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On-line Modeling of Nonlinear Process Systems using
the Adaptive Fuzzy—neural Networks

L=N O MR L I N N A
(Sung-Kwun Oh - Byoung-Jun Park : Chun~Seong Park)

Abstract - In this paper, an on-line process scheme is presented for the implementation of a intelligent on-line
modeling of nonlinear complex system. The proposed on-line process scheme is composed of FNN-based model
algorithm and PLC-based simulator. Here, an adaptive fuzzy-neural networks and HCM(Hard C-Means) clustering
method are used as an intelligent identification algorithm for on-line modeling. The adaptive fuzzy-neural networks
consists of two distinct modifiable structures such as the premise and the consequence part. The parameters of two
structures are adapted by a combined hybrid learning algorithm of gradient decent method and least square method.
Also we design an interface S/W between PLC(Programmable Logic Controller) and main PC computer, and construct a
monitoring and control simulator for real process systems. Accordingly the on-line identification algorithm and interface
S/W are used to obtain the on-line FNN model structure and to accomplish the on-line modeling. And using some I/O
data gathered partly in the field(plant), computer simulation is carried out to evaluate the performance of FNN model
structure generated by the on-line identification algorithm. This simulation results show that the proposed technique can
produce the optimal fuzzy model with higher accuracy and feasibility than other works achieved previously.

Key Words : FNN(HA-# d | E9 3), On-line Identification(&et¢l 3), Clustering Method (212 &3 %), Hybrid
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Fig. 12 Configuration of the sewage treatment system
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(MLSS:Mixed Liquid Suspended), %9924 3&¢&
(WSR:Waste Sludge Ratio), ¥F4& A A (RRSP:Recycled
Return Sludge), £&4t4 A A X(DOSP:Dissolved Oxygen
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Table 4 Modeling result of the sewage treatment process

AM  [min(PHE_PD/2|  min(PD min(E_PD
s p EPl {PL|{ EP| Pl | EPI
4 11280 | 16.306 ]6.086] 30.856 ]11.289] 16.306

MLSS, WSR 9 5345 | 26175 12.339) 258163 ] 5345 | 26175
16 1.738 | 45544 }1.156] 157.886 § 11530 | 42.044
£5 800 L1530 1 42044 4

4 10524 | 59.008 [8.679] 99.287 }10524] 59.008
MLSS, RRSP 9 3.779 | 6376.672 [3.660] 7426563} 3.779 | 6376672
16 2586 | 130680 J0.251 ) 317.865 | 2.88 | 130680
4 9.176 | 24.061 }9.043] 25915 ] 9.176 | 24.061
MLSS, DOSP 9 6622 | 24.191 [5.174] 20387 | 723 | 3717
16 5192 | 28244 [2218] 206801 [ 5102 | 28244
4 11867 | 22.644 ]7.168] 121.034 [ 11.867 | 22644
WSR, RRSP 9 9515 | 29.362 [5.890] 101184 | 9515 | 20.362
16 | 37.070 | 201.983 |2.860] 791.421 | 50.061 | 196508
4 9352 | 17.447 ]9.023] 28879 | 9620 | 17347
WSR, DOSP 9 4488 | 17497 12.990] 25873 ] 4.806 | 17.312
16 5351 | 90527 J0.020] 564835 ] 5351 | 90527
4 11657 | 18.286 16.765] 42633 | 11.657| 18.286
RRSP, DOSP 9 7027 | 25532 J3008] 67.179 | 7.027 | 25532
16 24.200 | 722918 J0.081]5028707] 39213 | 712377

16 7469 | 22176 |0.961) 72361 | 7463 | 22176
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Fig 13 Initial and Final tuned membership function
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Fig. 14 Comparison of original data and output data for
adaptive FNN model
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Table 5 Comparison of the sewage treatment process

A
dgus Method | ] ;L Ha4% | HAEAS
Min-Max{9,10} 4 8.622 57.188
WSR, Complex(9,10] 4 7.878 46.393
DOSP GA[11] 4 6.871 28.599
Our model 4 9.352 17.447
9 4.488 17.497
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Fig. 15 Monitoring and control screen of the on-line
modeling in the Gas furnace process
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Fig. 16 The membership value of each input membership
function identified in the on-line modeling
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Fig. 17 Monitoring screen for on~line identification
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Fig. 18 Monitoring screen for identification error of on-line
modeling.

289l 2dYPq o3 FHE st22 FHY Y ¥
[u(t-3), y(t-DIo st FAE 9 HAFHL h&d
z2o

R': If w(t—3) is Smally and y(1—1) is Small;, then (D=a, X
R*: If u(t—3) is Smally and Xt—1) is Middle,, then W) =a;+ X
R : If wlt—3) is Small, and y(t—1) is Large,, then XD=a3- X
R If u(t—3) is Middle, and t—1) is Smally, then H=a,- X
R®: If u(t—3) is Middle, and y(1—1) is Middle,, then Wt)=as* X
RS If wlt—3) is Middle, and y(t—1) is Large;, then XD =as- X
R': If u(t—3) is Large, and Wt—1) is Small,, then Y =a;- X
R If u(t—3) is Large, and y(t—1) is Middle,, then K1) =ay-
R’g s If u(t—3) tsLargel andy(l 1) s Largez then (D =ay -

0171)‘1 X—[l U(t 3) y(t 1)]01—1— au_ E}'u iﬂ%-’] lB']EH

gueielt, W22 $HY FAE FeuHEe ok
£o e,
0.008112  0.008994  0.388128
—0.001440 0.002281 —0.075314
0.003039 —0.007175 0.294188
0.038191  0.024105  1.275048
A= 0.025293  0.025127  1.3467%
0.004628  0.028792  1.160725
0.000000  0.000000  0.000002
0.000000  0.000000  0.000003
0.000000  0.000000  0.000014
dolH NA, ZE, POi=12)E #AvH g b, c& 7}
A 3 =gl ANATE 9N Fgd E 6e ta
2 339 Ue 4% HA-yEvEda 29 FHE A
W el oo,

k3 6 722 FHo FHE Mot m2jo|g
Table 6 final tuned premise parameter of the fuzzy rules

A a b [
Smalll 0.739066 1.978293 -0.295176
Middlel 1.479457 1.480489 0.646485
Largel 0.014627 1.575979 1.751710
Small2 1.357272 0.390248 45.691769
Middle2 0.083646 1.805045 53.069027
Large2 2.881152 0.609037 60.097565
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Fig. 19 Monitoring and control screen of the online modeling
in the sewage treatment process
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Fig. 20 The membership value of each input membership
function identified in the on-line modeling
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Fig. 21 Monitoring screen for on-line identification
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Fig. 22 Monitoring screen for identification error of on-line
modeling.

282l Rdyol o3 +5E e FAH Yy s
7} [WSR, DOSP}9 distd $A4dE 9719 HAREHE &
3

v If WS8R is Smally and DOSP is Smally, then ESS=¢,* X

: If WSR is Small, and DOSP is Middle,, then ESS=c;- X
: If WSR is Small, and DOSP is Large;, then ESS=c;- X
: If WSR is Middle; and DOSP is Small,, then ESS=c,- X
. If WSR is Middle, and DOSP is Middle,, then ESS=cs+ X
: If WSR is Middle, and DOSP is Large,, then ESS=c¢s- X
© If WSR s Large, and DOSP is Small,, then ESS=¢;- X
: If WSR is Large, and DOSP is Middle,, then ESS=cy- X
: If WSR is Large, and DOSP is Large;, then ESS=¢3+- X

LRRIAARRR

o714, X=[1, WSR, DOSPI°|1 ci= t+& #E9 ¥H
G g ojr},

2.242264  0.432205 —0.313583
—0.944103 —1.313570 4.611900
—0.960711 —0.125288 —8.771051
3.289994  2.931742  2.336931
C = | —3.291064 4.251189  0.338557
0.983404 —4.677991 —4.677991
2.143134  1.955657  8.760627
0.908622  1.024604  2.280434
—0.046584 (0.215022  0.215022

deld WLNA, ZE, POG=12)e #Hetvlg] q, b, cB
717 F RG Audesd A AHego ¥ 72 5
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Table 7 Final tuned premise parameter of the fuzzy rules

A a b c
Smalll 0.479998 1.926196 -0.016131
Middlel 1.608117 1.801779 1.308934
Lagrel 0.283064 2.476682 1.224144
Small2 1.932732 1.567730 2.759437
Middel2 0.866818 1.620332 5.764657
Large2 0.601517 1.666163 8.596302

6.8 B

2 =8 WA FE Azdd A3% HEANI AEE
HEW Mg HA-wEENI =& o83, YA
o] Z3xn ERY Alxdd didA #HA AL FP3

1301



RURWMI 48A% 108 1999% 108

, Bl 3o st L8 2dYE F33o

2 F&2 g 289 2d3y e HA PLC
o} QEjHol2 AA, PLCY #Al B Aol MEHIE N

28 2d8 £y FAE FE3Hd F & HA-
YEHAR 2doly o7 3 dnE&a HAxEY
g A3 slojuelz #§F <auEFH HCM Z4HH
gng &L o83 B HHY 2dg HAsIG. 2
Q) mdy o ANA A" BdY AF HrrE Y
A vlAY FAY Ttz FAHH seHE T dsty
AFH AEYIAE FHAY 4 FH A2dd U@
28l a3y PLCE AHEste moh gAE g o]
28 T23932 H¢ FNN Tz &% fAzdd 9%
ZA & Aojrt it ¥ty F4EL Bk E£F, A%
Al QlEiHol4 B GUI 879 2dd g FHFozH
AAez ¥l EEAHY RdY F£892 ¢ & AU &
AFNA AL WHE o] 85 83 AadozA g
Ha 2A, A5y TA L 297 242 Fo $4F S
AL AOE 7jdi€},

dAte 2
o] EEL& 19989 XN FATY HqEATH
of st ALHAE.

g n g o8

[1] T.Takagi and M. Sugeno, “Fuzzy identification of
systems and its applications to modeling and
control”, IEEE Trans. Syst. Man, Cybern., Vol.
SMC-15, No.l, pp.116-132, 1985.

[2]1 M. Sugeno and G. T. Gang, “Structure Identification
of Fuzzy Model”, Fuzzy Sets Syst., Vo 28, pp.
15-33, 1988.

[3] M. Sugeno and T. Takagi, “Successive Identification
of a Fuzzy Model and Its Application to Predictionn
of a Complex System”, Fuzzy Sets Syst., Vo42,
pp.315-334, 1991.

{4] JR. Jang and C. Sun, "Predicting Chaotic Time
Series with Fuzzy If-Then Rules,” 2nd IEEE Inter.
Conf. Fuzzy Systems, San Francisco, pp. 1079-1084,
1993,

[5] J.-S. Roger Jang and C.T. Sun. “Functional
equivalence between radial basis function networks
and fuzzy inference systems”. IEEE Transactions on
Neural Networks, 4(1):156-159, January 1993.

[6] GEP. Box and FM. Jenkins, Time Series Analysis :
Forecating and Control, 2nd ed. Holden-Day, 1976.

[71 L. Ljung, System Identification: Theory for the User.
Englewood Cliffs, NJ: Prentice-Hall, 1987.

[8] J. R. Jang, C. T. Sun and E. Mizutani Neuro-Fuzzy
and Soft Computing: A Computational Approach to
Learning and Machine Intelligence, Prentice-Hall,

1997.

[9] SK. Oh and W. Pedrycz, "Identification of Fuzzy
Systems by means of an Auto-Tuning Algorithm
and Its Application to Nonlinear Systems”, Fuzzy
Sets and Syst., 1999(To appear).

[10] Sung Kwun Oh, “Fuzzy Identification by Means of
an Auto-tuning Algorithm and a Weighted
Performance Index”, Journal of Fuzzy Logic and
Intelligent Systems, Vol. 8 No. 6, pp.106-118, 1998.

(11] gt &, 244, <telAd, A¥7 “fAx dnaydh

C BEYE o8 ® HAAEFEY FHI, HRA/EY
=8, #4834, #6&, pp.789-799, 1999.

(12] @94, gt e AW, J#7], 3¢ "2 #HA
2d3ge] A A", ‘UFxAFA &3 =FF,
pp.1223-1228, 1994'3 104,

[13] 244, “HAnE L Aojo|gxf Tz ay”
71kl & A}, 19999 34,

A A &£ A

LEYARRE RN

788 =7A A48F A6E F=E

Tel : 0653-850-6342

E-mail : ochsk@wonnms.wonkwang.ac.kr

o E (MW R
7152 =8A) A48A A6s =
Tel : 0653-850-6342

E-mail : lcap@autosys.wonkwang.ac.kr

o & o (& F R

1971d 99 29 4. 19989 B Aol A

83 £3. 19999 F dsE oy

Ao AZF AT EA(MAD. 19999 ~ & A

@5 dAEHETLE YEETY. FEdE
obe #3758, HAolE & AHzT

&, H€d §.



