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ABSTRACT

Quality control in manufacturing process means checking the consistency of the process or product with the internal
or external customer requirements. Most often it is done by direct measurement or observation. The main objective
of the quality control is to increase the chance that the product (process) is free from defects when passing it on
further stages of the production process or on to use. It is difficult to find the type of industry, which is not
performed by the demands resulting from quality control. In many industries, quality control plays a special role,
especially where the manufacturing outcome is important for the client. The pharmaceutical and medical industries
are examples of a situation in which quality status of manufacturing process has a direct impact on the patients
health and even — in some cases — their lives. Alternative control is a special case of quality control. It can be
performed by measuring or checking and classifying the object (product) into one of a number of states (in the
specific case — into one of two, for example: good/bad or OK/No OK). Alternative quality control may be carried
out with — for example — use of specialized equipment that automatically classify the items (for example, with use of
machine with pattern recognition module to verify circuit boards or machine for printing color evaluation) or with
the use of human senses (as visual control, control), man knowledge and his experience (know-how). To assure that
quality control of manufacturing is a reliable process and its outcomes are on accepted level, measurement system
must be evaluated (variation of the measurement system should be known and accepted). There are many procedures
to assess the capability and reliability of measurement system. The most common and widely used procedure to
assess alternative measurement system is — on the base of authors experience — KAPPA method. It allows to assess
the impact of factors such as: human factors, instrument/gauge, environment etc. on the reliability of the control.
The paper presents some possible directions of development of attribute measurement systems procedures. These
challenges derive from need to assess the impact of factors related to the determinants of human psychophysical on
the results of the statistical evaluation of measurement systems.
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INTRODUCTION

Various aspects of methods and techniques of quality control are widely discussed in the scientific literature. To
a large extent these considerations also concern the control of manufacturing processes, in which the requirements
primarily relate to the characteristics of the geometry of the product, therefore to measurable quantitative traits.

The concept of quality control process or product quality can be understood in several ways. Many authors [Hamrol,
2008] [Diering, et.al., 2014] define quality control as checking the process or product compliance with the
requirements of the internal or external client. Nevertheless, the concept of process quality control is a much wider
and includes the assessment of the product quality. Therefore, in the following part of the paper, when the authors
talk about the quality control, it is meant about assessment of compliance with the requirements of the process.

Due to the manner of process assessment quality control can be divided into:
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— assessment of measurable characteristics (quantitative),

— assessment of unmeasured characteristics (qualitative, assessed alternative).
Control of the measurable characteristics is achieved by direct or indirect measurement and gives a numerical value
output of the measured process features. In the case of attribute characteristics the control is performed by checking
or observing the properties, which in turn allows to classify the object into one of several possible states. This can be
explicit assignment, for example: good product-defective product, or as an assignment to the assessed unit one of
several categories defining a degree of fulfillment of requirements, such as: the product of class I, II, III.

Control of attributive characteristics can be performed by type tests measuring instruments and templates and/or
using knowledge and human senses — the so-called organoleptic control, such as visual inspection (checking color
printouts), tactile (flow evaluation of the motion of the ratchet surgery tool), sound, scent or flavor (food industry,
FMCQG).

Process quality control performed by a man using his senses is widely described in the literature [Hamrol&Kowalik
&Kujawinska, 2010] [Almgren, 2012] [Battini, 2011]. Research on the efficiency of this type of inspection focuses
mainly on the analysis of the impact of human factors and the work organization [Bo Hu&Wei Zhang and Gavriel
Salvendy, 20112] [Erdnic, 2008] [Falck, 2002] [Gérska 2009] [Hamrol, et.al., 2006] [Jasiulewicz-Kaczmarek, 2013]
[Helander, 2012] [Pacholski, 1977]. These two groups of factors can be divided into 5 categories: task, individual,
environmental, organizational and social (Figure 1).

Task Individual
* Defect Rate s Gender
* Defect Type s Age
* Defect Salience * Visual Acuity
* Defect Location * Intelligence
= Complexity = Aptitude
* Standards * Personality
* Pacing * Time in Job
* Multiple Inspections * Expenence
e Owverlays * Visual Lobe
* Automation * Scanning Strategy
* Biases
Environmental Organizational
+ Lighting *  Management Support
s Noise * Training
* Temperature * Retraining
s Shift Duration *  Instructions
+ Time of Day +  Feedtorward Information
* Vigilance * Feedback
» Workplace Design * Incentives
* Job Rotation
Social
» Pressure »  lsplation
» Consultation * Communications

Figure 1. Factors affecting the efficiency of the alternative control performed by the human [Judi E. See, 2012]

Technical factors are factors related to the physical implementation of the checks in the production process. For
example, this group includes factors related to the actual level of defects, with features that are evaluated (the
availability of features for evaluation), the standards under which the product is controlled, the availability of the
tools used during the inspection, etc.

Psychophysical factors relate to controllers mental and physical determinants. These include age, gender,
intelligence, temperament, health, etc. Research in this area are intended to identify the characteristics that make up
the perfect controller profile [Drury, 1999] [Bozek&Rogalewicz, 2013] [Duphrate, 2004] [Eklund, 1997].
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Another group of factors are organizational ones. These include support factors in decision-making during the
inspection and the acquisition of skills by the controller, the number and types of controls, information on the
performance and efficiency of the checks carried out, the factors affecting controller stress, such as the time, the
consequences of bad judgment (no premiums, loss company image, etc.).

Work environment factors are associated with the workplace, in which control is performed. Environmental factors
include the physical components, such as lighting, noise, temperature as well as the organization of the workstation.
Research on these factors conducted Drury (1999) — analysis of the impact of lighting on the results of visual
inspection, Hancock (1984) — the noise impact on the efficiency of control, Hamrol, Kowalik and Kujawinska
(2010) - light, noise, Murgatroyd, Worrall and Waites (1994) — ambient temperature and McCallum et al. (2005).

The last group of factors are factors related to the enterprise community in which controllers work. In their work
they frequently meet with the pressure which is caused by persons whose interests are in conflict with the controller
job. An example might be pressure from the production staff (often colleagues) who expect the acceptance of the
work done (payment of salaries, bonuses) or the pressure exerted by the board staff and managers whose goal is to
minimize re-inspections related to products for which there is no clear assessment. Thus, in many works can be
found recommendation to separate control functions from production functions [Judi E. See, 2012]. Placement the
visual control in manufacturing may adversely affect its performance due to the relationships between the controllers
and other employees.

One of the causes of errors in alternative assessment is imprecise description of the requirements for manufactured
products. An example may be assessment of the quality of galvanized sheet [Almgren, 2012] — for class A surface
some scars, pores, varied surface structure, dark spots, blemishes a striped and small patches of the passivation
process are allowed, while improved class B surface, obtained in the process of cold rolling smoothing , it is allowed
for "(...) small cracks caused by straightening the winding, rolling prints of smoothing, minor scratches, diverse
structure of surface waviness of the process and the slight coloration of the passivation process (...)." Based on the
above description, it is difficult to qualify controlled surface quality as A or B. The formulation "slightly", "minor",
"small" disqualifies these guidelines as a basis for quality assessment . Therefore, in such situations, the quality
control is determined by number of defects which are acceptable, for example: how many stains zinc on the
coating?, how many paint coating discontinuities on the product? The word "how many" is the key here, because in
order to properly assess the characteristics associated with visual evaluation it is necessary to describe the problem
quantitatively.

Inaccuracy of the terms of requirements can cause problems in the correct control implementation and its application
in practice. It seems that the solution to this problem brought mathematical apparatus — by applying in the quality
assessment methods and techniques the theory of fuzzy logic. From the 80's been an increase in applications of
fuzzy logic techniques in supporting human decision making in the alternative control, where evaluation is
expressed imprecise[Jieng, 2003] [Jhonson, 1980] [Master, 2005].

However, it turns out that the development of assessment techniques of alternative processes is not parallel with the
development of assessment techniques of measuring systems. Namely, well known and described in literature
[MSA, 2010] measurement systems analysis methods (MSA) for alternative assessments provide only a situation in
which a person classifies process (object) to one of two states. There is no other possibility, although at the same
quality control of such a possibility exists.

Measurement systems analysis and conformity assessment systems ensures reliability of the data, so the
development of instrumentation associated with this analysis should be parallel with the development of
measurement techniques and methods to support decision-making.

VISUAL INSPECTION OF MANUFACTURING

Control in the ordinary sense means the test or measurement of specific characteristics of the product and/or process
and the evaluation on the basis of the obtained results, whether a characteristic meets the specified criteria for
compliance. Also the term of verification or inspection may be used in the literature and are designed to assess the
conformity of attributes data of the product, production settings of the machine or process parameters of the
requirements defined in the specification by the client, or the internal arrangements which company. Many authors
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interpreted the quality control as a regulatory process, whose activities are aimed at bridging the gap between the
defined standard and the actual results of the process [Hamrol, 2008].

Among the group of alternative control techniques the most commonly used is assessing the quality of the products
by visual inspection. The visual inspection is particularly important for processes where repeatability and
reproducibility are limited and outcomes are different and require an individual approach when assessing the quality
of their performance.

On visual inspection, knowledge of the errors which potentially can be found during the control is very important.
Also, an experts (engineers, appraisers) clear definition of the control criteria (how many and what type of defects
means that the product is considered to be defective) are important. This standardization facilitates the work and, on
the other hand, restricts, narrows the area of errors search. The operator focuses on recognizing the defined potential
errors (using the list of potential errors). The risk of omission not listed errors (even errors which are visible without
any magnification) might be large. Stereotyped approach to the inspection process often does not stimulate creativity
and often is related to the passive attitude of the operator in relation to his work performed. In such a case he can
very easily takes the wrong decision as omission (in the terminology of statistics that is type II error) or incorrect
classification (type I error) [Wiecek-Janka, 2011]. The final stage of the inspection process is the operator decision
about the product and/or process — does the product may be passed on to the next steps of the production process?,
or whether should it be separated from the good (coherent) products?

ATTRIBUTE MEASUREMENT SYSTEMS STUDY

The main function of the measurement system or evaluation system (hereafter — when talking about the process of
deciding the question of compliance with the specifications — the concept of the measurement system is also used for
the system or method of the assessment, the analogy also for the measurement process and measurement) is the
realization of the measurement process. Understanding the variation resulting from the interaction of the elements of
the measurement system and understanding their contribution to the total observed variation are fundamental for
actions and decisions undertaken on the basis of measurements taken from manufacturing process or manufactured
products. This is also a basis for problems solving in the production process. In case of significant variation of the
measurement process, the observed from the manufacturing process results are not reliable. The variation of the
system can therefore be the cause of the loss of time and resources, or customer dissatisfaction (eg. complaints). One
component of the evaluation system — as already mentioned — may be human (eg. operator of the machine,
appraiser). Furthermore, there are processes in which the human is more effective "measurement tool" than the
instrument, gauge or measuring device. In systems in which one of the element affecting its variation is the human
factor, above all, it should be controlled. To this serve the MSA methods and procedures [MSA, 2010].

In the automotive industry requirements for quality of measurement and guidance on the methodology of
measurement systems analysis determines the American Association AIAG — Automotive Industry Action Group. It
is a non-profit organization bringing together world-renowned experts from science, politics, industry and business.
ATAG creates standards for good manufacturing practices, including practices for MSA analysis for the largest car
manufacturers in the world and their suppliers, thereby creating a culture of measurements quality. Subcontractors in
the automotive OEM, ie. the Original Equipment Manufacturers are representatives of various industries. For
example, for automotive works the plastics processing industry (finishing the interior of the vehicle, such as the
dashboard), glass processing (windshield of the vehicle), textiles (upholstery) or chemical (battery), and many
others. Hence, the guidelines contained in the guide AIAG [MSA, 2010] are universal (like, for example, the
requirements of ISO 9001 for quality management systems). Those subcontractors are seeing the benefits of the
MSA and more often analyze their measurement systems not only because of orders from the automotive industry.

In practice, production companies use different methods of MSA, both in case of systems for measurable
characteristics as well as systems for characteristics evaluated alternative.

For measurable characteristics literature suggests developed by the automotive industry procedures and methods for
estimating the variation of selected measurement process properties that use statistics and/or probability for testing
the accuracy of measurement — correctness (eg. bias) and precision (repeatability and reproducibility) of the system
and also its linearity and stability. They are based mostly on the analysis of variance. Evaluation of the usefulness of
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the measurement system is mainly done on the basis of the ratio %R&R (formula 1). The designation of this index is
the last "step" in almost all of MSA procedures for measurable characteristics [MSA, 2010].
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where:
— %R&R — the rate (index) of the usefulness of the measurement system,

— Om, R&R — standard deviation which describes the variation of the measurement system (combined effects of
repeatability and reproducibility),

— RF — accepted reference value (usually it is part of the tolerance or TV — the total variability of the process),
— 0., EV — standard deviation describing the repeatability,

— 0o, AV — standard deviation describing the reproducibility,

— 0,, PV — standard deviation describing the manufacturing process variation.

Evaluation the suitability of the measurement system is carried out depending on the value of %R&R. It is
assumed that the measurement system is acceptable (capable of tasks served by) when the value of %R&R does not
exceed 30%.

MSA procedures and methods for measurable characteristics are widely described and developed in the literature.
Burdick points to the extensive use of MSA in production, reviewing procedures, Gorman and de Mast [Gorman,
2002] developed an approach to the analysis of the measurement system for destructive measurements. Furthermore,
the authors of this paper also undertook scientific work in this area. For example, they proposed online method for
ongoing assessment and monitoring of the usefulness of the measurement system [Gorman, 2002].

The most widely used procedure for the variation analysis of alternative measurement systems is Cross Tab Method,
the KAPPA. This procedure does not require knowledge of the reference values obtained by measuring. The result of
the procedure is the value of KAPPA (not the %R&R), indicating the level of compatibility between pairs of
operators and for couples operator-expert. Standard tests for system features are: 50 parts (n = 50), three evaluators
(k = 3) and three series of evaluations (r = 3), or 450 assessments, and the calculation procedure is based on the
simple theory of probability [MSA, 2010] (formula 2):

b,—p,
1-p,

KAPPA= , )

where:
— KAPPA — compliance rate for pairs of operators or pairs of type operator-expert,

— po — the sum of the observed consistent decision type 0-0 i 1-1 in relation to the number of possible pairs of
decision 0-01i 1-1,

— pe — the sum of the expected frequency of compatible type of decision 0-0 i 1-1 in relation to the number of
possible pairs of decision 0-0 i 1-1.

The signal detection method, as one of the alternative assessment methods, is also widely used for measurable
characteristics — when the measurement characteristics is difficult or economically unjustified (unprofitable), or
when the measurement characteristics is more time-consuming than the evaluation of the product (for example,
measure the diameter of the shaft can be made ruler or evaluate test). Then, if the appraiser decision is not a rate
(good/bad) but the measured value obtained by measuring, those, in this case, the most common is a signal detection
method. The overall objective of this method is not — as in the case of KAPPA — assessment of the compatibility
between the operators and the expert, and the appointment of the so-called ambiguous decision area (an area about
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the results, in which evaluators are different because of the decisions about the state of the characteristic) (Fig. 6) .
Here, the number of evaluations undertaken in the framework of the study are also 450 (n =50, k=3 and r = 3 is
the most commonly accepted test system).

USL LsL

[ o] | A b

Figure 2. Areas of decision-making in the attribute measurement system studies: USL/LSL — upper/lower
specification limit, I — the area of decision: "bad/wrong/defective product" (out of specification), II — the area of
ambiguous decision (it is difficult to make a clear decision “good” or “bad”), III — the area of decision: "good
product” (within the limits of the specification). Source: [MSA, 2010]

Arrangement — according to the procedure — all series of ratings for each part of the study and due to the value
indicated by the expert, the width of the region II are determined by assessing dus. — distance between the last part
accepted by all appraisers do the first part rejected by all appraisers and it is equivalent to the gray zone II
surrounding the USL above, bounded by the upper zone I to the right and zone III to the left; and dis; — distance
between the last part accepted by all appraisers in zone III do the first part rejected by all appraisers in zone I.

Knowing the range of zone II, the value of R&R can be determined and from this, the usefulness of measurement
system indicator %R&R (formula 3).

dyg +d
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In practical approach for alternative measurement systems analysis and approach for its evaluation of and possibility
of its conduct of using computer aided states Bower in [Bower, 2002].

ATTRIBUTE MEASUREMENT SYSTEMS STUDIES -
CHALLENGES AND TRENDS

As a result of the literature review, discussion and research in many enterprises, as well as on the basis of authors
own thoughts and experiences, a number of issues are pointed which — according to the authors — can determine the
direction of the development of measurement systems analysis for alternative assessment (for attribute studies).

In the world around us the phenomenon of the imprecision of information is universal and indelible. Man naturally
uses imprecise terms such as: low temperature, high speed, etc. What is more, he can effectively use them to transfer
knowledge, argue and conclude. People naturally express their understanding of the phenomena and their
mechanisms using imprecisely defined rules in the form of and this way of handling information is the basis of
human intelligence [Diering, et.al., 2013].

The theory called fuzzy sets was proposed by Zadeh in [Zadeh, 1965]. It allows to describe an imprecise concepts in
mathematical language (and hence in a way which is understood by computers). This theory also allows to operate
on those sets effectively and use them in decision-making process. He described his theory as a precise description
of the imprecise phenomena. Mamandi [Mamandi, 1974] described a method of using these collections to make
decisions and control processes. The first of its application appeared in the years 80 of the XX century, among
others: control of furnace cement (Denmark), sewage treatment plants (Fuji), train control (Hitachi) [Faraz, 2007]
[Goldboy, 2006]. In the years 90 of the XX century became the Japanese "fuzzy logic boom" — fuzzy controllers
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began to be widely used in household appliances, automotive system (ABS, fuel injection), in cameras and
camcorders, etc., and in decision support systems, for example, production planning and estimating insurance risk.
More about the theory of fuzzy sets can be found in [Wygralak, 2013] [Dyczkowski, 2012] [Grzegorzewski, 2006]
[Kacprzyk, 2006], on fuzzy systems, decision-making and control — in [Bower, 2002, 2003] and on industry
applications, and the production of recommendation systems — in [Kumuru, 2013] [Klir, 1994].

According to the authors, an important issue seems to be the development of methodologies for systems in which the
assessment of the level of compliance of the product specific requirements is made using natural language, ie. the
assessment with using a linguistic terms (eg. very low, low, medium, much, very much). Within the attribute
measurement systems methods development the fuzzy logic should be taken into consideration. So far the fuzzy
approach is more widely used in the manufacturing processes control and product quality evaluation as a method of
decision support. Studies conducted by the authors suggests that the issue of fuzzy MSA is almost not discussed in
the scientific literature — for attribute characteristics, in general, and for measurable features they found only a few
work.

The applicability of the fuzzy approach in MSA for measurable characteristics noted Hajipour and Kazemi
[Hajipour, et.al., 2013]. The authors describe a case study from the automotive industry, for which in the
measurement system analysis they used the concept of fuzzy numbers. In these works they set indicators — average
range for part R, the range of average of the parts Xdiff , the value of repeatability measure — EV , the value of
reproducibility measure — AV and the value of the total measure of repeatability and reproducibility, ie. R&R.
Results are expressed as fuzzy values. However, this approach seems to be "artificial" — Hajipour and Kazemi
[Hajipour, et.al., 2013] proposed to present classical measures of measurement system variation indicators using
fuzzy numbers, without specifying the methodology of their determination and without an analysis of the benefits of
such a model. Those authors also suggest that there is almost no work in the literature about the fuzzy MSA concept.

In the literature can be found some tips on how to analyze the measurement system for attribute characteristics, ie.
one can distinguish two states (first: 1, good, yes, ok; second: 0, bad, no, not ok). It can be assumed that this is the
classical approach to the assessment of the attribute study. However, there is no indication whether it is right to
conduct the analysis in the same way, when appraiser takes into account several characteristics of the product at the
same time (simultaneously). For example — when the three features of the product are tested (eg. the product
inspection to check: 1. the occurrence of burrs, 2. the number of scratches on the surface of the product and 3. color)
there is no guidance if the analysis of such a system should include three compatibility analysis (for each of the
characteristics separately) or one, treating the final decision of the evaluation as a single outcome in the analysis of
the system (ie. the subjective appreciation for a good product or as rejection in a situation where, for example, the
requirement for at least one of the characteristics will be considered by him as an error). Both solutions seem to be
wrong — the first because of the number of necessary ratings for this analysis (study for one characteristic requires
hundreds of evaluations), and the second — due to the loss of a lot of information (the inability to separate the
effectiveness of the assessment to particular characteristic of the product).

Well known in the literature and industrial practice methods — KAPPA and signal detection method — are used for
the evaluation of alternative systems is in terms of the classical approach, in which the result of the assessment
supports the decision to accept (good product, 1) or reject (article incompatible, 0) of the product, but does not
provide information about the degree of fulfillment (or lack thereof) in relation to the requirements to the
characteristic. There is no dedicated procedures to measurement processes, in which the result is the assignment of
assessing is qualities to one of the many states. Such an assessment of the manufacturing process is becoming more
common. This is even more complex (and so far unsolved) problem — evaluating must take a clear decision about
the product based on many unmeasured characteristics, evaluation of which is allocated to one of more than two
states (not just "good" or "bad", but also the intermediates, such as "medium"), based on the information accurate.

Because the methods of monitoring and controlling systems of assessment should be appropriate to be able to
demonstrate the ability of these systems to the set of tasks, thus the above is one of the premises which indicates
direction of development of the MSA that decisions about the process and the product could be taken on the basis of
reliable data.

SUMMARY
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The authors of the paper are currently working on the concept of methodology for systems in which the assessment
of the degree of compliance of the product specific requirements is made using natural language and the application
in the assessment of linguistic terms (eg. low, medium, a lot). The concept of fuzzy approach will take into account
when making decisions about the status of the product (MSA fuzzy procedure using fuzzy rule-based methods).

Besides, the intention of the authors is to solve other problems and work with other challenges related to MSA. The
authors are working on a proposal for procedures for overseeing the control of many unmeasured characteristics of
the product at the same time.

The paper presented some possible directions of development of attribute measurement systems procedures.
Proposed procedures derive from need to assess the impact of factors related to the determinants of human
psychophysical on the results of the statistical evaluation of measurement systems.
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