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Online Reinforcement Learning Control Algorithm for

Concentration of Thickener Underflow

YUAN Zhao-Lin' HE Run-Zi' YAO Chao' LI Jia! BAN Xiao-Juan'

Abstract Complex process industrial control is a widely concerned problem in the field of control application. As a
kind of complex huge industrial equipment, thickener has been widely used in metallurgy, mining and other applica-
tions. Due to its characteristics of complicated variables, nonlinear and long delay in the operational process, the
control strategy of underflow concentration for thickener has always been a hot and difficult issue in the academia
and industry. This paper proposes a novel online control algorithm for thickener which is based on reinforcement
learning. Inspired by the traditional heuristic dynamic programming (Heuristic dynamic programming, HDP) al-
gorithm. The proposed method designs a double net framework which is composed of the critic network and the
model network. To achieve the stabilization of underflow concentration, an optimal method which is based on re-
viewing the history data in a short term is proposed in the training phase of critic network. Simulation experiments
verify efficiency of the proposed method. The results show that the proposed method can maintain the concentra-
tion of underflow in a stable horizon and performs better than other algorithms in accuracy and time consuming.
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Illustration of thickening process.
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2: k=0

3: while £ < T do
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7 do

8: 4 L=min(L., k), 3 (24) K
e.(k)

9: FIFH R (12) UIZRVEAN 2%

10: 1=1+1

11: while i < N, and e2(k) > e,

12: FIFHEVE 2 KAE w(k)

13: Buk) EHTRENRS, 5/,
Iyl

14: k=k+1

3 RENGMESR

WENTRER, b TERL T 5 R
A EE ML ] S 0 AR B e, A1 R A i AL 7 A
TYIGAE A ST P2 ) SR O i, R Ay 3 077 3%
S 1 SR [19-24]. %07 FBRUE ST AR AN i
fiti b

1) HERHHS I BRIE AR

2) REGHERFEIESRE ST EN 2.

3) VAR YRR AR S T AT

4) 2 FIURL B AR AT S W AL R T ML A il
AU

BOAHE I AR LA SR 1 ~ R 3R
ST (23], AT 15906 2 5 L 5 9 2 I o & b
AR AR, Wioe Wi
t t
(t) = “Ap. Tr(t) (27)

AR ] A~y e e A, YR )= A [ AR o R AR AL 5
TR T B0 R P B AR IR S R e R
P R AR e/ e 2. AL AT DU ST JZ N 1 38 B
PRAR S ] B R T B L PR R 2R

alOANOL _ 1) (1) + - (] 4 — eatyue ()4
(28)
X2 (28) AR T AT 432K (29):
dh(t) dea(t)

= c(t) [ue(t) +ur(t)] A=
cu(t)ur(t)A (29)

Bzt (29), 2 (27), ATRRIERE h(t) 5K
TIRFE e, (t) F— AL

Ca(t)T (t)p m

ah(t) W0 rlt) ue(t) & (1)) — e (B 1)
T Acét()te)
(30)
deult) _ et uft) + )] = enun)
d p (100 - calt )

®1 SEEX

Table 1  Variables definition
A EBd 2] [ULGLE *h TR
fi(t) BRI A Hz 40 HizhE
Fu(t) R FEAT Hz 85 eIy
0 BRI A Hz 40 P
ci(t) HERRKEE kg/m’ 73 sl
h(t) ey m 1.48 W&
cu(t) JRIATHRE kg/m? 630 Hirs

*2 IABRMEE

Table 2 Definitions for constant variables
R P =4 Rl
ps THb % kg/m? 4150
Pe IR L kg/m? 1803
He BRI R IMFR AR Pa-s 1
do BERMORL FLAT m 0.00008
P TR B AL x 0.5
A WA H IR AT AR m? 300.5
ks e (DEES - s/m2 0.157
ki iR m’/s  0.0005x3600

K; HERHAT I 5 AR A AR AL m’ /r 50/3600

K. R IR i B2 5 R T AR A3 ) AR m’ /r 2/3600

Ky  ZREFIRES QR R m’ /r 0.75/3600
0 EX iyl s 2300

®3 HREIHEIE

Table 3  Definitions for part intermediate variables
AR P A
q:(t) HRHAE qi(t) = K fi(t)
qu (t) R qu(t) = Ky fu(t)
a5 (t) ZUERIAN I = qr(t) = Ksfr(t)
d(t) SRR S M BORL LA d(t) = ksqs(t) + do
w(t) BT ue(t) = LOL—pe)g

He

up(t) RS EERL T U u(t) = 240

al(t)  VBIREEEAL AL AR
ca(t)  PRJERFHA AL AR [ E

ci(t) = kigi(t)ci(t)

ca(t) = ple(t) + cu(t)]

0= (g @ ~)
W(t) = ci(t)q:(t)

r(t) VB2 DAL i L

W (t) AN () HE IR EE LA I8 1A 5T 4

FEAZ AT FRE R ep ) BB A fp AR UL A I8
Ju REAEHIEN w = [fu, fr]T, BERHERIAE f; MRERIKE
¢ AT IR ¢ = [fi, cil", RIFHKIL e, Tzl R
GUBERRE y = c,. HABNEH RGREAITT
YU ¢ AWHpeal T, I8 I8 A BV B N R o, SRS
yIBERHBCEE v HRYEFSAE PR IU F AR
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Fig.6 Noise input in the simulation experiment
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Table 4  Performances analysis of different algorithms
SKIR A 481 482
MfHigbr  MSE'  MAE?  IAE? MSE MAE  IAE

6 105.619 275.075 54.952
732.814  96.145 16.560
2473.661 211.615 35.222
307.618  76.176 12.998

HDP 414.182 141.854 7.246
DHP 290.886 109.312 5.392
ILPL 364.397 135.474 8.289
HCNVI  44.445 66.604 3.867

ETERSE] B ss Bk ER T 10 IRSEEXTEL T
HCNVI H#5 HDP SRR A JEFE, T =270 .
LI A RWE 13 fion. EM SRS TUIAET,
HCNVI Sy HDP Sk i) e i T yE #EAH L1 9
HR g A 0. X T AN I S A Rt
PN, B4 KRG MG SHON W 3.1 7

'(Mean Square Error, MSE):% Zle |(y(l€) - y*(k‘))lz
*(Max Absolute Error, MAE)= maxlngTﬂy(k‘) — y* (k)|}

*(Integral Absolute Error, IAE)= % Zle |(y(k) y* (k))|
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