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Data-driven Online Self-organizing Control for Dissolved Oxygen Concentration

QUAN Li-Min"?  YANG Cui-Li' QIAO Jun-Fei'

Abstract To deal with the nonlinearity, uncertainty and non-Gaussianity of urban wastewater treatment pro-
cesses, this paper proposes a data-driven online self-organizing control method for dissolved oxygen (DO). First, a
correntropy-based self-organizing fuzzy neural network (CSOFNN) controller is designed. For CSOFNN, its struc-
ture and parameters can be automatically generated or pruned based on the correntropy and rules-contribution in-
dexes. Second, the compensation controller and parameter adaptive laws are developed using the correntropy-in-
duced criterion, thus can tackle non-Gaussian noise and reduce the system uncertainty. Third, the stability of the
proposed control method is analyzed theoretically, thus ensuring its feasibility in practice. Finally, the proposed
control method is tested in the benchmark simulation model No. 1 (BSM1). The experimental results show its ef-
fectiveness.
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Fig.1  Schematic diagram of urban wastewater treatment with the A/O process
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12 34 BURICES: Hh SRl A ¥k S REAE 2 LA 7 ik 2589

M H
=N W ke ot N o

0 2 4 6 8 10 12 14
/R
(a) Rain condition
7 "
6

0 2. 4.1 fli é 1.(] 1.2 14
EAONES
(b) 47 T

(b) Storm condition

Bl 4 fEE S, T CSOFNN il & KL A2 Ak £k
Fig.4 Rules variations of CSOFNN controller under
constant S,

A . T FEH S CSOFNN BE8 A RN %)
HNERILEN, BT AR ) 28 ) e T B ([—4/d,
4/d]). GG 3 PR ORI B AR AL il 2 AT
PAFE HY, A Fs i & X 247 fhi i fR U B 32 10 5 N 0K
TR A E AR B — 2, RIS 2 4% RE U8 AR 4R
SERPLEN AR AL E B B AME

N T LU M FTE H 2ET CSOFNN $%
TIERIPERE, KT IR AT iR S AR T FNN |
PEHITTVEEAT OB, A T SR E U i) CFNN
(Correntropy-based fuzzy neural network) % il 77
EML DL HET MMSE #E0 ) SOFC (Self-organ-
izing fuzzy control), SOFNNP &z ik, £ 1
a7 AFEE S AR AR S B, TAE |
ISE \ Dev™™ SR - 29ME. 3% 1 A ai Rl
A i, DA EJTEAERI R 5 2 LA T AR RE IR B
1 DO WK EEFEHIRE B, BT BUE I 7 VA AE DO WK
JE Ve R E E I #R R A B g d e, (B2, 53
+ MMSE #4211 t, CSOFNN 55 CFNN
| 2 B AR TAE, ISE 5 Dev™ {H,
RS RS . JUH R AE BRI 0L T, 2T A SR A

2.02
2.00 k- -- - "
1.98
1.96
1.94
1.92
o5 1.90

1.88

1.86

1.84

/(mg/1)

iREINEN

(a) Rain condition

2.02
2.00 p——=
1.98

1.94

/(mg/1)

1.90

1.86

Sos

1.82 —a— -

1.78
fFi /R
(b) Z&d L
(b) Storm condition
K5 fEE S, BHIRCR

Fig.5 Control performance of constant S,

D) g 4 1) 7 9 () e R 4 5 iR 22 L 3T MIMISE #E )
() HeAth 7 V22 B AR T 20 30%, MBI T AH 485 v U] 477 1)
BKRZEMEES). Ah, mER 1 RERTH, 5AF
AN H B CENN 6] kM, & F
CSOFNN #7731 TAE {E F&A% T 21 30%, ISE
EFFAR T 65%. B LA A AT, g i 2% 1 1
THEEA R R G AT e M, 325 DO IKFER)
FEHIPERE. B, 35T CSOFNN {45 il 5 15 BE Ag 35
13 B BB I 4 W SURLAT S v AR R
32 TWAMEREREE
N TR CSOFNN #4774 7E DO R E %
B AR B ()42 1 PR 8, IR BRBH I 450 >R FH o B AR
1 DO WRE®EMH (S, = 1.8 ~ 2.2 mg/1, @k
(40) FIT7R), 43 B TE T Wk 75 0k e e 75 3R 855 1 1B AT
SEEG.
2 mg/l,
So = {2.2 mg/l,

1.8 mg/1,

t<2,6<t<8 12<t< 14
2<t<4, 8<t<10

4<t<6,10<t<12
(40)

K 8 45 H T CSOFNN 44 ffill %8 1F g Mg 5 A1 A5 g



2590 H ) (e = {5 49 &
x 1073 240
2
200
0
160
= =
D 2r 1120
5 b < 50
oK
6k 40
0 . . . . . .
-8 7 é S‘) 1'0 1'1 1'2 1'3 4 7 8 9 10 11 12 13 14
M /R Ci)?NgVRf%U%ﬁ
(a) BIR LG (a()déSOFNN controller
(a) Rain condition
x 107 4
4 3
2
2 L
S 21
= <}
2 0 2 0
g S
Z{E 1
-2t -2
_3 1 1 1 1 1 1
-4 | | | . . . 7 8 9 10 11 12 13 14
7 8 9 10 11 12 13 14 ] /K
MR /R (b) Fhbeil 2
(b) AR LY (b) Compensation controller
(b) Storm condition
SR AR Z
- B 7 BRI Ko, s AL
Fig.7 Variations of K4, 5 in rain weather
Fig.6  Control errors of constant S,
\ F 1 fEE S, WA R SRR LR
== 4 Qﬁ: Z y 73 o
- :F?jETE/]’D *@}E/%Eﬁﬂg%‘ A U‘%Hj’ CSOFNN ## Table 1  Performance comparisons of different
il 5 KLU BE 65 2R H shi A& Y. it 8(3) Al LA controllers under constant S,
G Mk S 1 25 1] 5% FI ) % # DO
oA oot S I R
v Q21N \ | N
* X?E W 7 ELTHE, B‘i’;JU‘\ 54 CSOFNN 4 21x10° 3.00x10° 7.44x10°
5. ﬁﬁ iﬁjﬁfn ) r\ﬁ /E‘IJ—F’ ﬁ[!@ S(b) Fﬁ{T, E%E& ok o CFNN!™ 6 32x10%  8.76x10°  7.56x10™
B LAERE R EE RN, 3512 S e e g
f= % .
%E (%W%HH% %W-‘I)—I‘Uﬁ%%l‘ﬁﬁ 6. . SOFNN&I 12° 42x10%  1.81x10* 1.12x107%
lgl 9 *u lg] 10 ﬁJ\%IJ éé\tlj CSOFNN ?§%”%§E CSOFNN 4 1.9x10° 1.44%x10° 3.42x10°
DO W B T 1B I BR AR A s 110 IR B 42 o) s SR 5 4 o CFNN" 6 21x10% 1.75x10% 3.46x107
wZe. HE 9(a) FIE 10(a) ATLLE W, 7E B EEM REEN  qopam g 25x10% 8.63x10° 9.7x107
ERAZALET, CSOFNN 44 il #5477 58 45 9~ A2 Hh PR i SOFNN® 12 6.0x10% 1.19x10% 8.22x10%"

DO WK EVEME, AEFFIEFERI IS8 9 R ILECR
22, fE MR TR, BT # iR 2 4 A 75
[—0.008, 0.004] ya[H . Kk, CSOFNN #4576
e P BT A DU RS B2 R R R AR AL DO
WREEBREE.

HI I 9(b) FTLAE H, 52k e B 4R
CSOFNN 15 f8H 2R ¢ DO W 1% e 8, H
Kl 10(b) ATRAE H, Fr A R Z B 704 fE [-0.02,

E: * FORESCH SR, MARRIR R R

0.02] Z[8). MK 8 FE 9 T LAE H, 7R EEEMN
DA K AN H 2 e 5 3 K (W3 10 RANEE 12 K),
CSOFNN 5l #5 1] DL 5 20 8 % H 45 0 DL4ERR I
fity 4 i 14 .

T IR CSOFNN il 7515 7F 1 18 A8 4k DA
JAFAEAE = e 75 TP I PERE, K CSOFNN 5



12 34 BURICES: Hh SRl A ¥k S REAE 2 LA 7 ik 2591

10
8
I
&
= 6
2 4
41
1
24
7 8 9 10 11 12 13 14
I 1E /R
(a) FoMEAE T
(a) Without noise
8
7 P
6 H AR
m
5
ﬁ
_’%’ 414
3 -
2t
1 1 1 1 1 1 1
7 8 9 10 11 12 13 14

LIS
(b) HkmE S T4
(b) With impulse noise
8 A& S, N CSOFNN Fiil 2% M A= 4k il 2%
Fig.8 Rules variations of CSOFNN controller under
variable S,

CENN"., SOFC™, SOTSFNNP &4 thi| J7 1L 3E 4T
b, BARgE SRk 2 Frox. MR 2 v LB, /27
I PR N, CSOFNN, CENN. SOFC £545 il J7 1%
YIREIRAF L SOTSFNN # il 77 vk 3 = i DO R FE
BEHE R, (22 SOFC & H| hkrnIA H & % .
52, HT AR #EN ) CSOFNN Al CFNN
2 1) 2% A LA BE R R I S MR B v s R B,
IAE, ISE 5 Dev™ gtk SOFC A1 SOTSFNN #%
LR T4 5%. fEAMERIEE R, 2T SOTSFNN
PR VR ORS B A, BT L B %, HkrE
WA BN Tl Mz kE g ZE. 55
M7 V=M, 3T CSOFNN f# ] 7712 e 8 784
I A 5005 5 R M ) s A i JE = B e S ) Ak
HRAEETHE G R B T iR 22, (R A DA KR 1
S5K (6 AMNHLN)) SRS S dE IR B SeIRas Rk
B, 755 e (R AT kb e A5 B, 25 CSOFNN
(4 il 77 v E A B ) S N M A AR e M, TR AR
LB 3 FH P B 5.

2.2 \ pypp— T
2.21

2 590 |- A
) 2.19
€90 8.085 9.4 9.510.0
=

1.9

1.8

7 8 9 10 11 12 13 14
NEEN
(a) TEMEE T4
(a) Without noise
2.3
—Y - T

2.2 WAM Y
21
=
o0
£ 2.0 A
~
% 1.9

18

17

7 8 9 10 11 12 13 14

i ial /R
(b) HkpfmE RS T4t
(b) With impulse noise
Ko &S5, R

Fig.9  Control performance of variable S,

4  LEERIE

YR I5 /K A B AR A7 AR SR AR LA L ASH 2 1L
A v 407 2 A i, Xk DA S A SV A SRR R T
R A R R S AR LG v . O T A o DA B
AL, B b A A R A 2 B AL S R,
P 2 Gt d 2 T A OG0 1) B 2 SURE R A 42 ) 4%
(CSOFNN) il s 5 4Mziz bl g 4Lk, @i s 5
TR EILLR 4

1) Btit 7 CSOFNN (7 EH A4, A AR R
WA 2 5 BN TR P R AR, F2 ] 4% RE B AR 8 72 L 2L
A5 B SN SRR, PRAIE T 47 1 33 454 (1 R =
Ve, e 1 IEHI gL RE.

2) BLiE 12T AR SR 3 D A £ L
525 A8 N, (M2 a8 e s f# K CSOFNN
(I AT R 22, A FH AR SR oA DU 37 i A i U e 7 2 1y
TR RGN T IRIBE ST, 2 T DO IRIE
R AR L



259

2 H 7

¥R 49 %

/(mg/1)

4
oK

N

x 107
4

—4
—6
78 n n n n n 1
7 8 9 10 11 12 13 14
M) /%
() KM T4
(a) Without noise
0.020 f
0.015 ¢
0.010 ¢
0.005
0
—0.005
—0.010
—0.015
—0.020 - - - : - -
7 8 9 10 11 12 13 14
ENEIVEN

(b) Mikatmg A 0
(b) With impulse noise
K10 A& S, EiliRE

Fig.10  Control errors of variable S,

®2 S, PR 6 L
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