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AssrRecT" It is well k*atm that renl PCB inuge inipieetio* bwal 0n rclerential ap:
proaches foces misalignment problems in detecting delects betwecn a template imoge arul
a ilefectiae image. Hence, o reliable image registrtion techniqre is needed to aligt, these
two irnages per{utly. Henre, a rqistrution trch*irye uhich inaryorvtes affme trcnsfor-
motion anil bi-cubic interynlation has been prcposed. Etperimental rcsults haae shown
that this regishation techniqte is suitoble to be employei to obtoin well-aligtd defective

lpoges beforv iletection algorithm t&,es ploen. in PCp itupection.
Keywords: Printed circuit boaxds, Image registration, Affne transformation, Bi-cubic
interpolation, Defect detection

1. Intrdduction. A bare printed circuit boald (PCB) is a PCB ihai is rised beloie 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, aon-referential approar.hes 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
trased on the verification of the general design rules that essentially verify the widths
of couductors and insulators. Hybrid approaches involve a combination both of referen-
tial and non-referential approaches. This approach ha.s the advantages of referential and
non-referential approachc, 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-
41. Another advantage of thes.e appraarhes is that largp de.fects such as missing conductor
wires can be detected [4]. However, this approach has several drawbacks such as large
data storage is needed [&6], an accurate registration technique is required [2-7], sensitive
to illumination and selisor conditions 12,3,5*4, dnd lack of flexibility I5]. T" obtain a w€ll*
aligned defective image without applying the existing mechanical registration fixture [8],
an image registration that incorporates a geometric transformation and image resampling
is pfoposed in this paper. At the Cnd, sev€ial diffeient printin$ defects occuiing 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 productior, 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 ma^sk lzi. The printitrg processes of artwork master, photo tool production,
and exposure and development of inner layers, which are performed before the etching
process, constitute the source oftwo groups ofdefects. The first group ofdefects includes
sliort and open-cirCuit. These defects fall into the fatal defectb cateigory. N{ednwhilb,
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 dires not d.ddresir thd objective for \shidb they were desi5ined, srhile
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 reprCsentativ€ exainple of CCitain kind of defeCt, the
shape and size of the defects may vtr,ry from one instance to another.

3. Image R€gistfetiira. Tbe goal of iibage registraticm iS to find the biest transfoiina-
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 ioordinate for the defective iiiia$e. The tiarisfotration consists rif a two
stage process: the geometric transformation and the image resampling [9]. Geometric
transformations define the relationship between points in two images.

(a)

Frcune 1. (") A template bare PCB

(b)

image; (b) a defective bare PCB image

tu){a)

FrcuRp 2. (") Template image; (b) defective image (rotated by some degrees)
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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, thre€ poiat.s have beeri chosen to Visualize th€ correspondence tietween
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 a,ffine trans-
form. The affine transforu is a linear coordinate trarisfoiiiiation that can be expre*sed
by vector addition and matrix multiplication, as presented in the following equation.

l{l:ln::::ll;l.kl *)
An affine transform has six degrees of freedom. Two of the degrees, f, and t, belong

totranslatios. The remaiaing four degreeq which are o11, &tz, &zt and, a'22 a,re used to
calculate scaling and shearing between two images. In this studg a globally a.ffine and
smooth transformation model added with intensity variations which were established by
Peiiaswamy and Farid {10}, iS used by ineluding two new paraureters; as1 for contiast and
as2 for brightness. The previous afrne transform equation can be modified as following.

a31f (r,y,t)*orr: J(o11r *&tzl1*ts,a,21r* szzll +te,t- 1) (2)

where f (r,g,t) and f (ft,$,t- 1) represent template and defective images, respectively.
In image resampling, interpolation is required as the transformed gnd points of the

input image $enerally: no lon$ei 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 (x',y') have been obtained. The position of the point does not
generally fit the disCrete raster of the output image, and the colleetion of transformed
points gives the samples of the output image with non-integer coordinates. Values on
the integer gnd are needed, and each pixel value in the output image raster can be
obtained by interpolating of some neighboring non-inteler samples [11]. An inteipola'tion
method influences image quality. The three most common interpolation methods are
nearest neighbor, linea.r, and bi-cubic. This paper uses bi-cubic interpolation because
this interpolation method does not suffer from the steplike boundary problem of nearest-
neighborhood interpolation and copes with linea,r 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. FirstlS 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 irnages.

5. Experimental Results and Discussion. Several experiments were performed to
mlidate the performance of the image registration used. The results of the PCB inspection
algorithm with and without image registration operation are compaxed 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 liae boundary. Thus, threshold operation is executed for both images



FteuRr 3; Flow process of the inspection algorithm
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(a)

FrcuRe 4. Non-registered images"

(b)

(ai positive image; (b) negative image
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(a) (b)

Fteunp5.Registeredimages:(a)positiveimage;(b)negativeimage

to remove the noise that exists together with actuar defects. Threshold operation is also

orra to conv.ert ttre b,oih images to be binw images.

For implementatiJ, the thlshold uulo"*,i, forihe positive image and uegative image'

are 16b and 157, respectively. For trt"t" i*oimages' *itti*o* thresholding has been used'

As a resrilt, the tliiasholdeil positive #;.g*ii;c images arc pioduecd. Iv{edian filtering

is then executed to uotr, thresholded il;G:ihis operxion is useful to remove anv small

noise that still occurred in an image. ft6tu free pixels slould remain unchanged during

the filterin* u*"# tt3j.^Ahb "p"r""*i* 
prodtrees noisefree 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.
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FrcuRe 6. Noise ftee registered images: (a) positive image; (b) negative image

6. C.qnclupiqns. This p.aper presentq an image regntraliqn tpchniqup that Qquld provide
a well-aligued 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 $ood result as w€ll as meehaiiical rCgistratiiin
system.
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