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Abstract The research presented in this paper was aimed to analyse and evaluate
the impact of organizational factors on the effectiveness of visual inspection in the
manufacturing of electronic systems for the automotive industry. The study was
carried out according to the authors’ own methodology consisting of three stages:
detailed description of the process, developing a study plan and analysis of the
results. The experiment was conducted and influence of three factors: type of
inspection, shift and type of defect, was taken into consideration and evaluated.
Recommendations were made to improve the quality of such inspections that will
lead to the improvement in the final quality of the product.
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1 Introduction

Quality inspection is defined in the literature as assessment of compliance of
selected product features or process parameters with the predefined requirement on
the basis of observation or measurement [1, 2]. It is expected from quality
inspection that it actively improves the production and quality as well as reduces the
costs [3]. The key characteristics of the inspection should be in accordance with the
KPI of the process and/or product [4].
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The method of quality inspection depends on the nature of the manufacturing
process. Unit inspection involves a series of measurements for the assessment of
each product on an individual basis. In large-series production, evaluation of each
product is often economically unjustified or even unfeasible. For the purpose of
quality inspection, techniques of statistical analysis of random sample data are used
instead, which provide information for quality assessment of the entire lot (or
process, respectively). In some cases, however, 100% quality inspection is applied
in mass production, where delivery of products incompliant with the requirements
may result in serious consequences, for example, in the food, pharmaceutical,
medical, aviation or automotive industry.

Considering the method of conducting quality inspection, it can involve
assessment of measureable (quantitative) or qualitative (assessed alternatively)
features [5]. The latter type of quality inspection is applied where direct or indirect
measurement is unfeasible, impeded or uneconomic. Alternative assessment does
not provide data on the degree in which the examined feature meets predefined
requirements, but rather serves as a basis for a decision whether the product under
analysis should be accepted or rejected as defective. Typically, as a result of the
inspection, the product is assigned to one of two (or—less frequently—a larger
number) possible states [5, 6].

Alternative assessment can be carried out with the use of specialized equipment
which classifies products automatically (e.g. equipment for the assessment of
location and orientation of components, optical systems for identification of
impurities on the surface). However, it can also have the form of sensory testing.
One type of sensory evaluation is visual inspection [7, 8].

Visual inspection is commonly believed to be economic as it does not require
any costly equipment and is not destructive. However, it has its downsides—no
matter how diligently performed, it is never 100% reliable and does not guarantee
proper assessment [9].

As any type of inspection, visual inspection must be appropriately prepared and
planned. The inspection plan should specify the timeframes (before, during or upon
completion of a process), the feature under examination and its characteristics
(whether it is measurable or evaluated alternatively) and the purpose of evaluation
(quality estimation, acceptance or rejection of products on an individual basis) [10].
Information quality is very important to use and improve quality inspection [11].
The inspection plan has a large impact on the effectiveness of the inspection and
maintenance management [12], also on cost of the quality control [13].

Effectiveness of visual inspection is determined by various technical, organi-
zational, work environment and human-related factors [14, 15]. Technical aspects
concern the physical process of inspection and include the product features under
evaluation (their availability for visual assessment), the standards (templates)
against which the product is assessed, availability of assessment tools, etc.
Organizational factors may include the type and number of inspections, availability
of decision-making support, information on efficiency and effectiveness of past
inspections, the work shift on which the inspection is carried out, etc. Work
environment-related factors may be physical, such as lighting, noise level, ambient
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temperature, as well as organization of the workstation at which the inspection is
carried out. Human-related factors are the sex, IQ level, character, health and type
of motivation of the inspector.

Effectiveness of a visual inspection is determined by effectiveness of each of its
components. While work environment, organization of the workstation and work
itself, and technical condition of equipment are all controllable and can be corrected
or improved, human mental and physical condition, for example the biorhythm
(daily cycle), remains constant or changes only slightly [16].

The impact of a selected group of organizational factors on the effectiveness of
visual inspection in the manufacturing of electronic systems for the automotive
industry was examined in the paper. It presents a three-stage procedure adapted by
authors to assess the visual inspection procedure in the organization. It was eval-
uated scientifically and the factors affecting the quality of evaluation are discussed.

2 Methodology of the Study

The organizational factor on the effectiveness of visual inspection was identified by
means of an experiment. The study was carried out according to the research
methodology consisting of three stages.

STAGE 1: Description of the process: development of a process map specifying
the operations of visual inspection; identification of the number of inspectors;
identification of work shifts; identification of possible defects and their location.

STAGE 2: Study plan: development of the study sample—number and types of
defects (known to the expert); selection of inspection operations for evaluation;
determination of the study schedule taking into consideration work shifts at the
manufacturing facility; appointment of quality inspectors; development of data
acquisition forms.

STAGE 3: Analysis of study results: analysis of the results of evaluation, by:
type of inspection, shift, type of defect.

At stage 1, the process under examination is presented as a map specifying the
operations performed as part of the visual inspection, number of inspectors, number
of shifts and possible defects (based on value stream mapping analysis [17]). At
stage 2, a detailed plan of the experiment is developed, specifying timeframes,
product samples with the number and types of defects, work shifts at the manu-
facturing facility and location of the defects. At stage 3, the study results are
analysed and conclusions are formulated.
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3 Results (Case Study)

A case study of the process of mass production of electronic panels was conducted
in order to assess the impact of the above-mentioned factors on the effectiveness of
visual inspection.

3.1 Stage 1: Description of the Process

At stage 1, visual inspection operations were identified. In the process under
analysis, the operations are conducted upon completion of soldering of components,
during the functional test and during the final inspection upon completion of the
operation of cutting the panel (Fig. 1).

The process under analysis is carried out from Monday to Friday on three work
shifts: the morning shift from 6:00 am to 2:00 pm, the afternoon shift from 2:00 pm
to 10:00 pm, and the night shift from 10:00 pm to 6:00 am. Visual inspection is
carried out by 14 operators. Electronic circuit boards are inspected in panels or on
trays. One panel or tray contains 56 boards (Fig. 2).

The possible defects include a cracked seam, the diode pulled out of the seam, a
scratched board, exposed copper, a scratched resistor, cracked component, damaged
component, damaged pad (Fig. 3). Locations of some defects are identified, for
example the capacitator or the diode. However, a large number of defects do not
have an assigned location.

Most of the defects can be detected “with the naked eye”—e.g. a missing
component (pulled out of the seam) or scratches/exposed copper on the circuit
board (pellets or stains of solder). Some defects, however, can be identified only
with the use of a magnifying glass.

There are three visual inspection operations in the process: inter-operative (no.
1), intra-operative (no. 2) and final (no. 3) [18]. The first inspection is aimed to
evaluate the circuit board upon completion of the soldering process.1 According to
the workstation instruction, the worker’s task is to evaluate the quality of the
soldered seam and the position of components on the surface of the printed circuit
board, as well as to verify whether the soldered components are free from
mechanical defects. The second visual inspection is carried out during the func-
tional (electric) test. The operator performs visual assessment of the panel once it is
taken out of the tester bed. If any errors are detected, the operator’s task is to look
for potential defects of the components on the board, resulting from improper
mounting or soldering of components.

Before the final inspection, the panels cut at a milling centre and automatically
placed on trays. In the final inspection, the operator verifies the quality of mounting
and soldering of components. Additionally, they check for any mechanical defects,

1Soldering is done using the “pick and place” technology.
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which may occur mainly as a result of inter-operational transport and handling of
panels or single boards in the inspection process. The most common mounting
errors include improper polarization of components and displacement of compo-
nents relative to the soldering pads. The most common soldering errors are pellets

VISUAL OPERATION  1:
SOLDERING 

OPERATION  2:
FUNCTIONAL TEST 

OPERATION  3:
CUTTING 

OF THE PANEL 

VISUAL 
INSPECTION 1

VISUAL 
INSPECTION 2

INSPECTION 3 -
FINAL

Fig. 1 Process diagram specifying the visual inspection operations

Fig. 2 The panel (multi-block) with 56 boards [source own work]

Fig. 3 Example defects a exposed copper b a component pulled out [source own work]
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of solder, short circuit and stains of solder. While in the first and second inspection
entire panels are evaluated, the final inspection consists in one-sided evaluation of
single boards. In the case of any doubts, the operator takes the board in their hand
and evaluates it on both sides. Evaluated boards are put away onto a transporting
tray (56 boards per tray). If a board is considered defective, it is put away for repair
or scrapping.

Figure 4 shows a diagram of the conditions in which boards are inspected in
visual inspections 1, 2 and 3 (final).

3.2 Stage 2: Study Plan

The experiment was scheduled for 11 weeks on three work shifts in the real
manufacturing process. In total, 20 work shifts were included in the study, of which
6 were morning shifts, 11—afternoon and 3—night shifts. The study was conducted
on Mondays (the beginning of the week), Wednesdays (the middle of the week) and
Fridays (the end of the week).

Fourteen operators, men and women of 25–51 years of age and various work
experience, participated in the study.

It was agreed that at each shift, a fixed (repeated) number of defected boards
with a known structure of defectiveness would be admitted to the lot on which the
experiment was conducted. Each sample contained 16 defective boards on 6 panels.
To avoid the delivery of a defective product to the end customer, serial numbers of
defective boards were blocked in the IT system.

Table 1 shows the structure of defectiveness in a 16-component sample, with the
location of defects.

Locations of defects of the boards were the same in each lot under analysis. The
operators received a transportation basked with 21 panels of which 6 had the defects
listed in Table 1. The defective panels constituted 28.6% of the transportation unit.
The operator took the components out of the transportation basket for the operation
of soldering, functional test and cutting. The operators noted down the detected
defects on dedicated forms.

3.3 Stage 3: Analysis of Results

The analysis of the results collected within 11 weeks and across 20 experiments
took into consideration the type of inspection, work shift and type of defect.

The type of inspection depends on where it is conducted in the process. Two
types of inspection were identified: in-process (online) and upon completion of the
process (offline). Inspections no. 1 and 2 are online—conducted on an ongoing
basis during a technological operation (soldering of components and the functional
test). The offline inspection is a separate stage of the process which does not
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accompany any technological operation. In the case under analysis, inspection no.
3 is offline.

An analysis of effectiveness of the three inspections, expressed as percentage
values of detected defects in proportion to all the defects at a given stage of the
process (Fig. 5), leads to a conclusion that inspection no. 2 is ineffective. No defects
were found as a result of inspection no. 2; probably due to the fact that the
inspection is treated by the operator as additional to the functional test.

Effectiveness of the final inspection no. 3 is also low—defects were spotted only
in 3 out of 20 cases. What is more, the percentage of identified defects is very low
(10–36%). The circuit boards are evaluated after the panel is cut and the boards
were placed on a tray. The fact that manipulation with the boards on a tray is
restricted has a negative impact on effectiveness of the evaluation. The highest rate

Single board

Fig. 4 Conditions of board inspection: inspection 1 and 2—boards in a panel (left); inspection 3
—boards on a tray (right)

Table 1 List of defects and their locations in the study sample

Defect Board number Panel designation Location of defect

Cracked seam 52 A Capacitator

Exposed copper 13 A N/A

Seam pulled out 42 A Diode

Exposed copper 56 B N/A

Exposed copper 7 B N/A

Exposed copper 1 B N/A

Damaged component 2 C Capacitator

Exposed copper 3 C N/A

Exposed copper 4 C N/A

Scratched resistor 5 C Resistor

Exposed copper 50 D N/A

Cracked component 49 D Capacitator

Damaged component 56 E Capacitator

Damaged pad 55 E Diode

Exposed copper 50 F N/A

Exposed copper 7 F N/A
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of error detection was noted for inspection no. 1, upon completion of the soldering
operation (mean effectiveness at 23%).

The company works on a three-shift system. An analysis of the impact of the
shift system on the effectiveness of visual inspection was not statistically significant
between the morning and afternoon shift (Fig. 6). Limited effectiveness on the night
shift (18%) in comparison to the morning and afternoon shifts most likely results
from variability of the mental and physical aptitude of operators during the daily
cycle.

A comparison of the defect detection rate with the type of defect (Fig. 7) shows
that location of the defect on the circuit board has no material impact on the
detection rate.

Defects located randomly on the board did not pose any problem to the oper-
ators, although, in principle, they should be more difficult to detect. Defects of
known location, on the other hand, for example pulled out seams or cracked
components, went unnoticed.

On the basis of the of the conclusions presented above, further study was
conducted and improvement actions were undertaken, including training sessions
for inspectors and changes in the organization of visual inspection operations.

4 Discussion and Summary

The complexity of the issue of effectiveness of visual inspection carried out by
human beings results from the fact that it is influenced by many human-related
factors, such as the physical and mental aptitude of the operator, their personality,
character, motor abilities, level of motivation and knowledge, experience,

Fig. 5 Effectiveness [%] of inspections no. 1, 2 and 3 in particular experiments
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mindfulness, ability to focus, ability to solve complex issues, ability to process
information, perception, intelligence, memory, as well as cultural aspects and
behaviour standards.

Factors related to work environment and work organization are equally
influential. In order to identify their impact on the effectiveness of visual inspection,
a study was conducted of three visual inspection operations in the process of
manufacturing printed circuit boards for the automotive industry.

The following factors were taken into consideration in the study, scheduled for
11 weeks: timeframes of inspections within the manufacturing process, types of
defects and work shifts at the manufacturing facility.

An analysis of visual inspection expressed as percentage values of detected
defects in proportion to all the defects at a given stage of the process leads to a
conclusion that inspection no. 2 is ineffective. Incorporation of control activities

Fig. 6 Effectiveness [%] of visual inspection on shift 1, 2 and 3

Fig. 7 Detection rate [%] of defect types in visual inspection (results of the functional test are not
taken into account)

Organization of Visual Inspection and Its Impact … 907



(so-called self-control) in the operator’s basic duties failed. They treated them as
additional activities and probably did not perform them. The lack of proper training
of employees is often a factor that diminishes the effectiveness of ongoing controls.
The effectiveness of the operator training process is reflected in the repeatability and
reproducibility of the decision taken considering quality of controlled products.

Visual inspection can be performed on individual pieces, but also on a package
of products. In the described experiment, the effectiveness of ongoing visual
inspection on a package of products was analysed. Described studies have con-
firmed that the chances of its success are low (between 10 and 36% of defects
detected).

Moreover, the low effectiveness of the detection of nonconformities was also
characterized by a final control. The high value of this indicator was expected
because the rate of final evaluation is not enforced by the production cycle as in the
case of ongoing inspection. At the end of the inspection, the operator usually can
spend more time on inspection than on the ongoing inspection.

For the final inspection, even the aspect of the background contrast on the tile
was taken into account in the experiment being performed—after cutting, the panel
was placed on a black tray. It turned out, however, that cutting the panel deprived
the operator of the ability to rotate the tiles in space. Placing parts (already sepa-
rated) in the tray reduced the rating to a 2D rating. This was the main reason for the
low effectiveness of final control.

Correct organization of the control post is just as important as the selection and
training of visual inspection staff, control methods or assessment aids. The relia-
bility of any of these elements directly affects the effectiveness of the visual
inspection.
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