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Abstract: 

Artificial Neural Networking methodology was applied for determining the optimum conditions for the Brilliant Green dye 

removal from aqueous solution by electrocoagulation. The experimental parameters which have been investigated were initial dye 

concentration: 100–500 mg/L; voltage: 4-12V; NaCl Concentration:0.5-1.5g/l and reaction time: 10–30min. These parameters 

were utilized to train a feed-forward multilayered perceptron (MLP) ANN with back-propagation algorithm. The ANN model was 

used to determine the optimum Brilliant Green dye Removal efficiency of 99% which was observed experimentally at applied 

voltage of 8V, reaction time of 10min, NaCl concentration of 0.5g/l and initial dye concentration of 300mg/l. These results were 

compared with the optimised parameters obtained by Response Surface Methodology. The predictive capabilities of the two 

methodologies were compared in terms of root mean square error (RMSE), mean absolute error (MAE), standard error of 

prediction (SEP), model predictive error (MPE), chi square statistic , absolute average deviation(AAD) and coefficient of 

determination (R
2
) based on the validation data set. The results showed that properly trained ANN model is found to be more 

accurate in prediction compared to RSM model. 

 

Keywords: Brilliant Green Dye, Decolorization, Electrocoagulation, Artificial Neural Network, Response surface methodology, 

Box Behnken Design, Back Propagation Algorithm. 

 

1.INTRODUCTION 

 

Wastewater from textile industry has to be treated for removal 

of carcinogenic, mutagenic, teratogenic agents prior to disposal 

[1]. Several techniques are available for treatment of 

wastewater such as adsorption, chemical coagulation, 

electrocoagulation, membrane separation, biological methods 

such as fungal decolourization and microbial decolourization. 

Adsorption is a competitive technique because higher removal 

efficiency is obtained but the main problem is associated with 

the cost of adsorbent and its regeneration. In chemical 

coagulation, though the dyes are almost completely removed 

but it’s quite expensive and so it cannot be used widely on a 

large scale. The disposal of concentrated sludge is a major 

problem and use of chemicals lead to secondary pollution 

problem. In membrane separation cost is a big issue that’s why 

it is not practiced at industrial level. The only problem 

associated with biological methods is the requirement of large 

area but it has an advantage of low cost over other 

techniques[2]–[4].Brilliant green is a well-known cationic dye 

used for various purposes like biological stain, dermatological 

agent, veterinary medicine, an additive to poultry feed to 

inhibit propagation of mold, intestinal parasites and fungus. 

The main reason Brilliant Green dye is used because it’s 

widely used in industries for dying of wool and silk fibres[5]. 

The chemical structure of the selected dye is illustrated in 

figure1.Electrocoagulation (EC) is a promising technique for 

removal of dye because it employs the low cost, simple and 

easily available equipment. Also the operating cost of a 

process can be justifiably low. Furthermore the amount of 

sludge produced by this technique is less and it can be 

dewatered easily by the use of commonly available 

methods[6]. The dye molecule after coagulation can be 

effectively removed by the emerging membrane technology to 

achieve the goal of process intensification.  In this process, 

generation of coagulants (iron or aluminium ions) by electro 

dissolution of the sacrificial anode(s) leads to formation of 

particles that entrap the pollutants[7]. The main reactions that 

followed using iron as electrodes are: 

 

At Anodes: 

Fe(s) → Fe
+3

+3e
-    

                         (1)                                                                        

At the cathode: 

3H2O+3e
- 
→ 3/2H2+3OH

- 
             (2)                                                              

In the solution: 

Fe(s) + 3H2O → Fe(OH)3+3H
-         

(3)
                                                                                                 

 

 

Artificial neural networks (ANN) are a promising alternative 

modelling technique. One of the characteristics of modelling 

based on artificial neural networks is that it does not require 

the mathematical description of the phenomena involved in the 

process, and might therefore prove useful in simulating and up 

scaling complex electrocoagulation systems[8]. The success in 

obtaining a reliable and robust network depends strongly on 

the choice of process variables involved as well as the 

available set of data and the domain used for training purposes. 

Artificial neural network (ANN) is a powerful modelling 

technique that offers several advantages over conventional 

modelling techniques because they can model based on no 

assumptions concerning the nature of the phenomenological 

mechanisms and understanding the mathematical background 

of problem underlying the process and the ability to learn 

linear and non-linear relationships between variables directly 

from a set of examples. More recently, artificial neural 

` 
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networks (ANN) are finding increasing use as predictive tools 

in an extensive range of disciplines, including engineering, due 

to their ability to employ learning algorithms and discern 

input–output relationships for complex, nonlinear systems.  

In recent years, the area of optimization of dye removal 

efficiency by electrocoagulation has received enormous 

attentions[8]. However, according to our knowledge, 

comparison of Artificial Neural Network and Response 

Surface Methodology in decolorization by electrocoagulation 

is rarely presented in scientific papers. On the other hand, as of 

now there is no research available on the comparison of the 

removal efficiency on brilliant green dye by the models of 

ANN and RSM. The aim of the present study is to optimize 

Brilliant Green dye removal efficiency from aqueous solution 

by electrocoagulation process using Artificial Neural Network 

and in our previous paper we reported technique of dye 

removal by Electrocoagulation and optimisation of the 

parameters by RSM.[8] We extended the study to provide a 

comparison of the methodology. 

 

 
Figure.1. chemical structure of brilliant green dye 

 

2. MATERIALS AND METHODS 

 

Brilliant Green Dye which was purchased from Merck 

Company was used to prepare synthetic dye wastewater. All 

the runs were performed at room temperature at 30
o
C. 500ml 

of the dye solution was taken into the electrolytic cell sodium 

chloride (NaCl) was used to increase the conductivity of the 

solutions and samples were collected during the run at an 

interval of five minutes for analysis for each run. The total 

effective electrode area was 72.8cm
2
 and the spacing between 

the electrodes was 10mm. The voltage was adjusted to a 

desired value and the coagulation was started. At the end of 

electrocoagulation, the solution was filtered with whatman 

filter paper and then analyzed. Before each run, electrodes 

were washed with acetone to remove grease from the surface 

and the impurities on the iron electrode surfaces were removed 

by dipping the electrodes for two minutes in a solution freshly 

prepared by mixing 100ml HCl solution (35%) and 200ml of 

hexamethylenetetramine aqueous solution (3%).The samples 

were filtered and analysis was made using UV-IV 

Spectrophotometer. 
 

2.1 Artificial Neural Network Modelling 

Artificial neural networks (ANNs) are mathematical models 

that loosely approximate the function of biological neural 

networks. A multilayer perceptron (MLP) is a feed-forward 

ANN consisting of three or more layers of neurons, with the 

first layer of neurons representing the independent variable 

inputs. Each of the neurons in the first layer is connected to 

one or more layers of hidden neurons that represent nonlinear 

activation functions. These neurons are in turn connected to a 

final level of output neurons and, through the use of learning 

algorithms, the relative influence of each input neuron and 

their complex interactions on the observed result can be 

discerned [9].An MLP is an inbuilt function in the MATLAB 

(The Mathworks, Inc., 2015a) with four input neurons 

representing the applied voltage, reaction time, NaCl 

concentration and initial dye concentration, a single hidden 

layer of neurons, and an output neuron representing the 

Brilliant Green dye removal efficiency. A representation of the 

MLP architecture can be observed in Figure 2. The number of 

neurons required in the hidden layer was determined by trial 

and error to minimise the deviation of predictions from 

experimental results; a minimum of 10 neurons was required to 

build the final model utilising the data obtained to develop the 

RSM, and the addition of more neurons presented the 

possibility of over-fitting the model. A total of 27 of 

experimental results were used to train the neural network for 

the network validation and testing. The ANN predictions were 

then used to generate surface plots. 

 

 

Figure.2.Architecture of developed Artificial Neural 

Network (ANN) 

 

2.2 Comparison between RSM and ANN Models 

In order to evaluate the goodness of fitting and prediction 

accuracy of the constructed models, error analysis (root mean 

square error (RMSE), mean absolute error (MAE), standard 

error of prediction (SEP), model predictive error (MPE), 

absolute average deviation (AAD) and chi square statistic), and 

correlation coefficients (R
2
) were carried out between 

experimental and predicted data. The formulas used for error 

analyses are listed in Table 1. To study the modelling abilities 

of the RSM and ANN models, the values predicted by the 

RSM and ANN models are plotted against the corresponding 

experimental values[10]. 

 

Table.1. Error functions and its equations 

S.No. ERROR 

FUNCTION 

EQUATION 

1. Root Mean 

Square Error 

(RMSE) 

RMSE (%) = 

  [ 𝑅𝑖, 𝑒 − 𝑅𝑖, 𝑝 ^2]/𝑛𝑛
𝑖=1    (6) 

2. Mean Absolute 

Error (MAE) MAE (%) = 1/𝑛  (𝑅𝑖, 𝑒 − 𝑅𝑖, 𝑝𝑛
𝑖=1 )              

(7) 

3. Standard Error of 

Prediction (SEP) SEP (%) =  
RMSE

R𝑖 ,𝑒
 x 100                                

(8) 

4. Model Predictive 

Error (MPE) 
MPE (%) = 

100/n 
𝑅𝑖 ,𝑒− 𝑅𝑖 ,𝑝

𝑅𝑖 ,𝑝

𝑛
𝑖=1 𝑋100            (9) 

5. Absolute 

Average 

Deviation (AAD) 
AAD(%) =

1

𝑛
  

𝑅𝑝−𝑅𝑒

𝑅𝑒
 𝑛

𝑖=0 𝑋100                      

(10) 

6. Chi Square 

Statistic 
𝐶𝑆𝑆 = [(𝑅𝑖, 𝑝𝑛

𝑖=1 −  𝑅𝑖, 𝑒)^2]/𝑛                   

(11) 
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3. OBSERVATIONS 

Results of ANN modelling along with experimental values ate 

shown in Table 2: 

 

 

Table.2. Experimental and Predicted values using Artificial Neural Networking 

 

RUN Applied 

Voltage(X1) 

Time(X2) NaCl 

conc. 

(X3) 

Initial Dye 

conc. (X4) 

Dye Removal Efficiency 

Experimental Predicted(ANN) 

1 0 0 -1 -1 95.3% 95.1951% 

2 0 0 0 0 97.00% 97.0506% 

3 0 -1 0 1 95.8% 95.4796% 

4 -1 0 1 0 96.087% 96.2252% 

5 1 0 0 -1 98.05% 98.1041% 

6 0 1 1 0 97.236% 97.1775% 

7 0 -1 -1 0 99% 98.9995% 

8 -1 0 0 -1 92.70% 92.58% 

9 0 1 0 1 98.8820% 98.7478% 

10 -1 0 0 1 99.441% 99.1177% 

11 0 0 1 -1 97.485% 97.5019% 

12 0 0 0 0 97.95% 98.0506% 

13 1 0 -1 0 97.8567% 97.948% 

14 1 0 0 1 96.3% 96.352% 

15 0 1 -1 0 98.2% 98.0267% 

16 0 0 -1 1 99.3292% 98.4773% 

17 -1 0 -1 0 98.79% 98.4583% 

18 0 -1 1 0 98.7% 98.7676% 

19 0 0 1 1 97.3168% 97% 

20 0 1 0 -1 92% 92.4995% 

21 1 1 0 0 94.5% 94.5453% 

22 0 -1 0 -1 98.7% 98.4654% 

23 0 0 0 0 97.950% 98.0506% 

24 1 0 1 0 98.41% 98.3003% 

25 1 -1 0 0 98.6030% 98.9154% 

26 -1 -1 0 0 95.2% 96% 

27 -1 1 0 0 97.677% 97.63% 

 

 
Figure.3. regression plots of the model by ANN 

 

In this work, the sigmoidal transfer function was used as a 

transfer function in the hidden and output layers. This is the 

most widely used transfer function, which is given by 

equation:  

   f (x) = 1 /[1 + exp(−x)]                               (13) 

 

where f(x) is the hidden neuron output. The training function 

was trainscg. Out of the several data points generated, 27 

experimental sets were used to develop the ANN model. The 

range of variables studied is summarized in Table 3. The 

samples were split into training, validation and test subsets that 

each of them contains 16, 5 and 6 samples, respectively. The 

validation and test sets, for evaluation of the validation and 

modelling power of the model, were randomly selected from 

the experimental data[11]. 

 

Table.3. Experimental range and levels of independent 

parameters 

Parameters X Levels  

-1 0 1 

Voltage X1 4V 8V 12V 

Time X2 10min 20min 30min 

NaCl concentration X3 0.5g/l 1.0g/l 1.5g/l 

Dye concentration X4 100mg/l 300mg/l 500mg/l 

 

The three plots represent the training, validation, and testing 

data as shown in figure 3. The dashed line in each plot 
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represents the perfect result – outputs = targets. The solid line 

represents the best fit linear regression line between outputs 

and targets. The R value is an indication of the relationship 

between the outputs and targets. If R = 1, this indicates that 

there is an exact linear relationship between outputs and 

targets. If R is close to zero, then there is no linear relationship 

between outputs and targets. In the above figure value of R for 

training, validation of model and testing data are 0.9285, 

0.99938 and 0.96387. The above values of R clearly depict that 

model is best fitted and completely valid with R value which 

suggest an approximate linear relationship between outputs 

and target values. Furthermore, parity plot for the experimental 

and predicted value of Brilliant Green dye removal efficiency 

(%) using ANN model is demonstrated in Figure 4. High R
2
 

value of 97.8% validates the statistical significance of the 

model for the selected dye removal. This value of R
2 

was much 

higher as compared to value obtained in parity plot of 

experimental and predicted value as obtained in case of RSM 

modelling. 
 

 
Figure.4.   Parity Plot for the experimental v/s predicted 

value of Brilliant Green Removal Efficiency with 

R
2
=97.8%. 

 

4. RESULTS AND DISCUSSIONS 
 

ANNs are direct inspiration from the biology of human brain, 

where billions of neurons are interconnected to process a 

variety of complex information. Accordingly, a computational 

neural network consists of simple processing units called 

neurons. In general, a neural net (multilayered perceptron), as 

shown in Fig. 2, is parallel interconnected structure consisting 

of: (1) input layer of neuron (independent variables), (2) a 

number of hidden layers, (3) and output layer (dependent 

variables). The number of input and output neurons is fixed by 

the nature of the problem[12]. The hidden layers act like 

feature detectors there can be more than one hidden layer. 

Universal approximation theory, however, suggests that a 

network with a single hidden layer with a sufficiently large 

number of neurons can interpret any input–output structure. 

The topology of an artificial neural network (ANN) is 

determined by the number of layers in the ANN, the number of 

nodes in each layer and the nature of the transfer functions. 

Correct identification of the set of independent input variables 

and the output variables is the first task in building ANN 

model for a process. Optimization of ANN topology is 

probably the next important step in the development of a 

model[13]. We used four layered feed forward back 

propagation neural network for modelling of EC Process. In 

the present work, the input variables to the feed forward neural 

network were as follows: applied voltage, reaction time, NaCl 

concentration, initial Dye concentration. Brilliant Green Dye 

Removal Efficiency was chosen as the experimental response 

or output variable. In order to calculate training, validation and 

test errors all of the outputs were performed an inverse range 

scaling to return the predicted responses to their original scale 

and compared them with experimental responses[14]. The 

figure shows a comparison between calculated and 

experimental values of the output variable, using the neural 

network model with number of hidden layer equal to 10.We 

used two lines to show the success of the prediction. The one is 

the perfect fit (predicted data equal to experimental data), on 

which all the data of an ideal model should lay. The other line 

is the line that best fits on the data of the scatter plot with 

equation and it is obtained with regression analysis based on 

the minimization of the squared errors. The correlation 

coefficient of this line is also presented (R
2
)[10]. The closer 

this factor is towards 1, and the closer the coefficients of the 

line to 1 and 0, the better the model is. The plot in this figure 4 

has correlation coefficient of 0.978 for the test set. These 

results confirm that the neural network model reproduces the 

decolorization in our system, within the experimental ranges 

adopted in the model fitting. 

By supplying the ANN model with matrices of removal 

efficiency parameters, it was possible to visualise the relative 

impact of each removal efficiency parameter using surface 

plots generated in SigmaPlot 13.0. The effect of operating 

parameters can easily be visualised through the surface plots 

shown below in figure 6.  

 

 
                                                          (a)   

        
                                                       (b) 
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                                                   (d) 

 
                                                     (e) 

   
   (f)                                                                                                    

Figure.6. Surface plots for Removal Efficiency of Brilliant 

Green Dye as a function of (a) reaction time and voltage (b) 

voltage and NaCl concentration (c) voltage and dye 

concentration (d) NaCl concentration and Dye 

concentration (e) time and dye concentration (f) NaCl 

concentration and time. 

A number of studies have already been made on 

electrocoagulation of dye which have been listed the table 4. 

Pilkington et al. 2014 have studied the comparison of response 

surface methodology (RSM) and artificial neural networks 

(ANN) towards efficient extraction of artemisinin from 

Artemisia annua. They have reported that ANN models are 

much better and accurate as compared to RSM models which 

are similar to our result but compared to our study they have 

only considered Absolute Average Deviation as a statistical 

parameter not other statistical parameters for comparison. 

Moreover, [15] have studied the removal efficiency of Brilliant 

Green from aqueous solution by electrocoagulation using 

aluminium electrodes(height=15cm and width=6cm) and 

ascertained the effect of operational parameters such as initial 

dye concentration, electrolysis time, current density, inter 

electrode distance, initial pH, and salt (NaCl) concentration. 

They have reported the maximum dye removal efficiency of 

99.9% which was observed for current density of 416.7 A/m
2
 

after 30 minutes of operation from the dye solutions of 100 

mg/L. We have obtained the similar results but compared to 

our study we have used iron electrodes which are superior to 

aluminium as sacrificial electrode material which have been 

studied by [7] and moreover we have used response surface 

methodology for examining the optimum conditions and 

validity of our model. [16] have also examined the 

optimization of Brilliant Green adsorption by adsorbent 

prepared from Citrus limetta peel using response surface 

methdology and have examined the influence of parameters 

like pH, temperature, initial concentration, and adsorbent 

dosage.They have reported maximum dye removal of 95% 

which is close to result obtained in the present study. 

According to the best of our knowledge, upto now there is no 

research available on the comparison of the ANN and the RSM 

model for the optimisation of brilliant green dye removal 

efficiency. 

 

Table.4. Studies on Dye Removal 

S.

No 

Dye 

Used 

Method Applied Inference Refe

renc

e 
Remov

al 

Efficie

ncy 

Tim

e 

1 Primate

ne 

K2LR 

CDG 

Blue 

Electro 

coagulation 

90.7% 105 

min 

[17] 

2 Red 

Dye(2 

Naptholi

c acid + 

2 

Naphtho

l) 

Electro 

coagulation 

 

95% 14 

min 

[18] 

3 Indigo 

Caramin

e 

Electrocoagulatio

n 

 

88% 12 

min 

[19] 

4 Basic 

Blue 

Enzyme, Fungus, 

Polymer 

90% 7 

Days 

[20] 

5 Remazol 

Brilliant 

Orange 

3RID 

Fenton’s 

Oxidation 

97% 93 

mins 

[21] 

6 Acid 

Black 

172 

Electrocoagulatio

n 

90.4% 9.16

min 

[22] 

7 Bismark 

Brown 

Electrocoagulatio

n 

 

97% 30 

mins

. 

[23] 
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8 Brilliant 

Green 

Adsorption By 

Citrus  

Limetta Peel 

95% 4 

hour

s 

[16] 

9 Brilliant 

Green 

Electrocoagulatio

n 

99.9% 30 

mins 

[15] 

10 Brilliant 

Green 

Electrocoagulatio

n 

99% 12.2

2 

mins 

[8]  

 

5. COMPARISON OF RSM AND ANN MODELS 

Table.5. Comparison between RSM and ANN: 

S.No. Error 

Prediction 

Brilliant Green Dye 

Removal Efficiency 

Response 

Surface 

Methodology 

Artificial 

Neural 

Network 

1 Root Mean 

Square Error 

0.3695 0.294 

2 Mean Absolute 

Error 

0.3252 0.202 

3 Standard Error 

Prediction (%) 

10.2655% 8.168% 

4 Model 

Predictive error 

(%) 

0.3223% 0.20855% 

5 Chi Square 

Statistic 

0.03779 0.0259185 

6 Absolute 

Average 

Deviation (%) 

0.33395 0.20845 

7 Correlation 

Coefficient(R
2
) 

0.961 0.978 

 

The values for RSM Model table have been taken from the 

literature of our previous work as mentioned above. The well 

trained RSM and ANN models were compared with their 

predictive capability.  

 

The predictive values by ANN and RSM models are tabulated 

in the Table 5. An extensive statistical analysis, in terms of 

various statistical parameters such as RMSE, MAE, SPE (%), 

MPE (%), Chi Square Statistic, AAD (%) and Correlation 

Coefficient has been calculated. The results of statistical 

analysis of both the models are listed. 

The results showed that values of RSM Modelling are higher 

as compared to ANN Modelling.  

 

This means that the ANN model has higher modelling 

capability as compared to RSM model for Brilliant Green dye 

removal efficiency. Linear regression was carried out between 

the predictive values and experimental values for both the 

models and the result showed that the correlation coefficient of 

ANN model is much higher as compared to RSM model. 

Moreover, the ANN model shows significantly high 

generalization capacity than RSM model. This higher 

predictive accuracy of the ANN can be attributed to its 

universal ability to approximate the nonlinearity of the system, 

whereas the RSM is restricted to a second-order polynomial. 

 

6. OPTIMUM CONDITIONS: 

 

One of the main objectives in designing the experiments using 

artificial neural network was in order to optimize the 

parameters of the electrocoagulation for maximum removal 

efficiency of Brilliant Green dye. In the present work, and 

Matlab 2015 software was utilized to determine the optimum 

values of the parameters from the models.  

 

The optimum values of the factors along with the experimental 

and predicted removal efficiencies for Brilliant Green dye are 

given in Table 6. The experiments were carried out with the 

predicted optimum values in order to verify the optimized 

values. 

 

Table.6. Optimum Condition as predicted by ANN 

S.

NO 

Volt

age 

Ti

me 

NaCl 

concentr

ation 

Dye 

Concentr

ation 

Removal 

Efficiency 

Experim

ental 

Predic

ted 

1 8 10 0.5 300 99% 98.99

95% 

The experiments were carried out with the predicted optimum 

values in order to verify the optimized values for both the 

models. The results thus obtained revealed that optimum 

removal efficiency (99%) was achieved using the optimum 

values of each parameter which was in good conformity with 

the predicted value (98.9995%) as predicted by ANN model. 

 

7. CONCLUSION: 
 

The present study compares the performance of RSM and 

ANN methodologies with their modelling, prediction, and 

generalization capabilities using the experimental data based 

on the Box- Behnken design in the brilliant green dye removal 

efficiency. The ANN model is found out to be better than RSM 

model for the present study. The results of the ANN model 

indicate that they are much more accurate in estimating the 

values of dependent variables when compared with the RSM 

models. The structured nature of the RSM is useful to exhibit 

the factors contributions from the coefficients in the regression 

models. This ability is powerful in identifying the insignificant 

main factors and interaction factors or insignificant quadratic 

terms in the model and thereby can reduce the complexity of 

the problem. However, ANN has consistently performed better 

than the RSM in all aspects. 
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