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ABSTRACT 

Controlling the quality of materials, components, batches, products and assemblies during the course of 

manufacture is probably the most popularly recognized Quality Control activity. A charting and pattern 

recognition tool has been developed using Visual Basic and MS-Excel to automate the drawing of control 

charts. This can also enable better visualization of process data and provide automated recognition of basic 

unnatural patterns responsible for process to go out of control. Data mining has emerged as an important tool 

in extracting the knowledge from process databases. An out of control condition can trigger an appropriate data 

mining technique if any unnatural pattern is found in any control chart for a particular quality characteristic of 

any stage of the process. Process data can be analyzed by independent data mining technique to discover   

hidden patterns in the parameters that control the manufacturing process to improve the quality of products. 

Expert system database of the organization may be updated by the extracted knowledge from various stages of 

the process. An algorithm shall be developed that can control input parameters to various stages  of the process 

so as to achieve its over all performance by making use of comprehensive expert system database of the 

organization along with the integration of control charts and data mining. 
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I. INTRODUCTION 

Data mining is a collection of tools that explore data in order to discover previously unknown 

patterns. [16] Data mining applications include manufacturing process control, quality control, 

condition monitoring and fault diagnosis, optimization of manufacturing yield etc. It is a blend of 

techniques and concepts from statistics, AI, machine learning, neural networks, data visualization, 

pattern recognition etc. 

Control chart may be defined as “a graphical method for evaluating whether a process is or is not in a 

state of statistical control”. It is a chronological (hour-by-hour, day-by-day) graphical comparison of 

actual product, part or other unit quality characteristics with limits reflecting the ability to produce as 

shown by experience on the unit-quality characteristics.[5] This paper focuses on application of 

control charts in monitoring the out of control condition that may occur at any stage of manufacturing 

process. If any out of control condition is found the reasons for the variation outside the stable 

patterns shall be discovered by appropriate data mining techniques like association rule, decision tree, 

regression, neural network etc and corrections are applied to input process parameters to control the 

product quality. This paper consists of six sections. In Section 2, definition of quality and causes for 

variation in quality are presented. In Section 3, types of control charts are described. Interpretation of 

control charts and basic tests that can be considered for pattern analysis on  chart are presented in 

Section 4. In Section 5, the methodology of integrating control charts and data mining for process 

control is presented. Finally the conclusions of this paper are presented in Section 6. 
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II. QUALITY   

Quality is defined simply as meeting the requirements of the customer and this has been expressed in 

many ways 

� Fitness for purpose or use 

� The totality of features and characteristics of a product or product that bear on its 

ability to satisfy stated or implied needs 

2.1 Variation in Quality 

Every process and its output are subjected to variation. No two things can be made exactly alike. 

There are two types of causes responsible for change of dimensions (quality characteristics) on any 

component manufactured. 

� Inherent or Random (chance) sources of variation: This is caused by large number of chance 

factors and depends on rigidity of machine tool and its process capability etc.  

� Assignable causes of variation: This is caused by human factors, tool wear, machine wear, 

tool getting loose, difference in raw materials, environments which can be eliminated. 

Quality control uses inspection as a valuable tool. In quality control programme inspection data are 

effectively used to take prompt corrective actions to arrest the incidence of defects in the job on hand 

and to plan the prevention of similar defects in future conceptually. The broad areas of application of 

quality control are incoming material control, process control and product control. [1, 13, 18] 

III. TYPES OF CONTROL CHARTS 

There are two fundamental types of control charts [5] 

• Measurement or variables charts(of which the most popular are   ,R, S charts) for use when 

actual readings are taken 

• Charts for use with go and no go or attributes are called p, np, c and u charts 

Once the quality characteristic to be studied has been determined; data is collected and samples must 

be properly selected by the principle of rational sampling. Rational samples are groups of 

measurements, the variation among which is attributable to one system of causes. Examples of non 

rational sampling include sampling from parallel machines, sampling over extended period of time 

and sampling from products of several sources.  

If the quality related problems are not easily solved in numerical form, then Attribute Control Charts 

(ACC) are useful. ACC tools are effective for detecting quality improvement or degradation. ACC is 

used to evaluate the variation in a process where measurement is an attribute i.e. is in discrete or count 

(e.g. pass/fail, number of defects). In ACC defining sample size is a problem. A fuzzy based model 

for ACC in multistage processes was developed and the model is solved by GAs (Genetic Algorithms) 

and the sample size is suggested. [19] 

IV. INTERPRETATION OF CHARTS  

• When interpreting charts, it is important to start with the R chart and get it under statistical 

control first because the limits of chart depend on the magnitude of the common cause 

variation of the process measured by . If some points on the R chart are initially out of 

control, the limits on chart will be inflated. 

• The occurrence of trend or recurring cycles in the data pattern can indicate that system 

experiencing  a drift or cyclical change with respect to its mean or range 

• Run of points above or below the center line may be indicating small shifts in the mean or 

level of variability 

When ever an out of control condition is indicated, it is important to determine the basic process fault 

that is producing it. Some useful generic conditions to look for include the following: 

• Trends/cycles :- Systematic change in the process environment, worker fatigue, maintenance 

schedules, wear conditions, accumulation of waste materials and contamination 
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• Sudden shifts in level :- New machine, die or tooling, new batch of material, change in 

measurement system and change in production method 

The unusual patterns were fairly obvious even through the most careful examination of the charts. 

Often, special causes of variation produce patterns that are less obvious. Therefore more rigorous 

pattern examination should generally be conducted. Several useful tests may be performed by 

dividing the distance between upper and lower control limits into six zones as shown in Fig-1. Each 

zone is one standard deviation wide. The zones are termed as Zone A, Zone B, Zone C from the upper 

control limits toward the central line. The lower side is reflected as mirror images. The probabilistic 

basis for the tests to be discussed using the zones is derived from the normal distribution. Basic tests 

that can be considered for pattern analysis on  chart are presented in Fig.2. How ever some tests are 

applicable for attribute charts that don’t follow the normal distribution. Test 1 works for all types of 

attribute charts. More over Test 2, Test 3 and Test 4 are applicable for p chart. [8] 

                                                                  

                                                               Fig-1 Zone Rules for control chart analysis 

 

 

 

Test 1: The existence of a single point beyond Zone A signals the presence of an out of control 

condition. (Extreme points) 

Test 2: Two out of three points in Zone A or beyond signals the presence an out of control condition 

Test 3: Four out of five points in zone B or beyond signals the presence of an out of control condition  

Test 4: Seven or more successive points either strictly above or strictly below the center line (this rule 

is applicable to both  and R charts) 

Test 5: When six successive points on either   or R charts show a continuing increasing or 

decreasing trend, a systematic trend in the process is signaled 

Test 6: When 14 successive points, oscillate up and down on either   or R charts, a systematic trend 

in the process is signaled 

Test 7:  When eight successive points, occurring on either side of the center line with none in Zone C, 

an out of control condition is signaled 

Test 8:  When fifteen successive points on the  chart fall in Zone C only, to either side of the center 

line, an out of control condition is signaled 

Although these tests can be considered as basic, they are not totally comprehensive. Analyst should be 

alert to any patterns of points that might indicate the influence of other special causes in the particular 

process. Tests 1, 2, 5 and 6 are separately applied to the upper and lower halves of the chart. Tests 3, 

4, 7 and 8 are applied to the entire chart (  and R charts). Points can contribute to more than one test. 

[1, 8, 13, 18] 
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Fig-2 Pattern analysis of  charts 

V. INTEGRATION OF CONTROL CHARTS AND DATA MINING FOR PROCESS 

CONTROL 

To plot control charts and drawing conclusions from them requires collection and organizing the 

process data, determining control limits, recognition and analysis of unusual patterns exhibited by the 

process. More over plotting the charts manually for different quality characteristics becomes tedious 

work and error prone. This consumes more time and requires greater attention. A charting and pattern 

recognition tool has been developed using Visual Basic and MS-Excel [7, 9] to automate the drawing 

of control charts. This tool provide better visualization of process data and enable automated 

recognition of basic unnatural patterns responsible for process to go out of control. 

Typical data entry sheet for manual collection of sample data to draw  and R charts is shown in Fig-

3.  and R charts generated by the charting tool is presented in Fig-4 for typical data. (XDoubleBar: 

Arithmetic mean of the sample averages, RBar: Arithmetic average of sample ranges) Pattern 

recognition tool performs tests on collected data to discover basic unusual patterns responsible for 

unstable process. Passing of a test indicates absence of unusual pattern linked with that test and vice 

versa. A typical output showing the outcome of tests performed on  and R charts is given in Fig-5. 
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Fig-3 Data entry sheet for  and R charts 

                      

Fig-4   and R charts generated by the charting tool 
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Fig-5 Outcome of tests performed on  and R charts 

Quality troubles often gradually “drift” into a process. Tool wear deflection, tool temperature or an 

improperly ground tool may result in a trend which finally leads to production of non-conforming 

parts. A chart which compares actual production variations with control limits may flag the entrance 

into the process of this sort of quality trouble before scrap or rework is actually caused. Unusual 

variation caused by assignable causes may represent temporary difficulties that can be eliminated with 

out much expenditure. [5] 

Classical methods like control charts aim to monitor the process not to infer the relationship between 

target attribute and input attributes. [16].The goal of mining quality related data is to find the relation 

between the quality measure (target attribute) and input attributes (manufacturing process data). The 

idea is to predict the quality measure of a certain product/ batch based on its process parameters.  

The control signature is a set of feature values or ranges that lead toward an expected output. Rough 

set theory was used by Kusiak to determine the association between control parameters and product 

quality in the form of decision rules and generated control signature from those rules.[15] The 

manufacturing parameters include the characteristics of the production line such as machine that has 

been used in each step, how machine has been set up, raw material in the process, environment 

(moisture, temperature), operators on the production line (experience level of worker, which have 

been assigned on each machine in the line), the shift number and other significant factors. [16]    

Data is collected electronically and stored in databases in modern plants. The volume of collected data 

makes it impractical to explore and detect intricate relations between parameters of different 

processing steps using standard statistical procedures. Also comprehensive manual analysis of 

voluminous data becomes prohibitive, especially on-line monitoring and control of manufacturing 

processes are considered. 

Data can be analyzed by data mining techniques to identify hidden patterns in the parameters that 

control manufacturing processes or to determine and improve quality of products.  [2] 

“Interestingness” (of pattern) is usually taken as an overall measure of pattern value, combining 

validity and novelty, usefulness, simplicity and understandability. The measures of interestingness can 

be classified into objective measure and subjective measure. An objective measure depends on 

structure of pattern and underlying data used. Subjective measure depends on the class of users who 

examine the patterns. These are based on two concepts. [17] Unexpectedness (a pattern is interesting 

if it is unexpected) and actionability (a pattern is interesting if the user can use it to his or her 

advantage) of the pattern. 
Study of entire process data/factory data altogether to discover the problem areas instantly affecting 

subsequent processes requires consideration of hundreds of attributes simultaneously. During the 
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product design and development process data mining can be used in order to determine “internal” 

factors at each stage and “external” factors at consecutive and previous stages. Data mining can be 

seen as a supporting vehicle for determining causal relationships among “internal” factors associated 

with manufacturing processes and external factors related to the competitiveness of the manufacturing 

company. Since manufacturing have an inherently temporal context, time factors may be taken into 

process in order to correctly interpret the collected data. (e.g., from a certain production date the 

number of defects is much higher than normal) 

The deviation of process data from the normal and/or discernible pattern detected over time may have 

an adverse impact on current and subsequent stages. Extracted knowledge may include classification 

to predetermined types of deviation from the norm and causal relationships among temporally 

oriented events. [6] 

Different data mining techniques may be applied with independent goals at each stage of the process. 

The failed batch / yield identified by a date can help in identifying the cause relating to faulty 

equipment or tool or material etc. Condition based monitoring information could come from either or 

both on-line condition monitoring data and historical records. Process analysis is concerned with 

optimizing inter related processes with in an enterprise. Identifying inter relationships among these 

processes has proven a valuable field of data mining technology. The knowledge extracted by mining 

process databases at various stages can be integrated with existing expert systems of the organization. 

Various decision making tools can be networked in support of globally optimal decisions. [3] Data 

mining tools have shown a profound impact on informed, transparent and autonomous decision 

making. An algorithm can be developed to integrate overall system performance with the component 

systems based on extracted knowledge.  

Control chart helps in monitoring a particular stage of a process and necessary for the development of 

process know how. It can trigger a specific data mining technique applicable for that stage if any out 

of control pattern is detected and expert system database of the organization can be updated with the 

extracted knowledge. Fig-6 shows the integration of control charts and data mining for process 

control. 

 
Fig-6 Integration of control charts and data mining for process control 
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VI. CONCLUSIONS 

This paper presented the methodology for the integration of control charts with data mining 

techniques to achieve process control. Knowledge may be extracted by applying data mining 

techniques on temporal data collected at various stages of the process; condition based monitoring 

data of equipment, tools etc and analysis of defects in products/components produced.  

Expert system database of the organization may be updated by the extracted knowledge from various 

sources as mentioned above. An algorithm can be developed to integrate over all process performance 

(e.g. performance parameters, production indices, yield, company goals etc) with its component stages 

through comprehensive expert system database. The algorithm is expected to provide optimal process 

parameters (input) to each stage of the process so as to improve over all process performance. 
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