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Data and Model-based Soft Measurement Model of

Cement Raw Meal Decomposition Ratio

QIAO Jing-Hui' CHAI Tian-You?

Abstract The raw meal decomposition (RMDR) is a quality index in cement raw meal calcination process. The product
quality index is low and it is easy to cause the preheater C5 feeding tube to be blocked because of varying boundary
conditions and manual offline detection period of two hours. The product quality index is low and it is easy to cause the
preheater C5 feeding tube to be blocked. To solve the above problem, a soft measurement model of raw meal decomposition
ratio was proposed based on data and model. This model for raw meal calcination process consists of five modules, namely
an outlier detection based on Kullback-Leibler (KL) divergence density ratio, a raw meal decomposition ratio model based
on mechanism model, a raw meal decomposition ratio model based on hierarchical Sigmoid (S) kernel function, an offline
detection model, and a coordination factor based on fuzzy model. The actual application results show that the model
proposed can select right submodel according to current operating conditions, and is far from fault condition by the
practical application results.
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Fig.1 Process flow diagram and current control for raw meal calcination process



1566 H 3l 1k # Eihd 45 %
1 /INE 1 2 OB — U, SR AR 7000

W 5E AR T R R0 2 N, TR E 6 500

T 2B R R e 5 15 P2 RE . BOREAEE I 0] 5 7 conol

TR, R, A0 ST A B AR e SR A .
1.2 RS RIERERER

e T AE =, M o R TAERCE %4
FEEE R EA R R, BRI AR L o R A
iy C5 )5, AR E ALY BRIER T |5 B R ER T 1Y
H oy, ARb o R e e A Rb o R 1Y 7 B AR A
— SRR BUBHRGEERI Rl L 7 R, e AR
ORISR A — TidAEE C5 NRMF I ZEMT R,

1) ERMRES G RER X R

G RE R BRI R] (/NEF) A 7= R A o
(), =k (1) Frow.

G = 0.024(1 + v)D*°L (1)

Hrp, G AR ARV N=HE (t/h), v Rk
SRR (o /NEOERK), D AL 5y AR el e
B PR B ] e 2 S (m).

BITRE G SAERIMER v R AL 2
fis. (1) K 2 380, GE7EE G 54K #
oy BUEL, BIERT7RE G BEE R R y 13
TR PN

220

200

G (T/h)

160

140

120 |

0 01 02 03 04 05 06 07 08 09 1
Rk i e
E 2 &R AR R K R4
Fig.2 The relationship curve between the production

hourly and raw meal decomposition ratio
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Fig.3 The relationship curve between clinker heat

consumption and raw meal decomposition ratio
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raw meal decomposition ratio and rotary kiln speed
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Fig.11 The structure of coordination factor based on

fuzzy model
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Fig.14 Abnormal value detection based on

Kullback-Leibler divergence density ratio for

calciner temperature
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Fig.18 The raw meal calcination process
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Fig.21 The flow chart of algorithm realization
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Table 6 Range of four components in raw meal

)%y i (%) % &t (%)
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4.5 Eip

AT T R 5 R A OK K JR AR R
AR, R T T R R A R S (A
S HRE I3 A AR LI AR LA I Y MR, 1B A RE A AR
B4 T D0 A A B 52 RO MR PR 1, 0 T A5 L
HERHS R BOMAL Ao R B A A,
PRAR T T Cb TMRMESEZEMR. Prig ik
SN T ROKVRT KR AR R . 2
A& FEE BT RN AR K Eh (4 K Y8 AR A K
) A

References

1 Chai Tian-You. Industrial process control systems: research
status and development direction. Scientia Sinica Informa-
tionis, 2016, 46(8): 1003—1015
(ERAMi. Tl R m R S K g m. hEB: FE
R, 2016, 46(8): 1003—1015)

2 Chai Tian-You. Operational optimization and feedback con-
trol for complex industrial processes. Acta Automatica
Sinica, 2013, 39(11): 1744—1757
(SeRM. E AL EREBET RS BEER. B3k, 2013,
39(11): 1744—1757)

3 Sun Bei, Zhang Bin, Yang Chun-Hua, Gui Wei-Hua. Discus-
sion on modeling and optimal control of nonferrous metal-
lurgical purification process. Acta Automatica Sinica, 2017,
43(6): 880—892
(A&, R, PHBELE, B PE. G 0a S BB S ks ik
. B3R, 2017, 43(6): 880—892)

4 Fan Jia-Lu, Zhang Ye-Wei, Chai Tian-You. Optimal opera-
tional oeedback control for a class of industrial process. Acta
Automatica Sinica, 2015, 41(10): 1754—1761
(FEFBE, ki, X — LTS R A H . A
MLZER, 2015, 41(10): 1754—1761)

5 Qiao J H, Chai T Y. Intelligence-based temperature switch-
ing control for cement raw meal calcination process. IEEE
Transactions on Control Systems Technology, 2015, 23(2):
644—661

6 Qiao Jing-Hui, Chai Tian-You. Temperature switching con-
trol integrated with improved ELMAN network and Q learn-
ing. Control Theory and Applications, 2015, 32(7): 955—



1578

)

e

Eihd 45 %

10

11

12

13

14

15

16

17

18

19

962
(FR5E, SeRM. otk ELMAN R0 Q 220 iRVl 15
HIE S A, 2015, 32(7): 955—962)

Wang J W. New Dry Cement Production Process Calcula-
tion Manual. Beijing: Chemical Industry Press, 2013. 99—
120

(EE/H. BT EKR LA RN Jeat: 2Dl i,
2013. 99—120)

Huang J L, Zhu Q S, Yang L J, Cheng D D, Wu Q W.
A novel outlier cluster detection algorithm without top-n
parameter. Knowledge-Based Systems, 2017, 121: 32—40

Sugiyama M. Machine Learning Using Diagrams. Beijing:
Posts and Telecom Press, 2015. 137—142
(B BEdLRaE Y. dbnt: NRIBRLE R, 2015. 137—142)

Sugiyama M. Introduction to Statistical Machine Learning.
Beijing: China Machine Press, 2018. 464—468

(216 GEitblass > Rt dEnt: MUBCT R i, 2018, 464—
468)

Wang W, Zhang B J, Wang D, Jiang Y, Qin S, Xue L.
Anomaly detection based on probability density function
with Kullback-Leibler divergence. Signal Processing, 2016,
126: 12—17

Qiao J H, Chai T Y. Soft measurement model and its appli-
cation in raw meal calcination process. Journal of Process
Control, 2012, 22: 344—351

Zhou X J, Wang D H, Shao Z G. 2-D regularized locality
preserving projection algorithms for temporospatial feature
reduction and its application in industrial data regression.
Neurocomputing, 2015, 169: 373—382

Witt P J, Sinnott M D, Cleary P W, Schwarz M P. Estimat-
ing a hierarchical simulation methodology for rotary kilns
including granular flow and heat transfer. Minerals Engi-
neering, 2018, 119: 244—262

Koumboulis F N, Kouvakas N D. Indirect adaptive neu-
ral control for precalcination in cement plants. Mathematics
and Computers in Simulation, 2002, 60 (5): 325—334

Fellaou S, Harnoune A, Seghra M A, Bounahmidi T. Statis-
tical modeling and optimization of the combustion efficiency
in cement kiln precalciner. Energy, 2018, 115: 351—359

Xie Ke-Ping. Refined Operation and Management of Ce-
ment New Dry Process. Beijing: Chemical Industry Press,
2007. 130—161

(G587, AKIEH R VAR A LB 5. JUnt b2 Tl
Jikt, 2007. 130—161)

Qiao J H, Chai T Y, Wang H. Intelligent setting control for

clinker calcination process. Asian Journal of Control, 2014,
16: 243—263

Nguyen X, Wainwright M J, Jordan M I. Estimating di-
vergence functionals and the likelihood ratio by convex risk
minimization. IEEE Transactions on Information Theory,
2010, 56: 5847—5861

20 Qiao J H, Chai T'Y. Quality index modeling based on mech-
anism and multirate sampled-data in cement raw meal cal-
cination process. In: Proceedings of the 27th Chinese Con-
trol and Decision Conference (CCDC2015), Qingdao, China:
IEEE, 2015. 23—25

21 Masashi S. Introduction to Statistical Machine Learning.

Beijing: China Machine Press, 2018. 239—244

22 Qiao J H, Chai T Y. RMDR optimal setting based on multi-

model for raw meal calcinations process. In: Proceedings of

the 36th Chinese Control Conference (CCC2017), Dalian,

China: IEEE, 2017. 4494—4499

23

Fabio B G, Silvia M N, Renato F, Horacio S. A text sum-
marization method based on fuzzy rules and applicable to
automated assessment. Expert Systems with Applications,
2019, 115: 264—275

b IR AN 22 5 Y e |
BAZ. 2012 AFARIR ALK A 1 PG 45
[ Y -4 - = (VA 5 25 Sl [ )
Sk Dok R L5 B e il Ml
2] ARTCHEAE S

E-mail: qiaojh2002@163.com

(QIAO Jing-Hui Associate profes-
sor at the School of Mechanical Engi-
neering, Shenyang University of Technology. He received
his Ph. D. degree in control theory and control engineering
in 2012 from Northeastern University. His research interest
covers modeling and intelligent control for complex indus-
try systems, and machine learning. Corresponding author
of this paper.)

SRR hETRERER L, RIEKREH
1%, IEEE Fellow, IFAC Fellow, N{V#}
FBekide. 1985 PG AR E G L2E
B FEWFTET5 1000 H &R ], B AR
M, AR TR A S BIE . ik
HHEAR.

E-mail: tychai@mail.neu.edu.cn
(CHAI Tian-You Academician of
Chinese Academy of Engineering, Professor at Northeast-
ern University, IEEE Fellow, IFAC Fellow, and an Aca-
demician of International Eurasian Academy of Sciences.
He received his Ph.D. degree from Northeastern Univer-
sity in 1985. His research interest covers adaptive control,
intelligent decoupling control, and integrated automation
theory, method and technology of industrial process.)



