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Abstract

Visual inspection is regarded as one of the critical activities for quality control in a manufacturing
company. it is thus important to improve the performance of detecting a defective part or product. There
are three probable working modes for visual inspection: fully automatic (by automatic machines), fully
manual (by human operators), and semi—automatic (by collaboration between human operators and automatic
machines). Most of the current studies on visual inspection have been focused on the improvement of
automatic detection performance by developing a better automatic machine using computer vision
technologies. However, there are still a range of situations where human operators should conduct visual
inspection with/without automatic machines. In this situation, human operators’ performance of visual
inspection is significant to the successful quality control. However, visual inspection of components
assembled into a mobile camera module belongs to those situations. This study aims to investigate human
performance issues in visual inspection of the components, paying more attention to human errors. For
this, Abstraction Hierarchy—based work domain modeling method was applied to examine a range of direct
or indirect factors related to human errors and their relationships in the visual inspection of the
components. Although this study was conducted in the context of manufacturing mobile camera modules,
the proposed method would be easily generalized into other industries.
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<Table 1> Methods for inspecting external

appearance by components

Component Inspection Judger
Image Sensor Automatic machine Inspector
Automatic machine +
RF-PCB Inspector (Manual) Inspector
Lens Inspector (Manual) Inspector
VCM Inspector (Manual) Inspector

Image Sensori= AVI(Auto Visual Inspection) 2=
AFAAV| 2 EE Fa B WS AP xEst
t}. RF—PCB(Rigid Flexible—Printed Circuit Board)
= Wire Bonding Pad 993} 71 9] o7 sl
Wire Bonding Pad 9932 AFVI(Auto Focusing Visual
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<Table 2> Percentage of each type of defects
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Percentage of defect type (%) <Table 3> List of suppliers of main parts
Component ; B Sales
Cosmetic | Property | Size Ete. Component | Company | Site (10° KRW)) Certification
Image Sensor 100 0 0 0
RE_PCB % 6 0 1 S Japan 2,300 I?(S)O?r(;g 1
Lens 36 55 0 9 Image H Korea 400 16949
VeM 27 33 7 33 Sensor 1SO/TS
SS Korea 1,320
Average 74 16 1 9 16949
RF-PCB @) Korea 300 115 60 Q/IQS
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[Figure 1] Process of inspecting purchased parts
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<Table 4> Causes of cosmetic failure components
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<Table 5> Economic loss due to defective components

Loss($)
Component : B
All defects Cosmetic failures

Image Sensor 290,000 290,000
RF-PCB 50,000 34,000
Lens 24,000 2,000
VCM 150,000 127,000
Sum 514,000 453,000

Percentage of causes (%)
Component Human Differenc.e in | No Spec. or

orror Inspection Incorrect | Etc.

Methods Spec.
Image Sensor 38 25 25 25
RF-PCB 67 15 15 10
Lens 50 25 25 0

VCM 50 25 25

Average 51 23 23 9
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Abstraction Level

Represented Functions and Characteristics

Functional Purpose
(FP)

The ultimate functions that a system should accomplish; 'y
The constraints that should be considered in the interaction
between a system and its environments

Abstract Function
(AF)

Causal structure in terms of mass, energy, information, value,
etc.;

A set of criteria that determines the priority of GF-level
functions and the way that GF-level functions work together,
A set of indicator representing whether or not the FP is
satisfied

Generalized Function
(GF)

Purpose-related functions to achieve the ultimate functions of
FP

Physical Function
(PF)

Functions to achieve to implement GF-level functions, which
are identified from the behaviours and states of physical
components and devices

sa1e)s BuoM [BULIOUGE JO Sasnen) 8l |
sojels BunjIom [BULIOU 10} SUOSBal 8y |

Physical Form
P)

Actually visible forms (e.g. shape and colour) and layout of
components and devices designed in a system

[Figure 2] Abstraction Hierarchy with five abstraction levels [13]
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