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' Sustainable development
? Dissolved oxygen (DO)
’ Reuse

* Pond system

> Wetlands
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! Ponds-Lagoons

? Stabilization ponds

3 Pre-treatment

* Biological oxygen demand
> Chemical oxygen demand
® Total suspended solids
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* Maturation ponds
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? Online
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* Activated sludge

3 Acrobic biofilm reactors
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? Floating aquatic plants
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? Cote et al., 1995
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Sensitivity analysis for reactor 1A

Variable R Influence (%) Classification
Base case 0.9782 X X

pH in the inlet stream 0.9792 —0.105 High
TOC in the inlet stream 0.9776 —~0.053 Medium
pH in the first reactor 0.9795 —0.137 High
TOC in the first reactor 0.9733 0.496 High
Solids concentration (sludge) in the reactor 0.9783 —-0.043 Low
Solids concentration in the sludge stream 0.9773 0.089 : Medium
Liguid flow rate for the first reactor 0.9791 —0.099 High
Flow rate of solids removal from the third reactor 0.9784 —0.023 Low
Sludge flow rate (recycled) 09777 0.051 Medium

Sensitivity analysis for the reactor 1B

Variable R Intiuence (%) Classification
Base case 09813 X X

pH in the inlet stream 0.9803 0.106 High
TOC in the inlet stream 0.9803 0.104 High
pH in the first reactor 0.9805 0.082 High
TOC in the first reactor 0.9809 0.045 Medium
Solids concentration {sludge) in the reactor 0.9811 0.015 Low
Solids concentration in the sludge stream 0.9814 —0.00 Low
Liquid flow rate for the first reactor 0.9797 0.167 High
Flow rate of solids removal from the third reactor 0.9514 —0.008 Low
Sludge flow rate (recycled) 0.9807 0.057 Medium
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! Cinar et al., 2004

* Submerged membrane bioreactor
? Solids retention time

* Training

> Testing
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' Hamed et al., 2004

> Salari et al., 2005

? Methyl rert-butyl ether

* Electrical energy per order
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Input layer Hidden layer Output layer
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[PF] (Y- - 0) o e

Wi w2
Neuron Variable Bias Neuron Weight
Time [MTBE], pH [H202]0
1 5.3666 5.1934 4.7207 —12.7819 —7.1101 1 0.1517
2 0.0836 —0.7260 14.6596 1.8335 —13.133 2 —0.8678
3 6.8655 —8.9152 10.2480 4.2958 —9.5076 3 0.4948
4 1.5783 3.7490 —9.2868 11.4560 1.0073 4 —0.8060
5 —17.3715 —0.5233 —3.1753 6.5619 2.9307 5 0.5939
6 12.2281 —3.8027 1.2883 3.2496 —2.8009 6 —2.6415
7 16.5064 3.3394 —4.3147 0.6189 4.0552 7 -0.1373
8 12.3280 11.2680 24224 5.9807 —17.1996 8 1.7258
Bias 0.4329
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! Mean absolute percentage error
* Mjally et al., 2007
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Input variable in ~ Output variable NN MSE R
CS in STE structure

TSS TSS 1-40-1 0.146 0.854
COD TSS 1-40-1 0.021 0.987
BOD TSS 1-80-1 0.224 0.748
TSS COD 1-40-1 0.047 0.735
COD COD 1-40-1 0.014 0.923
BOD COD 1-40-1 0.304 0.634
TSS BOD 1-40-1 0.255 0.785
COD BOD 1-40-1 0.061 0.951
BOD BOD 1-40-1 0.366 0.568
TSS, COD, BOD TSS 1-20-10-1 0.053 0.839
TSS, COD, BOD COD 1-20-10-1 0.030 0.924
TSS, COD, BOD BOD 1-20-10-1 0.023 0.924

'S Je e b Slgrie 55T, S o Lo oyt sl St OB (53lan o ks
Aot TV 2 V) e 5 oLl Loy oS 5gy 6,500 Guiios Jsil,S Jlb oS L (ATFBR)
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Uas Slaye ofloe ol 48,5 )15 al 590 © s Liel sloosls 51 7+ (gl Joe 5 00ss
Ol gy ooliiuls g Jow Silods (VA-Y) USs .ol ode] Caws ay +/+VFF 1, (MSE)

Ll ss oo oles 1, olidses

' Anaerobic tapered fluidized bed reactor
* Rangasamy et al., 2007

’ Orgenic loading rate

* Steady state

> Validation
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Effluent COD

Biogas

Influent VFA
pH

Alkalinity

Input layer First hidden Second
layer hidden layer

Effluent pH

Output layer
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' Dogan et al., 2008

> Akratos et al., 2009

? Principle component analysis
* Porous media porosity
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Statistical test MG-C MG-R MG-Z FG-R CO-R All data
First order model
MAE 0.16 021 0.21 024 021 0.21
RMSEN 045 0.64 1.00 047 0.46 0.56
pcc 0.71 046 057 057 0.62 053
NMBE 001 0.10 0.73 -025 -0.20 -0.01
CE 051 0.12 -1.06 0.04 024 0.11
First order model with optimized values
MAE 0.18 0.19 023 026 022 022
RMSEN 058 057 0.98 050 045 0.58
pcc 064 0.56 049 049 0.59 0.53
NMBE 0.03 0.08 0.65 -024 -0.21 -0.01
CE 041 029 -0.85 0.07 027 0.16
MG-C MG-R MG-Z FG-R CO-R All data  Validation
For TN removal (Eq. (14))
MAE 0.16 0.17 0.15 0.20 0.15 0.17 0.13
RMSEN 046 0.55 0.75 0.40 038 0.48 043
pPcc 0.70 0.62 045 0.59 0.70 0.68 0.56
NMBE -004 -0.10 027 -0.08 003 -0.01 -0.03
CE 048 036 -017 032 0.48 0.36 0.15
For NH; removal (Eq. (17))
MAE 0.26 0.25 022 033 023 0.26 -
RMSEN 1.80 204 -3.87 0.99 0.66 146 -
Pcc 0.62 0.65 0.40 0.50 0.61 0.66 -
NMBE -013 -057 -097 -015 -010 -0.13 -
CE 039 037 -054 024 037 028 -
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! Shi and Qiao, 2010

* Heterotrophic

3 Pendashteh et al., 2011

* Membrane sequencing batch reactor
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' Fang et al., 2010

2 Influent disturbance conditions

® Train and test
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QM <COD()
MLSS(t) o T
CODin(t) ePOLT(t)
NHa"in(t)
POs*n(t) ="
P pHin(t)
CODe(t)
NH4'eri(t)
PO4 en(t)
[ ecobwn [ enmiwn | epoc(wn |

AL (Yo o) o) Ka g i Loy sadaislo oS 5 Joe Sosled K& VY- JSCs

(Y’ \ ’) u‘)ls.o..b 9 <t .la.~u94 IRWEVES W ;».»5 ).s J..\.A 4.1......:944 osls s 9 U’“")}'J )I J..ol} GL..) -y Js..\}

(Al
Model Training Testing
Mechanistic model 2.65 4.15
NN model 0.54 2.68
Integrated model 0.35 0.38
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! Normal root mean square error (RMSE)
? Coefficient of correlation
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!'Nasr et al., 2012
? Feedforward backpropagation
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Threshold

a Activation
Function
. f(x)) = sigmoid
4, tanh
linear
Summing
Function

Inputs Synaptic
Weights

0
Output

[88] (YY) o) 5es 5 pas Lawogs soliiuls g0 et 4 (5 leme VYV IS

[88] (FA1Y) K00 5 s Lansgs oadiaislos Joe 4o oty cloasy Slasein A-Y Jgox

Number of Transfer function

neurons
Layer 1 10 Tangent sigmoid transfer function TANSIG
Layer 2 30 Tangent sigmoid transfer function TANSIG
Layer 3 — Linear transfer function PURELIN
Training: R=0.93004 Validation: R=0.86323

w
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s Fit Y
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Output~=0.74*Target+4.5
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! Hasanlou et al., 2012
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(=
Model S

I |
P pH CoO

Parameter Target

0.1850 0.1348

02240 0.1773

RAMSE MAE

1073 0.83e3
1.85¢3 1.49¢3

RAMSE MAE

40307 29149
54452 43869

RASE MAE

02676 02074
2796 02192

RASSE MAE

43.765 31.8084
30,026 37.7631

Rec.

150

31

182

108
36

o Data
pH
Model 1 DS pH All 0.63
N Train 074
P Test 039
COD 3
pH
Model 2 8 S 0.68
N 080
P Test 014
COD R
pH
Model 3 DS N 0.76
N Train 080
P Test 078
CoD =
PH
Model 4 DS P 2 0.66
N Train 074
P Test 038
COD 8
pH
Model 5 S  COD 053
N Train 064
P Test 030

' Tansig

> Purelin

’ Hidden layer

* Output layer

* Total dissolved solids
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' Kana et al., 2012

% Piuleac et al., 2012

? Root mean square relative percentage error
* Mean absolute relative percentage error

* Antwi et al., 2016

% Multiple nonlinear regression

” Three-layered feedforward backpropagation
¥ Up-flow anaerobic sludge blanket

? Potato starch processing wastewater
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Syels VA 5 JAYA il s a4 MNLR Jaw 4o 5 ZAY/AY o Z3ANY us,5 4 ANN
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Variable Term  Mean

Input parameters COD (mg/L) Xy 4028
NH,* (mg/L) X2 110
pH X3 7.1
ALK (mg/L, CaCOs3) Xy 4944
TKN (mg/L) X5 510
TP (mg/L) X5 45
Total VFAs (mg/L) X7 534
HRT (h) X

Target parameters Biogas yield (L/d) Yl 10.9
Methane yield (L/d) Y2 74

! Alkalinity

? Kjeldahl

? Volatile fatty acids

* Hydraulic retention time (HRT)

* Quasi-Newton method

% Conjugate gradient backpropagation algorithms
7 Coefficient of determination
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Target sets used in the ANN study

Training Algorithm Function  Abrv Biogas data set Methane data set
R IN MSE | R IN MSE

Broyden—Fletcher-Goldfarb—
Shanno Quasi-Newton
Powell-Beale conjugate
gradient backpropagation

wainbfg  BFG  97.7 109 0.567 97.05 119 1.405

traincgh  CGB  98.4 115 1126 9392 110 1.056

Fletcher-Reeves conjugate

eradient backpropagation traincgf CGF  98.7 162 0914  96.6 174 0.895

Polak-Ribiere conjugate
gradient backpropagation

Batch gradient descent traingd  GD 14.6 100 321 96.57 1000 1.157

traincgp CGP  98.6 128 0.643  97.04 229 0.617

Batch gradient descent with traingdn GDM 980 1000 © 1414 9467 237 1620

momentum

;iﬂ;t;f;:ﬁig 2l traingde GDX 97.6 172 0929 9434 202 2250
g;’;;‘:’:;fg‘;{?; oAk trainlm LM 967 76 2140 9516 105  1.940
boa“ci;‘;l; :;;ff;n trainoss 0SS 988 © 193 0645 9526 112 0922
Resilient backpropagation wrainrp  RP 99.0 164 0992 9576 109 0.841
ﬁﬁiﬁiﬁi‘iﬁﬁiﬁ’ gradient trainsge. SGC 987 139 0781 9547 128  2.826

- cocficient of determination; IN - number of iterations; MSE - mean squared errors; Abrv- abbreviation
Siden B akal gtaew SO Gy, \(Y’\?) Ol g ny lwg a5 (6,00 Gubos jo
TGBds o83l st (MLP) TV g iy aSed 9 5 ooliiul b wdd sl (glal> jeg0
2l 25 15 il ye RER) gm0 5 (REms) 35,008 aeilgs «(REM) | Jyilie (RE)
Sl ilo e @l wilgi o (Soian oras raSl p Sie slaoe a5 Wl plas Jol>
@S (VV-T) Jour isd adly 30 6515 sla Sogll adar cugr (dlyser slaun s 0 11,38

IV T ses o las | Gl cnl Joe (29,5 5 59959 Olez oY (39 4 bgiye

' Lopez et al., 2016

* Multi layer perceptrone

? Removal efficiency

* Methanol

> Hydrogen sulphide
a-pinene

" Transient
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(a) Model for the first stage BTF

Model Input-hidden layer (Win) Hidden-output layer (Who)

inputs HID-1 HID-2  HID-3 HID-4 REwm REus
Cm 2.307 -1.991 1.737 -6.272 HID-1 -1.661  -1.468
Cp 3.681 -4.522 0.999 -9.856 HID-2 1.790 2.570
Cus -0.330 0.047 0.275 3.132 HID-3 0977  -0.149
Bias term 0.005 0.462 -0.735 4722 HID4 5.250 5.354

Bias term  0.704 0.920

(b) Model for the second stage BF

Model Input-hidden layer (Win) Hidden-output layer (Whg,)

inputs HID-1 HID-2 HID-3 REp
Cwm 0.802 -0.377 -0.710 HID-1 -2.062
Cp -0.647 -1.342 -4.044 HID-2 0.406
Cus -3.234 1.663 9.452 HID-3 3.421
Bias term 0.637 -0.612 0.075 Bias term -0.098

3l s Gboaiges 5l pg)T omnbliie s3loliz sl slaallas ,3 (YY) ol Ko DS 55
solictes] (CSO-INP) " yLusginS oy I LusS sl L oadonls idies ol dwnST L3 g6 5l ol
Slaog Bi G5 gt @lp b s oie (e (oras 4l Jow S bl s S
- Joe s atugl sla isles] wis,S >Lb s CSO-INP i sslinal b o1 slaslxe 5l ps,S
g Lo vy b %e0 pH aiile cilise Jalse 3l b)) ln 99 8 comae &8 il
5 ol s (Y8-Y) S ias plowl o CSO-INP 5l 6,8 i o5l 5l lojos

L57] aas o ol 1) egian (cras aSis aliwgay Wosls o

' Shukla et al., 2017

* Chitosan oligosaccharide-coated iron oxide nanoparticles
? Feedforward

* Batch

3 Dosage



(8) Training: R=0.99977 (b) Validation: R=0.98437
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! Membrane bioreactors
2 Schmitt and Do, 2017
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Type of ANN model R RMSE Percentage of  Rank of model
(kPa or LMH/kPa) cror (accuracy)

Al Trin Test All Train  Test

TMP models
RBFNN 095 097 098 0497 0352 0329 5 4
RBFNN-GA 098 098 098 0267 0251 0283 2 2
MLPNN 098 099 098 0293 0208 0312 3 3
MLPNN-GA 098 099 099 025 0214 0202 1 1
Perm models
RBFNN 097 095 099 0041 0050 0028 4 4
RBFNN-GA 098 098 099 0026 0019 0029 3 2
MLPNN 098 099 099 0037 0016 0031 3 3
MLPNN-GA 099 099 099 0016 0011 0014 1 1

5 peedlS oy il (iSn (531 lagyg B gl gal b S anl B (5500 Beiow o
Sely §eioS ol )S Zawl 43S 1B () 20590 () Ohlen 5 gl bwg Ol 5l s,
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omas 4D gl TADY 4y VY Sad ey g ao o VF a4 F T sl sl o Sl
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! Sekulic et al., 2017

? General regression neural network

* Backpropagation neural network

* Mean absolute percentage error (MAPE)
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pH value

Pressure, P ‘\\\'ll:{
Heavy metal % &4) /

concentration, Cum
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Approach Model MAPE (%) RMSE (%) PBIAS (%)
Process specific GRNN 14.0 109 2.0
BPNN 4.0 43 1.0
Prediction of Rz, (extrapolation) GRNN 13.0 11.7 7.0
BPNN 14.0 103 12.0
Prediction of Rcq (interpolation) GRNN 14.0 8.9 -5.7
BPNN 10.0 6.9 —-15
Prediction of Rpp (extrapolation) GRNN 13.0 11.0 53
BPNN 6.0 54 0.1
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0.681814 0.748492 0.790842 0.010153 BFG \
0.788004 0.791818 0.811012 0.011403 CGB Y
0.751220 0.779072 0.825506 0.012335 CGF Y
0.738470 0.736790 0.795132 0.013909 CGpP \l
0.379586 0.394404 0.429010 0.031886 GD N
0.465018 0.447988 0.440558 0.028757 GDM 4
0.668640 0.701786 0.777350 0.013708 GDA Y
0.684758 0.742118 0.772622 0.019097 GDX A
0.849428 0.816208 0.845120 0.009478 LM !
0.719200 0.720720 0.806156 0.011788 (O \e
0.686406 0.770482 0.759534 0.011298 R 1)
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BOD (29,5 o b)) ojleds aSids JLsL (6l aige (95 ol (mad :F-F oo

Test Validation Train All Slass
R MSE R MSE R MSE R MSE 0955
0.71501 | 0.00910 | 0.72971 | 0.01520 | 0.76180 | 0.01150 | 0.74847 | 0.01170 \
0.76759 | 0.00970 | 0.89117 | 0.00590 | 0.81761 | 0.00930 | 0.82114 | 0.00890 Y
0.89721 | 0.00830 | 0.80370 | 0.00760 | 0.84909 | 0.00730 | 0.85036 | 0.00750 Y
0.74130 | 0.00960 | 0.89606 | 0.00730 | 0.87815 | 0.00600 | 0.86360 | 0.00680 f
0.77291 | 0.00890 | 0.92856 | 0.00490 | 0.87529 | 0.00610 | 0.87310 | 0.00630 A
0.73480 | 0.00850 | 0.81621 | 0.00760 | 0.83124 | 0.00950 | 0.81835 | 0.00910 4
0.80875 | 0.00660 | 0.77898 | 0.01120 | 0.83819 | 0.00860 | 0.82107 | 0.00880 Y
0.70572 | 0.01060 | 0.74439 | 0.00850 | 0.94300 | 0.00340 | 0.89695 | 0.00530 A
0.87744 | 0.01110 | 0.73644 | 0.01220 | 0.87147 | 0.00540 | 0.85243 | 0.00730 A
0.68170 | 0.01170 | 0.91428 | 0.00330 | 0.90043 | 0.00550 | 0.87823 | 0.00610 ).
0.83787 | 0.00880 | 0.81530 | 0.00880 | 0.94263 | 0.00300 | 0.90648 | 0.00480 AR
0.82589 | 0.00600 | 0.86791 | 0.00490 | 0.85773 | 0.00800 | 0.85512 | 0.00730 VY
0.76083 | 0.01010 | 0.88401 | 0.00850 | 0.84192 | 0.00740 | 0.83839 | 0.00800 VY
0.93034 | 0.00350 | 0.74064 | 0.01960 | 0.95832 | 0.00210 | 0.90689 | 0.00500 VY
0.81915 | 0.01080 | 0.79267 | 0.00930 | 0.96278 | 0.00200 | 0.91262 | 0.00450 VO
0.82889 | 0.01370 | 0.86161 | 0.00960 | 0.94743 | 0.00280 | 0.90056 | 0.00550 \F
0.92212 | 0.00840 | 0.81895 | 0.00800 | 0.87191 | 0.00660 | 0.85746 | 0.00710 VY
0.67107 | 0.01450 | 0.89959 | 0.00770 | 0.95679 | 0.00230 | 0.90174 | 0.00500 YA
0.82730 | 0.00890 | 0.83770 | 0.00590 | 0.92970 | 0.00390 | 0.90311 | 0.00500 4
0.80290 | 0.00910 | 0.80611 | 0.00810 | 0.87421 | 0.00660 | 0.85408 | 0.00720 Y.
0.68312 | 0.01220 | 0.89104 | 0.00790 | 0.97267 | 0.00140 | 0.92163 | 0.00400 A
0.87136 | 0.00570 | 0.75253 | 0.01090 | 0.91690 | 0.00500 | 0.89080 | 0.00600 vy
0.80891 | 0.00690 | 0.74850 | 0.01340 | 0.88915 | 0.00570 | 0.85719 | 0.00710 Yy
0.86486 | 0.01600 | 0.71331 | 0.00870 | 0.98653 | 0.00074 | 0.92459 | 0.00430 \AJ
0.82260 | 0.00810 | 0.87197 | 0.00820 | 0.87055 | 0.00620 | 0.86393 | 0.00680 Yo
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R MSE R MSE R MSE R MSE 09
0.94256 | 0.00200 | 0.83808 | 0.00280 | 0.91255 | 0.00300 | 0.91045 | 0.00290 \
0.94268 | 0.00250 | 0.85748 | 0.00330 | 0.92790 | 0.00240 | 0.92129 | 0.00250 Y
0.81447 | 0.00570 | 0.88748 | 0.00180 | 0.96308 | 0.00130 | 0.93539 | 0.00210 Y
0.84817 | 0.00480 | 0.89961 | 0.00250 | 0.95977 | 0.00140 | 0.93507 | 0.00210 \l
0.97962 | 0.00280 | 0.90369 | 0.00280 | 0.92354 | 0.00220 | 0.92792 | 0.00240 N
0.85192 | 0.00250 | 0.94477 | 0.00140 | 0.94137 | 0.00220 | 0.93441 | 0.00210 4
0.86331 | 0.00410 | 0.91751 | 0.00200 | 0.91803 | 0.00290 | 0.90907 | 0.00300 Y
0.96164 | 0.00100 | 0.95986 | 0.00300 | 0.90738 | 0.00260 | 0.92535 | 0.00240 A
0.93326 | 0.00380 | 0.84151 | 0.00320 | 0.93631 | 0.00230 | 0.92261 | 0.00260 q
0.73661 | 0.00400 | 0.92109 | 0.00320 | 0.98428 | 0.00058 | 0.95685 | 0.00150 \-
0.97528 | 0.00410 | 0.95484 | 0.00140 | 0.89495 | 0.00240 | 0.92480 | 0.00250 AR
0.94320 | 0.00230 | 0.94491 | 0.00290 | 0.91463 | 0.00240 | 0.92220 | 0.00250 \Y
0.85840 | 0.00500 | 0.91256 | 0.00130 | 0.96405 | 0.00200 | 0.94001 | 0.00190 \Y
0.86571 | 0.00370 | 0.90419 | 0.00350 | 0.95793 | 0.00160 | 0.93378 | 0.00220 V¥
0.93160 | 0.00220 | 0.87043 | 0.00160 | 0.90229 | 0.00350 | 0.90580 | 0.00300 \O
0.92318 | 0.00270 | 0.91135 | 0.00270 | 0.94378 | 0.00200 | 0.93534 | 0.00220 \#
0.90723 | 0.00200 | 0.92726 | 0.00280 | 0.93197 | 0.00260 | 0.92832 | 0.00250 \Y
0.74895 | 0.00260 | 0.88968 | 0.00240 | 0.94234 | 0.00240 | 0.93065 | 0.00240 VA
0.94596 | 0.00270 | 0.93561 | 0.00150 | 0.96204 | 0.00120 | 0.95487 | 0.00150 4
0.93654 | 0.00290 | 0.85954 | 0.00490 | 0.94008 | 0.00180 | 0.92503 | 0.00240 Y-
0.91098 | 0.00310 | 0.85741 | 0.00290 | 0.96768 | 0.00120 | 0.94644 | 0.00170 A
0.97614 | 0.00200 | 0.82700 | 0.00260 | 0.93664 | 0.00210 | 0.93757 | 0.00220 Yy
0.82293 | 0.00270 | 0.88247 | 0.00400 | 0.92150 | 0.00200 | 0.92480 | 0.00240 Ty
0.75494 | 0.00390 | 0.93105 | 0.00180 | 0.92687 | 0.00270 | 0.91527 | 0.00270 \A1
0.96142 | 0.00084 | 0.91999 | 0.00490 | 0.94939 | 0.00160 | 0.93910 | 0.00200 YO
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TSS (29,5 i LY ojleds aSlls LSl (sl agy (99 Slowd (pond =¥ Joo

Test Validation Train All Sl
R MSE R MSE R MSE R MSE 0955
0.79321 | 0.00200 | 0.78613 | 0.00300 | 0.85197 | 0.00310 | 0.83656 | 0.00230 \
0.80013 | 0.00290 | 0.85101 | 0.00250 | 0.91864 | 0.00190 | 0.88376 | 0.00220 Y
0.91140 | 0.00130 | 0.79184 | 0.00120 | 0.92978 | 0.00160 | 0.92053 | 0.00150 Y
0.84187 | 0.00220 | 0.83152 | 0.00210 | 0.89928 | 0.00210 | 0.88422 | 0.00210 f
0.83468 | 0.00220 | 0.84148 | 0.00160 | 0.93502 | 0.00140 | 0.91617 | 0.00150 A
0.88899 | 0.00160 | 0.85164 | 0.00130 | 0.94104 | 0.00120 | 0.93158 | 0.00130 4
0.77474 | 0.00160 | 0.84290 | 0.00180 | 0.83918 | 0.00360 | 0.83474 | 0.00300 Y
0.79574 | 0.00380 | 0.77760 | 0.00310 | 0.96047 | 0.00077 | 0.91431 | 0.00160 A
0.80841 | 0.00200 | 0.86727 | 0.00130 | 0.85193 | 0.00320 | 0.85074 | 0.00270 A
0.75226 | 0.00250 | 0.93462 | 0.00130 | 0.96907 | 0.00064 | 0.94557 | 0.00100 ).
0.89253 | 0.00110 | 0.80916 | 0.00370 | 0.98469 | 0.00034 | 0.94985 | 0.00097 A
0.82060 | 0.00190 | 0.87696 | 0.00230 | 0.97046 | 0.00065 | 0.94340 | 0.00110 VY
0.90912 | 0.00150 | 0.87444 | 0.00100 | 0.93506 | 0.00140 | 0.92716 | 0.00140 VY
0.66207 | 0.00380 | 0.87416 | 0.00190 | 0.94572 | 0.00120 | 0.90835 | 0.00170 VY
0.84573 | 0.00260 | 0.90974 | 0.00110 | 0.92950 | 0.00150 | 0.91517 | 0.00160 VO
0.87324 | 0.00230 | 0.89869 | 0.00550 | 0.98049 | 0.00025 | 0.92685 | 0.00140 \F
0.89657 | 0.00260 | 0.92601 | 0.00120 | 0.92293 | 0.00160 | 0.90922 | 0.00170 VY
0.83086 | 0.00250 | 0.82322 | 0.00180 | 0.92282 | 0.00200 | 0.90135 | 0.00200 YA
0.78125 | 0.00290 | 0.86001 | 0.00077 | 0.95446 | 0.00110 | 0.93060 | 0.00130 '4
0.92437 | 0.00087 | 0.86187 | 0.00200 | 0.97442 | 0.00057 | 0.95640 | 0.00084 \E
0.76438 | 0.00300 | 0.66660 | 0.00490 | 0.97485 | 0.00073 | 0.91527 | 0.00170 A
0.75493 | 0.00740 | 0.89578 | 0.00130 | 0.97796 | 0.00050 | 0.91999 | 0.00170 vy
0.81433 | 0.00240 | 0.89217 | 0.00130 | 0.96045 | 0.00088 | 0.93749 | 0.00120 Yy
0.74670 | 0.00160 | 0.86148 | 0.00170 | 0.95026 | 0.00120 | 0.92992 | 0.00130 vY
0.77459 | 0.00290 | 0.89976 | 0.00160 | 0.97795 | 0.00063 | 0.95006 | 0.00110 Yo
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BOD-COD >, sl psio b ¥ o leds aSlils Ll (gl age (95 olosd s V=T Jgo>

Test Validation Train All Sl
R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSE1 R MSE2 | MSE1 9P
0.8700 | 0.0090 | 0.0091 | 0.8455 | 0.0030 | 0.0073 | 0.8394 | 0.0042 | 0.0121 | 0.8455 | 0.0048 | 0.0109 \
0.8888 | 0.0041 | 0.0133 | 0.8841 | 0.0020 | 0.0094 | 0.8648 | 0.0038 | 0.0087 | 0.8702 | 0.0036 | 0.0095 Y
0.8323 | 0.0035 | 0.0073 | 0.9165 | 0.0034 | 0.0073 | 0.9083 | 0.0024 | 0.0072 | 0.9021 | 0.0027 | 0.0072 Y
0.8993 | 0.0026 | 0.0097 | 0.8673 | 0.0032 | 0.0096 | 0.8699 | 0.0047 | 0.0098 | 0.8659 | 0.0042 | 0.0097 f
0.7846 | 0.0034 | 0.0120 | 0.8652 | 0.0053 | 0.0098 | 0.9056 | 0.0033 | 0.0066 | 0.8861 | 0.0036 | 0.0079 A
0.8576 | 0.0032 | 0.0091 | 0.8603 | 0.0050 | 0.0087 | 0.9091 | 0.0022 | 0.0084 | 0.8927 | 0.0028 | 0.0085 4
0.8964 | 0.0025 | 0.0049 | 0.9024 | 0.0026 | 0.0106 | 0.9222 | 0.0026 | 0.0056 | 0.9141 | 0.0026 | 0.0062 Y
0.9025 | 0.0023 | 0.0098 | 0.9282 | 0.0036 | 0.0068 | 0.8800 | 0.0026 | 0.0088 | 0.8924 | 0.0027 | 0.0086 A
0.8991 | 0.0024 | 0.0064 | 0.9099 | 0.0016 | 0.0097 | 0.9208 | 0.0024 | 0.0055 | 0.9143 | 0.0024 | 0.0064 A
0.8335 | 0.0048 | 0.0097 | 0.8751 | 0.0030 | 0.0086 | 0.9192 | 0.0021 | 0.0066 | 0.9014 | 0.0026 | 0.0074 \e
0.8964 | 0.0019 | 0.0113 | 0.9174 | 0.0036 | 0.0084 | 0.8746 | 0.0031 | 0.0081 | 0.8821 | 0.0032 | 0.0087 AR
0.8431 | 0.0033 | 0.0151 | 0.9172 | 0.0020 | 0.0078 | 0.9185 | 0.0021 | 0.0057 | 0.9055 | 0.0023 | 0.0074 VY
0.8712 | 0.0046 | 0.0095 | 0.8922 | 0.0021 | 0.0065 | 0.9081 | 0.0021 | 0.0078 | 0.9002 | 0.0025 | 0.0078 VY
0.8163 | 0.0023 | 0.0166 | 0.8836 | 0.0018 | 0.0049 | 0.9335 | 0.0022 | 0.0053 | 0.9116 | 0.0021 | 0.0070 VY
0.8518 | 0.0046 | 0.0132 | 0.8800 | 0.0017 | 0.0012 | 0.9250 | 0.0022 | 0.0050 | 0.9030 | 0.0025 | 0.0073 VO
0.8713 | 0.0044 | 0.0056 | 0.8194 | 0.0030 | 0.0082 | 0.9225 | 0.0019 | 0.0067 | 0.9110 | 0.0024 | 0.0067 \F
0.8531 | 0.0017 | 0.0108 | 0.8625 | 0.0030 | 0.0077 | 0.9201 | 0.0022 | 0.0068 | 0.9042 | 0.0022 | 0.0075 VY

AT




Test Validation Train All Sloss

R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSE1 R MSE2 | MSE1 0955
0.7990 | 0.0052 | 0.0108 | 0.8466 | 0.0030 | 0.0096 | 0.8649 | 0.0037 | 0.0107 | 0.8550 | 0.0038 | 0.0106 YA
0.8653 | 0.0027 | 0.0085 | 0.7703 | 0.0065 | 0.0114 | 0.9244 | 0.0019 | 0.0075 | 0.8987 | 0.0027 | 0.0083 '4
0.7561 | 0.0041 | 0.0157 | 0.9418 | 0.0040 | 0.0048 | 0.9463 | 0.0014 | 0.0040 | 0.9216 | 0.0022 | 0.0059 Y.
0.8280 | 0.0040 | 0.0097 | 0.8944 | 0.0083 | 0.0064 | 0.9439 | 0.0018 | 0.0047 | 0.9179 | 0.0031 | 0.0057 AR
0.9074 | 0.0108 | 0.0104 | 0.8882 | 0.0024 | 0.0088 | 0.9426 | 0.0017 | 0.0035 | 0.9181 | 0.0032 | 0.0053 vy
0.8667 | 0.0092 | 0.0076 | 0.8902 | 0.0030 | 0.0041 | 0.9542 | 0.0012 | 0.0038 | 0.9313 | 0.0027 | 0.0045 Yy
0.9318 | 0.0026 | 0.0055 | 0.9099 | 0.0031 | 0.0038 | 0.9477 | 0.0019 | 0.0039 | 0.9394 | 0.0022 | 0.0042 YY
0.8979 | 0.0030 | 0.0072 | 0.8634 | 0.0035 | 0.0151 | 0.9301 | 0.0018 | 0.0052 | 0.9091 | 0.0022 | 0.0071 Yo

AY
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Test

Validation

Train

All

olaws
R MSE2 | MSE1 R MSE2 | MSE1 R MSE2 | MSE1 R MSE2 | MSE1 09
0.8608 | 0.0061 | 0.0101 | 0.8496 | 0.0053 | 0.0132 | 0.8052 | 0.0074 | 0.0115 | 0.8221 | 0.0069 | 0.0116 \
0.8839 | 0.0013 | 0.0139 | 0.8642 | 0.0020 | 0.0113 | 0.8947 | 0.0035 | 0.0075 | 0.8885 | 0.0029 | 0.0090 Y
0.8577 | 0.0040 | 0.0146 | 0.9220 | 0.0052 | 0.0059 | 0.9118 | 0.0024 | 0.0061 | 0.9039 | 0.0031 | 0.0073 Y
0.8954 | 0.0026 | 0.0152 | 0.8865 | 0.0096 | 0.0045 | 0.9065 | 0.0022 | 0.0066 | 0.8985 | 0.0034 | 0.0076 \l
0.8730 | 0.0020 | 0.0096 | 0.9210 | 0.0017 | 0.0090 | 0.9060 | 0.0027 | 0.0074 | 0.9037 | 0.0025 | 0.0080 N
0.8596 | 0.0017 | 0.0120 | 0.8887 | 0.0030 | 0.0115 | 0.9285 | 0.0021 | 0.0057 | 0.9112 | 0.0022 | 0.0075 4
0.8742 | 0.0029 | 0.0107 | 0.9034 | 0.0023 | 0.0049 | 0.9503 | 0.0019 | 0.0039 | 0.9342 | 0.0021 | 0.0051 Y
0.9227 | 0.0039 | 0.0044 | 0.9151 | 0.0022 | 0.0121 | 0.8988 | 0.0028 | 0.0077 | 0.9024 | 0.0028 | 0.0078 A
0.8633 | 0.0031 | 0.0129 | 0.8928 | 0.0063 | 0.0088 | 0.8929 | 0.0032 | 0.0081 | 0.8841 | 0.0037 | 0.0090 A
0.9166 | 0.0021 | 0.0095 | 0.8846 | 0.0088 | 0.0075 | 0.9324 | 0.0016 | 0.0048 | 0.9197 | 0.0028 | 0.0060 \-
0.8721 | 0.0044 | 0.0090 | 0.8225 | 0.0031 | 0.0112 | 0.8843 | 0.0044 | 0.0092 | 0.8732 | 0.0041 | 0.0095 1)
0.8921 | 0.0029 | 0.0077 | 0.9051 | 0.0022 | 0.0089 | 0.9763 | 0.0011 | 0.0016 | 0.9534 | 0.0015 | 0.0037 \Y
0.8474 | 0.0034 | 0.0132 | 0.8987 | 0.0023 | 0.0093 | 0.9184 | 0.0025 | 0.0064 | 0.9032 | 0.0026 | 0.0079 \Y
0.8431 | 0.0113 | 0.0069 | 0.9209 | 0.0010 | 0.0078 | 0.9133 | 0.0015 | 0.0079 | 0.9022 | 0.0029 | 0.0077 V¥
0.8411 | 0.0034 | 0.0094 | 0.8453 | 0.0112 | 0.0116 | 0.9277 | 0.0022 | 0.0066 | 0.8954 | 0.0038 | 0.0078 VO
0.7941 | 0.0068 | 0.0125 | 0.9328 | 0.0023 | 0.0061 | 0.9595 | 0.0010 | 0.0037 | 0.9392 | 0.0021 | 0.0054 \#
0.9033 | 0.0040 | 0.0074 | 0.7968 | 0.0053 | 0.0107 | 0.9341 | 0.0019 | 0.0059 | 0.9124 | 0.0028 | 0.0069 \Y

A4




Test

Validation

Train

All

olaws

R MSE2 | MSE1 R MSE2 | MSE1 R MSE2 | MSE1 R MSE2 | MSE1 09
0.9199 | 0.0028 | 0.0070 | 0.8052 | 0.0162 | 0.0118 | 0.9085 | 0.0023 | 0.0076 | 0.8871 | 0.0045 | 0.0081 VA
0.8206 | 0.0053 | 0.0104 | 0.9321 | 0.0014 | 0.0050 | 0.9584 | 0.0012 | 0.0039 | 0.9372 | 0.0019 | 0.0051 \4
0.8860 | 0.0020 | 0.0106 | 0.8374 | 0.0035 | 0.0112 | 0.9105 | 0.0022 | 0.0081 | 0.8964 | 0.0023 | 0.0090 Y-
0.9311 | 0.0038 | 0.0062 | 0.8835 | 0.0048 | 0.0092 | 0.9201 | 0.0027 | 0.0055 | 0.9143 | 0.0032 | 0.0062 Y
0.9047 | 0.0012 | 0.0068 | 0.8283 | 0.0072 | 0.0088 | 0.9459 | 0.0016 | 0.0050 | 0.9248 | 0.0024 | 0.0058 \AJ
0.8854 | 0.0027 | 0.0072 | 0.9051 | 0.0035 | 0.0090 | 0.9423 | 0.0014 | 0.0052 | 0.9276 | 0.0019 | 0.0061 Yy
0.8993 | 0.0042 | 0.0149 | 0.7414 | 0.0152 | 0.0069 | 0.9304 | 0.0013 | 0.0064 | 0.8919 | 0.0039 | 0.0078 vY
0.8973 | 0.0056 | 0.0092 | 0.8946 | 0.0038 | 0.0098 | 0.9876 | 0.0003 | 0.0010 | 0.9537 | 0.0017 | 0.0036 YO
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Test Validation Train All Sl
R MSE2 | MSE1 R MSE2 | MSE1 R MSE2 | MSEI R MSE2 | MSEI 0955

0.8377 | 0.0071 | 0.0032 | 0.7914 | 0.0073 | 0.0028 | 0.7341 | 0.0096 | 0.0033 | 0.7568 | 0.0089 | 0.0032 \

0.8440 | 0.0030 | 0.0042 | 0.7701 | 0.0075 | 0.0029 | 0.9129 | 0.0023 | 0.0030 | 0.8708 | 0.0032 | 0.0032 Y

0.8132 | 0.0027 | 0.0045 | 0.9227 | 0.0021 | 0.0024 | 0.9109 | 0.0025 | 0.0024 | 0.9021 | 0.0025 | 0.0027 Y
0.8623 | 0.0031 | 0.0022 | 0.8479 | 0.0028 | 0.0032 | 0.8549 | 0.0046 | 0.0039 | 0.8542 | 0.0041 | 0.0036 f
0.8744 | 0.0017 | 0.0017 | 0.9112 | 0.0081 | 0.0037 | 0.9326 | 0.0013 | 0.0018 | 0.9174 | 0.0024 | 0.0021 A
0.8677 | 0.0010 | 0.0029 | 0.8602 | 0.0038 | 0.0023 | 0.9148 | 0.0025 | 0.0027 | 0.9043 | 0.0025 | 0.0027 4
0.8713 | 0.0021 | 0.0015 | 0.8700 | 0.0019 | 0.0018 | 0.9091 | 0.0031 | 0.0027 | 0.9041 | 0.0027 | 0.0024 Y
0.8556 | 0.0034 | 0.0048 | 0.8631 | 0.0047 | 0.0031 | 0.9449 | 0.0012 | 0.0019 | 0.9169 | 0.0020 | 0.0025 A
0.9094 | 0.0036 | 0.0038 | 0.9152 | 0.0011 | 0.0062 | 0.9264 | 0.0015 | 0.0020 | 0.9149 | 0.0018 | 0.0029 A

0.8359 | 0.0030 | 0.0014 | 0.9237 | 0.0013 | 0.0039 | 0.9203 | 0.0023 | 0.0022 | 0.9145 | 0.0022 | 0.0024 ).
0.7016 | 0.0048 | 0.0070 | 0.9531 | 0.0020 | 0.0021 | 0.9514 | 0.0016 | 0.0009 | 0.9235 | 0.0021 | 0.0020 A
0.8969 | 0.0014 | 0.0022 | 0.8423 | 0.0035 | 0.0024 | 0.9201 | 0.0029 | 0.0021 | 0.9073 | 0.0028 | 0.0020 VY
0.8868 | 0.0024 | 0.0017 | 0.8775 | 0.0018 | 0.0032 | 0.9488 | 0.0015 | 0.0016 | 0.9343 | 0.0017 | 0.0019 VY
0.8150 | 0.0017 | 0.0033 | 0.9073 | 0.0031 | 0.0037 | 0.9716 | 0.0006 | 0.0011 | 0.9466 | 0.0012 | 0.0018 VY
0.8508 | 0.0011 | 0.0061 | 0.9208 | 0.0059 | 0.0018 | 0.9615 | 0.0006 | 0.0014 | 0.9348 | 0.0015 | 0.0022 VO
0.9304 | 0.0041 | 0.0025 | 0.8923 | 0.0041 | 0.0025 | 0.9370 | 0.0017 | 0.0019 | 0.9198 | 0.0022 | 0.0022 \F
0.8507 | 0.0033 | 0.0020 | 0.9219 | 0.0014 | 0.0041 | 0.9592 | 0.0008 | 0.0014 | 0.9409 | 0.0013 | 0.0019 VY
0.8449 | 0.0033 | 0.0010 | 0.9237 | 0.0013 | 0.0013 | 0.9338 | 0.0017 | 0.0026 | 0.9255 | 0.0019 | 0.0021 A

ay




Test

Validation

Train

All

olows
R MSE2 | MSE1 R MSE2 | MSE1 R MSE2 | MSE1 R MSE2 | MSE1 09
0.8923 | 0.0022 | 0.0033 | 0.8739 | 0.0023 | 0.0035 | 0.9301 | 0.0022 | 0.0017 | 0.9173 | 0.0022 | 0.0022 \4
0.8304 | 0.0030 | 0.0060 | 0.9227 | 0.0054 | 0.0044 | 0.9773 | 0.0005 | 0.0006 | 0.9377 | 0.0016 | 0.0020 Y-
0.9377 | 0.0028 | 0.0026 | 0.8186 | 0.0040 | 0.0033 | 0.9299 | 0.0017 | 0.0020 | 0.9176 | 0.0022 | 0.0023 Y
0.7900 | 0.0024 | 0.0044 | 0.8695 | 0.0027 | 0.0024 | 0.9437 | 0.0017 | 0.0019 | 0.9210 | 0.0020 | 0.0023 \AJ
0.8147 | 0.0036 | 0.0045 | 0.9203 | 0.0025 | 0.0033 | 0.9141 | 0.0026 | 0.0019 | 0.9026 | 0.0027 | 0.0025 Ty
0.8532 | 0.0051 | 0.0029 | 0.8716 | 0.0017 | 0.0026 | 0.9616 | 0.0008 | 0.0015 | 0.9362 | 0.0016 | 0.0019 \A1
0.7002 | 0.0133 | 0.0041 | 0.8964 | 0.0019 | 0.0023 | 0.9579 | 0.0007 | 0.0018 | 0.9078 | 0.0028 | 0.0023 YO

ay
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BOD-COD-TSS 5,5 slo ite b Y o Lot a5 sl sl digs (g Shad (ynd 1V o= Jgos

Test Validation Train All Sl
R | MSE3 | MSE2 | MSE1 | R | MSE3 | MSE2 | MSE1 | R | MSE3 | MSE2 | MSE1 | R | MSE3 | MSE2 | MSE1 0955
0.827 | 0.006 | 0.002 | 0.007 | 0.672 | 0.027 | 0.002 | 0.009 | 0.860 | 0.006 | 0.004 | 0.012 | 0.833 | 0.009 | 0.004 | 0.010 \
0.922 | 0.002 | 0.002 | 0.009 | 0.888 | 0.004 | 0.006 | 0.010 | 0.867 | 0.004 | 0.004 | 0.010 | 0.879 | 0.003 | 0.004 | 0.010 Y
0.851 | 0.007 | 0.005 | 0.007 | 0.916 | 0.003 | 0.003 | 0.009 | 0.911 | 0.002 | 0.002 | 0.008 | 0.902 | 0.003 | 0.003 | 0.008 Y
0.846 | 0.003 | 0.004 | 0.007 | 0.881 | 0.001 | 0.004 | 0.009 | 0.914 | 0.003 | 0.003 | 0.008 | 0.904 | 0.003 | 0.003 | 0.008 ¥
0.869 | 0.002 | 0.003 | 0.008 | 0.847 | 0.004 | 0.002 | 0.005 | 0.936 | 0.002 | 0.003 | 0.006 | 0.922 | 0.002 | 0.003 | 0.006 A
0.905 | 0.003 | 0.005 | 0.008 | 0.913 | 0.003 | 0.003 | 0.005 | 0.893 | 0.004 | 0.003 | 0.009 | 0.896 | 0.003 | 0.003 | 0.008 4
0.890 | 0.005 | 0.004 | 0.006 | 0.927 | 0.002 | 0.001 | 0.010 | 0.919 | 0.003 | 0.002 | 0.007 | 0.912 | 0.003 | 0.002 | 0.007 Y
0.867 | 0.001 | 0.003 | 0.011 | 0.919 | 0.003 | 0.005 | 0.009 | 0.890 | 0.004 | 0.003 | 0.008 | 0.894 | 0.003 | 0.003 | 0.009 A
0.882 | 0.003 | 0.004 | 0.010 | 0.900 | 0.003 | 0.004 | 0.007 | 0.935 | 0.002 | 0.001 | 0.006 | 0.919 | 0.003 | 0.002 | 0.007 A
0.891 | 0.003 | 0.004 | 0.031 | 0.866 | 0.004 | 0.002 | 0.005 | 0.961 | 0.001 | 0.002 | 0.003 | 0.926 | 0.002 | 0.002 | 0.007 \e
0.934 | 0.003 | 0.005 | 0.006 | 0.884 | 0.004 | 0.002 | 0.006 | 0.899 | 0.004 | 0.002 | 0.008 | 0.907 | 0.003 | 0.003 | 0.007 AR
0.863 | 0.005 | 0.007 | 0.008 | 0.922 | 0.002 | 0.002 | 0.014 | 0.931 | 0.003 | 0.002 | 0.005 | 0.918 | 0.003 | 0.003 | 0.006 VY
0.812 | 0.002 | 0.006 | 0.002 | 0.912 | 0.003 | 0.005 | 0.013 | 0.965 | 0.001 | 0.001 | 0.002 | 0.931 | 0.002 | 0.002 | 0.006 VY
0.910 | 0.004 | 0.006 | 0.005 | 0.851 | 0.002 | 0.003 | 0.012 | 0.920 | 0.003 | 0.002 | 0.006 | 0.906 | 0.003 | 0.003 | 0.007 VY
0.889 | 0.004 | 0.004 | 0.007 | 0.949 | 0.001 | 0.003 | 0.006 | 0.916 | 0.002 | 0.002 | 0.008 | 0.915 | 0.002 | 0.003 | 0.007 VO
0.811 | 0.005 | 0.004 | 0.012 | 0.904 | 0.002 | 0.003 | 0.007 | 0.974 | 0.001 | 0.001 | 0.003 | 0.946 | 0.002 | 0.002 | 0.005 \F
0.863 | 0.002 | 0.005 | 0.010 | 0.861 | 0.002 | 0.003 | 0.007 | 0.955 | 0.002 | 0.002 | 0.004 | 0.934 | 0.002 | 0.002 | 0.005 VY
0.845 | 0.003 | 0.002 | 0.005 | 0.902 | 0.002 | 0.004 | 0.007 | 0.958 | 0.001 | 0.002 | 0.004 | 0.932 | 0.003 | 0.002 | 0.005 VA

aA




Test Validation Train All Sloss

R | MSE3 | MSE2 | MSE1 | R | MSE3 | MSE2 | MSE1 | R | MSE3 | MSE2 | MSE1 | R | MSE3 | MSE2 | MSE1 0955
0.773 | 0.005 | 0.004 | 0.023 | 0.914 | 0.003 | 0.003 | 0.006 | 0.966 | 0.002 | 0.001 | 0.003 | 0.930 | 0.002 | 0.002 | 0.006 4
0.920 | 0.003 | 0.006 | 0.006 | 0.825 | 0.006 | 0.004 | 0.009 | 0.907 | 0.003 | 0.003 | 0.008 | 0.898 | 0.003 | 0.004 | 0.008 Y.
0.852 | 0.003 | 0.004 | 0.009 | 0.860 | 0.003 | 0.003 | 0.010 | 0.942 | 0.002 | 0.002 | 0.006 | 0.922 | 0.002 | 0.002 | 0.007 A
0.896 | 0.003 | 0.005 | 0.008 | 0.894 | 0.004 | 0.001 | 0.006 | 0.938 | 0.003 | 0.002 | 0.005 | 0.925 | 0.003 | 0.002 | 0.006 vy
0.814 | 0.006 | 0.005 | 0.013 | 0.930 | 0.002 | 0.002 | 0.006 | 0.949 | 0.002 | 0.002 | 0.005 | 0.927 | 0.002 | 0.002 | 0.006 Yy
0.893 | 0.004 | 0.003 | 0.005 | 0.933 | 0.003 | 0.003 | 0.006 | 0.921 | 0.003 | 0.003 | 0.007 | 0.918 | 0.003 | 0.003 | 0.006 vY
0.827 | 0.006 | 0.002 | 0.007 | 0.672 | 0.027 | 0.002 | 0.009 | 0.860 | 0.006 | 0.004 | 0.012 | 0.833 | 0.009 | 0.004 | 0.010 Yo

2]




S5 Jleb &l e 5 oSy 31 Ay i Lus (yes ~Y-F
S gefms &5 Sl il slaceS 5 (gludas 5 Giluld s sl iy oS P G S
Ol Sl aSipl wazg L ad 5 18 Jb)l g awslias 0,90 (purelin) o> 4 (tansig 4 logsig)
€9 du ;o 3l oolatul izmen 9 0,5 18 Gledy Y 50 WSl oo b geSin wlg S 00 el &l
3OS S 5 7 oy 0590 SoaSel Sl oS e (gl ilige pd el (g5 Y o &l
Levenberg- 5jgel ;s 28,8 Lo jo b alsye cnl 5o el puy pn B g5l b wilss
&l Sglite SluS 5 @Sl o 0 plet Y @l Jol> ag lagy s slass 5 Marquardt
G s S 18 bl 0yge Uas Sl e (uSle g (gem S, o pe sla)lae b ilo Jlad
Dolite glacaS 5§ i85 Ll po bases sl S5 gl giledld mly ange oS 5
Wl 85 D0 aSD Bus slazs S Olyea (T-F) Jouxr Billae (295 la e
o & bape @l Wad ae giledld @l Sl (98UsS aSel Vol Gl e cnlple

wloas &5,] AWV=F) 5 (N=F) sl Jgoz 1 b pus s g lallas

BOD ‘_;‘>5)>)..:.~o L; \ o)Lo..i'.: M)L.}Lw LS‘)‘. LSO 6)L»JL’$ @‘3.; s A)-F Jjb

Test Validation Train All Lol il
R MSE R MSE R MSE R MSE &) &
Logsig —

0.78569 | 0.02130 | 0.60372 | 0.02410 | 0.54399 | 0.02780 | 0.58662 | 0.02630 Logsig
Logsig —

0.84557 | 0.00730 | 0.71333 | 0.00870 | 0.89684 | 0.00720 | 0.86775 | 0.00750 Purelin
Logsig —

0.92437 | 0.00590 | 0.88734 | 0.00660 | 0.87634 | 0.00560 | 0.88717 | 0.00580 Tansig
Tansig —

0.66857 | 0.02360 | 0.64640 | 0.01870 | 0.80213 | 0.02400 | 0.75740 | 0.02310 Logsig
Tansig —

0.74721 | 0.01060 | 0.81787 | 0.00880 | 0.93911 | 0.00320 | 0.89841 | 0.00520 Purelin
Tansig —

0.79449 | 0.00890 | 0.79778 | 0.00680 | 0.85169 | 0.00820 | 0.83529 | 0.00810 Tansig
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Test

Validation

Train

All

R MSE R MSE R MSE R MSE | S &l
Logsig —
0.77610 | 0.05740 | 0.64734 | 0.04330 | 0.39759 | 0.05980 | 0.39686 | 0.05690 Logsig
Logsig —
0.80031 | 0.00340 | 0.89090 | 0.00260 | 0.97632 | 0.00088 | 0.95458 | 0.00150 Purelin
Logsig —
0.84779 | 0.00220 | 0.96162 | 0.00170 | 0.96851 | 0.00110 | 0.95737 | 0.00140 Tansig
Tansig —
0.76207 | 0.04360 | 0.71692 | 0.05430 | 0.54466 | 0.05800 | 0.59729 | 0.05520 Logsig
Tansig —
0.68359 | 0.00440 | 0.76078 | 0.00320 | 0.96947 | 0.00120 | 0.93730 | 0.00200 Purelin
Tansig —
0.97471 | 0.00120 | 0.92501 | 0.00240 | 0.95573 | 0.00140 | 0.95443 | 0.00150 Tansig
TSS ‘5?5):5 tSL"”)-.?-’.'-:-“ LY o)Lo..i'.: PO )L';_">L.; LS‘)‘. A 6)L»JL’$ @‘3.; s AV-F Jj..\?
Test Validation Train All Lo Jlé il
R MSE R MSE R MSE R MSE | <’ &y
0.27478 | 0.08170 | 0.32269 | 0.08990 | 0.31290 | 0.07570 | 0.30998 | 0.07880 Lﬁ’f;%g‘
0.86963 | 0.00180 | 0.83159 | 0.00180 | 0.91916 | 0.00210 | 0.89736 | 0.00200 L},‘L%Sgﬁn‘
0.90293 | 0.00150 | 0.94057 | 0.00350 | 0.95277 | 0.00069 | 0.93343 | 0.00120 L;fi;%g‘
0.03751 | 0.06370 | 0.28968 | 0.07980 | 0.37319 | 0.08190 | 0.01013 | 0.07880 Tf:;fg‘
0.94157 | 0.00084 | 0.76541 | 0.00340 | 0.98847 | 0.00025 | 0.95667 | 0.00082 Tpil“rilﬁn‘
0.90860 | 0.00160 | 0.97521 | 0.00037 | 0.98876 | 0.00024 | 0.97596 | 0.00047 T;:j;%g‘
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BOD-COD 9 o pxia LY o leds aSliss (LSl 6‘)-.’ g golw Jled @‘93 Oy AF-F Jgo

Test Validation Train All C*." o3
_J[_,j
R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSEI

sl
0.5137 | 0.0512 | 0.0222 | 0.6535 | 0.0591 | 0.0224 | 0.5727 | 0.0583 | 0.0264 | 0.5736 | 0.0573 | 0.0251 Lff;‘s%g‘
0.9085 | 0.0029 | 0.0098 | 0.9601 | 0.0052 | 0.0078 | 0.9446 | 0.0012 | 0.0044 | 0.9243 | 0.0021 | 0.0057 L;itﬁn‘
0.9543 | 0.0027 | 0.0044 | 0.8460 | 0.0024 | 0.0080 | 0.9522 | 0.0010 | 0.0040 | 0.9410 | 0.0015 | 0.0046 L"I(“)frslls%g_
0.5643 | 0.0576 | 0.0213 | 0.5457 | 0.0570 | 0.0242 | 0.6528 | 0.0546 | 0.0274 | 0.6238 | 0.0554 | 0.0260 nggfg‘
0.8453 | 0.0065 | 0.0112 | 0.8722 | 0.0017 | 0.0083 | 0.9706 | 0.0015 | 0.0021 | 0.9395 | 0.0023 | 0.0044 T},ﬁiﬁn‘
0.8798 | 0.0035 | 0.0085 | 0.8730 | 0.0048 | 0.0075 | 0.9335 | 0.0015 | 0.0055 | 0.9204 | 0.0023 | 0.0063 Tl"}:sls%g‘

yoV
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Test Validation Train All oy
_J[_,j
R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSEI

&
0.5774 | 0.0876 | 0.0104 | 0.5971 | 0.0661 | 0.0306 | 0.7021 | 0.0796 | 0.0251 | 0.6711 | 0.0788 | 0.0237 Lff;‘g%g‘
0.9311 | 0.0016 | 0.0057 | 0.8690 | 0.0043 | 0.0155 | 0.9438 | 0.0018 | 0.0041 | 0.9249 | 0.0022 | 0.0061 L;isgﬁn_
0.8839 | 0.0026 | 0.0132 | 0.8522 | 0.0021 | 0.0104 | 0.9235 | 0.0025 | 0.0059 | 0.9063 | 0.0025 | 0.0077 L;;D’E‘S%g‘
0.7515 | 0.0772 | 0.0250 | 0.7762 | 0.0701 | 0.0282 | 0.6893 | 0.0778 | 0.0220 | 0.7067 | 0.0780 | 0.0234 nggsfg‘
0.8525 | 0.0090 | 0.0097 | 0.9032 | 0.0042 | 0.0071 | 0.9180 | 0.0024 | 0.0062 | 0.9029 | 0.0037 | 0.0069 T},ﬁiﬁn‘
0.9056 | 0.0034 | 0.0055 | 0.8849 | 0.0016 | 0.0121 | 0.9805 | 0.0008 | 0.0014 | 0.9553 | 0.0013 | 0.0037 T;:s;%g‘
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Test Validation Train All C*." o3
_J[_,j
R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSEI R MSE2 | MSEI

&
0.4237 | 0.0936 | 0.0613 | 0.6919 | 0.0698 | 0.0419 | 0.5186 | 0.0775 | 0.0565 | 0.5299 | 0.0788 | 0.0550 Lff;‘g%g‘
0.7956 | 0.0019 | 0.0040 | 0.9605 | 0.0024 | 0.0019 | 0.9326 | 0.0015 | 0.0021 | 0.9264 | 0.0017 | 0.0024 L;Iisgﬁn‘
0.8657 | 0.0014 | 0.0028 | 0.9018 | 0.0015 | 0.0034 | 0.9607 | 0.0011 | 0.0014 | 0.9438 | 0.0012 | 0.0019 L"I(“)frslls%g_
0.5360 | 0.0956 | 0.0385 | 0.8025 | 0.0754 | 0.0571 | 0.4733 | 0.0756 | 0.0587 | 0.4800 | 0.0788 | 0.0554 nggsfg‘
0.8348 | 0.0017 | 0.0046 | 0.8864 | 0.0033 | 0.0024 | 0.9349 | 0.0028 | 0.0015 | 0.9101 | 0.0027 | 0.0021 T},ﬁiﬁn‘
0.8528 | 0.0016 | 0.0049 | 0.9385 | 0.0014 | 0.0022 | 0.9370 | 0.0021 | 0.0017 | 0.9232 | 0.0019 | 0.0023 Tl"}:sls%g‘
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Test

Validation

Train

All

&y
R | MSE3 | MSE2 | MSEI R MSE3 | MSE2 | MSE1 R MSE3 | MSE2 | MSE1 R | MSE3 | MSE2 | MSEI “Jbs
Sl
Logsig
0.733 | 0.073 | 0.055 | 0.017 | 0.533 | 0.093 | 0.062 | 0.023 | 0.640 | 0.077 | 0.054 | 0.026 | 0.641 | 0.079 | 0.005 | 0.024 -
Logsig
Logsig
0.928 | 0.005 | 0.003 | 0.004 | 0.866 | 0.006 | 0.003 | 0.013 | 0.920 | 0.002 | 0.002 | 0.007 | 0.910 | 0.003 | 0.003 | 0.007 -
Purelin
Logsig
0.874 | 0.002 | 0.006 | 0.012 | 0.959 | 0.003 | 0.002 | 0.002 | 0.961 | 0.001 | 0.001 | 0.003 | 0.947 | 0.002 | 0.002 | 0.004 -
Tansig
Tansig
0.318 | 0.079 | 0.070 | 0.029 | 0.512 | 0.071 | 0.042 | 0.021 | 0.676 | 0.080 | 0.005 | 0.025 | 0.617 | 0.079 | 0.056 | 0.025 -
Logsig
Tansig
0.852 | 0.006 | 0.005 | 0.016 | 0.831 | 0.003 | 0.003 | 0.011 | 0.939 | 0.001 | 0.002 | 0.006 | 0.909 | 0.002 | 0.003 | 0.008 -
Purelin
Tansig
0.738 | 0.005 | 0.003 | 0.011 | 0.886 | 0.002 | 0.003 | 0.010 | 0.887 | 0.003 | 0.002 | 0.011 | 0.866 | 0.005 | 0.003 | 0.011 -
Tansig
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BOD ‘_¢‘>5)> )...a...o L| \ o)Lo..i'.: 4.....&) LS“A'C AS...M: ).) Libu.ulJLt 9 uyLa.:‘ 6[.@0)5 \‘\—f Jj‘-\:’

Wi W,
Neuron Influent Influent Influent B Effluent
number T (°C) BOD COD TSS Q (m*/d) ! BOD (mg/L)
(mg/L) (mg/L) (mg/L) B,=-0.1333
1 -0.7237 -1.1409 3.8971 -2.8121 2.2748 -5.0946 1.5801
2 -2.6982 -2.4967 1.2545 -2.2329 -0.3160 4.8568 0.1864
3 -2.6730 -0.2616 1.0882 -4.6006 -1.6708 3.6351 1.6384
4 -1.7240 -2.0797 4.5646 2.2294 0.1914 3.6654 1.5636
5 0.2107 3.0339 2.4718 0.7324 3.4719 3.3247 1.6886
6 4.7545 -2.0507 -3.9064 -2.2663 2.3389 -1.3184 -0.9639
7 0.6535 -5.0224 -0.9363 0.3061 -1.8085 -3.4304 2.4521
8 1.6694 0.9100 2.7524 -2.7463 -2.6960 -1.9207 1.3343
9 -0.6686 -2.2343 3.5039 -2.3734 -1.9893 -1.7927 -1.3736
10 2.0298 -0.3057 0.8811 -2.2938 3.7195 1.3190 1.6047
11 0.3110 -0.8233 -3.4946 -5.6712 0.7751 1.3758 -2.6780
12 -3.4502 5.2417 -0.5954 2.7054 1.3967 -2.2004 -3.6883
13 -3.1595 -1.1078 -0.1117 -2.4718 -3.7702 -2.0847 1.0384
14 -2.0287 -3.2822 0.5516 -0.2249 -3.8630 -1.6312 -0.4067
15 0.7330 1.6120 1.4871 2.4432 3.7746 -2.1500 1.2668
16 -3.5155 -2.2383 2.3153 3.4583 -2.1938 -5.0283 -3.0612
17 -2.2631 2.8636 -3.3081 -2.0503 -2.9209 -4.6605 1.6715
18 -2.6210 1.7429 3.2566 1.2411 -0.6382 -4.7450 0.5370
19 4.5412 -3.0537 -0.4492 -0.7751 0.1298 5.2049 -2.8810
COD gy yuiia LY o)lods aingy (mas 4l )0 b bl g YLl (lagyje oV =T Jgor
Wi W,
Neuron Influent Influent Influent B Effluent COD
number | T (°C) BOD COD TSS Q (m’/d) ! (mg/L)
(mg/L) (mg/L) (mg/L) B,=-0.0831
1 -0.6194 0.2848 -2.2770 0.9382 -0.1353 2.4590 -0.4258
2 1.1904 1.4328 0.5142 -0.7194 -1.4760 -2.379%4 0.4484
3 0.9533 1.5761 0.2352 -1.2869 1.4750 -1.9535 -0.5706
4 2.2083 -1.1353 -1.0899 -1.2171 -0.7272 -1.4034 -0.6830
5 1.3486 -0.3378 0.5609 1.6017 -1.3516 -1.9101 -0.5354
6 0.9821 1.5339 0.2224 0.4926 -1.6581 -1.3050 -0.3411
7 0.9582 -1.3050 1.4631 0.1806 -1.7221 0.8464 0.6881
8 -1.0120 0.8757 0.5385 1.0661 2.3687 0.7384 0.3726
9 -1.8776 1.6428 -0.4376 0.5545 -0.9174 0.8549 -0.0551
10 -0.9149 -0.1580 -1.3519 -0.3725 1.7990 0.0600 -0.3725
11 1.6120 0.1500 -1.9808 -0.4466 0.0483 -0.2220 0.9431
12 -2.0102 0.5416 0.4358 -1.0646 1.7137 -0.6397 0.4344
13 1.9467 2.1118 1.0373 0.6444 0.6228 0.4837 0.2157
14 0.4667 1.1163 -1.1645 0.1553 -1.6731 1.3828 0.4272
15 1.0134 -0.7065 -0.7141 -2.1782 -0.1840 1.4287 -0.7785
16 -0.2184 0.2096 -0.9172 -1.9329 0.2198 -2.3997 -0.7889
17 -0.3218 -0.8466 -1.4992 -0.0756 1.6759 -1.9684 -0.0712
18 0.4555 -0.1204 -1.6043 1.0314 -1.8761 2.1168 -1.3491
19 -1.0520 -1.1197 -1.8248 -0.4483 1.1490 -2.3642 0.4197
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TSS 25,5 pia LY o leds digy (omas a0l [0 v bl g OYLasl slaye: V- Jgoo

W, W,
Neuron Influent Influent Influent B Effluent TSS
number | T (°C) BOD COD TSS Q (m’/d) ! (mg/L)
(mg/L) (mg/L) (mg/L) B,=0.3530
1 -1.8268 -1.5795 -0.7225 0.1810 -0.8432 2.4289 0.7410
2 -0.5656 0.5453 -1.9630 1.4057 0.0350 2.2946 -0.0206
3 2.2180 -0.4003 -1.4606 -0.2049 -1.0125 -2.1743 0.6183
4 -0.5807 -1.8406 -1.8632 -0.8716 -0.2261 1.5563 -0.8510
5 1.8917 0.9917 1.1716 1.5556 -0.4094 -1.6784 0.7247
6 -1.5314 0.9668 -0.3059 -0.2181 -1.5251 0.7768 -1.1175
7 -2.6359 -0.5979 0.3436 0.4896 0.7836 1.1598 -0.7114
8 0.9819 -0.4048 -0.2404 1.1334 0.6011 -0.1159 -2.2996
9 1.2302 -0.3754 0.4757 2.2616 -2.4893 -0.4917 0.4826
10 0.9147 -1.8608 -0.2286 -2.5032 1.0761 0.5633 0.8295
11 0.7346 0.7546 2.2352 -0.1101 0.8353 0.5938 0.4196
12 -1.8402 -1.6625 -0.0519 1.2423 1.8852 0.4239 1.1690
13 1.3568 1.1024 1.1214 -1.7192 0.4993 0.6327 -1.0284
14 1.2834 -0.7341 -0.5150 1.4896 -0.9974 1.6458 1.0558
15 -1.2049 -0.6119 -0.8564 1.1348 -0.9726 -1.9525 -0.3553
16 -1.4444 -0.6912 -1.3497 0.3199 -1.4243 -2.2313 -0.9464
17 -0.2870 -1.1404 -2.4947 2.4990 0.1132 -3.9116 1.9889
18 0.9302 0.5948 1.1027 2.4254 -0.4830 2.3669 0.6229
19 0.4315 -1.0458 -1.7151 1.6623 -0.8972 2.0355 -0.4180
20 1.3589 -1.3110 1.1988 0.9761 -0.4299 2.6602 -0.1285




BOD-COD ‘_¢‘>5)> )...a...o L| ¥ o)Lo..i'.: Ay mas AS...M: B Libu.ulJLt 9 SYlas! 6[.@0)5 YY-¥ Jj..\}

Wi W,
Neuron Influent | Influent | Influent Q B Effluent Effluent
number T (°C) BOD COD TSS (m3 /d) ! BOD (mg/L) | COD (mg/L)
(mg/L) (mg/L) (mg/L) B,=-3.0091 | B,=-0.1716
1 3.1933 -2.4095 2.1702 1.3545 2.2169 -5.3660 0.0913 -0.8073
2 0.2526 4.3684 -0.6822 | -2.6764 | -1.1718 | -4.7896 -0.4560 -0.0922
3 3.9565 -0.1915 0.4774 -3.3417 0.1268 -4.5713 0.6697 0.0427
4 -4.6763 0.4563 0.9262 -0.5749 0.7311 4.1524 0.9164 -0.0872
5 -2.4143 -0.1475 3.8275 3.1987 -0.3307 3.1609 0.7485 0.4988
6 1.3291 -3.2401 | -1.1451 | -2.9960 | -2.3794 | -3.2698 -0.8383 -0.8177
7 -2.8434 2.2618 -2.6516 | -0.2313 2.8204 2.8352 -0.4718 0.4068
8 2.7263 -2.3944 | -0.5784 1.8444 -3.5432 | -2.1504 0.4876 0.3207
9 -0.8772 -1.7215 | -2.9798 | 2.3349 2.8680 2.2803 0.3631 -0.1189
10 2.6725 -0.1222 1.4216 -1.8925 | -3.8193 | -0.5632 -1.0927 -0.4664
11 -1.8026 -0.5433 | -4.8489 | -0.4738 | -2.4879 0.4721 0.8449 0.1552
12 -2.2646 -1.0013 3.3331 3.1062 2.0237 0.2626 -0.6340 -0.6706
13 3.6934 0.9300 2.4763 2.6748 1.2904 0.4922 1.3232 0.1943
14 1.2996 2.6402 3.0706 -1.7468 | -2.6689 0.3931 0.8956 0.5065
15 -0.4841 0.6728 -0.1688 | 2.8295 3.7072 -1.5433 0.2753 0.5962
16 -3.5061 -1.9245 | -2.3189 | -1.5167 0.2725 -1.7748 0.3678 -0.0190
17 1.5375 -2.4451 | -2.0064 | -2.6001 | -1.7330 3.2686 -0.8061 -0.9910
18 0.3470 -0.6185 2.0947 -4.7325 1.4158 1.9025 1.0915 0.4850
19 -2.1408 -2.7187 | 2.9326 -0.4584 | 2.3040 -3.3907 0.3822 0.6254
20 -2.8916 2.6449 -1.3161 | -0.5287 2.7691 -3.3996 -0.0079 -0.3103
21 3.7904 09114 1.9553 -2.2780 | -0.2977 4.2001 0.5077 -0.2534
22 0.4615 -3.0890 | -3.8558 | -1.6758 | -1.0093 | -4.8868 1.0138 0.5263
23 -4.0171 -0.1382 0.6313 -2.3249 | -1.6590 | -5.0568 0.0924 -0.6496
24 -2.7876 -2.7640 | -0.7205 | 2.7085 -2.9247 | -5.0951 0.2192 0.1257
BOD-TSS ‘_¢‘>5)> )...a...o L: I o)Lo..i'.: 4.....&) mas AS...M: B Libu.ul.‘l.t 9 uyLa.:‘ 6[.@0)5 YY-fF Jj..\}
Wi W,
Neuron Influent | Influent | Influent B Effluent Effluent
number | T (°C) BOD COD TSS Q (m3/ d) ! BOD (mg/L) | TSS (mg/L)
(mg/L) (mg/L) (mg/L) B,=-1.0691 | B,=-0.6511

1 2.1525 -0.5334 | -1.3621 0.1794 -0.0178 | -1.4568 -0.1009 -0.1535

2 -0.8136 1.8742 -1.0634 | -1.5441 -0.4242 | 2.4444 0.2482 -1.4312

3 -0.2805 1.6692 -1.0219 | -2.2778 -1.4635 0.0733 -0.3911 -0.1494

4 0.1497 -0.1179 | -1.2970 1.8048 -0.8735 | -1.3778 -0.0906 0.2526

5 -0.8508 | -1.8064 1.5445 -0.6636 0.6065 1.3741 0.6466 -0.9476

6 -0.3534 0.2784 0.0446 -1.0370 -0.5380 | -0.2333 0.8856 -0.5162

7 -0.1198 | -1.7104 | 0.3426 -1.3816 1.6282 1.3303 0.4441 1.0621

8 0.9339 -0.2445 | -0.2912 | -0.0684 -0.7645 0.3250 -0.3289 0.3113

9 -1.8564 | -0.7606 | -1.5596 | -1.5780 0.1374 -0.7349 -0.5715 0.2162

10 -0.9495 | -1.2330 | -0.8087 1.4008 -0.3261 | -1.9855 0.5803 -0.4183

11 -0.9676 | -2.4545 1.1801 0.6579 -0.3677 | -2.0528 -0.7732 0.7882

12 -0.8912 | -1.0568 | 0.0882 1.1765 1.3868 -2.3808 -0.0757 -1.3624

AR




COD-TSS 5,5 5l juicie s & o lods gy smae a5ed 0 b ubl s oYLl slacys VF-F Jgu

W1 W2
Effluent
Neuron Influent | Influent | Influent B COD Effluent TSS
number | T (°C) | BOD | COD TSS 3 ! (mg/L)
(mg/lL) | (mg/L) | (mgr) | (™' (mg/L)
B,=2.3935 B,=0.7876
1 -4.0588 | 0.7752 | -1.8218 | -2.8205 | -0.0403 | 4.7743 1.5817 -0.6923
2 3.0351 | -0.8103 | 2.8285 | -1.0839 | -1.8952 | -4.4498 0.5573 0.3916
3 2.5278 | 2.6494 | 1.0754 | -1.1194 | -2.5427 | 4.9871 1.7191 -0.2019
4 3.4696 | -2.5518 | 2.3011 | 0.4911 | -0.7584 | 3.1823 0.9044 -0.3680
5 1.5081 | 2.4270 | -1.8306 | -1.7377 | -3.6138 | -1.0146 | -0.3327 -0.9599
6 2.5649 | 2.4897 | -3.4432 | -0.7407 | -1.2370 | 1.9853 -1.3518 -0.2693
7 -3.6839 | -1.4278 | -1.3498 | 3.3180 | 0.4013 | 0.5916 | -0.6581 0.0754
8 0.3638 | 2.8879 | -3.0961 | -1.3557 | 1.7034 | -0.9743 | -0.4440 -0.6606
9 2.5696 | 1.2603 | -0.9175 | -1.8388 | -3.3764 | 0.1788 -1.0153 -1.0436
10 4.0668 | -0.2416 | 3.0726 | 2.0201 | 1.4420 | 0.6136 | -1.5427 -0.9851
11 -1.8115 | 0.2934 | -2.1736 | -2.2997 | -2.2711 | 2.3273 -0.6245 0.6426
12 -0.6480 | 3.7138 | -2.5013 | -2.8836 | 1.3645 | -0.6612 | -0.8018 -0.2170
13 23687 | 3.9262 | 0.7491 | 1.6514 | 1.0601 | 2.1031 0.9733 0.5406
14 3.7276 | 1.7187 | 0.5828 | 0.2456 | 2.6633 | 2.8635 -0.3910 0.6553
15 -0.1450 | -1.2568 | -2.3381 | -1.3983 | -4.1730 | -3.8832 | -0.3774 1.2639
16 1.5321 | -5.1399 | -0.1710 | 2.5098 | 1.9967 | 3.3457 | -2.4131 -0.1395
17 1.2531 | 2.4611 | 4.0393 | -0.7092 | -1.4399 | 5.4333 0.1078 -1.4560
18 24135 | 0.6398 | 4.0528 | 0.8695 | -2.6344 | 4.5850 | -0.8944 1.3076

BOD-COD-TSS ‘_¢‘>3}> 6[.@;..7...0 l.| Y o)Lo..i'.: Ay mas AS...M: B Libu.ul.‘l.t 9 SYlas! 6[.@0)5 YO-F Jj..\}

W1 W2
Neuron Influent | Influent | Influent Q B E]t;’ﬂ(l)l]gnt Eéﬂggnt Et:?g ;:nt
number | T(°C) | BOD | COD | TSS 3 !
(mg/l) | (mgL) | (mg/L) (m’/d) (mg/L) (mg/L) (mg/L)
B,=0.2361 | B,=1.8114 | B,=-0.8661

1 4.7454 | 0.3984 | -0.2753 | 1.3473 | -0.7219 | -5.3622 0.3715 0.4923 1.4422
2 -1.7079 | -2.8452 | 1.0107 | -2.2474 | -1.8695 | 5.0572 -0.1293 0.4275 -0.2638
3 3.3578 | -1.9820 | -2.5588 | -2.6524 | -1.2852 | -3.4221 -0.1139 -0.8229 0.8782
4 0.0883 | 3.0435 | 1.3054 | -2.6573 | -2.7537 | -3.6404 | -0.6249 -0.3437 0.0017
5 3.0989 | 0.7318 | -1.7696 | 2.8863 | -0.1164 | -3.2353 | -0.6767 -0.4622 -0.2362
6 -2.2795 | 1.2799 | 2.4584 | 1.9506 | 3.4358 | 1.4007 0.5946 0.0308 0.3865
7 2.3401 | 2.5153 | 2.6428 | 2.0304 | 1.2563 | -2.1032 | -0.8890 0.0547 -0.3009
8 1.0880 | -2.1050 | 1.6082 | 2.9922 | 2.8511 | -0.7293 0.3472 -0.1487 1.2215
9 2.8762 | 2.3148 | 3.0453 | 1.2342 | 0.3956 | -0.2483 1.3144 0.3117 -0.4695
10 -4.2519 | 0.8421 | 2.8583 | -0.2060 | -0.4608 | 0.3193 -0.2282 -0.7494 0.6519
11 1.1609 | 2.1856 | 0.1352 | 0.4151 | 3.8774 | 1.7704 0.1321 0.3026 -0.1664
12 2.7911 | 0.9808 | -0.7510 | 3.6556 | -0.3178 | 1.9130 -0.8185 -0.3832 0.2652
13 -0.3965 | -4.0497 | 1.0408 | 0.7992 | -2.4503 | 2.1418 0.7380 -0.1553 -0.8043
14 0.1454 | 3.2777 | -1.2768 | 2.8938 | -2.8261 | 2.3805 0.8377 0.3817 0.7765
15 2.2105 | -0.4406 | -0.3446 | -0.5173 | -3.7567 | 3.4666 0.1206 -0.4443 1.0072
16 1.7391 | -3.4288 | 0.5128 | -2.9892 | -2.0118 | 3.6368 -1.3552 -0.8745 -0.7106
17 0.4880 | -2.8974 | 1.7805 | -1.6325 | 2.9370 | -4.2138 0.3528 -0.8286 0.1273
18 0.2980 | 3.5005 | -1.8289 | 0.4603 | -2.6625 | 4.7041 -0.3118 -0.8678 -0.3353
19 1.7542 | 0.6995 | 1.1004 | -2.9608 | 2.6163 | 5.3265 0.2878 -0.0445 -0.5900
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Oles
\ BOD | a | LO8SI8 | 40018 . . 0.97 | 0.0080 ; ; 0.92 | 0.0054 ; ; 0.82
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TSS Tansig
5 COD 1y | Logsig- | 5012 | 0.0009 ; 0.96 | 0.0027 | 0.0017 ; 0.94 | 0.0050 | 0.0044 ; 0.87
TSS Tansig
BOD Logsig-
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Abstract

Following the results of previous researches on the neural network modeling application
in order to predict the wastewater treatment plants behavior and performance, in this
research a multi-layered artificial neural network of perceptron to evaluate the
wastewater treatment plant performance of the Birjand city, which is in the form of the
stabilization pond, has been employed. In this regard, based on the monthly
measurements done at the Birjand wastewater treatment plant, the target variables in the
effluent of the maturation pond were predicted in various scenarios. The input variables
of the neural network are include temperature, biological oxygen content (BOD),
chemical oxygen demand (COD), concentration of total suspended solids (TSS) and the
amount of wastewater discharge entering the anaerobic pond and the network output
variables are include BOD, COD, TSS of the effluent from maturation pond, for 131
months from August 2006 to June 2017. Thus, various artificial neural networks were
designed and compared in terms of training algorithms, number of output variables,
number of hidden layer neurons and combination of activation functions. The results
showed that the best algorithm for network training is the LM algorithm. It was also
found that the optimal arrangement of neurons for BOD, COD and TSS variables was 5-
19-1, 5-19-1, and 5-20-1, respectively, with correlation coefficients of 0.90, 0.96 and
0.95. The optimal combination of activation functions for these variables showed that
sigmoid functions have better performance in predicting the behavior of variables. On
the other hand, according to the obtained results, it can be concluded that the single-
output networks have a better result than others. Based on the sensitivity analysis of
modified weights of optimized neural network, it was determined that the most effective
input parameters on the output variables of the BOD, COD and TSS are TSS, BOD, and
the temperature of the wastewater entering the anaerobic pond. As a result, by
comparing the results of prediction with other researches and according to statistical
criteria, we can ensure the efficiency of the neural network for modeling the Birjand

wastewater treatment plant.

Key words: Wastewater treatment, Stabilization pond, Artificial neural network,

Birjand wastewater treatment plant.
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