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Abstract

Wastewater treatment plants are constantly exposed to influent wastewater that is constantly changing. This
poses a major challenge to the operation of the plants. It is crucial to have a rapid and accurate
measurement of the influent concentrations of wastewater in order to maintain and optimize treatment
performance, as well as to develop energy-saving strategies. While laboratory measurements provide the
highest accuracy in determining influent water quality, they are inevitably time-consuming procedures. In
order to cope with the ongoing disturbances from wastewater influent, absorption-based optical measuring
instruments have been developed. These instruments can detect the influent water quality in a short amount
of time, improving their practicality and reliability. However, when these optical measuring instruments
malfunction, the accuracy of the measured values decreases, leading to unreasonable operation of the
treatment plant. This paper proposes a method for detecting anomalies in optical water quality measurement
devices. The Harmony Search algorithm is used to validate the measured water quality values and detect
abnormalities such as contamination or physical anomalies in the measurement apparatus. To assess the
performance of the developed algorithm in detecting anomalies, validation was conducted by installing it in a
field-scale wastewater treatment plant. The results consistently showed that the developed fault detection
method for optical water quality measurements equipment provided acceptable results for normal, temporary
abnormal, and long-term abnormal conditions.
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1. Introduction
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Fig. 1. Process diagram of Y wastewater treatment plant
Table 1. Range of normal values of water quality.
TCOD T-N T-P TSS
min 0.00001 0.00001 0.00001 0.00001
max - 120 20 1500
g 20239 1€ 24 old EHHE 4 259 A T-N, T-P, TSS & &2 ASM2d9] JEHFES 293t
e nsh ARG, Hage Au) BF 5 APl o] AND + Y FAAFIT Gy gHEFERE A
A EAEE 09 #E Adstr] &l 2 A ghs A3 b FHHFELS 45 25 A (Mass Balance) #AE 7}
e A™, Shte $RFE] BE FAFE W AdHos
e ZAY e g 4 F gk
22 el HMEM (Influent characterization)2 & &8t Table 2= ASM2d9] FHEFES AHEdtY] FIWFE
MM HIEA 24X Astste 48 AASHL ATk TCODE Sp, Sa, Si, Xs, Xi,

=A| &5} 3] (International Water Association, IWA)ell A &t X, Xaur, Xpao, Xeua, Xpp® FEZ A2KEq(1)EH, TSS,
X9 24&HAED 5 ASM2d (Activated Sludge Model T-N, T-P= Eq(2, 3, 4)°ll A|A1E vhe} Zo] Fejiss} o] 2}

No. 2d, Henze et al., 2006)—: ‘5‘]——’}:7?1 E] :101;(6] @741 ‘;-1 ﬂ 7_‘1‘ T,c_’_— %%% _5]-3_],'00]:%741 —}F(Table 3) 'lT:ILQ’] fﬂ'_‘li 7:" ﬂ'% E} T-N
Ae BAoz df ALHE 5AYTH AEHIH B 2 T-P 3t ofel Eq(3)¥ Eq4)et 2ol Adtdth dnkd e
otk ASM2dlA Felahe md FuusredE s B 7Y T S € &5 ALSw), B8 7H
o §714 B4, dx YR B 52 Juhi 54 (Swo), P12 FEXn, Xavr, Xeao, Xema, Xep), 1 AA
FEgdrde 7B grsx 18709 Wes TAEY, 75 FE JEXueon, Xuer)d FHHET F2 022 7HEgHER,
St £24, X= 944 2L gu@dthTable 2). Tcop, & ATNME LA A&l
TCOD= Sp+ S, + S+ Xg+ X+ X+ X 1+ Xy 0+ Xppra + Xop Eq(1)
755= iTSSX,j (XH + Xyt XPA()) + Z.TSS,XS* X+ Z.TSSX,* X+ iTss.X;mp,l4* KXppa+ iTSS,XHwPP* Xpp Eq(2)
TN= Syps iy, Sp* Sptiy, s,* S5+ Z.AV,XB* (XH + X prt Xpso )+ Z:V,X: X+ iN,X,* X+ Syos Eq(3)
TP= Spoy Fips, Sptips! Sitipy,” (X + Xy pp+ Xpao) + ipys XsTipy X Eq(4)
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Table 2. State variables of activated sludge model No.2d.

Symbol Description Unit Symbol Description Unit
Sk Fermentable organic matter gCOD/m’ Spos Soluble inorganic phosphorus gP/m’
Sa Fermentation product (Volatil Fatty Acids) gCOD/m’ Xu Ordinary heterotrophic organisms gCOD/m’
. 3 Autotrophic nitrifying organisms 3
Si Soluble undegradable organics ¢COD/m Xaur (NH; to NOY) gCOD/m
Soz Dissolved oxygen gCOD/m’ Xpao Phosphorus accumulating organisms 2COD/m’
Xs Particulate biodegradable organics gCOD/m’ Xpna Storage compound in PAOs ¢COD/m’
X Particulate undegradable organics gCOD/m’ Xpp Stored polyphosphates in PAOs gP/m’
Snus  Ammonium and ammonia nitrogen (NH; + NH;) gN/m’ Xnmeon Metal hydroxide compounds gTSS/m’
Nitrate and nitrite (NO; + NO,) (considered 3 3
XMel Metal phosph T
Snos o be NOs only for stoichiometry) eN/m MeP etal phosphate compounds ¢TSS/m
S\2 Dissolved nitrogen gas gN/m3 SALK Alkalinity (HCO5) mol HCO;/m?
Table 3. The stoichiometric coefficients used to calculate the composite variables.
Parameters Values Parameters Values Parameters Values
irss.x, 0.9 ins, 0.01 ips, 0
irss.x, 0.75 ins, 0.03 ips, 0.01
15 x, 0.75 inx, 0.07 ipx, 0.014
1SS, X 323 inx, 0.02 ipx, 0.01
Z.TSS,Xmapm 0.6 iN.XS 0.04 Z.p.XF 0.01
E AT 595 Z4EA (Influent characterization)< F d7E A (Influent Characterization)©] 2t 319, o]<} #
g&s AA vgd AAS Al 394 A4S TP e g Pol AAEo] Stk(Choi et al., 2005; Henze
o 1A s 3 E TCOD, T-N, T-P FAHFE AH et al., 2006; Lu et al., 2010). ¥ AT A& Fig. 201 AA|T
W2 Bajslal, 28 A A E BEad AHHSas oA & SFRY A X ¢312] F(Harmony Search Algorithm)(You et al.,
AR AL, 3PAdME SHE 194 TS 2018)& ol &3t FUT HFEAES FhaReH, vty
ALE 294 FHEF Zol7t 4 WM WS Hold  EA] Sk 54(You, 202008 st #7118, 24, Q)
BF, 22AFA7E 24 GA de AA PG HE Bdst o FHT 4 G £ UHE Table 49 2ol
Aok 19418 FHAFE FHTE Edste HEE 74 A skt

:TCOD, T-N, T-P, TSS

Composite variables (objective function)

4@  Smart sensor and
experimental data

|

Set the range of state variables

- |

optimization algorithm

Derivation of optimal solution using - Harmony search algorithm

Computer E
Program  — f :
- if ;
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State variable fraction calculation

Fig. 2. Influent characteristics procedure using Harmony

Search Algorithm.
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Table 4. Search ranges of the ratio of state variables and water quality.

Sp/TCOD S/TCOD X/TCOD SA/TCOD Saud/T-N Spou/T-P
max 0.8 0.50 030 0.50 1.0 0.945
min 0.18 0.00 0.00 0.00 0.4 0.00
&2 U A X (Harmony Search, HS) €318 &2 Sotr7tE0] Z3%e] FEHA L2 Ao AT o] F A< H|
ZEA AFE B3 54E Mdse #H S Biste A B9 d9e A sRoH, ol MM 28T
e H A5 &2 S(Geem, 2009; Geem et al., 2001) 2.2, EH(TCOD, T-N, T-P, TSS)Z Z3%<9 10%%H 200%7
gAGAAEE WAEFEY 5T TR SGEEY)ES A 10%4 Fe S7H71H §A88E S AAEth |
A7 Z=(Harmony Memory)°ll 71&3t3L, 54 $X s1& W2 A8 F5E sEA F98FEN ] YA FPHH,
st APE M2 si(RU)E Brhste] EX3gko] 7t ol FA FA=Z #AGs A4 FHYY vnsy &
T E2 88 AR Ze AP S HESY HAY HE BRrel AAEY ta =AY 9A S SS ddst
E=&35t= g4 7o) ti(Kim et al., 2018; Lee et al., 2016; fch Tk TSS FE7F 92 A AR d4Fe=
Nasir et al., 2021; Yoo, Lee et al., 2018). TRAYHE, ZFH TSSE AA BT £& skolng =3
9 drF o¢o] AJdY & Atk sHAT U FEF BT
23 MIM2| H[™ar AEf ZICH HMAE 52 Z4Ed YGRS FhA 29 2
B RS AA Y SH R ego] TATAY i F o= A 717 g AR FHs FA FAE F
SR BAY FE, SHHE FE FEZRY ol HA ofste 2d& #9d + Aok
A BHE Agstax stk A4 2 s=7F S
T 4% F9 G718, Aa, A, BREZS 93 B 3. Results and Discussion
g 7ML BAld E7F B AAsHA gk sAw At
g4 o dede &F FdFe ks, UHA AP AN 2FE AA Holy B4 Az FA
t At vFEFEA] FAE YEgeH, d2 53 A MAA AE Yol B4 A4S 4gsa, HA
2 o9 A TSS9 TCODE =A W3k, TN, T-P& 4 EHE A7 T AAM Jd 2FHE Jledin
HAoz A WstatA g FFo] AU B AFAM=
TCODO W3t Si, S;, Xi, Sa8l && 47, T-PE T3t 31 MM A AFALER
Spos & 170, T-Nol| &k Sypy B8 IME F8T 559 oo AN ARz =4S s Q= 77 =
TE AL gk FAw F ANEFH 588 50039 29 99 04] HOE R, Table S& SHEUAX L7
TCOD, TN, T-Pgkell # &% A8t SHEFE AW =9 24 doja geus+52 ANST Yok TCOD, TN,
ek Atd gEs2 5 g TCOD, T-N, T-P, TSS T-P, TSS 2 29 AMA =473 Aegus 2o 7

£ Adbsha, 44 4

H4=91e] @ A= AlXKEq(5))3ch

ik x 100

[y

NI~

o)

Ak
o Eq(5)

23H%) =

FBUAA L3 FS 4 FHNFY 03 BF 5% o
W7t 2 WA 6 AESE MEsEs ARAE 2w
= S LAk @ G olgolHE 5% olgeld A

B R

2R ghel oAl BF 0.1% ©l8Q] ALZ JERK(Table
6), A9 ZF3gke] BH4AA AEQ Aoz AGFH YT
°]% TCOD, T-N, T-P, TSS X2 =332 10%+H
200%7HA] 10%4 S7FA1719 T3t oz
RN AHE Fig. 37 2o] ZAISA x
o, yEF 2 7+ A FEAN FUAHFEA A=
F30) FHE YeRd Aolth H#y He BN AMEH
g, WA e S80S Uebdth #4727 TCOD 203 mg/L

Table 5. The values of the state variables from the influent characteristics based on HSA.

State variable Sk Sa Si Xs X SnHa Snos Spos
Values [mg/L] 84.9 19.7 27.0 119.0 39.7 323 0.0 1.0
Table 6. The measured and estimated values of the normal case (2023-02-09 00:00:00).
Items TCOD T-N T-P TSS
Measured by sensor [mg/L] 290.0 40.7 3.39 119.0
Calculated by HSA [mg/L] 290.3 40.7 3.39 119.0
Error (%) 0.1 0.1 0.1 0.0
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Table 7. Characterized state variables using contaminated sensor data (excluding zero-value items)

State variable Sk Sa Si Xs X St Snos Spos
Values [mg/L] 150.0 126.0 70.2 322.0 165.0 20.0 0.0 0.0
Table 8. Measured and calculated data of contaminated sensor data (2023-05-04 10:00:00)
Items TCOD T-N T-P TSS
Measured by sensor [mg/L] 833.0 41.4 5.72 380.0
Calculated by HSA [mg/L] 833.2 414 637 365.3
Error (%) 0.0% 0.0% 11.4% 3.9%
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Fig. 4. Invalid results for the concentration ranges for the abnormal state.
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TdA FEG EZFA BAE YERANL, 261 mg/LET Aoz yggton, 13t #A XA E 7|WeE st
2 s=A fFEsA %2 237 gt odzﬂ =33k 380 Ae W FEFEE FP%o] FAFHA Aoz gt
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o g2 gl sigdth g AlA dHolHE TSS 5=7t AA FE7E 71 vz £A49 7S Fig. 69
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= ddEa ddEEg A4 ARE FEEAT F AA vghg fASe7E 496 2,500 mg/L7HA 55kt Fig.
BE& 54 g EAE A2 F AUg Aolth 6(a)ol A B, TCOD &=7F 4537 1213 Hofl EZFA
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BEH, L98H, fFaskA E2 kel ¥ASHA EA o= Hggolgtks 237t A&Hd AME dadstel SFDA A
T Al MR A2 E8) golsant A A E FAE 2R S ok gttt Fig. 72 H1Ed F19
FEE SF HE T YT 43RS AFE ZAG AL
Case 1. 34 2 2 BE 5] FH4A #E S T Uk
AX7F B U2 25 E 713 29 vlolE £ Fig. 5
o FEAISHAT Fig. 5@l = < 8AIRF F712 F3 3kl Case 3. 9AIF ¥ ZY S
HEste T4 WslEs Holx glu Fig (b)oﬂ»ﬂt S99 Fig. 82 AA v Z e 7}t 22 AlZF < whESto] %
ARENAT Jedsd] g8 AltE FFETY EDFA Aste A HAFI 3H Fig. 8() W AM S35
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(b) Sensor diagnosis results based on influent characteristics analysis(0: polluted, 1: normal)

Fig. 5. State detection results at the normal state.
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Fig. 8. State detection results at the discreted abnormal states.
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Fig. 9. Invalid results for the concentration ranges for the discreted abnormal states.

CASE13 CASE3 H] 3L

G AFT upe} o], CASE17 CASE 39
o} 2439 FAES v nstH CASE3Y
k2 CASE19 FAFSHA HolEl 7} ¥& 35}
Q1 THTable 9).

Hoﬁ‘,
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A9l B9+ CASEl1°lA TCOD 1259 mg/L, TSS
69.1 mg/L CASE3°]A TCOD 107.9 mg/L, TSS 71.8 mg/L
2 fAFeF T CASEL, CASE39] TSS/TCOD ¢ #H4 Hlw
& B3 F 71219 "ol 54 & AESLA T H4
24 A%7F 523 dolElQ] TSS/TCOD B2 0.44+0.041,



SESXENE 0|88 SlMAY RUTE 53 M9 MEj [T 177
Table 9. Comparison of the concentrations between CASE1 and CASE3.
CASEI CASE3
Items
TCOD [mg/L] TSS [mg/L] TCOD [mg/L] TSS [mg/L]
Ql 288.5 117.7 385.2 171.5
Q2(median) 360.2 156.9 429.4 197.6
Q3 414.4 186.8 493.1 2433
Q3-Q1 1259 69.1 107.9 71.8
Table 10. Statistics and F-Test results of the data from valid and invalid case.
Items Valid data set Invalid data set
number of data 165 200
mean=standard deviation 0.44+0.041 0.64+0.041
p-value of F-test 0.47
t-test p-value 1.1x10™"%
FEEA 2 vlolE e TSS/TCOD B2 0.64+0.041 = FetAet. 1 dx, Mdd dagES dEY SE%A
RESA L HolES TSSTCOD ¥lgel £ 4% #9 U oE &9 F2F B854 o= BFetn J3
BFEAel AYR o] F4AA F= RS T F A F b A 3 53719 ol JUE 2AN 3 F AL FU3
A Aol dig F-A% 3 2 p-value 7} 0472 795 At
2 5% o4 g M T Aeel SR xolgo,
SEA ttest AT p-value 7F FYFFE 5%H T FE YE Acknowledgement
W F Age) gl SAMCR o5 e Aoz A
= AtH(Table 10).

4. Conclusion
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