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ABSTRACT. It is well known that real PCB image inspection based on referential ap-
proaches faces misalignment problems in detecting defects between a template image and
a defective image. Hence, a reliable image registration technique is needed to align these
two images perfectly. Hence, a registration technique which incorporates affine transfor-
mation and bi-cubic interpolation has been proposed. Ezperimental results have shown
that this registration technigue is suitable to be employed to obtain well-aligned defective
images before detection algorithm takes place in PCB inspection.
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1. Introduction. A bare printed circuit board (PCB) is a PCB that is used before the
placement of components and soldering process [1]. It is used along with other compo-
nents to produce electronic goods. To reduce manufacturing cost associated with defected
bare PCBs, the inspection of bare PCBs is required as the foremost step of the manufac-
turing process. Moganti et al. [2] proposed three categories of PCB inspection algorithms:
referential approaches, non-referential approaches and hybrid approaches. Referential in-
spection is performed by making a comparison between the template PCB image and
tested PCB images. Non-referential approaches or design-rule verification method are
based on the verification of the general design rules that essentially verify the widths
of conductors and insulators. Hybrid approaches involve a combination both of referen-
tial and non-referential approaches. This approach has the advantages of referential and
non-referential approaches, but at the expense of being more complex.

In this paper, PCB inspection based on referential approaches is used as it can be easily
employed in hardware, and consequently high processing rates are possible to achieve [2-
4]. Another advantage of these approaches is that large defects such as missing conductor
wires can be detected [4]. However, this approach has several drawbacks such as large
data storage is needed [4-6], an accurate registration technique is required [2-7], sensitive
to illumination and sensor conditions [2,3,5-7], and lack of flexibility [5]. To obtain a well-
aligned defective image without applying the existing mechanical registration fixture [8],
an image registration that incorporates a geometric transformation and image resampling
is proposed in this paper. At the end, several different printing defects occuring on
real PCB images, namely, missing hole, pin hole, underetch positive, underetch negative,
short-circuit, open-circuit, and mousebite can be detected perfectly.
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2. Defect on Bare Printed Circuit Board. In PCB fabrication, there are several
processes that must be followed: artwork master, photo tool production, exposure and de-
velopment of inner layers, etching of inner layers, laminating and drilling, plating through
holes, exposure and development of outer layers, plating tin-lead and etch, and machine
and solder mask [2). The printing processes of artwork master, photo tool production,
and exposure and development of inner layers, which are performed before the etching
process, constitute the source of two groups of defects. The first group of defects includes
short and open-circuit. These defects fall into the fatal defects category. Meanwhile,
other defects such as pinhole, underetch positive, underetch negative and missing hole
fall into the potential defects category. It should be noted that fatal defects are those
in which the PCB does not address the objective for which they were designed, while
potential defects are those that compromise the PCB during the utilization. Figure 1(a)
and Figure 1(b) show a PCB template and a PCB defective image, respectively. Though
each defect shown in Figure 2 is a representative example of certain kind of defect, the
shape and size of the defects may vary from one instance to another.

3. Image Registration. The goal of image registration is to find the best transforma-
tion that aligns one image to another [9]. More precisely, it is used to find a correspon-
dence function, or mapping that takes each spatial coordinate from the template image
and returns a coordinate for the defective image. The transformation consists of a two
stage process: the geometric transformation and the image resampling [9]. Geometric
transformations define the relationship between points in two images.

(a) (b

FIGURE 2. (a) Template image; (b) defective image (rotated by some degrees)



ICIC EXPRESS LETTERS, VOL.6, NO.3, 2012 719

With this transformation, a correspondence between pixels in a defective image with the
pixels in a template image is established. As presented in Figure 2(a), the template image
is assumed not to be rotated. At the other hand, the defective image has been rotated
by some degrees, as shown in Figure 2(b). By establishing correspondence between each
pixel in the template image with the each pixel in the defective image, the defective image
can be registered. If the size of the template and defective image are 100 x 100 pixels, so,
there are 10000 correspondence points that must been aligned between these two images.
As an example, three points have been chosen to visualize the correspondence between
these two images, as exposed in Figure 2(a) and Figure 2(b).

The geometric transformation method used for this study is based on an affine trans-
form. The affine transform is a linear coordinate transformation that can be expressed
by vector addition and matrix multiplication, as presented in the following equation.

[2]= o a][2]+ 5] .

An affine transform has six degrees of freedom. Two of the degrees, ¢, and ¢, belong
to translation. The remaining four degrees, which are ay;, a2, as; and ass are used to
calculate scaling and shearing between two images. In this study, a globally affine and
smooth transformation model added with intensity variations which were established by
Periaswamy and Farid [10], is used by including two new parameters; ag; for contrast and
agy for brightness. The previous affine transform equation can be modified as following.

az f(2,y,t) + a2 = f(011% + 612y + 5, 00T + Gy + 1,1 — 1) (2)

where f(z,y,t) and f(Z,§,t — 1) represent template and defective images, respectively.

In image resampling, interpolation is required as the transformed grid points of the
input image generally no longer coincide with the grid points of the output image and
vice versa. At first, the planar transformation is assumed has been accomplished and
new point co-ordinates (z’,3’) have been obtained. The position of the point does not
generally fit the discrete raster of the output image, and the collection of transformed
points gives the samples of the output image with non-integer coordinates. Values on
the integer grid are needed, and each pixel value in the output image raster can be
obtained by interpolating of some neighboring non-integer samples [11]. An interpolation
method influences image quality. The three most common interpolation methods are
nearest neighbor, linear, and bi-cubic. This paper uses bi-cubic interpolation because
this interpolation method does not suffer from the step-like boundary problem of nearest-
neighborhood interpolation and copes with linear interpolation blurring as well. Bi-cubic
interpolation preserves fine details in the image very well.

4. Flow Process of the PCB Inspection Algorithm. Flow process of the PCB
inspection algorithm is depicted as in Figure 3. Firstly, the image registration operation
proposed is executed in order to acquire a good registered defective image. Secondly,
image subtraction operation is utilized to the template and registered defective images to
yield real defects on positive image and negative image. Denote that these two images
are in gray-level and the type of defects occur on the images can be checked in [12] for
details. Thresholding and a proper filtering operation are then employed to eliminate all
remaining noise in these two images.

5. Experimental Results and Discussion. Several experiments were performed to
validate the performance of the image registration used. The results of the PCB inspection
algorithm with and without image registration operation are compared and presented in
Figures 4 and 5, respectively. Both systems have been executed using real PCB images as
shown in Figure 1. However; the subtracted image could still be interfered by unwanted
noise occurred at line boundary. Thus, threshold operation is executed for both images
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Ficure 4. Non-registered images: (a) positive image; (b) negative image

(a) (b)
FIGURE 5. Registered images: (a) positive image; (b) negative image

to remove the noise that exists together with actual defects. Threshold operation is also
used to convert the both images to be binary images.

For implementation, the threshold values, t, for the positive image and negative image,
are 165 and 157, respectively. For these two images, minimum thresholding has been used.
As a result, the thresholded positive and negative images are produced. Median filtering
is then executed to both thresholded images. This operation is useful to remove any small
noise that still occurred in an image. Noise free pixels should remain unchanged during
the filtering process [13]. This operation produces noise-free positive and negative images
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as depicted in Figure 6. The results imply that without a good image registration, these
kinds of images are impossible to be obtained.

. O - o
[ |

(a) (b)

FI1GURE 6. Noise free registered images: (a) positive image; (b) negative image

6. Conclusions. This paper presents an image registration technique that could provide
a well-aligned defective image to enhance a PCB inspection algorithm with real images.
The registration technique has been proven to be an alternative way to inspect defects
on real PCB images and it is able to give a good result as well as mechanical registration
system.
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