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Operational Optimization and Feedback Control for Complex Industrial Processes

CHAI Tian-You'

Abstract Process control should ensure not only controlled variables to follow their setpoint values, but also the whole
process plant to meet operational requirements optimally (e.g., quality, efficiency and consumptions). Process control
should also enable operational indices for quality to and efficiency to be improved continuously, while keeping the indices
related to consumptions at the lowest possible level. This paper starts with a survey on the existing operational optimiza-
tion and control methodologies and then presents a data-driven hybrid intelligent optimal operational control for complex
industrial processes where process operational models are difficult to obtain. Applications via a hybrid simulation system
and an industrial grinding process for hematite ore mineral processing are presented to demonstrate the effectiveness of the
proposed operational control method. Issues for future research on the optimal operational control for complex industrial

processes are outlined before concluding the paper.
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Fig.1 Operational control for industrial processes
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Fig.2 The structure of optimal operational control for industrial processes
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g RI12, w; i RBF-ANN it )2 45 55 )i
BUE; N ARRSET . gs(t) MR T e:

o

o

Ys(t2) = t:z%(k/‘h) (19)
k=1
oAb g1 (t2 — 2)X 61 (s — 1) X ia(t2 — 1) FHF SR
[F] b, o ¢y 205 R S 43 il [ % 1) SRR AR I Ji)
K, IR to RN IN H L AT
TH B T R DU M X LI ¢, = 30t
Civ oy M w; AXHAERE k-means FEAKE L
i v R e O h 0 S8, R IR RLS (Recur-
sive least squares) H %% RBF-ANN fiit 217 &%
HERAUE w; BATNZR, VEANSFIEZ L SCHR [23)].
4.2.3 EFEWEEREIRS RIRFME
BT EE BRI (12) IR e ilie Y
WA VBT B ARG, BRI, (R4S
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Fig.8 Operational control software for grinding process



1752 H %)

RO EAAT, W 9 Pros. KA LY R Gt
AT TOTESES, DiEas Rk 8 4 T fr, 45 E
B P4t R I AT 43 1 7 v ml ke BE AR R AR H A
YO A RUAT gk H AR A

4.4 T RF

X 10 sk n™) i 15 & EEHLAL R
FERT LR, R 3 B I R e s AT O A 4 1l
TR T is47 6 R g, HAE 5474 K
11 Fs.

K 12 MIEH Lo F B R 184700t 35 1
S R el K s it R v o N EI N S ek ]
Y = [yr, 75, vi] = [69.01t/h, 76 %, 46.18 %] J5,

2FLG-¢2400 mm
R E AR TE 53 Sl

Bl 10 3% B oTsE st
Fig.10 Grinding units of the plant

K9 B LR BRI

Fig.9 Simulation software for grinding process

Operational
feedback
control

Human-computer
l system

interaction
platform

Control net
-—
Ethernet

Controllogix 5000
Distributed control system (DCS)

VBA

Operational f Matl ab
feedback |+ Visual Foxpro

control Microsoft Office Access

DDE and activeX
OPC

RSview 32
HCI | [Real-time| [ RSview
platform| | database | '|OPC server

| ControlLogix5000 DCS

Communication

Control algorithm Communication
-Loop control |Operation processing

-Logic control |1/0 data acquisition

I
| Measurements and actuators |

(a) A/ P 2% 544

(a) Hardware/network structure

(b) &5
(b) Software structure

Bl R Rl AT RO R Ge I A R 44

Fig.11 Software and hardware structure of intelligent operational feedback control system for grinding process




113

SeRM: BT R IE AT R R 1753

7 % <200 mesh

58
0

300 400

100 200 600
Time /min
(a) B IHRLRE ]
(a) Trends of particle size of ore pulp
= 2
Vg ;
R EILS
So 1
T8y S»T t T T
' . . ﬁ . It
0 100 200 300 400 500 600
Time /min
(b) KLRZSEBRMES H A i 7=
(b) Error between actual value and target value of particle size
= 2
vV g 1.5f
- T ; ;
N o E
<80'5 *.T T [ L T T T T
0 100 200 300 400 500 600
Time /min
(c) M FE PR R 22
(c) Prediction error of particle size
K12 IEH TOU N S Rsfr o il th 2
Fig.12 Curves of operational optimal control for grinding process under normal working condition
66
SO
O - O
LR A S S N
S 60 777:777:7@976;* 77777777777 Qo oo
;/\c o g5 @)
~ 58 > T 0p°
oo _
36 o rwy |0 15 20 25
- 2 Time /10 minutes
(a) W HRL S
(a) Trends of particle size of ore pulp
70
<
— 60 AR AR AT ety o MU g WY A g, ;W‘WMMMM/MWwuwu«mwwww
= “f
50 . . - . .
1 000 2 000 3000 4000 5000 6000
Time /min
(b) LR
(b) Trend of ball mill current
30
< i
< 25F ] N
_‘:N o’ ™
20 1000 2000 3000 4000 5000 6000
Time /min

(c) WRTE B S F
(c¢) Trend of spiral classifier current

13 RR T O0 N B R s AT P th £
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