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 Background: Group Method of Data Handling (GMDH) is a new method for 
minimizing waste. GMDH algorithm a model can be represented as sets of neurons in 

which different pairs of them in each layer are connected through a quadratic 

polynomial and thus produce new neurons in the next layer. Such representation can be 
used in modeling to map inputs to outputs. Objective: In the recent decade, textile 

industry as one of the oldest industries faces numerous challenges. The reason for one 

of the main problems is waste that influences the profit of companies So, presenting a 
sufficient method to minimize the waste and utilizing this method would have impact 

on the procedure of producing string and increasing output of companies. Results: with 

using GMDH way, suction of machines , the amount of production, Flat’s velocity, 
flat’s gaps, velocity of machines, resisting level, the number of attachments made by 

operator, identified as the main factors on the waste and by regression way, velocity of 

machines, flat’s gaps, resisting level, the number of attachments made by operator, , the 
amount of production identified as the main factors on the waste and with comparison 

of this two ways, show that prediction by use of GMDH has less mistake. Conclusion: 

In this research group method of data handling (GMDH) and regression are used to 
identify effective factors on waste in Dibaris Textile Company as a case study ,we can 

exhibit guidance for textile industry managers , Especially this factory said that can 

help Managers for minimizing waste. 
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INTRODUCTION 

 

 Nowadays, with increasing rate of industries and developing rate of company's production, we always face 

deficiencies and waste of production. Every industrialist tries to optimize the present sources (financial, human 

and etc.) and to have the least waste in the processes. Using the new technology results in increase of 

profitability, the decrease of waste and also the destructive effects on the environment [1]. This problem 

becomes more vivid when the process of production is really influential since it decreases the rate of outcome 

[2]. So all the steps in production are observed and optimized in order to minimize the waste [3]. In this way, in 

order to minimize the waste if the quality and quantity of output can be predicted, the amount of waste can be 

measured before they are made. Then with using the present methods, the system can be identified and 

modeling. In this way, it is possible to minimize deficient productions and those with low quality. The issue of 

industrial waste minimization was suggested seriously Early in 1970 by 3M company. Following the successful 

performance of the minimization plan of this company a lot of companies in northern America including Dow 

chemical and Monsanto declared their minimization plan at late 1970 and gained considerable profit through 

this plan. At the beginning of 1980, numerous firms and companies like those located in Northern America and 

Europe put the minimization plan into their schedule also institutes like air pollution research institute in Canada 

and Production Company in America took significant steps in this field. 

 Recently, considering the significance of waste management programs in decreasing and controlling 

environment pollution, this program has turned to be a national movement in lots of countries. Performed action 
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in countries like India, China, Taiwan and other developing countries confirm this claim. Regarding the 

background of textile industry in comparison with other industries [4] and the internationality of this industry 

[5] and the high importance of waste in string production and its effect on the profitability of texture companies 

among. Different industries, textile industry is chosen for this study. In this study, first the influential factors in 

textile industry on the waste amount are determined with the help of experts. Then, those factors which of the 

mentioned company (Dibaris Company) are identified. For these influential factors, the optimal rates are 

calculated and in order to predict these factors in Dibaris Company, two methods are practiced and finally the 

errors of both methods are described and analyzed. 

 

Theoretical Background: 

 The definition of waste is a deficient or improper production, unsuitable for presentation and selling which 

are produced in its procedure of making or in other word and better, waste is defined as the primary proportion 

which isn’t transformed into the final product during different steps of production and need to be processed 

again or is taken apart [6]. There are different methods for decreasing the waste and numerous researchers from 

different parts of the world study and research about this issue and in table 1-2 same of them are mentioned. 

 
Table 1: Review of previous research on waste minimization. 

Years Authors Waste minimization No 

1992 Huang and Fan Artificial intelligence for waste minimization in the process industry. Minimizing the 

generation of wastes in the process industry is through process design/modification And 
process control. It is very difficult to resort to conventional algorithmic methods to design 

and control a process with waste minimization in mind when the available information 
pertaining to a process is imprecise, incomplete, and uncertain, and the accessible 

knowledge is in symbolic form. In contrast, artificial intelligence (AI) techniques are viable 

alternatives for dealing with the information and knowledge of these types. In the present 
work, the basic characteristics of waste minimization are described, and the applicability of 

AI techniques to waste minimization is delineated [7] 

1 

1999 Vigneswaran and 

Associates 

Industrial waste minimization in Thailand. The following methods are included improved 

housekeeping, changing process technology, changing product, changing input material, 
recycling process chemicals and raw materials, recovering by product/waste and reducing 

input to the process. The appropriate technology depends on the type of industry and its 

size and location [8] 

2 

1996 Petek and GlavicÌ† This paper describes the methods and procedures of pollution prevention which have been 

applied in process industries with a case study of waste minimization in the textile 

industry. Mass and energy balances were produced, and the whole process was examined 
in a machine and piece dyeing mill. The analysis of steam distribution, steam utilization, 

and the condensate system was carried out. Several options for waste minimization were 

proposed and their implementation was able to decrease waste water production by 21%, 

consumption of dyes by 24%, textile auxiliaries and chemicals by 14%, and steam usage 

by 25%. The flue gas and greenhouse effect gases could also be reduced a great deal. The 

payback period of the proposed options is less than 1 year. Some practical improvements 
were introduced directly, while the implementation of other options depended on the 

financial ability of the factory. Some of them (good housekeeping and regular 

maintenance) will be introduced through the introduction of the Total Quality Management 
system[9] 

3 

2012 FrankEshun.J and 

Leemans.R 

This paper explores the potential of minimizing wood waste to reduce the environmental 

impact in the timber sector i.e. forestry and timber industry subsystem of Ghana. These 

studies consistently identified minimizing wood waste as a major point of departure for 
reducing the environmental impact of timber sector of Ghana. The chosen functional unit 

was sensitive to the wood waste impact results. The results of our study show that 
combining technological changes, good operational practices and recycling measures could 

reduce wood waste by approximately 50%. We therefore conclude that the reduction of 

wood waste in the timber sector may also reduce the other environmental impacts in the 
timber sector.[10] 

4 

2012 Olamide O. Shadiya and 

Venkataraman Satish, 

and Karen A. High 

A simultaneous approach to maximize profit, while minimizing waste through source 

reduction with the implementation of multi-objective optimization with process simulation 

is presented in this paper. To demonstrate this methodology, the acrylonitrile process case 
study was selected. The approach involved four steps: process modeling and analysis, 

identification of process alternatives, selection of process alternatives and incorporation of 

multi-objective optimization. Process alternatives were identified from both literature and 
sensitivity analysis procedures. Sensitivity analysis helps initially in quickly eliminating 

inferior alternatives and then in enhancing the superior alternative to develop an efficient 

optimization procedure. Through this work, a general methodology was developed for the 
application of process optimization to process design. A sensitivity curve that shows the 

effect of waste treatment on the profit for the process was developed. Based on the 

sensitivity analysis results, the Plug Flow reactor scheme was the better alternative as 
compared to the base case, CSTR reactor scheme. After process modification and 

optimization, the process can earn a maximum net savings of $ 3.59Â Ã—Â 108 in seven 

years, an increase of 69% over the base case.[11] 

5 

In this study, decrease of waste in textile industry is studied through GMDH algorithm. 
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Methodology: 

 In this study, to make program in the observed purposes in order to minimize the waste and to choose the 

effective elements we will follow this 6-step procedure. 

Step 1: Identifying the most important elements which are influential a minimizing the waste considering the 

quality of management control on it in texturing line 

 In this step, first through collecting the opinions of experts, engineers and those involved in this industry, 

questionnaires are made and before filling them by experts, the validity of data should be observed. To do so 

reexamining is used [12] and after analyzing the results correlation coefficient is calculated and if the calculated 

value is more than 0.70 the stability of the questionnaire would be confirmed [13]. 

Step 2: specifying the influential elements among the identified factors in the first step of the mentioned 

company. 

 In this step, the questionnaire along with another paper describe the research and its purposes, 75 people are 

chosen randomly among the managers experts and company workers so that based on Likert 5-scale, the 

effective elements in 6 processes of production line are evaluated. 

 
Table 1-2: Scoring range. 

Very important Important Average Little important Very little important 

5 4 3 2 1 

 

 In order to rank influential elements on waste, T and F test is done as a table of variance analysis [14] and 

after hat NewmanKolz test is done to identify influential elements on waste in each process of production line 

So influential elements are clarified. 

Step 3: numerical values of input and output data for the identified elements in step2 

 After filling the questionnaire and identifying the influential and input elements on waste, their numerical 

values are taken from the company for 5 months.  

Step 4: using GMDH algorithm in order to predict the influential elements on the waste among the identified 

elements in step 2. 

 By means of GMDH algorithm a model can be represented as sets of neurons in which different pairs of 

them in each layer are connected through a quadratic polynomial and thus produce new neurons in the next 

layer. Such representation can be used in modeling to map inputs to outputs [15, 16, and 17]. The formal 

definition of the identification problem is to find a function so that can be approximately used instead of 

actual one, f, in order to predict output  for a given input vector  as close as possible to 

its actual output y [18]. Therefore, given M observation of multi-input-single output 

 Data pairs so that , . It is now possible to train a GMDH-type 

neural network to predict the output values. For any given input vector  , that is 

, . 

 The problem is now to determine a GMDH-type neural network so that the square of difference between the 

actual output and the predicted one is minimized, that is 

 Min               (1) 

 General connection between inputs and output variables can be expressed by a complicated discrete form of 

the Volterra functional series in the form of 

        (2)  

 Which is known as the Kolmogorov-Gabor polynomial [15, 16, 17, and19]? This full form of mathematical 

description can be represented by a system of partial quadratic polynomials consisting of only two variables 

(neurons) in the form of 

         (3) 

 In this way, such partial quadratic description is recursively used in a network of connected neurons to build 

the general mathematical relation of inputs and output variables given in equation (2). The coefficient in 

equation (3) are calculating using regression techniques so that the difference between actual output, y, and the 

calculated one, yˆ, for each pair of , as input variables is minimized. Indeed, it can be seen that a tree of 

polynomials is constructed using the quadratic form given in equation (3) whose coefficients are obtained in a 

least-squares sense. In this way, the coefficients of each quadratic function  are obtained to optimally fit the 

output in the whole set of input-output data pair, that is [20]. 

 min              (4) 
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 In the basic form of the GMDH algorithm, all the possibilities of two independent variables out of total n 

input variables are taken in order to construct the regression polynomial in the form of equation (3) that best fits 

the dependent observations  in a least-squares sense. 

 Consequently,  neurons will be built up in the first hidden layer of the feed forward network 

from the observations for different p, q∈ {1, 2,... n}. In other words, 

it is now possible to construct M data triples  from observation using 

such p, q∈ {1, 2,... n} in the form: 

 

  

 Using the quadratic sub-expression in the form of equation (2) for each row of M data triples, the following 

matrix equation can be readily obtained as , where a, is the vector of unknown coefficients of the 

quadratic polynomial in equation (3): 

              
(5) 

 And  is the vector of output’s value from observation. It can be readily seen 

that 

 
 The least-squares technique from multiple-regression analysis leads to the solution of the normal equations 

in the form of 

 Y           (6) 

 Which determines the vector of the best coefficients of the quadratic equation (3) for the whole set of M 

data triples. It should be noted that this procedure is repeated for each neuron of the next hidden layer according 

to the connectivity topology of the network. However, such a solution directly from normal equations is rather 

susceptible to round off errors and, more importantly, to the singularity of these equations [15, 16, 18, 19, 21]. 

Step 5: using regression method in order to predict the influential elements on the waste among the identified 

elements in step 2. 

 Regression analysis is a helpful statistical tool for observing the relation between variables and in this step, 

in order to predict the influential elements on the waste. We use several various regression methods in addition 

to GMDH algorithm [22]. 

 In the multi-variable regression the relation is as follows: 

+  

 That can be written as one-variable for several- variable state: 

 
 That  is the total value of y. If the 1

st
 observation is considered equal to unit,  value is the same fixed 

value.  

Step 6: the comparison between step 4 and 5 with the approach of root mean square error RMSE and DSTAT 

RMSE scale which was observed by Kaslawman (1999), is as follows: [23] 

ei
2 

 That  is the difference between variable predicted values and its real value and n is the number of periods. 

Dstat scale is as: [24] 

|ei| 

 As we have: 
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Results: 

 First step: Identifying the most important elements which are influential a minimizing the waste considering 

the quality of management control on it in texturing line. 

 In this step, regarding the opinions of experts in this industry, all the elements which are changeable in 

textile industry are identified and the results are: 

 
Nam of process changeable and influential elements on the waste 

Batting process Keeping time of adl in hall, suction of machines, temperature and humidity, the amount of production, the number 

of attachments made by operator, type of primary materials. 

Carding process Flat’s velocity, flat’s gaps, temperature and humidity, the amount of production, cylinder’s velocity. 

Passages process Cylinder’s gap, traction of machines, temperature and humidity, the number of attachments made by operator. 

Flier’s process Cylinder’s gap, traction of machines, temperature and humidity, the number of attachments made by operator. 

Ring process Velocity of machines, resisting level, the number of attachments made by operator, temperature and humidity. 

Auto canner 
process 

The number of attachments made by operator, temperature and humidity 

 In order to have the final calculation, this table is presented 

 
Table 1-3: Final correlation coefficient. 

Matting part 

Correlation coefficient Question 

0.810 keeping time of adl in hall 

0.854 type of primary materials 

0.862 The number of attachments made by operator 

0.828 suction of machines 

0.813 temperature and humidity 

0.795 the amount of production 

Carding part 

Correlation coefficient Question 

0.819 flat’s velocity 

0.799 cylinder’s velocity 

0.830 flat’s gaps 

0.820 temperature and humidity 

0.831 the amount of production 

Passages part 

Correlation coefficient Question 

0.823 cylinder’s gaps 

0.845 traction of machines 

0.833 temperature and humidity 

0.813 the number of attachments made by operator 

flier part 

Correlation coefficient Question 

0.831 cylinder’s gaps 

0.837 traction of machines 

0.843 temperature and humidity 

0.844 the number of attachments made by operator 

ring part 

Correlation coefficient Question 

0.851 velocity of machines 

0.853 resisting level 

0.825 the number of attachments made by operator 

0.826 temperature and humidity 

auto canner part 

Correlation coefficient Question 

0.821 the number of attachments made by operator 

0.853 temperature and humidity 

 

 The calculated numerical values in 1-3 tables for each process show the final confirmation of questionnaire. 

Step 2: specifying the influential elements among the identified factors in the first step of the mentioned 

company, in order to identify the influential elements in each process of production line, the results of Nikon 

kolas test based on F and T-test are used. 

 
Table 2-3: General comparison of the groups. 

the meaningful level of test is zero 

 
 

 

matting elements have different effects on the waste 
 

F-test Matting part 

the meaningful level of test is zero F-test  



496                                                 Fariba Farsi and Gholam Hassan Shirdel, 2014 

Advances in Environmental Biology, 8(22) November 2014, Pages: 491-500 

 

 

 

carding elements have different effects on the waste 

 

Carding part 

 

 

the meaningful level of test is 0.608 
 

 

passage elements don’t have different effects on the waste 
 

F-test passage part 

the meaningful level of test is 0.872 

 
 

 

flier elements don’t have different effects on the waste 
 

F-test flier part 

the meaningful level of test is zero 

 

 
ring elements have different effects on the waste 

 

F-test ring part 

the meaningful level of test is 0.476 

 

 

 
auto canner elements don’t have different effects on the waste 

 

F-test auto canner part 

 

 After taking the coupled test of Newman kolas, the influential elements on the waste in each process of 

production line is defined as: 

 
Table 3-3: The inputs and output of the model, 

Input Output 

(Matting part ( suction of machines The amount of waste 

(Matting part( the amount of production 

(Carding part ) flat’s gaps 

(Carding part) flat’s velocity 

(ring part( resisting level 

(ring part) the number of attachments made by operator 

 )ring part ( suction of machines 

 

Step 3: numerical values of input and output data for the identified elements in step2. In this step, the numerical 

values of data in 5 months (December 2012 until April 2013) was taking from the company that the following 

table is the sample during December 2012. 

 
Table 4-3: numerical values of identified factors. 

Day (Matting 
part) 

Suction of 
machines 

(Carding 
part) 

Flat’s 
velocity 

(Carding 
part ) 

Flat’s gaps 

(Ring part) 
Suction of 

machines 

(Ring part) 
Resisting 

level 

(Ring part) 
The number of 

attachments made 
by operator 

(Matting part) 
The amount of 

production 

Waste 

1 700 220 0.0076 18500 740 35 36590 254 

2 700 220 0.0076 18600 742 40 36648 244 

3 700 220 0.0076 18600 741 40 36766 246 

4 700 220 0.0076 18500 742 39 35592 233 

5 700 220 0.0076 18500 759 39 36456 222 

6 700 220 0.0076 18600 742 36 36083 240 

7 700 220 0.0076 18600 742 39 34916 238 

8 700 220 0.0076 18500 759 39 35289 226 

9 700 220 0.0076 18500 742 39 34416 235 

10 700 220 0.0076 18500 750 39 34812 232 

11 700 220 0.0076 18600 742 36 36350 236 

12 700 220 0.0076 18500 759 39 36319 224 

13 700 220 0.0076 18500 742 39 35505 233 

14 700 220 0.0076 18500 759 38 27740 214 

15 700 220 0.0076 18500 759 38 32003 209 

16 700 220 0.0076 18500 742 39 34074 235 

17 700 220 0.0076 18500 759 39 36508 224 

18 700 220 0.0076 18600 742 35 36394 242 

19 700 220 0.0076 18500 742 39 36162 234 

20 700 220 0.0076 18500 759 39 36294 225 

21 700 220 0.0076 18500 759 39 36411 226 
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22 700 220 0.0076 18500 759 39 37780 225 

23 700 220 0.0076 18600 741 39 36776 239 

24 700 220 0.0076 18500 742 39 38192 235 

25 700 220 0.0076 18500 742 39 37371 234 

26 700 220 0.0076 18500 759 38 35470 211 

27 700 220 0.0076 18500 759 38 35197 207 

28 700 220 0.0076 18500 759 39 36071 230 

29 700 220 0.0076 18500 742 39 37304 234 

30 700 220 0.0076 18500 759 39 34899 227 

 

Step 4: using GMDH algorithm in order to predict the influential elements on the waste among the dentified 

elements in step 2. 

 The base of this algorithm is reaching to a polynomial with high order. The primary information that should 

be gathered to make Ivakhnenko´s polynomial is a group of observed n that some of them are teaching data and 

some others are predicting data. 

 In this method nominal dependent variable data y that the amount of waste and independent variable x 

entered to the network as an input and the influential elements are defined as follows: 

 

 

 
    The first hidden layer              The second hidden layer 

 
 This picture contains this issue in the first layer ,3 with 7 , 4 with 7 and 5 with 4 elements influence 

eachother.6
th

 layer doesn’t influence any other element but is taken as an influential factor in the 1
st
 layer and 

the related function is as follows : 

 

 

  

 Second layer shows that the effect of 3 and 7 and the effect of 4 and 7 have a common effect and it is the 

same for the effect for the effect of 4 and 5 and 6. 

 Finally Y^ is taken from the effects of these two final outputs. The related function is as follows: 

  

  

 



498                                                 Fariba Farsi and Gholam Hassan Shirdel, 2014 

Advances in Environmental Biology, 8(22) November 2014, Pages: 491-500 

 Considering these explanation, the influential elements are defined as follows: 

X (0, 0, 1, 1, 1, 1, 1) 

 

Matting part: production quantity: 

 Ring part: the number of attachments made by operator, the velocity of machines, and the level of 

resistance 

 Carding part: Flat’s gaps 

 According to the statistics and teaching of the network and its tuning on the production line, the output of 

network in comparison to the output of company is observed in two ways. During days which its values are 

more, it is inferred that the company line perform better that the network for whatever the reason is and when 

the values are less ,the network performed better. 

 

 
 

Fig. 1-3: The comparison of Y with Y^ (Neural network). 

 

 This Figure shows that how much the waste of company (Y) differs with the predicted waste by GMDH 

(Y^) during 30 days. 

Step 5: using regression method in order to predict the influential elements on the waste among the identified 

elements in step 2. 

 In this method, the series of nominal dependent variable data Y that are the amount of waste and dependent 

variable X that are (the suction of machines, flat velocity, flat’s gaps, machines velocity, the level of resistance, 

the number of attachments made by operator, the amount of production) are entered to the network as the inputs 

and the Regression Equation becomes as follows: 

+0.00341  

 Considering the regression equation, the influential elements are defined as: 

X (0, 0, 0, 1, 1, 1, 1) 

 Matting part: the amount of production ring part: the number of attachments made by operator, the velocity 

of machines, and the level of resistance according to the statistics and teaching of the Regression and its tuning 

on the production line, the output of network in comparison to the output of company is observed in two ways. 

During days which its values are more, it is inferred that the company line perform better that the Regression for 

whatever the reason is and when the values are less ,the Regression performed better. 

 

Conclusion and suggestions: 

 In this study, first all the changeable elements in the waste of Textile industry of Ring line are identified by 

using the books, interviewing with experts and observation. Then among these elements those which influence 

the waste of Dibaris Company are recognized. 

 The optimal amounts for these elements are calculated and then for recognizing the main factors, 

Regression and GMDH methods are used and finally the errors of two methods are analyzed and the GMDH 

method has less errors. 

 In this article, in order to predict the main factors on waste, GMDH method is used and its possible to rank 

these factors by several-mean decision making and to specify the most and the least influential factors. In this 

study, minimalizing the waste is examined regardless to the quality but it's possible to study waste minimalizing 

in order to improve the quality. 
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 Considering the difference between textile companies, the presented approach can be used in other textile 

companies and the results can be compared with this one. 

 The presented framework in this study can be used for other industries but the factors may require revision. 

 

 
 

Fig. 2-3: The comparison of Y with Y^ (regression). 

 

 This figure shows that how much the waste of company (Y) differs with the predicted waste by Regression 

(Y^) during 30 days. 

Step 6: the comparison between step 4 and 5 with the approach of root mean square error RMSE and DSTAT 

 
Table 5-3: The results of prediction with two mentioned means. 

method GMDH Regression 

RMSE 2.94 14.2 

Dstat (%) 90 70 

 

 Considering the results, the prediction which is made by GMDH has fewer errors in comparison with the 

Regression method. 
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