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ABSTRACT  

 Data mining is a current technology found to be useful in many complicated fields. In 

manufacturing, it recently became very popular. These techniques can provide considerable competitive 

advantages to the manufacturing field. Traditional data analysis techniques have some limitations in 

analysing the complex structure of surface roughness systems. Conventional try and error method is time 

consuming as well as high cost. The purpose for this research is to develop data mining model (Decision 

Tree & Artificial Neural Network). The result from this research is useful to be implemented in industry 

to reduce time and cost in surface roughness prediction. 

INTRODUCTION 

 Manufacturing, the fundamental part of the economy, is one of the most complex industries. 

Manufacturing systems consist of several subparts processed parallel or sequential manner and they are 

influenced by many factors. Each of these parts produces data during the processing. Developments in 

database technology and computer science (faster computers, more memory, storage capability, and 

automatic data collection tools) enable the companies to collect and store significant amount of data 

easily. The complex structure of manufacturing systems, traditional data analysis techniques have some 

limitations. They have computational limitations in terms of number of dimensions, number of 

observations, etc. Interactions among the process variables are not easily modelled by the traditional 

techniques. 

 The challenge of modern machining industries is mainly focused on the achievement of high quality, 

in term of work piece dimensional accuracy, surface finish, high production rate, less wear on the cutting 

tools, economy of machining in terms of cost saving and increase of the performance of the product with 

reduced environmental  impact. End milling is a very commonly used machining process in industry. The 

ability to control the process for better quality of the final product is paramount importance. The 

mechanism behind the formation of surface roughness in CNC milling process is very dynamic, 

International Journal of Computer Science Engineering and 
Information Technology Research (IJCSEITR) 
Vol.1, Issue 2  Dec  2011  61-68 
© TJPRC Pvt. Ltd., 
 



Mr.Vijay Kumar Jha, Dr.Sanjay Kumar Jha and Mr. Pra shant Prakash 62

complicated, and process dependent. Several factors will influence the final surface roughness in a CNC 

milling operations such as controllable factors (spindle speed, feed rate and depth of cut) and 

uncontrollable factors (tool geometry and material properties of both tool and work piece. 

 The use of data mining techniques in manufacturing began in the 1990 and it has gradually 

progressed by receiving attention from the production community. Data mining is now use in many 

different areas in manufacturing engineering to extract knowledge for use in predictive maintenance, 

fault detection, design, production, quality assurance, scheduling, and decision support systems. Data can 

be analyzed to identify hidden patterns in the parameters that control manufacturing processes or to 

determine and improve the quality of products. A major advantage of data mining is that the required 

data for analysis can be collected during the normal operations of the manufacturing process being 

studied and it is therefore generally not necessary to introduce dedicated processes for data collection.   

 Data mining model (Decision Tree & Artificial Neural Network) is state of the art artificial 

intelligent method that has possibility to enhance the prediction of surface roughness. This paper will 

present the application of data mining to predict surface roughness for CNC milling process. The 

accuracy of these techniques to predict surface roughness will be compared with each other.  

LITERATURE REVIEW 

 Data mining tools were reported to be successful to extract desired knowledge from the 

manufacturing data. For example, Braha & Shmilovici (2002) identified the factors that are significant in 

the cleaning process in semiconductor industry by using decision tree and neural network Previously, 

Feng & Wang (2003) developed an empirical model for surface roughness by using non-linear regression 

and neural network techniques to predict quality in metal casting industry.  

 Oktem et al. (2005) proposed the genetic programming approach to predict surface roughness based 

on cutting parameters (spindle speed, feed rate and depth of cut) and on vibrations between cutting tool 

and work piece. From this research, they conclude that the models that involve three cutting parameters 

and also vibrating, give the most accurate predictions of surface roughness by using genetic 

programming. 

 Later on 2007, Chang et al. were established a method to predict surface roughness in-process. In 

their research, roughness of machined surface was assumed to be generated by the relative motion 

between tool and work piece and the geometric factors of a tool. The relative motion caused by the 

machining process could be measured in process using a cylindrical capacitive displacement sensor 

(CCDS). The CCDS was installed at the quill of a spindle and the sensing was not disturbed by the 

cutting. A simple linear regression model was developed to predict surface roughness using the measured 

signals of relative motion. Surface roughness was predicted from the displacement signal of spindle 

motion.  

 Tasdemir et al. (2008) applied ANN to predict surface roughness a turning process. This method was 

found to be quite effective and utilizes fewer training and testing data. 



Data Mining Application using Decision Tree and ANN for Predicting  
Surface Roughness of End Milling Manufacturing Process 

63 

SURFACE FINISH ANALYSIS 

 Surface texture is the pattern of the surface which deviates from a nominal surface. The deviations 

may be repetitive or random and may result from roughness, waviness, lay, and flaws. The real surface of 

an object is the peripheral skin which separates it from the surrounding medium. This surface invariably 

assimilates structural deviations which are classified as form errors, waviness, and surface roughness.  

Roughness consists of the finer irregularities of the surface texture, usually including those irregularities 

that result from the inherent action of the production process. Profiles of roughness and waviness are 

shown in Figure. 

 

Surface Finish Parameters: 

 Surface finish could be specified in many different parameters. Due to the need for different 

parameters in a wide variety of machining operations, a large number of newly developed surface 

roughness parameters were developed. 

Most popular parameters of surface finish specification are described as follows 

 Roughness average (Ra): This parameter is also known as the arithmetic mean roughness value, AA 

(arithmetic average) or CLA (center line average). Ra is universally recognized and the most used 

international parameter of roughness. Therefore 

  

Where 

Ra = the arithmetic average deviation from the mean line 

L = the sampling length 

y = the ordinate of the profile curve 
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Data Mining Process Algorithm 

1. Defining the business issue in a precise statement,  

2. Defining the data model and data requirements,  

3. Sourcing data from all available repositories and preparing the data. They should be selected 

and filtered from redundant information, 

4. Evaluating the data quality, 

5. Choosing the mining function and techniques, 

6. Interpreting the results and detecting new information, 

7. Deploying the results and the new knowledge into your business. 

Data Mining Technique  

 Data mining, one of the steps of Knowledge Discovery in Databases process, is an exploratory data 

analysis that discovers interesting knowledge, such as associations, patterns, structures and anomalies 

from large amount of data stored in databases or other information repositories.  Descriptive data mining 

aims to summarize data and extract their characteristics. Predictive data mining, on the other hand, try to 

find models to forecast future behaviours.  

Data Acquisition 

 The parameters considered are Spindle Speed, Feed Rate, and Depth of Cut According to the 

acceptable ranges of cutting speed, feed rate, and depth of cut when cutting 6061 aluminum one inch 

cubic block with a high speed steel cutter four levels of spindle speed - 750, 1000, 1250, and 1500 

revolutions per minute (rpm), seven levels of feed rate - 6, 9, 12,15, 18, 21 and 24 inch per minute (ipm), 

and three levels of depth of cut - 0.01, 0.03, and 0.05 inch (in) were determined. The surface roughness 

(Ra) was measured in micro inches (min) by a stylus-based profilometer.  

Decision Trees 

 Decision trees are simple and successful predictive learning algorithms. Learning using decision 

trees consist of two steps. In the first step, a tree is constructed using the training data. Then, for each 

record, the tree is traversed to determine the class to which the record belongs. Each internal node in the 

tree indicates a test on an attribute, each branch represents an outcome of the test, and each leaf node 

point’s class DT algorithms can be used to test conditional independence relations among variables in 

large data sets. 
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Decision tree model 

 CASE 1: IF Ra VALUE IS 0 to .00263 THEN Ra IS NORMAL 

 CASE 2: 750<=RPM<=1500, .254<=DOC<=.762, 152.4<=FR<=304.8 

 CASE 3: 750<=RPM<=1500, .762<DOC<=1.27, 304.8<FR<=609.6 

Artificial Neural Networks 

 Artificial neural networks (ANN) are modelling techniques derived from human brain. They can be 

used to model complex non-linear relationships between inputs and outputs or to find patterns in data. An 

ANN consists of interconnected processing elements, nodes, where every connection has a weight. As 

decision trees, ANN approach requires a graphical structure to be built before applying it to the data. 

General topology of an ANN is shown in Figure  
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  The predicted surface roughness has been performed using artificial neural network code in 

MATLAB. Shows the predicted surface roughness using this method. The input data for three 

independent variables spindle speed, feed rate, and depth of cut while actual surface roughness acted as 

target. The network propagates the input pattern from layer to layer until the output is generated. Then 

the result output will be compared with the target which is actual surface roughness in this study. The 

error is calculated and propagated back through network. Then, the weight will be changed and the same 

process repeated until the smallest error is achieved. The plot of predicted surface roughness (output) 

against the actual surface roughness (target) in Figure 3 below shown that both are correlated. This is 

because the predicted surface roughness is approaching towards the actual surface roughness with the 

coefficient of termination, R is 0.77739 

 

Result Comparisons 

 Artificial neural network is a feasible technique and has been used quite often in recent researches in 

engineering field. The adaptation of this technique provides a brand new perspective in this field and in 

surface roughness prediction to be precise. Back-propagation neural network had been implemented to 

achieve the goal which is to minimize the error during surface roughness prediction with respect to 

decision trees technique as shown in figure. The decision tree and neural network are the methods to get 

the prediction of future data from present set of data. The difference in the two is in decision tree gives 

the prediction in the range of values but neural network give a specified value. If the range of output is of 

short type then to some extent the result is accurate but is the range of output is large then for much 

accuracy neural network method is adopted to get the prediction of future data. So it is totally based upon 

the user that the time restriction is there or accuracy is required. If accuracy is required then the user has 

to adopt neural network and if time restriction is there decision tree can be adopted. 
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 The result of the prediction is favorable with 6.42% average percentage of error, meaning that neural 

network is capable to predict the surface roughness up to 93.58% accurate. As a conclusion, artificial 

neural network provided better accuracy to predict surface roughness in CNC milling process. 

REFERENCES 

1. Boothroyd, G. and Knight, W. A., (1989), Fundamentals of Machining and Machine Tools, Second 

Edition, Marcel Dekker Inc., New York. 

2. Brosheer, B. C., (1948), “How Smooth is Smooth? Part-I, Specification and Evaluation of Machined 

Finishes”, American Machinist, McGrow-Hill Publishing Company, pp. 97-112. 

3. Hommel Surface Roughness Terminology and Parameters, (1988), Hommel America, 30, Peter 

Court, New Britain, CT. 

4. Huynh, V. M. and Fan, Y., (1992), “Surface-Texture Measurement and Characterization With 

Applications To Machine-Tool Monitoring”, The International Journal of Advanced Manufacturing 

Technology, 7, pp.2-10. 

5. Chang H.K., Kim J.H., Kim I.H., Jang D.Y. and Han D.C., 2007, “Inprocess surface roughness 

prediction using displacement signals from spindle motion”, International Journal of Machine Tools 

and Manufacture Volume 47, Issue 6, 

6. Olivo, C. T., (1987), Machine Tool Technology and Manufacturing Processes, C. Thomas Olivo 

Association, Albany, NY. 

7. Quinlan, J. R. (1986). Induction of Decision Trees. Machine Learning, 1, 81-106. 

8. H. El-Mounyari, Z. Dugla, H. Deng. Prediction of surface roughness in end milling using swarm 

intelligence 

9. J.Z. Zhang, J.C. Chen & E.D. Kirby. 2006. Surface Roughness optimization in an end milling 

operation using the Taguchi design method. 

 



Mr.Vijay Kumar Jha, Dr.Sanjay Kumar Jha and Mr. Pra shant Prakash 68

10. S. Tasdemir, S. Neseli, S. Sarıtas, S. Yaldız. 2008. Prediction of surface roughness using artificial 

neural network in lathe, ACM International Conference Proceeding Series; Vol. 374, Proceedings of 

the 9th International Conference on Computer Systems and Technologies and Workshop for PhD 

Students in Computing. 

11. W. Wang, S.H, Kweon & S.H. Yang. 2005. A study on roughness of the micro-end milled surface 

produce by a miniatured machine tool. 

12. Bhavani,Thura-is-ingham, “Data-mining Technologies,Techniques tools & Trends”, CRC Press 

13. Fausett, Laurene (1994), Fundamentals of Neural Networks: Architectures, Algorithms and 

Applications, Prentice-Hall, New Jersey, USA. 

14. Zurada J.M., “An introduction to artificial neural networks systems”, St. Paul: West Publishing 

(1992). 

15. J. A. Harding, A. Kusiak “Data Mining in Manufacturing: A Review” Journal of Manufacturing 

Science and Engineering NOVEMBER 2006, Vol. 128 / 969. 


