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Predictive control for wastewater treatment process based on neural network

PANG Ze-fang ,HAN Hong-gui,QIAO Jun-fei
(College of Electronic and Control Engineering ,Beijing University of Technology ,Beijing 100124 ,China)

Abstract ;A new multi-objective predictive control system based on the neural network was proposed

for activated sludge wastewater treatment process.Both the dissolved oxygen level in the fifth

compartment and the nitrate level in the second anoxic tank were controlled in the benchmark

simulation model No .1 (BSM1).The control system mainly consists of two parts:one part is the

identifier used to predict the outputs of the object ;another part is the controller applied to control the

variables of the system .The simulation results demonstrate the proposed control system owning better

adaptability and greater robustness .
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Fig.1 The equipment layout of BSM1
FAHITH O FoRTi R ;s 4 RS H I
ﬁ%ﬁﬁ,zz (SI ,SS ,Xl ,Xs ,XB.H ,XP ,SNO ’
Snt 3 S Xnp 5 Sank )3 e = v T vizg oo viss
FORAS I RO R R4 X 2 A BT A (AR
Vi=V:=1000 m" JF4IX 3 DETTHRR V=
Vi=Vs =1333 m', 2% B0 HI PR 7 72

T,
Bt —(k=1),
dz_ 1
T (O ZatQZe Q2+ nVi—Q Z)

1)
K QL QL O A3 IR A R RT3 1 L 5 U [
BHAKRE :0=010+0Q,

HABBIT (k=2~5) .,

dz_ 1
dt Vi

0=,
1.2 #RERETNEF R 5

PR 28 T4 ] (Neural network predictive
control NNPCORGALHE 3 PHIZE ML . — 2 ph
2 ZEHERES (NND |, T0000 X6 G 19 R e
TIPSR ZE P 25 45 i g (NPCO ] T4 42 o
P51, NPCo 455155 5 70 X ISR AR AL K15 Al
NPC. MBI Q. FEESHER e 2 fr
e B w (k) w (K2R kB2 R G4 &
yi (h—1) y2 Ch—1)0 k—1 BF 2 RS i AE
gt e SN R R SRR 25 BT B 4 A Y S R
{5 50 (Bt p)yye (b p) IAERIRME 5 1Y 22 55 Tl
DUMEL 5 97 (k- p) W TIAE k2] p 222 )5 R G¢
A% B 5 12 (R R GESEBRb I se ()R T
{5 5 SEPRE IR 5 b o) 28 HER AR AL
{ERY2E I Fabr R g, BRI HIZS ARt BP #f
22K

nlktp,

(O a1+ nVie— O Z) (2)

Ya(k+p)
v (k¥p)

B2 W& T f S e E
Fig.2 Structure of neural network predictive control
1.2.1 ML HREs (NND
QT M2 265 (328 4 22 20 Tl
ARG LU RLT BB U a3
y (k)= fLuCk—No) o suCk—n)

y (k=1 sy (k=2) sooe sy (k—n)]  (3)
A ny one 23R R GERY B R K ST T 2
)3t 2 P 22 e e N o A RSN w () B
FRGERIPER R 5y ()R E 5 f (OFRARHT
P28 S B AR LR PR s Na S ARZRAE R GER T
EL

G G)Hnl N g BB k1
Z| 1) 22 48 Pt i
y 1= fluCk—Na+1) oos sulk—n 1),
y(k) sy (k—1) yeer sy (k—n, 1) ] 4)
SET B 4 A JEUEE T AR R B p 2B



. 282 - FHRRKREFHR(IFH®R)

F 4l &

BF ZR 298 1) T e A, R 5 P AR o i 22
AT, PR — A5 B R T S R i 2
YER AR —ER 57
HRYEVAAN FCERFTI At p B 220 0 HE (N
y kit p)= fLluCk—Natp) s sulhk—n+p),
y(k—=1+ p) sy (k—2Fp) e sy (k—n+ p) ]
6))
AT B R 2 ST P 2R 5 1 B
o 2 GNP R AR T EE— 2 M 4% A
R A B B I RS R
TSRS 22~ B AR e H R AT 3R A5 22 20 il
DAY
(2P 22 I 285 FHIAS A (NN 9 38 Fn e £k
2>
ONNI Ayt
WRGAT LU GOFRR, X it 28 ) 2% Fiil P
RS (NNDFFA TN 2z S ARk pR L £ (o).
P24k =2 BP SR M4 A FE M A JZ G
) B2 (R 2O Z G 2D AN
()= u(k—Na)sulk— Na+1 o+« sulk—m ),
y(bk=1) sy (h=2) e+ sy (k—n) ] (6)

ML RIBGTT
X/z(k):Whixxi(k) (7)
ﬁ(k):thXgh(Xh(k)>:
W/’l><1+61*Xh<k) 9h:1 72 PRRRY (1 (8)

A o O AEAZS ( DMZICHRA W R
WA JZBRT ZIRUE s MBS B 2RI EL
H s g ORBRE 2RI PREL X L S B pREL
Wi MBS ER 2 AUE ;i=1.,2 s+
+1,

@NNI fyfELkg >

R T AELTEET NNIAUE Wkl Wi o8 X
DA BB FE R PREK

J= 5 [y =T T ©)

WL B BP FIEIEACHE B 2 00 2% 145
FUH flEPERETEbR L J (IR BN R/ IME, BUE
Cib Iy W)

W(kﬂ):W(k)—;;% 10)

L %23, >0,
MR ZEHE AT LA IE T A1, k2, kTt
p BZIBHT S XA+ 1), X E+2) o 7k pORY

PREE I 2 A SR R 4 A A R 0 ARk p 4
Bk 220 Pt i TR A PR N 2
FO Xk p OB ZE 45 5 AR
x (bt p)=[ulhk—Natp) e sulbk—n+p),
y(ktp—1) e sy (b—n+p) ] AD)
it
ﬂk"—p)
FF ulhk) suCk+1) 0 ulChk— Nat p)&ER
I A, DL NPC FUI S Sk i (A0 L s
TINFE L D0 DA Je i B AR
1.2.2 FZMZEEHRH S (NPC)
(1) NPC #yflik
o122 o0 4% T S 25 (N PCORY H AR5 5
SEAERER R R S PERE . FIF =2 BP %%
FENT P DR 2% T 45 ) 2% (NPC O P8 I 265 1)
AH
z(B)=[u(k—1) sy (k) yeer sy (B—ny +1),
yr (k) sy (p) ]
1z)
U= [ulk) sulkt1) e su(k+M—1)7T
(13)
A 2y GO IR s Mo B
PR RIB AT

Xo (B)=WiuXzi (k) a4
U= Wi X g (Xi (k)=
Win X 1 h=1,2 , ,nu (15)

1+e 07
Az (B HEIAJZE MM ITHA Wik
A EBIBE EOIAUE smu HERS R EITHIEL
Hig Co )V HBREZRL 5 pRE X B S R
BWi ARG Z R Z AU i= 1,2,
n+pt1,

(2) NPC [HRUE R

FET A 28 I 4 T 45 o A L SR FH SR /ME
(16 ) PR PR B L RT R 25 19X 45 42 ) #85  AL A
ITTELRIEE

Jo (k)= %Z [y Gkt p) — b+ p T +

=Ny

M—1

%Z A duCk+ )T

16)
sy Gt p ) AR B A A 5 X p) o



¥A 1

HE S T A R &0 55 K A 2T 35 4

. 283 -

SRR A TN i AL 5 A A BERR G T INASL 5
AuCk)= uCk) —u(k—1); N, Ry T BB B

WIFEHAS BP Bk (DBP)RAE 1E 28 X 45 Tl
8 (NPCORIBUE AXAF .

W D= W (k) %
Koy K AERET %,
AR — PR s o0 LB M=

L.

an

u(k>: u(k+1 ):"': u(k+ Np — N )9
dulkt1)_
oulk) °

EM AR LB T AR B M
Al DU 2R 2 R g S R
Uk)=[ulk) yu(k+1) e suk+M—1)7",
wlkt+M)=-=ulkt+ N, —No)=ul(k+M—1),

2 i =

FEIPRK 2 AWA ) LAT5 KA B 5L PRy is
TR EEE AL T T 3 ATk 15K
B A SO 73005 R s R A A 4 R
B RAAYTG K TR AL, X HdE
IR FEM B 15 min, {5 /KA E LM% R
ASM1 HXf iRy 13 ok, fEMCR GRS T
7 RIELHE A B IE po 25 X 4 o0 4 il R RO . &
318 6 M IR ARIA

0.25¢
0.20f

0.15}f

0.05

T3 T X VA R EUTC IR BE IR IR 22

3 4
t/days

B3 #MEmEmNERaRERERER
Fig.3 The error of dissolved oxygen concentration

in neural network prediction
T B P VA i ST e B 1 S
3 PID #HIRHAY Ky LKoo Ko S350HCR 10,20 Al
0. 5 5 MTAK S ZUI i W B 433l B 20 000 ,4000
1500 mg /L, e 0 25 S50 42 ] 25 14 FoU00 el Ja
N, =4 P M= 2, B A 22 [ 45 (NN ik

0.4r
w 02r
0.0 MWWWMMNVWMMM
02
04

—0.6]
0.8

XS ERBIRERRE

1.0+
-1.2r

it

-14

4
t/days

E4 MEMEZTNHESEREREREE
Fig.4 The error of nitrate concentration

in neural network prediction
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Fig.5 Comparison of dissolved oxygen concentration
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