3.

3
Table 3 The clustering results of extracting input

and output data using the substractive
clustering method

eF(t) ΔeF(t) yF1 yF2

1 0.028 0.002 7.164 3.582
2 0.001 0.029 −9.952 −4.976
3 0.015 0.015 −1.435 −0.717
4 0.036 −0.006 15.734 7.867
5 0.020 0.010 −17.403 −8.701

3 , 5 .
eF(t) , ,
5 , ,
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:

μγi = exp[−(eF(T ) − eci)2

σ2
1i

], i = 1, · · · , 5,

eci i .

, ΔeF(t), yF1 yF2

. COG(center of gravity)[9]

yFi(i = 1, 2).
,

, 4
5 .

4
Table 4 Input and output data sets

eB(t) ΔeB(t) yB1 yB2

1 0.02 −0.01 6 −5
...

...
...

...
...

1000 0.01 0.01 −5 4

5
Table 5 The clustering results of extracting input

and output data using the substractive
clustering method

eB(t) ΔeB(t) yB1 yB2

1 0.040 −0.069 −13.79 −6.896
2 0.092 0.002 2.441 1.220
3 0.030 0.009 13.977 6.988
4 0.065 −0.030 −6.001 −3.011

5 , 4 .
eB(T ) , ,
4 , ,

:

μγi = exp[−(eB(T ) − eci)2

σ2
1i

], i = 1, · · · , 4,

eci i .

, ΔeB(t), yB1 yB2

. COG(center of gravity)[9]

yBi(i = 1, 2).

4 (Industrial application)

,
5 . S7 400,

PCS7 CEMAT.

5 5 1
. ,

(RMDR) γ∗ = 0.93.
, (6)

λ = {λ1, · · · , λ7} =

{0.235, 0.456, 0.456, 0.538, 0.538, 0.445, 0.589},
V = 0.9.

5

Fig. 5 Scene of raw meal pre-calcining in the plant

6
. 6(a)(b) 8:00 4:00 ,

C1
u1(t) u2(t) .

6(c) γ∗ = 0.93 ,
.
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6
Fig. 6 Optimizing control effects of the raw meal

pre-calcining process

8:00 , RMDR γ∗

B = {B1, B2, B3, B4, B5, B6} = {45.31%,
2.32%, 13.27%, 3.6%, 17.4 μm, 75T/h}, (5)
∼(7),
ỹsp(8 : 00) = {850 ◦C, 330 ◦C}.

0.92.

11:24 , B = {B1,

B2, B3, B4, B5, B6} B2 2.32%
2.01%, ,

(3),
ỹsp(11 : 24) = {880 ◦C, 341 ◦C}.

1:48 , B2 2.01%
2.30%, B5 17.4 μm 15 μm,

B2 , ,
,

ỹsp(1 : 48) = {855 ◦C, 335 ◦C}.

2009 4
. , 2008 5 2009 3 ,

. 2009
4 , 2009 4 2010 8 ,

. RMDR 1 h,
1 . ,

6 .

6
Table 6 Comparison of the performance of the raw

meal pre-calcining process

RMDR 0.86 0.93
/ % 93.46 96.01

6 , ,
RMDR 86% 93%, 7%,

2.55%.

5 (Conclusions)

( ) ,
.

.
.
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