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Advanced Decision and Optimization Control for Wastewater Treatment Plants

LI San-Yi''2 QIAO Jun-Feil'? LI Wen-Jing" 2 GU Keb2

Abstract
effluent and reduce energy consumption, we present in this paper a decision and optimization control method. Firstly, we

In order to inhibit the peak of ammonia nitrogen (Snm,e) and total nitrogen (Sntot,e) concentrations in

establish the prediction models of Sxu,e and Sniot,e with neural network. Secondly, we optimize the set points of dissolved
oxygen concentration and nitrate nitrogen concentration with multiobjective evolutionary algorithm. Lastly, select control
strategy (optimal control strategy or inhibitory control strategy) based on the outcome of prediction models. Evaluation
is carried out with the Benchmark Simulation Model No.1. The results show that the proposed method restrains the
peaks of Snu,e and Sniot,e effectively while the percentages of time of Sxu,e and Sniot,e violations are less than those of
the compared inhibitory control methods, and that the energy consumption using the proposed method is less than that
using the counterpart inhibitory control method significantly.
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Fig.1 Ammonia nitrogen concentration curve in different

regions within 14 days
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Table 1 The time lag from inflow to different regions (h)

B HHAK thk
1K 0.2375 1.1000 4.4375
2K 0.2375 1.3250 4.5750
3K 0.2375 1.1625 4.6000
F4 K 0.2375 1.3500 4.6875
5K 0.2375 1.1500 4.6500
6K 0.4875 1.5625 5.2875
ENEPN 0.4875 1.6750 5.2750
B8R 0.2375 1.1250 4.4875
FEI K 0.2375 1.3250 4.5750
%10 R 0.2375 1.1625 4.6000
%11 R 0.2375 1.3500 4.6875
%12 R 0.2375 1.1500 4.6500
%13 K 0.4875 1.5625 5.2875
14 K 0.4875 1.6750 5.2750

SR T AR A B ORI i S B TR O6F 8 i AT SR R
HT Sos fl Sxo2 X Sxme Fl Stote A B H



2200 H 3l 1k

¥ 4%

Mt A S PAA KRR . AKE A 4ETHKER
W, Sos Ml Sno2 VEHN Snie TINARELH AAL &,
PAAJKI R . AZKE R, 2Ya0 KB RIKE. Sos
Al Sno,2 YEN Sntot,e TILINALZY fi A AF & AR SC
bR &6 Sos WER EMEEEE 1.4~2.4mg/l,
Sno,2 W BT ELE 0.5~ 1.5, B (i E 5l
7 BSM1 Bifd Fazqr 14 K, & 15 58 RAE—IK,
BORTRN g (AL A =X, L3RG 199 727 4%k
.

1.2 #HEMEER

ATCARE FH A A 8 R 2 T T K E AN S A/
FEWNALRY, BB RERGE 2 fE 3 Fis. A
it 28 ) 28 AL Y G5 A8 35 2R 5-50-1 (IS i B B
JEMETUEL). RERAEIRISRY 199 727 A pEAL I
B 181570 HAE M INAEA, o) A4 5088 /E > I
A BUERI AR I STk [14] 52 A J73%, YIRS
REBIEH—A 3] [-1, 1], fH BP S0 M 45 08T
WNZEE) k3T 3Rk 0.1, SR 3 3850k 4000
A BRI 5 2 (Root mean square error
RMSE) 413 2 Fi/R. Santin 25100 g7 Fi A A
AUHRF ATK SRR E - A K R 3 A A i 0 A 23
HIEI A, A SRR Sxn, € Fl Sniot,e A HEE MY
Sos Fl Sno2 MARIAAS T, WK 2 MR AE
th, KF So,s I Sno,o AR A i A 0E = T

HARRER
FET
4 j—}

N
| oo @ | )

K2 KRR

Fig.2 Prediction model of Sxu,e
AKER
NKTRE UK BRI
P
AT KRR, ;7-»
_b\,, °
THARASE k
—_

B3 R KR U SR o A 2
Fig.3 Prediction model of Sxtot,e

2 PR AR DS (10 SEE-P I (H)
Table 2  Test RMSE of prediction model

(mean value of ten test results)

WARiA AR AT AR A
RMSE RMSE
PSR Akl 0.4241 0.3506
Sant{n(1°] 0.9771 0.7515
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Fig.6 The proposed decision and optimization control system
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Table 3  Fuzzy rules of So s fuzzy controller
EC

E

NB NS 70 PS PB
NB PB PB PB PM 70O
NM PB PB PM PS 70
NS PM PM PS 70O NS
Z0O PM PS 70O NS NS
PS PS 70O NS NM NM
PS 70O NS NM NB NB
PB 70O NM NB NB NB

Sno,2 AU BR BRI 4% A0 B 24 BT S
TEMHZ AR exo FIIRZEZE Aeno, firthh
Qo XY B AL A 7RI EL B BH 5235310 2 12, 40 Al
—2500. k. BT RABIAIN S So 5 BREME
il A [
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BTN Snwe FAREE, B — AR 2 il 5 X
Qo JEATHEM, M0t 7K S SR . 4 T 7K
LRI, BISH Qu MRS — 7 K ER
WRE; M AL R IR 5 10 I, b Qa PA
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(TR, RF 565 20 DXV M R B e (LB E R SRR 1.5
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TR0 T i A% 00 A R BB L ar IKOR R R
(Snms), Hit R Q. i A i A2 AR A5 =4
k74 {L, M, H} 20 5020R A% e, B
M4n

If (Snus is H), then (Q, is L);

If (Sxus is M), then (Q, is M);

If (Sxus is L), then (Q. is H).

Snm,s FIHUEFEREN 3 ~4.1mg/l, Q. MHETL
Fl 24 3000 ~ 200000 m?/d. 45l K Z A RAR I
H Swus /T 3.5mg/1 U4 [ A ER g .
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If (Sniot is H), then (¢EC is H);

If (Sniot is M), then (¢EC is M);

If (Sniot is L), then (¢EC is L).

Sntot HIBUETEFEIA 17 ~19.5mg/1, ¢EC [1JHL
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(Y BL Ak 1 M AR RERE. Prf 252 R Hl MATLAB10.0b
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4.1 THOHERR

19 /KAR B S H KK SRS % 4 Fros, 4k
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i BOD; fllfb~di st COD.
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Table 4  Effluent quality limits
KB ERRf (mg/1)
SNH,e 4
SNtot,e 18
TSS 30
BOD; 10
COD 100

ARSCAE RO FEAR £ 2 7K EQ. B3R
OCT MUKBGEBARI TR r Lt P, AR AN
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= X
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B / 7 2TSS(t) + COD() +
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Table 5  Performance comparison for different control algorithms (effluent parameters, OCI and EQ)

EC EQ (kg

ik OCI (kWh/d)

Snu (mg/l)  Sntot (mg/l)  TSS (mg/l) BODs (mg/l) COD (mg/1) poll.Units/d)

F1 2.3037 16.8006 12.6219 2.6763 47.5114 3909.5 6080.9
NSGA2-DLS 2.4389 17.5298 12.6200 2.6791 47.5189 3688.1 6203.9
DPSO[8l 3.2387 14.9184 12.6227 2.6894 47.5503 3702.3 6180.3
APSO[19] 3.1398 14.5995 12.9990 2.7660 48.0766 3700.4 6198.7
ESNI[20] 2.8723 15.6014 12.5917 2.6784 47.5114 3756.8 6134.5
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Table 6 Performance comparison for different Sxu,. and

Sntot,e peak suppression methods

S ocC1 EQ (kg P(Snnu,e) P(Sntot,e)
(KWh/d) poll.Units/d) (%) (%)
dugittbsstl 5 526.7 5797.1 0 0
F2 6268.6 5350.1 0.74 0.77
Jeppsson 9447.24 5577.97 0.41 1.18
Nopens 9348 5447 0.92 *
Flores-Alsina  8024.5 5022.5 0.2 0.25
Santin 6289.59 5318.95 0.15 0.0046
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