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Data-driven Flotation Process Operational Feedback Decoupling Control

JIANG Yi! FAN Jia-Lu® JIA Yao! CHAI Tian-You®

Abstract The flotation process is a mineral separating physical process by taking advantage of the hydrophilic or
In this
paper, firstly, a multivariable, strong coupling, nonlinear and time-varying operational process model is established with

hydrophobic properties of the mineral or the hydrophilic or hydrophobic properties obtained by treatment.

the input and output of the pulp level and feed flow as its inputs and the concentrate grade and tailing grade as its
outputs. Secondly, by taking the advantage that the unmodeled dynamics at last sampling point can be measured,
a scheme of one-step optimal unmodeled dynamic compensation PID decoupling control is proposed including the ore
grade operational process controller driven model, PID controller, feedback decoupling controller and unmodeled dynamic
compensator, to guarantee zero steady-state error, static decoupling, and unmodeled dynamics compensation. Finally, a
simulation experiment on the operational feedback control in an industrial flotation process is conducted to demonstrate

the effectiveness of the proposed method.
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Fig.1 Schematic diagram of single flotation cell
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Fig.2 Structure diagram of data driven one-step optimal unmodeled dynamic compensation PID decoupling control
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—0.3817 — 0.6183271 0 17 <r (t) <17.3 (48)
0 —0.4285 — 0.571527! 45 <ry(t) <5 (49)

SRf#E Diophantine 778, #]15
G(Z_l) =
[0.1767 —0.00382"! 0 ]

0 0.1767 — 0.00382 "
(40)

WS G(z7Y), H(z™Y), H(z™Y), K(271) i
S IR P B AR SRR A A ME T PID figkhTs
2]

Kp = — H(Gl + 2@2) ==
[ —4
4.6014 x 10 0 ] ()
i 0 2.3477

KI:H(éo+él+GQ):

0.0212 0
(42)
0 108.1049
~ 0 0
Kp =11G, = 43
D > [0 0] (43)
H(z') =diag{l — 27", 1—-27"} (44)

Az =1 [F(xl)é(zfl) + S(zfl)] -

0 —0.0036 + 0.0036z~*
[0.0014 —0.0014z71 0 ]
(45)
KEYHY=LI[F") +Kz"]=
—0.3710 + 0.3710z! 0
[ 0 28.574 — 28.57421]
(46)
2) FETUTI A A S b P RE SRR
T+N,
J=Y (" —r(0) Q" —r)
i=T+1
st x(i+ 1)i) = Az (ii) + Bay(i]7)
r(ili) = Cz(ili) (47)

FEm KA N, = 5 3%, IMBUERE Q
AT RE R, B LA )R A MATLAB i
quadprog EA%Y.

5 B IG Th BEA H bR IX ] R

WEPE B e EN r* = [17.15, 0.475]T.
4.2 ETFHMEBAEX ERE

BEXFSCHR [15] A ZetEAl 2 5 B 4 i Ao 2 P A
T, AT FHASSCI PID il 8 ) 5500k L A Yool 42 1)
(Model predictive control, MPC) $LykiREAT X L A5
FLSELS, 45 3~ 7 Bk,

AT ELE AT LG, B 3a 0] ok Ze v Y
I, ASCHTER TS SR [15] H AR TR SR 4 1 77
VEHRRT AR I O 25 I B B T R R, AT A
A7 BRI H bR B A, e PR R SR04 o1 75 ¥k ) o
TACRE SR, AL AR TN A AR 1IR3 e i 4
SEBRIEOLE, B R R A A M DA AR 2 15 3
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Fig.3 Ore grade tracking curve with PID decoupling

control under linear model
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Fig.4 Control input curve with PID decoupling control

under linear model
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Fig.5 Ore grade tracking curve with MPC under

linear model
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Fig.6 Control input curve with MPC under linear model
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4.3 ETFIELMERMNIEX LN

N T IR AEAS ST VAR S B OR, AT HI SCHR [15]
ARGt R REAT 07 LS, RV i R A AR 2R
(3), A ST i EH8 X 3 — 20 e AR AR B A A M2
(1) PID fif Ak i 5 by B il 5 6] (Model pre-
dictive control, MPC) FLykiEAT X LA FLSEE, [H]
I, FBAEE IR A S5 g, MBINLINIRE), S5
BN E 8 ~12 Fir.

N T PR AR ST I RCR, TIN50 1% 75 TR
77 (Integral absolute error, TAE) Lji% %3475 7%
(Mean square error, MSE)23=26] SK3FAh #2551 30UR,
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Fig.8 Ore grade tracking curve with data driven one
step optimal unmolded dynamic compensation PID

decoupling control under nonlinear model
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Fig.9 Control input curve with data driven one step

optimal unmolded dynamic compensation PID decoupling

control under nonlinear model
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Fig. 12 Control input curve with MPC under

nonlinear model
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Table 2 Performance index of comparison experiment

IAE MSE
ALy 0.2078 3.3073 x 10~°
AL Ty 0.1803 2.396 x 10~°
MPC ry 18.1797 0.0601
MPC rs 37.4461 0.2563

WA A RAT LU, it GO0l AR 2k P
WU, AR SCHTHR TR vl AR A 26 17 U o L VAV
L, AT AL BRI F PR VOE (. SCRR [15] R
A TR TN 42 S0 7 R TE AR A B e R 4 A N,
e an 7 B AR BEE (. RN, ezl AR
(EAFAE R MR EE, AR IR PN P RESE br
MET-SCHR [15] FP ARSI T4 55

5 &t

AL 7R A I R BRSPS AR A
Bz PID MRRL =%, Bl )i il o
IRANBIR . PID 2l SBT3 AR@ i)
SAMEAAUL, LI T RIS R 2 . RS SR
BERLZN AR (K AME, 77 IR DU 3 B 07 L e 45 R
R T IR IAT .
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