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Abstract: In this paper, we introduced the research status of artificial neural networks 

(ANN), support vector machine (SVM) and various improved algorithms in the field of 

wastewater treatment. At the same time, the problems and improvement measures of 

the machine learning technology applied in the field of sewage treatment were pointed 
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1. Introduction 

Wastewater treatment is a complex process of multi-disciplinary integration. In this 

field, china has long lagged behind the developed countries such as America and 

Japan[1]. At the system of the sewage treatment, the management control process and 

the optimization of parameters can improve the efficiency of sewage treatment which 

has become a research hotspot[2-5].  Recently, machine learning methods have been 

applied successfully in wastewater treatment enterprises because of its excellent 

performance[6]. In the framework of existing knowledge, machine learning algorithms 

can be trained to analyze and induce new knowledge models to make predictions of 

unknown things[7]. This paper reviews the application of support vector machine and 

artificial neural networks in wastewater treatment, which are the most mature 

methods in the field of wastewater treatment. 
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2. Summary of wastewater treatment process 

In the general sewage treatment process, the sewage in the SUMP is first pumped into 

the reactor by the direct current pump. After adding the reagent, it is mixed by the 

mixer. Then, it will be coagulated and precipitated after full reaction. Sediment will be 

discharged automatically, while clean water will be discharged after treatment to meet 

the discharge standards. Activated sludge is the main treatment currently used in the 

Sewage Treatment, which converts organic pollutants into harmless gaseous 

substances such as , liquid water and solid biological sludge after 

microbial treatment. PRETREATMENT, primary sedimentation, aeration, secondary 

sedimentation and sludge recirculation are the 5 main processes of activated sludge 

treatment[8]. 

 

3. Summary of artificial neural networks 

Artificial neural network imitates the structure and function of human brain, which has 

strong associative memory function and high fault tolerance. It has high 

self-adaptability, strong self-learning ability and has the characteristics of highly 

parallel processing. It is the most widely used data-driven model in wastewater 

treatment[9-13]. A non-linear threshold with multiple inputs and single output is called a 

neuron which is the smallest unit of a neural network. A common multi-layer 

feedforward neural network consists of input layer, output layer and hidden layer. The 

number of hidden layer nodes (neurons) is variable. Normally, nonlinear strong, robust 

neural network has more hidden layers[14]. 

 

4. Summary of support vector machine 

The support vector machine (SVM) was first developed in the 1960s and has grown 

rapidly since the 1990s. SVM is a supervised learning algorithm, in general, that 

optimizes parameters using improved particle swarm optimization, which is widely 

used in nonlinear, high dimensional pattern recognition and classification regression. 

Compared with artificial neural network, support vector machine has a rigorous 

mathematical theory foundation. 

 

5. Research status of neural network in wastewater treatment 

Artificial neural network has been widely used in the field of sewage treatment, and a 

lot of research results have been obtained. In S. Azimi's[15] paper, the potential drinking 

water quality prediction model under GIS environment is established by using artificial 

neural network, he improved model and clustering method, good results were obtained 

in the validation of the model using the data adequacy test and the drought index 

standardization method. Antwi et al[16] used test data from a small Upflow anaerobic 
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sludge blanket digestion reactor to build a neural network, it is hoped that the amount 

of methane produced in ANAEROBIC DIGESTER can be predicted by COD 

concentration, Ph, total kjeldahl nitrogen concentration, volatile fatty acid (VFA) and 

HRT. The neural network is more accurate than the traditional Nonlinear regression 

model in predicting methane production. In order to analyze the influence of 

parameters on the performance of UASB reactor, the connection weights of neurons 

were studied by using the Feedforward neural network model established by Cai[17] , it 

is concluded that hydraulic retention time (HRT) has a significant effect on the 

performance of simultaneous anaerobic biological nitrogen and sulfur removal. 

Mirbagjier et al[18] studied the influence of upstream and downstream modes on 

membrane fouling by comparing the BP neural network with the radial basis function 

(RBF) neural network in simulating the membrane Bioreactor pressure difference. 

Similarly, BP neural network prediction model was established by Schmitt et al[19] to 

predict transmembrane pressure (TMP) of the bioreactor membrane by analyzing and 

optimizing the weights of different neurons in the neural network. It is concluded that 

COD, Ph and MLSS are lower than the concentration of nitrogen and phosphorus in the 

transmembrane pressure (TMP), the membrane fouling can be judged by regularly 

measuring the concentration of nitrogen and phosphorus in the waste water, and the 

membrane fouling of the membrane Bioreactor can be determined by measuring the 

concentration of nitrogen and phosphorus in the waste water. In recent years, Chinese 

scholars have done a lot of research on the application of neural network and its 

improved algorithm in wastewater treatment, in the study of activated sludge 

treatment process, Yu Ying et al[20] firstly used principal component analysis (PCA) to 

reduce the dimension of input variables and remove the correlation, and then used BP 

and BRF neural networks to build models, respectively, the adaptability of the two 

models in wastewater treatment process was analyzed. The results show that RBP 

neural network model is superior to BF neural network model in approaching speed and 

convergence ability. In order to simulate the sewage treatment nitrogen removal 

process, Lin and others[21] established BP neural network model and introduced Arima 

model to predict the short-term effluent TN concentration in the future. The results 

show that the relative error of BP neural network model is 15.9% in the training set and 

16.5% in the test set, and the model is not stable. However, the error of Arima model 

in the time series prediction of effluent TN concentration is only 4.41%, for more 

efficient real time monitoring of the sewage treatment, the paper concludes that the 

two models can be combined. In the process of wastewater treatment, it is difficult to 

control the total phosphorus of effluent accurately. Zhang Lu et al[22] proposed a 

method based on fuzzy neural network (FNN). Firstly, the mechanism of biochemical 

phosphorus removal in wastewater treatment process is analyzed, and the dissolved 
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oxygen, DO transfer coefficient and external carbon source of the fifth partition of 

biochemical reaction pool are determined, the simulation benchmark simulation model 

No. 1 (BSM1), which is a benchmark simulation platform for wastewater treatment 

process, is applied to the total phosphorus controller based on FNN by using the 

updated parameters of the gradient descent. The results show that the proposed 

model can ensure the total phosphorus of the effluent to meet the discharge standard, 

and it's well controlled. Meng Yanjing and others[23] used a three-layer network 

structure to predict the COD of the effluent. Firstly, they set up a sample set, then sent 

the data of the sample set to the neural network to get the output value of the network. 

After calculating the difference value, the network weight matrix is adjusted by 

gradient descent algorithm. After repeating this process, the network converges after 

6313 times training and the final result shows that the average relative error calculated 

by the model is 1.9%, which has high precision and good stability. The traditional 

neural network model is a black-box model, which can simulate the input-output 

relationship of the system, but can not explain the behavior mechanism of the system. 

The wastewater treatment process has the characteristics of cascade structure. For the 

obvious objects of this kind of mechanism process, the grey box model constructed by 

fusing neural network and mechanism knowledge can describe the process better. 

Aiming at this characteristic, Cong Qiumei[24] and others combined the modeling theory 

with the cascade process[25-26].They combined each reactor subsystem with 

hierarchical multi-layer neural network, and proposed a modeling scheme based on the 

mechanism of activated sludge process. The input-to-state stability method is used to 

study the relationship between modeling errors of different sub-processes. In order to 

guarantee the stability of the algorithm, an error back propagation learning method 

with time-varying learning rate is used. The results show that the hierarchical neural 

network modeling method is significant for dealing with the complex problems of 

cascade industrial process modeling. 

 

6. Support vector machine in the field of sewage treatment research 

Support vector machine (SVM) is a mature technology applied in the field of sewage 

treatment. Hagiabil[27] has studied the artificial neural network (ANN), group method of 

data processing (GMDH), SVM and other intelligent techniques to predict the water 

quality components of the Terai River in Iran. Combined with the corresponding error 

index to evaluate these model scenic spots, he found the SVM model has the best 

accuracy. M. En. Huang[28] puts forward a fuzzy neural network (FNN) prediction model 

including neural network, fuzzy logic (FL), wavelet transform (WT), genetic algorithm 

(GA) , and applies the model in the real world. M. Hameed[29] found that radial basis 

function neural network (RBFNN) and back propagation neural network (BPNN) are 
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two different neural network algorithms when he studied water quality data in tropical 

environment (Malaysia). He established a more accurate water quality prediction 

model on this basis. When studying the daily monitoring data of Sewage Treatment in 

UCI database Zhang Yongli et al[15] processed 527 groups of 38-dimensional data. 

Experimental results show that SVM algorithm achieves 92.15% accuracy in pattern 

recognition of wastewater treatment monitoring data, which shows great advantages. 

Various models based on support vector machine have also shown good applicability in 

the face of specific environmental problems. Li Xiaodong et al[30] used the data of the 

second sewage purification center in Changsha to do the experiment. When SVM 

method was used directly for training, 640 data items produced up to 198 prediction 

errors. In order to get the optimal parameters, the RLOO-based GA is used to improve 

the multi-class SVM method, and the intelligent algorithm is used for 120 iterations to 

achieve 88% accuracy. The aeration tank SVI is an important parameter which can 

reflect the water quality in the activated sludge process. Song Xianmin[5] and others 

use rough set technique to simplify the minimal attribute reduction set, BPNN, 

PCA-BPNN and RS-BPNN are used to build the model. But the prediction effect is not 

very good, and the model is built by using the support vector machine which has strong 

generalization ability. Compared with neural network model, the model based on 

support vector machine has higher fitting precision and prediction precision, and it has 

fast operation, better real-time performance. COD is an important index reflecting 

water quality. The local emission standard of Liaoning p rovince is COD ≤50mg / L[31]. 

In recent years, the technology of using three-dimensional electrode to treat refractory 

wastewater has developed rapidly. Zhou Wenjun and others[32] chose the biological 

aerated filter as the research object. Firstly, an improved model LSSVM based on SVM 

was used to establish the model. In order to solve the problem of low accuracy, using 

the improved particle swarm optimization to find the optimal model parameters which 

greatly improves the accuracy of the improved model, the use of modulus and 

subjectivity to solve the LSSVM method cannot deal with such as noise, missing items 

and other abnormal data. Experiments show that the MODULUS and LSSVM model is 

better than the traditional SVM model in applicability, stability and accuracy, and can 

better predict the COD concentration of effluent. 

 

7. Conclusion and reflection 

In the process of wastewater treatment, the system structure based on the traditional 

mathematical model is complex and difficult to solve practical problems. The 

wastewater treatment model based on neural network and support vector machine is 

also faced with the disadvantages of insufficient intensive degree such as weak 

self-learning ability, poor numerical calculation ability, and insufficient empirical 
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reasoning ability, etc. What’s more, it is difficult to deal with the high-dimensional data. 

Finally, the reliability and application efficiency of the system are not high. In the future, 

there are something we should pay attention to: 1) We can strengthen the collection of 

past data and combine it with expert advice in the field of Data pre-processing.2) We 

have to choose the appropriate model and parameters according to the difference of 

different sewage treatment methods.3) We should improve and modify the existing 

knowledge base and add new knowledge according to the development of things to 

improve the accuracy and efficiency of the system. With the improvement of computer 

performance and the enrichment of data and information, the application of machine 

learning technology will improve the efficiency of sewage treatment and promote the 

development of sewage treatment. These studies are of great significance to the 

construction of ecological civilization and the development of economic undertakings. 
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