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Main components

Sub-components

Statistical
models
MLR

ES

ARIMA

DL models
MLP

GRU and
BiGRU

Train: test = 0.75:
0.25

Evaluator: RMSE,
MAE, and MAPE

Coefficients of number

of IMFs
Smoothing factor: 0.6
P= 5d=1, q= 5

Batch size: 2048
Epochs: 200

Loss function: mean
squared error
Parameter optimizer:
Adam

First hidden layer: 256 neurons
(Rectified linear unit (ReLU), 0.2
dropout)

Second hidden layer: 64 neurons (RelU,
0.1 dropout)

Second hidden layer: 16 neurons (ReLU,
0.1 dropout)

Output layer: 1 neuron (linear)

64 memory cells (0.2 recurrent dropout)
The activation function of update and
reset gates: sigmoid

The activation function of hidden states:
hyperbolic tangent
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[ 2]
Prediction performances of the statistical and the deep learning models for the pilot-scale MBR plant.
Evaluator MLR ES ARIMA MLP GRU BiGRU
RMSE Flowrates Training 42.67 50.23 3845 27.78 33.47 42.03
Test 49.10 4358 37.01 45.05 42,02 40.64
coD Training 3512 23.33 2334 21.35 2647 2415
Test 2826 21.86 22,02 28.45 2226 20.23
TSS Training 26.92 24.23 21.83 20.63 21.74 20.08
Test 26.37 22.50 21.01 20.86 23.38 21.93
TN Training 3.81 4.49 4.57 2.90 3.25 2.90
Test 3.96 4.35 3.89 3.96 3.67 3.28
MAE Flowrates Training 28.84 41.15 30.20 20.04 2272 20.88
Test 3457 34.24 28.09 30.97 29.36 28.73
coD Training 24.45 18.35 17.34 15.41 18.75 17.06
Test 20.24 17.47 16.61 19.51 16.92 15.22
T8 Training 17.98 18.15 17.65 16.08 15.18 14.31
Test 17.97 16.78 16.96 14.58 16.63 14.26
TN Training 2.77 3.56 3.78 228 242 218
Test 2.80 33 3.04 3.00 276 239
MAPE Flowrates Training 6.42 8.65 6.88 4.45 529 491
Test 9.19 833 723 816 828 7.93
CcoD Training 9.52 6.28 6.03 5.69 712 6.51
Test 7.42 5.76 551 7.76 6.17 5.60
T8 Training 8.86 8.98 858 7.88 7.65 7.23
Test 8.93 8.48 8.8 6.98 7.91 0.86
TN Training 7.86 10.01 10.25 6.38 6.96 6.25
Test 818 9.60 8.80 9.42 7.91 7.36

X 2% 24N7 F FA5E dSs] A B4 2dy ded 2de] oS5 AdES vudt Aotk RMSE, MAE
2 MAPEE HEgE HI7ME BX87] 98l dF d5s Hrksked AFEEH AT
RMSE, MAES} Z& o=9x+= £33, COD, TSS, TN «=o 2 Hx} #asgdu.=A%

INO] grE= iAo 2oktk MAPEO] ol H7he o5 s MAPEZE Atst eaks Atel]
2 2AZ 7HH U (5] 3 FF) . ES9F ARINAE AAIE 94 A=e] niAAdE 74 3
2o H]a] RMSE, MAE, MAPE Zto] ©] wgtth.

A Bl wWlsl MLP, GRU, BiGRUS} 2 He#d Ewlo] & 29 #o] ¥ y2 o= Adss it Hd =

o= AR F e BH Fx dolHe 1f FAE SMEE 7iTol vl wiEelth. Ed RMSE,
MAE, MAPEZ} ¥ BiGRUE T2 o Fmdd w3 FU5 oS5l A&dstdtt. ol fd5 dlolE7t vAd4 <l
o = E-1&tal BiGRUZF QAHlolE Al Alo]E 9 ubgk dlojy g7 F2E 7o E {FUFE dFsh=d ¢
43hs Yepdt

= 7(a)T HZ=E dolgolA £AA 0 At mE o5 fd4 NG dxZel A7E AFso. o9 oheksh
4 29 2242 H5 AHE FAHY vAE e IS vk A vt AES 8stuA] g4 =
T 271E A3 Y8 B4 FAd4E AEsHA dS5ske Aol Tasit).

BiGRUY] ¢l& e v oS 2dy nluste] = 7(a)ol YERY duh. BiGRUE FY45 TN HES d53ta
H A4 Age xRdSUTH, dlxd oz BSeF ARIMAE ¥ 2014 2 4 ol F3FAIRE Al

7 Al gdE F95 INE ASAT. WPE FU5 IS FAE BRAT 128 0UFE U B+ A%
o olZ3 N} ZAE N Afolo] AA} WANT. GRUE BiGRUS] o8] AHE A% 4412 o= AnE e
Atk el GRUE §909 Nel ¥ w119 1095 H 1497H40) A58 I S48 IV Abelo] 142 £

it @Ak (residual errors)s Z4H72F thE o5 g tis)] oS5E NI SAHE IN Ale]e] { exkE Alktat

o & 6(b)el Yeht givk. BiGRUE B 45 A3 dixzd o 9 2 AF A& BTk, dHeoly #3)

(decomposition)i= Hlo|Ele] ## gl A I ¢S5 S FAAAT. W tg BiGRUE W& RMSE,

MAE B NAPEE Zt= 318 7hsd oS A th. o] BiGRUZF vk 45 RES s7kske SAlel MBRO]

v AEgs st W a3 w8y 4
e

3
BiGRU 7]®t <55 Ab&ste] 714 2 o vkg7]ol vk 4o £9 S At

AR = 7(a)el YER vk A D0 AR g 5

AA8hE D0 RS ABIC AlEnT e D00k A4 EAL ANe oliA awE DO 414
2 A MRl AF HA AR #9209 Bd AP} ANt FNH GFR 4P nd
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Performances of the DOO system for the pilot MBR plant in terms of economic and environmental improvements.

Manual system ABAC system Optimized system
Performance Improvement Performance Improvement
AE (kWh) 74,759 70,794 5.30% 66,996 10.38%
PE (kWh) 10,429 - - 7765 25.54%
EC/WP (kWh/m) 297 - - 2.85 4.16%
EQI (kg) 56,734 54,618 373% 53,002 6.47%
WP () 28,641 - 2 26,226 —8.43%

TMP (kPa) 85 - - 61 39.34%
Operation time until 85 kPa (d) 65 - - 85 30.77%
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Comprehensive performances of the DOO system at a full-scale MBR plant in terms of economic and environmental improvements.

Manual system ABAC system Optimized system
Performance Improvement Performance Improvement

Economic costs reduction AE (kWh) 597,469 573,547 4,00% 502,382 15.92%

PE (kWh) 150,668 - - 125,798 16.51%

EC/WP (kWh/m®) 41.15 36.21 12.02%

Operating costs (§) 56,110 - - 47,114 16.03%
Environmental improvements EQL (kg) 1.854 x 10° 1.826 x 10° 1.46% 1.843-10° 0.56%

wp (m3) 18,177 - - 17,348 — 4.56%

TMP (kPa) 4 & 5 31 26.91%

Operation time until 43 kPa (d) 43 - - 60 39.53%
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