Journal of System Simulation

Volume 28 | Issue 11 Article 17

8-13-2020

Adaptive Dynamic Programming in Raw Meal Fineness Control of
Vertical Mill Grinding Process Based on Extreme Learning
Machine

Xiaofeng Lin
Guangxi University, Nanning 530004, China;

Weikai Kong
Guangxi University, Nanning 530004, China;

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

b Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol28
https://dc-china-simulation.researchcommons.org/journal/vol28/iss11
https://dc-china-simulation.researchcommons.org/journal/vol28/iss11/17
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol28%2Fiss11%2F17&utm_medium=PDF&utm_campaign=PDFCoverPages

Adaptive Dynamic Programming in Raw Meal Fineness Control of Vertical Mill
Grinding Process Based on Extreme Learning Machine

Abstract

Abstract: The grinding process of vertical mill raw meal in cement industry features nonlinear, strong
coupling and long time-delay, which is difficult to model precisely and implement stable control for raw
meal fineness. Against the problem, a production index prediction model of vertical mill raw meal grinding
process was established using Extreme Learning Machine (ELM). Adaptive dynamic programming (ADP)
was used to control the raw meal fineness, whose action and critic networks were implemented by online
sequential extreme learning machine. In the meaning of simulation, the results show that the proposed
method is valid and helpful to reduce the energy consumption.
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Adaptive Dynamic Programming in Raw Meal Fineness Control of Vertical Mill Grinding Process

Based on Extreme Learning Machine
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(Guangxi University, Nanning 530004, China)

Abstract: The grinding process of vertical mill raw meal in cement industry features nonlinear, strong
coupling and long time-delay, which is difficult to model precisely and implement stable control for raw
meal fineness. Against the problem, a production index prediction model of vertical mill raw meal
grinding process was established using Extreme Learning Machine (ELM). Adaptive dynamic
programming (ADP) was used to control the raw meal fineness, whose action and critic networks were
implemented by online sequential extreme learning machine. In the meaning of simulation, the results
show that the proposed method is valid and helpful to reduce the energy consumption.
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(ELM)

T RE S K Y8 A P b B ) B AR P2 AT A
FEREIAT, LB R —POH TR B ik, 4R
T4k, BERREE G S T kL R e By

BE LT R i R, SEEE O Y

Y

Wk H . 2015-04-08 18] H #: 2015-10-18;
FEBTH: HK HRFHEEES(61364007);

W7 M A R Gt 55 e, FLAEYL1989-),
W, K, mE A, WU R R s

TEH T/ BRAN(1955-), T3, ) PERG I, 2k, Hd,

A [ s L AR ALY B (1) 7 3 1R % o 0 B oL R I FELRE
HEAIKPEAT FFEIY) 50%~60%, ARbky B ik 4Nl 4%
HENERE, AR EERR, Semnre s RE . Bk,
o AR AL A JBE T 47 T A 55 M) B R AR 5 A 7 I DG B
PRI, BRI, 37 B AR B R A — AN 2R (K4
ML AE R, RAAREM. S 2GR
A M LA ST R P B 2 AR R S IR o

I AE SR, H & NV 3h 2 B % (ADP, adaptive
dynamic programming){F b —Fi i ik AR 2 R
Gl PRI ik, MR T 2o,

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 2764 »



Journal of System Simulation, Vol. 28 [2016], Iss. 11, Art. 17

$28 B 11
2016 4F 11 H

ADP ¥ L& RPE BE BH T3hAk, JiadJE
LRVEIBIALLE R, e I 2 5, T A5 B B A M
Rl e i e LA il 28 S AR R B Tk XM A, ek
T T R G o KT R e R e R,

38 R A R — MR BP 4S8,
RAETEVN B NG, 5 N Ja s dot /NS i 0o 0]
TG A FE, A SR R TR IR A STHLRG 1 A
BRI AL B, SRR 2 2 HLELM)
PR X 268 S ST ST S AR Ky B A R A TR ASE R, [
i TR B 2% STHLSCEL ADP 09k, o o B B ot
AR E P O R R R A e iR R R E X
1 BSOS BS My Bt PR A
1.1 BB TLZERE

S N FHPRFAK B IR SRy BE KL N FH Pl s
Az A RCRAE ATk, HAT ReFER R B
R T AR R

ARKUB S 7 B B o TS Sk DRI R B A
PR PN B o

TEPIRING BE I B, TC LU 1) JrOoR i ik = a8 R
WD ORHE TR, HERRTE BRI, B
)17 1 R B ) A A 16 B 45 R0 O N TR
ROV BER A5 0 RO PR B L VS A I S LA 1
PEFR 430 A PRI BN IS ) o PR B P
BOURIE 2 5, BRSBTS
FkHE ER .

TEVPRLRIER B B, KR AL 11 i A0
BRI AT BRI T, A BERE S Ry 45
UL F 043 B o AT 20 346 o R 7 A [ B 4 5
WL\ PRI R AT T 5 G A ikt AR g Y
TEFR), Bk B S B R B L L3, 7 RS
Bl T B o A W XU (AL IO i
PEE A I EFE 11 H B, SR Bl AR TH L BT
BENL, TRUCHEAT R B GX A FE B MIEER) . B
i R R T 78 20 P TR B R R B S, AR T
AElERE.

TSy R RS TS ] 1 R

NI, 25 FEF ELM [R/KJe S BB R0 ADP 54

Vol. 28 No. 11
Nov., 2016

RO &

Y,

ﬁ%%?
Lix

wify

K1 SRS T R

FEK B T2 TR, AR — MR E 1)
fiabs, 7ok B ARASE DL, H B AR FE —
FEAEFETE 80 um M R FEAE 20%~25%. sZMAA k)
AE IR R TAT LR LA

1) kR, (RUEEHUSATI E SR O
FEZE. BHRANMES)IES, &Mk, 559
BOL IRk, RN, A By L
“RURP IS, BL [FIFEAE AR E ;

2) NEES IR RPERRIT B, KRR/
R S0 B AL 133 B s 22 55 S 2T
SR B AL S SRR PR R, NS i, A
YIRS, (R AR, H ek, 190 B
W28 NERIRESAG, PRME /K&K, BB Fik
gV E SIS

3) S RS ARIL A, R A0 RURL R ORE ¥ 23
e T T DR B /0N 2 T ) 38 2SR 1 A LR
PR ORI [1) S5 F, 5% Ky B 4 B 7T

R LA BOUAEAE IR 5 AR &, 54X L
AN SR A S A R T OB

12 3T W PR 22 33 WL 37 2% 22 R) 40 5 3
it

B BR 2% 2 HL(ELM)& Huang G.B.% A3 HI ) —
Fofrbe s 1) 2R s 2 2 R 8 N 2 T R BVR I
Fi RURTE M SR E R, B)RTT RS
(i NUEFN B BB LI, TERE P71 09 2% 11
fi 14 RSP 0 a5 /N 1 T 98 2 R BT 380 ) /S
TRfR. ML TALRGER BP M2k, T

http: // www.china-simulation.com

* 2765 ¢

https://dc-china-simulation.researchcommons.org/journal/vol28/iss11/17
DOI: 10.16182/j.issn1004731x.joss.201611017



Lin and Kong: Adaptive Dynamic Programming in Raw Meal Fineness Control of Vert

528 B 1130 E R Vol. 28 No. 11
2016 4 11 A Journal of System Simulation Nov., 2016
HRSUIEL R i, AN BT I 22 20 22 I v A 1 i 5 1.3 WS YIS R E

g/l\ﬁiﬁ’ }‘}\ﬁﬁj(qug%TﬁETMQ%%;JHj‘rEﬂo ﬁﬁﬂ& Zgiﬁj\%”%)}ﬁ ELM Mé%*[] BP Mg%ﬁj7k?)ﬁ
WG TIRINPIER ARSI AREEN g e, dERomRHRL, AR UR. 1R

A SR KR TR 5y B B P Bl it U, kb
ELM 522 SRAI T RSB . AL THAKTE ) S Y R4
FUIERFEA 00D SV L AMRIEIEEIEI R g Mo o o A A B0, RPp

BRI I 22 P R RIS AR LA, 5 22 S AT AR AT B 4 A T,
fL00=3 4G (a.5.%) (1) BRI 2 S B R J A7 e 2

i=1

HOE-1 €7D A I W w0 R k2 o B e PR AN
WRENLDEZE, i T gi— B A0 B AT 7 3 {E A
—AALEE. ROy SEREEE IR 1 .

e gy A TANBR T RS N R 4 AR
by A 55 1 AN BE T R BIAR, PR #RT DA
BN AN B U R 2 ] e AU s G()
Sy R 2T A R B K1 K] SEEE SN Bl

H > MR AU AVBIELEE TR R Y
HHEN AN SFIOREA (0 I, c RO xRM, g0 TRRHEE ARG EER AR R
L " o . " £l t/h /C Wrpm  BITE% %%
TERE AN X BAT A HAsf it j=1.2--Ne 2 | a8 155 e 10 -
L . 2 420 158 375 30 2567
fL(Xj)_E'@G(ai’bi’xj)_tj’J_1’2’“"N @ 3 415 157 375 30 2451
e e L o 4 425 146 39.5 55 2122
i, PSR B R ZE . T a(Q2) T BAE Hk
Hﬂ:T (3) A% A > A » -
WHE ELM MWZHEAN 5, fihoh 1, BRET
Bk H (@B b B, )= P 35, B POROR B EOY sigmod BTN

G(ayb.x;) - G(asbx) AXG~S)INZRNL: BP 4 REL W 2% 251 1R
: : : KIKRFR, RIELKH5IR%, BP MAEJZ T R4
By 25, BT RS, S A 1, 2221 0.01,

G(a1>b1=XN) G(aL,bL,xN)NXL [ [ ot
2EBRZE 0.001, 22 X 0K N 1, B RIEARIREL 1 600

T T
A b W BP F4KE ST RO tanhORL K
B=| . T=| ¢ H Levenberg-Marquardt Y12k 5 Nk 4. 7
Bl - ty - ¥y BEAE RIS ELM M 45 M1 BP 194 25 147 50 45 S0t
b' :_;AO
024 2 KO B B T4k h e ORI 2 I3 P
f#p . fitd 1y EFHEEELMI S B S L
) , AR
Hﬁ—ﬂ%n?wHﬁ—ﬂ| “) I
28 +
FIFHAIH Moore-penrose | X i¥in] LTS 3| %\{26*
B=H'T (5) Lo A if
A b 2 .‘M&‘ a
ELM Skt i, K24 M55 (a, b) 2ol WA
AT LA E EE BTG T T, Y% R R R e 18 . : ‘ : :
0 20 40 60 80 100 120
AINMEAT T 10 9% eR S B B /S fe i, 2 I o i NREA
FRECTT L, PR B2 ELM 45T L il 2

http: // www.china-simulation.com

*2766

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 11, Art. 17

5 28 A3 11 3] Vol. 28 No. 11
2016 4F 11 A MoNg, 2 JLF ELM [R7K Y8 ST BE AR 91 ADP 5751 Nov., 2016
32 i*ﬁlr’éijEBlfjlj] TR S FbR AR 1) & 2B A Bl (Heuristic dynamic programming,,
o R HDP) Sl KR S8 04 . HDP (155
H o6l PO 2% . 53280 0 28 FIPUAT I &% =3, &l 4
j;é 24t Uiy
22 Ry ) 4 R g it T — I RS x(k +1) 5
ol BT 4 I U (K) VP THE

0 20 0 60 80 100 120
LITPANCE 7N
K3 BP W4Tt b il 2k

HEAX LS H W 2 Pros. a U H, ELM
¥ 28 (R I RN e AR R iy LI R 22 5/

# 2 ELM TRINEEALL BP TG AL 2 i) (4 1 g L g

P PEfE ELM BP
ARl A BE 38 T R 22 0.0667 0.178 8
AORE AN 5 B AH X % 72 % 4.15 14.38
LIRS 1.44 24.84

2 ARME BIENISR ]
2.1 HEMNhAMKI(ADP) R

HiE N 8kl (adaptive dynamic programming,
ADP)JTVESR AR SRS S RN TR 0 4%
S5 45 B TV 18— TRl 8 il D A s g 9
ADP 3@ [ 38 kA AN Wi 2 i 2 A ) E- D
/K %2 (Hamilton-Jacobi-Bellman equation, HIB) /7 1%,
N4 2B, 38 S T BRI v B & A7 it B F
THE BG5S YT ) R, Ok fif AR etk

RO RV (X(K)) o
WRGMPERETEARRELI (x(K) k)

Ik = 3 7 KU u(i).i] ©)
i=k

A U WHREL y e [0,1) 37,
AR RERR R b 37 (x(K)) 5
JYX&D=ggyU(ﬂkLWkD+7JYX¢+Dn (7)
ARSI GO B R RE R AR N, AR

20 55 A3 B R (22.542.5) %, DRIHE 398 3% AR 2550 T v B

U AJ & ke

{MT, X (t)-22.5]<2.5

U(t)= 31

1, HAb
ST HDP 5%, VR 44 AR ed SR
AT I 28 (45 1 410 53 500 AV (x(k)) Fu (K ), i i
28 A de /G (8) BT /s IR 222 2K 8 40 T I e A P g
PP R IT (x(K))

"ECH = ZEc(k)z =
k

o o KY=U(K) =V (k+ DT 8
e S 8 T A2 T 2NV 0=V - (k+D] ®
KT ADP 7 SR A T 32
/ST T T T
AT
: / i
\
\ ~
2(k) sk |0l g PED] ez HOED) o Je@b
\ |
\ 1 |
A |
N 4

SENEY S waFoyy b Al S

http: // www.china-simulation.com

* 2767 »

https://dc-china-simulation.researchcommons.org/journal/vol28/iss11/17

DOI: 10.16182/j.issn1004731x.joss.201611017



Lin and Kong: Adaptive Dynamic Programming in Raw Meal Fineness Control of Vert

$28 B 11
2016 4F 11 H

2.2 FT ELM MK HDP Akl 4 B

LA 1Y) HDP SVE PPN 2%, AT ) 48 RIS 1Y
WY 25 30 55 K BP 2528, (H T BP 4% 1) 4
ZHRZ, ARSI TG, WSO, 5T/
N JRl e /N o DRI 2560 HDP BA s
WA 28 SN DA CSCRE o BRI ) 9 2% ) ELML 07k
i Moore-penrose | i HT SR/ s, M
IR E 2% (R e WU 6 AHEE T BP 4%, KK
faifl 7o d i B, el 1A SN A

i T SEBLHDP SRR i, ASCH ELM
W 4% 117 227 ST H)I 25 HDP ({304 T 48 FPEA
%% ELM [REZ%% 2] 50 7 W0 an Hcah ff o
BUE B 0B s AR, E43 200 g Ll Bt
— NGk, FEX U B BT B A R BT
IR /e e, il #29)11Z5 ADP (AT
WA 26 FIPEA 19 285

XPTHA L OASBR)ZE Y R SRR 2 A

2%, 2 HE R IR AR R={(x.5)| % e R",
t e R™i=1,2,-- N}, Hrpr— AN U ZRFEA T4
Ro={(X;, 0 L N Ay Ry P IZRRE AL,
N, <N .

L A (@) e |Ho B =T 7T EAFS 204 46
fay B

A=K H; T, ©
G(ay.b.x ) G(aL.b.x)
XH Hy= : :
G(al’bl’XNO) G(a'-’bL’XNO) NoxL
t
T,=| :
;
tNO Ngxm
Ko,=Hq H, (10)

BTN 05 (1) B 25 BE A N, =

(Tt S N R () BLIZRREA

AN U U PT AR I A S ) EA T 2 -

ARG HAR

Journal of System Simulation

Vol. 28 No. 11
Nov., 2016

_ T
Kk+1 _Kk +H k+1 |_|k+1

BV =BIKLH (T HeaBY) b

s
He =

G(al,bl,X(ZﬁONj)Hj G(aL’bL’X(ZjoNi)H)

ofanxsen,
-

L AN xL

3 fHESER

73 ISR ] ELM 9 % 51 BP [ 4% Si2B)L HDP 5592

ELM M4 SEPLIE HDP 5%, e VF 4 Fa 2
W RANECR 30, BRI 1A, AT RS
BT AR 25, ST RUA 1A, Sk
44, YHEARIE X (0)=19 . ELM Hikef At
(9)~(12)FT LLXFHAAT R ANVEAN B2 3361711 2%, ELM
P2 AR R A SO AR LI 5, il e e sth e an
K6 o, KA - B RS 10 AR,
BENACIR S 7 B . SR BP 48528
() HDP 53, YEAR LR ISk 1-8-1, AT %%
GERA 1-15-4, 27 2] 31570 0.01, #2120 0.001,
IORIEARIREI M 1 600 IR BP ML K2 25 B0
PRECA tanh()ER %L, KM Levenberg-Marquardt 1|2k /7
KINZEM%E . BP L8 07 E 45 K sl 8~10 Frw.

PR AR AR 2

2

EL:

AR PR RES
S =N WA L ®

0 5 10 15 20 25 30 35 40 45 50 55
I (] 25
5 ST ELM P& A R4l B 1 R e bn B 5L

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

*2768



Journal of System Simulation, Vol. 28 [2016], Iss. 11, Art. 17

28 B 11 ) Vol. 28 No. 11
2016 4 11 A MR/, 25 JET ELM [RI7K e 7 BE A2 B 41 BE ADP 554 Nov., 2016
18 430.2 gdd02
Z 4300 Z 440.0 1 ]
A T S0 T A98)75 10 15 20 25 30 35 40 45 50
g step W] 25
"—2}33-3 S — l 1501 —
1] P - 4 -] J e
< 0 5 10 15 20 25 30 35 40 45 50 < 2770 5 10 15 20 25 30 35 40 45 50
il step ) Hf ] 25
4&\\53%.51 j %385]
= 3830 ] = 3830F ]
WP = 3819 S S S
) 0 5 10 15 20 2t5 30 35 40 45 50 jg 0 5 10 15 20 25 30 35 40 45 50
| step ’ i (] 25
HLQ( 60.2 i ~
= 60.0 Rs02 — o
= 598 T —— = 50,0} 1
= 5 10 15 20 25 30 35 40 45 50 B jogl— ]
i step = %0 5 10 15 20 25 30 35 40 45 50
ny o T 25
Bl 6 BT ELM P4 Ak i b s sl B s &
9 JLT BP ML AR AN ¥ il 4 P
TEARHY R BCRN s VR T A2kl B 1 A2 4k .
Ao 440 5 42 41 28
K7 B~ 23.5 LA e X
23.0
ol o R s 2.5t
25 SR Sl e e S 220}
I =215}
22.0 S|
- 215} #H 205}
=210( ] 20.0
Z 205t 1 1957
200 ] 190075770 15 20 25 30 35 40 45 50
19.5 ] i ) 35
90075710 15 20 25 30 35 40 45 50 Bl 10 FLF BP (4E K411 ADP ik
(i) 25
7 JET ELM {2 K141 ADP ik #3 BP-ADP j ELM-ADP fffiE[£#
, . , (=it I ] 2 FEHR 22 1%
N =F M- &b += nE F
0.28 AP A R b o 2L 2 BP-ADP 24.586 1 7.11
0.26 ] ELM-ADP 2.776 8 0.724
o 0247
9z 022} 1 H13& 3 ITLVE LT ELM W41 ADP 5
= 0.20} 1 . . , S
# sl _ VIZELLIET BP W% ADP SLULHA %, I
0.16} ] R ZE RN,
0 5 10 15 20 25 30 35 40 45 50 LN
e 4 A
K 8 FT BP HIAERNE T RE bR bR 2L FKIEAL BE AR BN R T2 AL B 4 | 52 K]

BRZ, BATARENE, iRl RO, HELLE
SEICREHRI AR o By R IRI I, ) 37 PR Ay I ek A
(K1 AN BE B T DL AR REA T B IR AT R4 1R 8, oy

M7 FE 10 XFEERT LA Y, 37 A RbRE
7E 80 pum [FFi A FE A 19%31 22.5% [ FLrp, At
T BP M%) ADP 21l ELM 4% ADP FEHIBENS s e e e sl S S0 35 8 e i, A
PR RIRR e, HEWERAN. SRtk ST AL T 1) P 25 % IR 2 S HL(ELM) S0,

3 e T BRSO, AT I e I

http: // www.china-simulation.com
*2769 «

https://dc-china-simulation.researchcommons.org/journal/vol28/iss11/17
DOI: 10.16182/j.issn1004731x.joss.201611017



Lin and Kong: Adaptive Dynamic Programming in Raw Meal Fineness Control of Vert

$28 B 11
2016 4F 11 H

IR Ao TR T e B R 2% ST LA
227 2J 11 ADP ARAL S0 AR LA B EA T o A
HARRW], RGNk, R, fEp
IRBROEIRGS, RS SR, ATRFR AL
PRy B A 7 R PR AR P2 AN Y e PR AE, AT —
PR

SR

[1] B4, 2R KETZEAR M) dbx: T
Mk Hi kL, 2006. Xiao Z M, Li L J. (Xiao Zhengming,
Li Jianli. Cement technology [M]. Beijing, China:
Chemical Industry Press, 2006.)

PR, Ze . JKVe LR AE I A AL ).
FEHICFE, 2012, 19(6): 929-934. (Yan W I, Qin W.
Modeling and Control Optimization in Cement Vertical
Roller Mill Process [J]. Control Engineering of China,
2012, 19(6): 929-934.)

Bellmanr Dreyfuss. Applied dynamic programming
Princeton [M]. NJ, USA: Princeton Univ Press, 1962:
25-50.

Wang F Y, Zhang H G, Liu D R. Adaptive dynamic
programming: an introduction [J]. IEEE Computational
Intelligence Magazine (S1556-603X), 2009, 8(3): 39-47.
PV S SR NL SR R S8 T2 (7], 1K
K, 2007 (2): 57-59. (Sun B C. Process Control of
Raw Mill System of Vertical Roller Mill [J]. Bulk
Cement, 2007 (2): 57-59.)

THEHE, ST, ER KU AL AL B 2 )T S
W PID &4 [7]. 15 BS54, 2012, 41(3): 378-390.
(Ning Y Y, Yuan M Z, Wang Z. Generalized Predictive

ARG HAR

Journal of System Simulation

(8]

(9]

(11]

[12]

[13]

Vol. 28 No. 11
Nov., 2016

PID Controller of Differential Pressure in Vertical Roller
Mill for Cement-Raw Grinding [J].
Control, 2012, 41(3): 378-383, 390.)

Huang G B. An Insight into Extreme Learning Machines:

Information and

Random Neurons, Random Features and Kernels [J].
Cognitive Computation (S1866-9964), 2014(6): 376-390.
Huang G B, Zhou H, Ding X, et al. Extreme Learning
Machine for Regression and Multiclass Classification [J].
IEEE Transactions on Systems, Man, and Cybernetics-
Part B: Cybernetics (S2168-2267), 2012, 42(2):
513-529.

Huang G B, Zhu Q Y, Siew C K. Extreme learning
machine: Theory and applications [J]. Neurocomputing
(S0925-2312), 2006, 70: 489-501.

Wang D, Liu D R, Wei Q L, et al. Optimal control of
unknown nonaffine nonlinear discrete-time systems
based adaptive dynamic programming [J].
Automatica (S0005-1098), 2012, 48(8): 1825-1832.
Zhang H G, Zhang X, Luo Y H, et al. An Overview of
Research on Adaptive Dynamic Programming [J].
Automatica (S0005-1098), 2013, 39(4): 303-311.
Werbos P J. ADP: The Key Direction for Future

Research in Intelligent Control and Understanding

on

Brain Intelligent [J]. IEEE Transactions on Systems,
Man, Part B:
(S2168-2267), 2008, 38(4): 898-900.
Liang N Y, Huang G B, P Saratchandran. A Fast and
Accurate On-line Sequential Learning Algorithm for
Feedforward Networks [J]. IEEE Transactions on Neural
Networks (S1941-0093), 2006, 17(6): 1411-1423.

and Cybernetics, Cybernetics

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

2770 +



	Adaptive Dynamic Programming in Raw Meal Fineness Control of Vertical Mill Grinding Process Based on Extreme Learning Machine
	Adaptive Dynamic Programming in Raw Meal Fineness Control of Vertical Mill Grinding Process Based on Extreme Learning Machine
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/pUhs_AFXYl/tmp.1688108042.pdf.pJ6SD

