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Main steam pressure control technique based on
mismatch compensation Smith predictor and RBF neural network
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(School of Electrical and Information Engineering, Anhui University of Technology,
Maanshan 243002, Anhui, P. R. China)

Abstract: To solve the problems of large lag, uncertainty and gas disturbance of main steam pressure
control system object of gas-fired power boiler,a control scheme based on mismatch compensation Smith
prediction and RBF neural network is designed. The RBF neural network’s online learning ability is used to
adjust the parameters of the conventional PID, and the mismatch compensation Smith prediction controller
to compensate the pure hysteresis in the system.The improved algorithm effectively solves the problem of
mismatch of dynamic characteristic model and pure lag of main steam pressure object in thermal power
boiler. The simulation research and practical application show that the control method has good stability
and anti-interference ability for the main steam pressure control of thermal power boilers.
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Fig. 1 Basic Smith Predictive Compensation Control Block Diagram
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Fig. 2 Block diagram of mismatch compensation Smith predictive control system
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Fig. 4 Block diagram of RBF network tuning PID parameter control system
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% 73 & 4L F R T R BAME Smith-RBF 4% 2 W 469 £ 84 R A HH R 111

, - . . NN 8 s N g
2) WA X AR SR AN A% Jeb R 8 G(s):me o I PR U A 5 L S A
T2 (AR 22, P LA R &l 7 s .
161
............... ﬁ*ﬂpﬂ)
————— FAR FISmith-RBF
R AL AME I Smith-RBF

0 100 200 300 400 500 600 700 800 900 1000
tls
E7 #ERSHYTLHBER

Fig. 7 Simulation Diagram with Variable Model Parameters

& 6 AT, 78 R GRS RN AR B RURS B 091 00 R R AN Y Smith-RBF 4% 1 77 48 A& % 15 %)
OB i 45 i AR TR A B Smith-RBF 45 il 75 2847 78 — 5 B9 4 5 AL PID 45 ] J7 52 88 4 <, 0 75 1 (1]
K. W7 BR S RGBS HOR A AR AT LA Smith-RBF #2677 S8 47 78 5 K A8 I8 . H 9875 i i) <
M 25 BE AME2 2 Smith-RBF #5175 58 32 B9 5/ il SOR R 4F . KPR FCAMEAY Smith-RBE A 800 58
Ik 7 HEAAD Smith A &5 Z) 32 858 S 5048 A 52 e A BB L R4S T R AF B9 R RIOCR
52 IENMA

FEAN AL 3 4] 150 ¢ R BRI R G W Kb DCS R0, e KLU 42 MW, A5 H
FEAS R I 28 0 235 0 AN A (7 JC 8 (0 S 000 T L 38— & AR MLV R b 2 28 73R I e fb i 1 R 4t fk 45
il R g i OPC PR DCS & 48 132 HURR R 45 A X S50 Ak 5 R 48 5 I DCS 3 48 3% 4 45 1 HiE K]
e 8 frs .

SRBARAEE 1 R 5
e
ty —
Tk LA | . ;h
i
ﬂ%ﬁﬁéﬁT $ Tl
£

8 MEMHIEHRSELEN

Fig. 8 Structure of combustion optimization control system
BRI DEAL 2 58 T 428 AR 0B e B9 RR 8 DI A1, 3 3 S0P i RS CE L, G 3 ol [ 8% Oy 2 20 4%

il o BRBEIC AP R Gead ad Tl IR 5 DCS A& 3] b1 ol 7 4%, il i Kepware OPC 8PF 747 Bfie i i1, i ]
NEABRA AT LM S g B9 BRI AL 1 R R L B S PID £ 5 K BEAME Smich Fifdh



112 TR K FFHR ¥ 42 &

S RBF 1 22 [ 46 42 il (14 32 2 0 0 % L ath £ T&T A 200 G it 26 S R 68 O0 A 4 1) 3 6 v 32 2 3R g 42 1l [l i 452
AR I 1] A AR 23 24 32 28 PR J 2 ) [ B 5 I 20 (8 i 2R 0 ELRE 3 AT A9 I o] 2z i R AR 1 9 o
SR ih 4o BFEIRIE S ERIRIE T E S8 5.9 MPa, 21 €6 i 42 4 1 %0k 2% B #M Smith Hilfi 2 RBF i
2 2 15 A BN AR IR [l g IFA] L (81 9 B I I BE S 8 e | 9 T RLA MY, 24 F2 28 05K I £ 4
[a] 6 5 A BT e T 9 S0 I, 2 28R Ty i TP AR L TR AR B 8l . B B AR IRUE S A AN i 6.0 MPa, £E 1R
FE s i) — 2 E N . B2 VR IR AT 5.8 MPa, HHE 10 M 11 7] LLF S BESE T 8 R k A4
AR R TR BCAMEE Smith AL K RBF 28 [ 4 42 ] 50 12 (14 00 1 72 1 28 ¢ RE 68 AR e g 41 ol 58 <4 3 A
XF T PID 454, B AT SR A4 P vk AR 2 1 L BRIE T 2R I IERE .

2018-06-16 23:07:10

skt W EE— 5 F5 BT 70 M ETF—T0 B 1h 2h 4h 8h 24h 72h

B9 FHEARENEHILL L

Fig. 9 Contrast Curve of Main Steam Pressure Control

. 2018-06-16 23:58:51

) L LR LR 1h 2h 4h 8h 24k 72h

B 10 KBSz PID =4I ERKEHHMLE

Fig. 10 Main Steam Pressure Curve of PID Control under Gas Disturbance

- 2018-06-17 03:07:54

REBET | BT | BT 1h 2h 4h 8h 24h 72h

11 B FEF K EAME Smith FfE K RBF HEMFEH PN ERREN ML
Fig. 11 Smith Prediction of Mismatch Compensation for Gas Disturbance and

Main Steam Pressure Curve Controlled by RBF Neural Network



%7 & 4L F R T R BAME Smith-RBF 4% 2 W 469 £ 84 R A HH R 113

6 ZHERIF

B XSRS T AR A 1 K T RS P B P R AR e R A R Y S ), A R AN B Smith FUAR
Pl 4% 5 RBF M MR E PID 280455 f2 i 7 —F R BCAMEE Y Smich-RBF 5l Jr 5. 07 K451
By TAR L RCR R0 R L AMA Y Smich-RBE 42 i 7 5 X 45 B 3 25K W I M IR A7 A00E TR 2 400
AR T iy I A8 S8R P 1 ) AL, AT R B DT T P L ah B 1 R R R ROR

o E
[ 1] e, KmA . Ehf. 5 F TDOF MD PID (%4 7 i A6 IR B 2875 1 Hl R0 13 0 & ¥, 2014 (5) £ 94-97.

SHEN Xia, ZHANG Lixiang, WANG Xiaowei. TDOF MD PID based main steam pressure control system in circulating
fluidized bed boilers[]J]. Thermal Power Generation, 2014(5);: 94-97. (in Chinese)

[ 2 ] Sivakumar L, Jims S H, Dharmalingam S. An investigation on the efficacy of classical tuning algorithm to satisfy advanced
requirements: control of main steam pressure during fuel switching and load disturbances in coal fired boilers[]J]. Ifac
Papersonline, 2016, 49(1) :443-449.

[ 3] ZRAGHR T 55 T 30 2850 M P ) 0 BE MR 53 b 28 vy gl [0 ] 4 ) TR, 2016,23(11) : 1685-1689.

LI Junli, YANG Shaowu, YUAN Ping, et al. Steam pressure control of coal fired boiler based on dynamic matrix control[ ] ]. Control
Engineering of China, 2016, 23(11): 1685-1689. (in Chinese)

(4] EEERLH XD AT Smith HUAAME 5 RBE 28 0 4 i ok PID #2440 [) ] B A FHAR 2011, 34(5) :153-157.
WANG Baozhong, SONG Dongfeng, LIU Weifa. Improved PID control based on smith predictive compensation and RBF
neural network[J]. Modern Electronics Technique, 2011, 34(5);: 153-157. (in Chinese)

[ 5] $harol, 222 —Fhkalt 45 M A9 Smith WAL 8% K AFELHL AGC w i B2 (] 0.3 b K 22 40 CH AR BE2£ D . 2004, 24 (2)
130-134.

HAN Ligiang, LI Zhihong. A improved smith predictor and its application for AGC in the roll[J]. Journal of Hebei
University, 2004, 24(2):130-134. (in Chinese)

L6 ] X R, Dh3E 0. Smith T 58 2 5047 Joor A S 2 HARDUARLT ). R 05 HA7 4k . 2014,26(8) : 1706-1712.

LIU Changliang, MA Zenghui. Simulation analysis and multi-objective optimization of smith-predictor parameters tuning[]J .
Journal of System Simulation, 2014, 26(8): 1706-1712. (in Chinese)

[ 7 0 3KRWeTe PR, DR 55 5 T8 4 SR o) S LAY B 0 o 25 B D sk R 5 [ ). b Il e DL R 24 412, 2017, 37 (3 1) :123-128.
ZHANG Xiaoyu, FU Lin, SHEN Jiong, et al. Study on dynamic modeling method of boiler based on on-line support
vector machine[J]. Proceedings of the Csee, 2017, 37(S1): 123-128.

[ 8] Ma]J, Eason ] P, Dowling A W, et al. Development of a first-principles hybrid boiler model for oxy-combustion power
generation system[]]. International Journal of Greenhouse Gas Control, 2016, 46;: 136-157.

[ 9 ] Sampath R, Dhami S S, Srivastava S. A virtual model of steam turbine power generation unit[ ] ]. International Journal of
Performability Engineering, 2016, 46. 136-157.

[10] X R S o POR R G Smith Tl 25 2802 B bR R A2l (802005 5 N T8 Ak L 2015, 28(3) : 282-288.

LIU Changliang, MA Zenghui. Multi-objective optimization control of smith-predictor parameters in superheated steam
temperature system[J]. Pattern Recognition and Artificial Intelligence, 2015, 28(3): 282-288. (in Chinese)

[11] Mai N T, Yamada K. A design method for stabilizing modified smith predictor for multiple-input/multiple-output non-
minimum phase time-delay plants with multiple time-delays[J]. Icic Express Letters, 2014, 8(3): 915-920.

[12] M, A 98 28— Fh ek 19 Smith FUMAME D7 2: [T 48 B TR 27241, 1999/ (12) : 33-35.

WANG Bingwen, LI Guokuan, JIANG Xin. An improved smith predictor control method[]J]. Journal of Huazhong
University Ofence & Technology, 1999(12): 33-35. (in Chinese)

[13] Qiao J, Meng X, Li W. An incremental neuronal-activity-based rbf neural network for nonlinear system modeling[]].
Neurocomputing, 2018, 302(8): 1-11.

[14] Wang X W. Path planning and tracking for vehicle parallel parking based on preview BP neural network PID controller[ J].
Transactions of Tianjin University, 2015, 21(3): 199-208.

[15] Zhu H. Shen J. Su Z. RBF neural network regression model based on fuzzy observations[ J]. Journal of Southeast
University (English Edition), 2013, 29(4) :400-406.

(€ F = S D)



