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SUMMARY:  
 
Genetic programming (GP) and Regression analysis were applied to develop predictive modelsfor 
turbidity of drinking water in the main water source of Bihać town,Bosnia and Herzegovina. 
Predictive modelswere built based on monthly measurements data at the period 2006-2016. Turbidity 
measurement was collected based on the following parameters:KMnO4 consumption, daily rainfall, 
NH4+and period of passed time. All collected data was split in to training and testing data sets. 
Training data set was used to build models, while testing data set was used to control reliability and 
overfitting properties of the models.GP model was evolved using GPdotNET computer program. The 
result of modelling showed very high performance (R2>0.85) of all models. Comparison analysis has 
shown that regression models are not reliable for predictionfor such nonlinear process, since 
performance parameters have lower values than GP model. Prediction for the next 12 months showed 
better performance and accuracy for the model build using genetic programming in comparison with 
the model given by regression analysis. 
 
 
1. INTRODUCTION 
 
One of the main quality parameter for drinking water is turbidity. It can be defined as cloudiness of a 
fluid which is caused by large number of invisible to the naked eye particles. Turbidity can be seen 
similar as the smoke in the air. We may say the turbidity is the key of water quality. Many studied 
prove the higher level of turbidity in drinking water would cause risk that people can develop 
gastrointestinal diseases [1]. High level of turbidity in drinking water can cause problems for 
immunocompromised people due to suspended solids. Suspend solids can contain various types of 
viruses or bacteria and develop disease while consuming this kind of water. To protect people, 
governments have set standards for allowable turbidity in drinking water. In Europe, each country 
developed its own standard which is based on the European standards for turbidity ISO 7027-1:2016. 
The standard specifies two quantitative methods using optical turbidimeters or nephelometers for the 
determination of turbidity of drinking water [2]: 
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- nephelometry, procedure for measurement of diffuse radiation, applicable to water of low 
turbidity (for example drinking water); 

- turbidimetry, procedure for measurement of the attenuation of a radiant flux, more 
applicable to highly turbid waters. 

Bosnia and Herzegovina has specific structure of soil which affect the turbidity, and it was necessary 
to develop its own standard. The standard which provides all procedures for maintain turbidity in 
drinking water is BAS EN ISO 7027:2002 which is based on the mentioned ISO standard. Usually, 
the turbidity is measured in nephelometric turbidity units (NTU). Different standards define different 
allowable levels of NTU. For example,value of turbidity in the drinking water is different. InUSA, 
allowable value of turbidity must be less than 5 NTU [4], while in European standards, the maximum 
values must not be more than 4 NTU [3].  
The main causes of sudden appearance of turbidity in water is connecting with short-term appearance 
of rainfall by causing erosion of soil [5]. However, researchers have shown that turbidity development 
is a bit more complex process[6], and mainly depends of the soil structure, level of underground 
water, and variety of natural and anthropogenic factors and processes. Due to the fact the turbidity is 
very important parameter and directly influences the quality of drinking water, engineers used 
different approach to predict it[7]. In this paper, the turbidity modelswere developed based on Genetic 
programming method which was approved to be effective method in modelling and predicting water 
parameters [7, 11].    
 
2. GENETIC PROGRAMMING 
 
The use of artificial intelligence methods to solve engineering problems was intensified by the rapid 
development of information technology at the beginning of the 1990s of the last century. As hardware 
components start to be more powerful every year, methods of artificial intelligence and machine 
learning gets more and more powerful. In early 90s the first paper about genetic programming 
methods published [8]. Since the beginning genetic programming was inspired many engineers and 
scientist to apply method in different fields. 
Genetic programming (GP) evolved as a generalization of 40 years old genetic algorithm (GA). In 
GA, chromosomes are representedmostly as binary numbers. With similar analogy, it is possible to 
create chromosomes which represent computer programs, as potential solution to problem [11]. 
Chromosomes in GP are represented in the population shaped like a hierarchical structure. They are 
constructed of primitive functions and terminals. Set of primitive functions can be any arithmetic 
operations, mathematical functions, Boolean operators, and special functions.Terminal set is also part 
of chromosome structure, and it is usually formed from input parameters and numerical constants. GP 
population, which consists of chromosomes, breads in consistence with natural principle of survival 
of the fittest, through genetic crossover, mutation and reproduction operations adopted to mating of 
computer programs. 
GP begins with initialization of initial population of randomly generated computer programs. Each 
computer program (chromosome) in the population is evaluated by its ability to solve the problem, so 
called fitness function. Population is evaluated by computing the fitness value for each chromosome, 
which give the ability to select the best possible chromosome in the population. Beside the fitness 
function, genetic programming algorithm can be controlled with 19 parameters, of which there are 2 
basic parameters, 11 secondary parameters and 6 qualitative variables that are selected with different 
alternative ways of executing the algorithm[8].  
Two main parameters are: 

- M  - population size, and 
- G – maximum number of generations.   

 
Secondary parameters, a genetic programming are about probability value that a certain event occurs, 
which can be a specific genetic operation, i.e. quantitative value indicating the depth of s-expressions 
are:  
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- pc – the probability of crossover; the recommended value should be greater than 90%,  

- pr – the probability of reproduction; it is recommended that it should be about 20% of the 
total population, 

- pip – the probability of selection of crossover interior point (the functional node). It is 
recommended that the value is 90% probability to choose interior point for the crossover, 
while the analogous 10% would be the selection of external point (terminal node) for the 
crossover in relation to the total points of one chromosome, 

- dformed - maximum depth of S-expressions, formed on the basis of genetic operations of 
chromosome crossover or any other secondary genetic operation (mutation, decimation, 
encapsulation, etc.), 

- dinitial – maximum depth of S-expressions at the formation of the initial population, 
- pm – probability of mutation in the population, 
- pp – probability of permutation in the population, 
- fed – frequency of decimation applications on the chromosome in the population, 
- pen – the probability of encapsulation in the population, 
- udc – a condition for the activation of decimation on chromosomes, 

- pd – the percentage of the decimation in the population. 
 
Secondary parameters are included in the algorithm depending on the method of GP implementation 
and are considered optional.  

 
3. EXPERIMENTAL RESEARCH 
 
In the studyGP was used to build mathematical model for turbidity of drinking water. Samples of 
water was taken at Klokot location – the main water supply source of Bihać town.  

 
Figure 1. Klokot spring location 

  
The turbidity of drinking water was measured with several input parameters: KMnO4 consumption, 
daily rainfall, NH4+ and period of passed time. Measures represent monthly data set which was 
collected for the period at 2006-2016.All collected data was split in to training and testing data sets. 
Training data set was used to build amodel, while testing data set was used to validate 
themodeloverfitting and prediction of turbidity for the next 6 months. In order toevaluate the model, 
nonlinear regression analysis was performed on the same data, and regression coefficients were 
calculated for several regression models. Furthermore, it was performed model evaluation in order to 
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get how the model determined with genetic programming is better than regression models of any 
level. GPdotNET [9] computer program was used for modelling and determination ofGP 
model.Wolfram Mathematica [10] was used to get regression models and comparison analysis. The 
following graph shows measured data: 
 

 
Figure 2: Turbidity of drinking water mesured at Klokot spring  
 
Figure 2 shows turbidity values measured from 2006 to 2016 with respect to input parameters 
KMnO4 consumption, Daily Rainfall, NH4+ and period of passed time.  
 
3.1 Building GP model for turbidity of drinking water 
GPdotNETis used in order to get GP model of turbidity. During modelling the following GP 
parameters were used: 

- Function set , 
- Terminal set ,where  – input parameters,ℜ - set of random 

constants. 
- , 
- , 
- , , , , . 

 
Before the searching process is started, training and testing data must be loaded, GP parameters are 
set and termination criteria was setup to 500 generations (iterations). At the beginning of the 
searching process, several different configurations were applied in order to get the best possible 
combination of all GP parameters. The time execution of the searching process in GP depends on the 
complexity of the process and the accuracy to be achieved. When a satisfactory mathematical model 
is acquired, post-processing of the results is enabled, where the mathematical model is exported to 
other programs for the evaluation and comparison with other results. GP model of turbidity is given in 
analytical form in the following expression. 

    (1) 
 
where  - KMnO4 consumption,  - Daily Rainfall, - NH4 and - period of passed time. 
 
Calculated turbidity values are shown on the Figure 3. 
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Figure 3: Turbidity of drinking water mesered at Klokot spring  
 
In order to evaluate given GP model, it is also developed 5 different regression models with different 
kind of polynomial degree, and interactions of predictors. The following table shows calculated 
performance parameters of the GP model and 5 regression models.  
 
Table 1: Comparison analysis of GP model and 5 diferent regression models 
 

NR Models RMSE RSE SE R R2 

1 GP Model 0.868 14.732 217.022 0.723 0.850 
2 RM1 0.928 15.753 248.167 0.683 0.826 
3 RM2 1.020 17.303 299.401 0.617 0.785 
4 RM3 0.838 14.218 202.154 0.741 0.861 
5 RM4 0.800 13.580 184.419 0.764 0.874 
6 RM5 0.692 11.742 137.867 0.824 0.908 

 
The following table shows performance criteria for testing data setwhich can show if the GP model is 
overfitted. 
 
Table 2: Prediction analysis of GP model and 5 diferent regression models 
 

NR Models RMSE RSE SE R R^2 

1 GP Model 0.395 0.967 0.935 0.059 0.243 
2 RM1 0.377 0.923 0.852 0.113 0.336 
3 RM2 0.507 1.241 1.540 0.001 0.024 
4 RM3 0.456 1.117 1.248 0.001 -0.030 
5 RM4 0.637 1.561 2.436 0.033 -0.181 
6 RM5 0.636 1.558 2.426 0.052 -0.229 

 
From the Table 2 we can see that RM5, RM4 and RM3 have negative correlation which indicates no 
relation between calculated values and values from training data set. On the other hand, GP Model 
has the best value for most of the performance criteria.  
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4. SUMMARY 
The paper shows development of genetic programming model for turbidity prediction in drinking 
water. Turbidity was measured from Klokotspring the main water supply source of Bihac town. 
Turbidity in water from Klokot spring is affected by many factors, mainly by the structure of the soil 
and groundwater around the spring. Turbidity measurements is collected in period from 2006 to 2016. 
Based on the collected data the GP model of turbidity is developed based on several predictors 
mentioned in the paper. For comparison analysis, several classic regression models for turbidity are 
developed with the same predictors. Since the turbidity values show nonlinear dependency and 
correlation to the predictors the 5 different regression models are developed in order to be compared 
with GP model. The analysis was shown that model calculated using GP method has better 
performance in comparison of models calculated by nonlinear regression analysis. As can be seen 
from the comparison analysis presented in tables 1 and 2, for nearly same performance criteria of the 
models, GP model gives better prediction and less overfitting. One of the main constrain for the 
regression models is predefined polynomial form. This means the polynomial form must be known 
before the modelling process started. This includes the number of regression coefficients, and the 
degree of the polynomial. On the other hand,GP models have no constrains in “shape”, as well as in 
degree. Moreover, GP Models can contains any function from the function set, as well as any 
combination of the functions and terminals, which leads the model can be highly nonlinear, and 
calculate better result than any regression models. 
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