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ABSTRACT

Malaysia is a well-known country with high quality productions in electronic
manufacturing industry. One of the backbones in electronic manufacturing industry is
the Printed Circuit Board (PCB) manufacturing. Current practice in PCB
manufacturing requires etching. This process is irreversible. Printing, which is done
before etching, caused most of the destructive defects found on the PCB. Once the
laminate is etched, the defects, if exist would cause the PCB laminate to be of no use.
Due to the fatigue and speed requirement, manual inspection is ineffective in
inspecting every printed laminate. Therefore, manufacturers require an automated
system to perform online defect detection which may occur during the printing.
Hence, this project proposes an algorithm for automated visual PCB inspection that is
able to automatically detect and locate any defect on a PCB laminate. Numerous
approaches have been discussed in the literature so far but this work introduces a
technique that is based on wavelets and multiresolution analysis. The inspection could
be speed up by introducing wavelet-based algorithm for PCB defect detection and
localization. The defect is detected by utilizing wavelet-based image difference
algorithm. The detected defect is essential to locate the defective area on the tested
PCB image. The ultimate goal of this project is to ensure the system can perform in a

real-time environment with high performance.
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ABSTRAK

Malaysia adalah sebuah negara yang dikenali dalam industri pembuatan
elektronik yang bermutu tinggi. Satu daripada asas utama dalam industri pembuatan
elektronik ialah pembuatan papan litar bercetak (PCB). Pembuatan PCB pada masa
kini perlu melalui kikisan. Ini adalah proses satu hala. Percetakan yang dilakukan
sebelum kikisan adalah penyebab utama kepada kecacatan pada PCB. Setelah PCB
dikikis, kecacatan itu, jika ada menyebabkan PCB tidak berguna lagi. Disebabkan
oleh keletihan dan keperluan kecepatan, pemeriksaan secara manual tidak effektif
untuk memeriksa setiap PCB. Oleh itu, pengilang memerlukan sebuah sistem
automatik untuk melakukan pemeriksaan kecacatan secara masa nyata yang mungkin
berlaku semasa percetakan. Untuk itu, projek ini mencadangkan satu algoritma untuk
pemeriksaan PCB automatik yang berupaya mengesan dan mengenal pasti lokasi
sebarang kecacatan pada PCB. Pelbagai pendekatan telah dibincangkan setakat ini
tetapi penyelidikan ini mencadangkan satu teknik berasaskan wavelets dan juga
analisa pelbagai resolusi. Pemeriksaan boleh dipercepatkan lagi dengan
memperkenalkan satu algoritma berasaskan wavelet untuk pengesanan dan
pengenalpastian lokasi bagi sesuatu kecacatan PCB. Kecacatan tersebut akan dikesan
dengan menggunakan algorithma pembezaan imej berasaskan wavelet. Kecacatan
yang telah dikesan itu penting dalam mengenalpasti kedudukan kawasan kecacatan di
atas imej PCB yang diuji. Matlamat terakhir projek ini adalah untuk memastikan
sistem tersebut boleh beroperasi dalam keadaan yang sebenar dengan keupayaan yang

tinggi.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

In this subsection, various stages involved in the PCB fabrication process are
briefly described. In order to minimize scrap cause by the wrongly etched PCB panel,
the automated visual inspection is proposed to be applied after the circuit printing and
before the etching process. Also, 14 types of defect are outlined. These defects are

expected to occur after the circuit printing process.

1.1.1 PCB Fabrication Process: An Outline

Aithal, et. al [1] gives the stages involved in PCB fabrication process in some
detail. Following paragraphs briefly describe the stages involved in the PCB
fabrication process. Figure 1.1 illustrates the various stages in the PCB fabrication

process.



Boards with thin layer of copper on one side are used for fabrication of single-

sided PCBs. These boards are cut into pieces. These pieces of board are called panels.

The input item for the PCB fabrication process is the artwork. Artwork is a
film with the PCB pattern designed on it. Based on the artwork, stencil that is a mask
of circuit pattern is built for circuit printing process. Here, the designed circuit pattern

is printed over the copper foil with blue ink, which acts as etch resist for subsequent

etching stage.
[ Automated Visual Inspectionj
v
Artwork Stencil Circuit Printing Etching
Punching Hole Drill Legend Printing Solder Mask Printing
l—-' Open/Short Circuit Test Laminating Packing

Figure 1.1 : PCB fabrication process

Once the circuit printing is done, the etching process takes place. This process
is an irreversible process. Copper foil is etched by spraying the etchant to the panel as
the panel moves on the conveyor. The etchant will bare the unwanted copper foil,

which must be etched away to leave the copper pattern.

Solder mask (green ink) printing is needed to make sure there is no short
circuit occurs during soldering. The solder mask is typically applied by screen-
printing using solder mask film, which enables the entire board surfaces to be
covered, except for the holes and pads. Next, the legend is screen printed onto PCBs
to identify the components. This printing operation is performed using legend print
film.

At the hole drill stage, the board is drilled with 2 minimum holes. These 2

holes are important for the alignment purpose either in assembly or inspection




process. Once the panel is drilled, the next stage is punching. Here, all necessary holes
are created or punched. The punched board goes to electrical test to check if there is
any open or short circuit occurs on the board. Finally, the PCB is laminated to prevent

oxidation before packing.

1.1.2 Inspection

At various stages of the fabrication process, inspection is done. If the panel is
accepted at that stage, it is passed on to the next stage. Otherwise, the panel goes back
to rework, to the same stage of operation. But in some of the cases, the panel is

rejected. For such cases, the panel inspection is critically important.

Current practice in PCB fabrication requires etching process. This process is
an irreversible process. The printing process, which is done before etching process,
caused most destructive defects found on the PCB. Any misprint will cause the etched
board to be useless. Since laminated board constitute most of the total production
cost, it is important that the board is properly inspected before being etched.
Otherwise, the wrongly etched board will be thrown away. This, in return, requires a

system to detect online or in real-time any defect caused by the printing process.



1.1.3 Defects

A variety of defects can affect the copper pattern of PCB. Some of them are
identified as functional defects, whereas the others are visual defects. Functional
defects seriously cause a damage to the PCB, meaning that the PCB does not function
as needed. Visual defects do not affect the functionality of the PCB in short term. But
in long period, the PCB will not perform well since the improper shape of the PCB
circuit pattern could contribute to potential defects. Thus, it is crucial to detect these
two types of defects in the inspection phase. Figure 1.2 (a) shows an artificial defect-
free PCB image pattern. Figure 1.2 (b) shows the same image pattern as in Figure 1.2
(a) with a variety of defects on it. The printing defects and anomalies that will be
looked at, for example, are breakout, short, pin hole, wrong size hole, open circuit,
conductor too close, underetch, spurious copper, mousebite, excessive short, missing

conductor, missing hole, spur and overetch. These defects are shown in Figure 1.2 (b).

1.2 Motivation

This thesis is motivated mainly by the need for more efficient techniques in
inspection of the PCB panel in PCB fabrication process. Normally, a couple of
operators are assigned in each station to manually check the PCB panels. This
technique is not economic in a long run as it takes many man hours. In addition,
humans are prone to make error especially due to fatigue. Moreover, it is impossible
to check the entire PCB panels at every location without any delay. Instead, the

printed laminate is sampled for a certain interval of quantity for manual inspection.



1. Breakout 2 PinHole 3 OpenCircuit 4. Underetch S. Mousebite
& Missing Conductor 7. Spur 8. Short 9. Wrong Size Hole 10. Conductors too close
11. Spurious copper 12. Excessive Short 13. Missing Hole 14. Overetch

(b)

Figure 1.2 : (a) An example of good PCB patterns (b) An example of defective
PCB patterns



As the electronic circuitary technology advances, the PCB pattern becomes
denser and complicated to facilitate smaller end products. Thus, manual inspection is
not applicable anymore. Meanwhile, the advances in computers in term of high speed,
large memory and low cost have resulted in better and cheaper equipment for image
processing. Hence, there exist a possibility of introducing and implementing an
automated PCB inspection system to remove the subjective aspects of manual
inspection. At the same time, the automated PCB inspection system provides real time

assessment of the PCB panel.

From the literature review, it is noted that there has been an increasing number
of applications for wavelets and multiresolution analysis including (but not limited to)
image compression [2], image denoising [3] and edge detection [4]. Up till now there
is still no clear advantages of wavelets in industrial inspection application, especially

for PCB inspection. This is a secondary motivating factor for the thesis.

The emphasis here is on the improvement of inspection time using wavelet-
based technique. The algorithm proposed in this thesis has been tested on three PCB
sample images. The classification or analysis of the defects detected is beyond the

scope of this thesis.

1.3  Objective

The objective of this thesis is to design and develop an algorithm for
automated visual PCB 'inspection that will automatically detect and locate the printing
defects occurred on printed circuit boards laminate. The primary concern of this
project is to make use the advantages of wavelet, related to multiresolution analysis
(MRA) in order to detect and locate the printing defects with a minimal inspection
time experimentally. The technique proposed should produce the output that is

suitable for defect classification stage. Once the algorithm is developed, it will be



tested with samples of PCB pattern. However, the defect classification and the actual

implementation of the entire system are not covered in this thesis.

14  Scope Of Work

In designing and developing a new defect detection and localization algorithm
for automated visual PCB inspection, the scopes of the project have been defined as

follows:

1. The whole PCB manufacturing stages comprise of bare-board fabrication,
loaded board assembly and soldering process. For every stage, an automated visual
inspection can be applied to facilitate the reliability test of the product. The algorithm
is designed for the inspection of bare PCB panels only. Apart from the area, research
work related to the component insertion inspection and solder joints inspection can be
revised in [5-10].

2. There are three types of printed circuit boards available today [1]. They are:

¢ Single sided boards: where the entire circuit is laid on one side of the
board and the holes should be drilled on the board for mounting of
components or for interconnection of components.

¢ Double sided boards: with the circuit on both sides of the board and
electrical connection is establish by drilling holes through the board and
plating copper through the holes.

e Multilayer boards: two or more pieces of PCB panel are stacked up
together. Electrical connections are established from one side to the other
and to the inner layer by drilled holes, which are subsequently plated
through with copper.



Although it is possible to apply the proposed algorithm for the inspection of
mult1 -layer boards and also the double-sided boards, this project concentrates more on

the single sided boards inspection for experimental purpose.

3. dnrreal implementation, an:actual PCB images are acquired by using a single
or multiple-CCD camera. Thus, the individual camera takes the whole or a part of the
PCB image. However, in this thesis, the PCB images used for the experiments are

either taken from the previous research work or synthetically generated.

4. Automatic PCB inspection algorithm is designed to detect any one of the 14
types of defects mentioned previously. These 14 types of defects are expected to
occur after the printing process. Thus, the defects caused by design-rule violation and

the defects classifications of defects detected are beyond the scope of the project.

S. The project emphasis on the development of an efficient and fast algorithm for
hardware implementation. However, it is beyond the scope of the project to evaluate

or design the actual system hardware.

1.5 Thesis Contributions

The main contribution of this thesis is the wavelet-based technique for
industrial inspection application. The wavelet-based algorithm for PCB defect
detection and localization that will be proposed in this thesis proves that wavelets can
be used in an automated visual PCB inspection. In fact, wavelets provide an effective
way for the computation of the defect detection and defect localization. From the
wavelets point of view, Haar wavelet is chosen with the aim to speed up the
inspection of PCBs by looking at the number of filter entry with no boundary solution

to avoid the complexity of the wavelet computation.
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