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Abstract  
In this paper, the uncertainty of artificial intelligence models for evaluting performance of the activated 
sludge unit of the Tabriz treatment plant is assessed. In this regard, daily data of pollution parameters, 
particularly Biochemical Oxygen Demand and Chemical Oxygen Demand, are utilized. All data were 
collected daily during the years (2015-2020) and the best parameters were selected using the correlation 
coefficient criterion. The TSSi, TDSi, VSSi, pHi parameters and also, BODe and CODe with a one-day 
delay were selected as model input and BODe and CODe were selected as model output. The calculations 
of uncertainties were performed in two models of Feed Forward Neural Network as point prediction and 
lower upper bound estimation method to provide the Prediction Interval. The LUBE method, unlike the 
classical methods of calculating PI, estimates PI without the need for data distribution information. In this 
method, the FFNN was trained with two outputs indicating the upper and lower limits of the prediction. 
PICP assessment and comparing it with µ values, caused γ values to equal zero that, in the continuation of 
the calculation process caused CWC extraction with the minimum possible amount and production of PI 
for computational data and observations with the possibility of controlling random changes in the 
activated sludge section. So, the convergence of the LUBE method has the ability to effectively control 
the uncertainty between the parameters of the biological section of activated sludge using PI. The time 
required to build PI is considerably short. Numerical results show approximately 99% success in 
calculations and coverage of modeling uncertainties. Providing an oscillating range of uncertainties can 
be a valuable aid in improving economic conditions as well as reducing activated sludge control time and 
better treatment plant monitoring. Despite the design criteria for BODe of 20 mg per liter, PI results show 
a supply of 12% of the design index. However, considering the supply of the remaining 88% in terms of 
quality standard for the use of effluents and returned water, according to the Deputy of Strategic 



dx.doi.org/10.22093/wwj.2022.346177.3264 53

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 33, No. 5, 2023 

Supervision, publication 535, at the rate of 31 mg per liter in the activated sludge sector, the proper 
performance of the treatment plant is demonstrated. The LUBE method is an efficient method, so by 
providing an optimized range of fluctuations for computational data, the smallest abnormal changes in the 
activated sludge section due to controlling the amount of food for the micro-organisms present in this 
section; also, the pollution indicators with the least computing time are also reported. In addition, due to 
the high cost of activated sludge in the wastewater treatment sector, from an economic point of view, it 
also helps reduce costs. According to the non-linear behavior of bacteria during the reduction of food, as 
well as the control of mortality caused by the reduction of food, it can be considered a very effective tool. 
 
Keywords: Tabriz Wastewater Treatment Plant, Activated Sludge Unit, Uncertainty, Prediction 

Interval, Upper and Lower Estimate. 
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2 Moving Average (MA) 
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Fig. 1.  Location and schematic diagram of Tabriz wastewater treatment plant 
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Table 1. Fluctuation range of pollution variables of Tabriz treatment plant 

Std Average Minimum Maximum Unit Variable 

0.19 8.05 7.29 8.61 CoipH

12.91 290.12 220 315 LmgiBOD

22.01 479.16 362.17 516.67 LmgiCOD

0.151 0.61 01.5 LmgiSS

14.64 296.40 234 336.33 LmgiTSS  

15.04 191.13 140.5 235.33 LmgVSSi

64.35 936.34 779.83 1366.83 ppmiTDS

2.97 21.04 12.2 26.5 CoiT

91.65 1468.65 1297 1934 cmSimensµiEC

1.28 22.72 17.33 26.33 LmgeBOD
i mean’s samples in the inlet section and e mean’s effluent data to the activated sludge section in WWTP 
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��	� (Svetunkov and Petropoulos, 2018).
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1 Simple Moving Average (SMA) 
2 Detrending 
3 Back Propagation (BP) 
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���.(Nourani et 

al., 2021) .
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5 Determination Coefficients (DC) 
6 Root Mean Square Error (RMSE) 
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��.?:8�A�4���@4oS�f����!����W��
��O,# � ���GBOD $COD 
Table 2. Comparison of the CC between the parameters of the treatment plant with BOD and COD 

TiTDSiVSSiSSipHi
COD 
(t-1)

BOD 
(t-1)TSSiCODiBODi

Input 
Output

-0.35 0.258 0.174 0.039 0.258 0.872 0.945 0.279 0.384 0.429 eBOD  

-0.27 0.192 0.226 -0.037 0.279 0.746 0.812 0.332 0.479 0.43 eCOD  
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(Heskes, 1996, Khosravi et al., 2010) .

Fig. 2. PI concept  
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Fig. 3. Flowchart of PI manufacturing steps with 
LUBE method 
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Fig. 4. FFNN computational time series for a) BODe and b) CODe
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��.?�88(� {4��� X$� v���LUBE 

Table 4. Modeling results of the LUBE method 

Iter SA1Ini Temp2CWC NMPIWηµPICP Hidden layer Epoch Output Model

300 10000 0.17280.1728500.750.9095440eBOD  1
300 10000 5.4289 0.1945 150 0.90 0.8780 340eCOD  2

Fig. 5. Modeling results with LUBE method for a) BOD and b) CODe
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